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Absiract

The Master Thesis project “Exploring Drivers’ Seated Position —
Method Development within Automotive Ergonomics” by Nadja Lejon
and Henrik Thorsén was carried out at the department of Product and
Production Development at Chalmers University of Technology. The
project has been conducted in cooperation with the Ergonomics
department at Volvo Car Corporation in Gothenburg.

Volvo is expanding in Asia and to make it possible to develop cars for
the wider range of drivers it is necessary to evaluate and understand
how and why drivers are positioned the way they are. If an eatly
evaluation of the cat’s ergonomics is made, including information about
reference points for the seated person, problems can be visualized to

allow potential design changes before expenses go up.

The purpose of this Master Thesis is to develop a method that should
give answer to bow and why people sit the way they sit when driving, and
be applicable to all of Volvo’s car models. The method will be used by
different people at the Ergonomics department why repeatability and
usability are important factors to consider as well as time. Finally the
method is used for evaluation of one car model, a Volvo XC60.

The developed method is called SPEED, Seated Position Evaluation
from Elicited Data, and consists of three phases; preparation, clinic and
analysis. The clinic is conducted while driving and the analysis is divided
into basic and further analysis where some results shown in the basic
analysis are coordinates for eye point, heel point, H-point and distance
between head and headrest. To complete SPEED, instructions, a
compilation document, a questionnaire and a coordinates program atre
included.

Keywords: H-point, heel point, eye point, seated position, method

development and automotive ergonomics






Glossary

Key word

Anthropometrics

CAN bus

CATIA
Clinic

DiCE

Eyellipse
Eye point
Eye tracking

Excel
GGD DHA

GoPro

Heel point
H-point
Manikin

Occupant
packaging

Explanation

The study concerned with the measurements of
the proportions, size and weight of the human
body.

CAN bus is a vehicle bus standard designed to
allow microcontrollers and devices to communi-
cate with each other within a vehicle without a
host computer.

Computer Aided Design (CAD) software used by
VCC.

A field evaluation with chosen test patticipants.
Diagnostic Communication Equipment. For
example used to diagnose and troubleshoot Volvo
vehicles from and including model year 1999.

The distribution of drivers’ eye locations.
Reference point of the drivet’s eye location

An eye tracker is a device for measuring eye
positions and eye movement. A popular vatiant
uses video images from which the eye position is
extracted.

Computing software from Microsoft used for
handling data and performing analyses.

A program developed by VCC. A diagnose tool
where one can see for example seat motor steps.
GoPro is a company producing cameras that can
be used in vatrious environments and can for
example have adhesive mounts.

A SAE defined point where the heel touches the
floor.

A point corresponding to the pivot centre of the
human torso and upper leg.

Full size model of a human, digital in CATIA or
physical, which can be adjusted to represent the
different percentiles.

Occupant and interior packaging involves:
determining the mnecessary amount of vehicle
interior space for the customer, arranging interior
and structural components in order to enhance the
performance of the customer, and increasing
overall satisfaction, comfort, accommodation and
safety for all occupants (SAE International, 2013).



Photoshop

RAMSIS

SgRP

SIMCA
Testkliniklistan

VCC
VESC

Wide angle

Adobe Photoshop is a graphics editing program
from Adobe Systems.

RAMSIS is a CAD tool for ergonomics design and
analysis of vehicle interiors and working places. It
can be used for e.g. analysis of visibility, comfort
and ergonomics.

A specific H-point used by manufacturers as a
design reference point, which establishes the
rearmost normal design driving or riding position
of each seating position. In this point all modes of
adjustment, horizontal, vertical and tilt, are
included.

Statistics software.

A list with employees at VCC and their measured
anthropometrics.

Short for Volvo Car Corporation.

Short for Volvo Engineering Student Concept, a
program initiated providing summer job and
master thesis at VCC.

A wide-angle lens has smaller focal length than
normal lenses. More of the scene is included in the
photograph.

Vi



Contents

FOTEWOI ... i
ABSTIOACT .t e iii
GlOSSANY ettt tstseeeessseseeeesesnsnssneeennnen v
1 INTFOAUCTION. ..ceiiiiiiiiiicc e 11
1.1 PUIMDOSE .o 12
1.2 GO ittt 12
1.3 VISTON 1ttt et 12
1.4 OUINE OF thESIS.....eeiiiiiiiiir e 13
2 L1 1= Te) 0 TR 17
2.1 SAE STANAAIAS...ceiiiiiiiiiiiiieeiieeeeee et 17
2.2 Parameters for seated position ............ooovvvvveiiiiiiiiiiiiiiiie, 19
2.3 ClINIC ettt ettt 23
2.4 Seated position clinics atf VCC Ergonomics...............c......... 25
2.5 Summary of theory ... 27
3 Process/mMethod. ... .o 29
3.1 NEEAfINAING . utviiiiieee ittt e e e e eeee s 30
3.2 ASSUMPTIONS <. 31
3.3 OVETQll AESIGN..cciiiiiiiiiiee et e e e e e siarreeeeeeeenas 31
3.4 Detqiled dESION wiiiiii ettt 31
3.5 Description of SPEED .........ooooiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 31
3.6 Evaluation Of SPEED .....ccoooiiiiiiiiiiiiee e 32
3.7 Result Of SPEED iIN XCO0 ...c.veeeiieeiieeiiieeiiee e 32
4 NEEAfINAING wvvvtiiieeiieiiitee e e e e e e eirrre e e e e e e eneenees 33
4.1 USEI NEETAS ...ttt 33
4.2 VCC ErgonomiCs’ NEEAS ...o.uviieeiiiiieeeiiie et 34
4.3 Further external NEEdS........ccoivviiiiiiieiiiiieeee e 34
4.4 DeliMITATONS ..o 35
5 ASSUMPTIONS 1ot e e et e e 37
5.1 Assumption: Comfort is a factor......cceecviiiiiiiiiccciiiiieeeee, 37
5.2 Assumption: Reachability is a factor.......ccccceeeeeccciiieeeeeenn, 38
5.3 Assumption: Visual references are a factor.........ccceeeeeeen. 38

vii



5.4 Assumption: Anthropometricsis a factor............................. 39

5.5 Assumption: Limitations of the caris a factor..................... 40
5.6 Assumption: Personal aftitude is a factor ....................o. 40
5.7 Summary of assumptions........ccceeeeieeiii, 42
6 OVETQI AESIGN ..ttiiiiiiiiiiiiiiiiii b eeeeeeeeeeeeeeeeees 43
6.1 Evaluation of coNCepts.....oovvvviiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeee 44
6.2 Test APProOACKH ..o 45
6.3 INSTIUCTIONS ... 46
6.4 STANAArAISOTION. ..coeiiiiiiiiceiie e 47
6.5 Summary of overall design........ccccoeeeeiiii 48
7 Detailed design......coooiiiiiii 49
7.1 Retrieving H-Point ..o.uiiiiiiiiicceceeee e 49
7.2 Retfrieving Eye point ... 53
7.3 Retrieving steering wheel position.........cccccovvvvvviiiiiiiiiiiieenn, 56
7.4 Heel POINT ..., 57
7.5 DIIVE FOUTE ..eiiiiiiiiiiiitee e 58
7.6 Test PartiCIPANTS....cooiii 59
7.7 QUESTIONNQIIE ..ottt 59
7.8 F N gTe |1V LU 62
7.9 ToOIs Used fOr SPEED .....c..ueiiiiiiiiiiiiieeeece e 64
7.10  Summary detailed design ....ccevvveieeeeiecciiiiieeee e 65
8 Description Of SPEED ... 67
8.1 PreparatioN . ... 67
8.2 ClINIC ettt ettt ettt et e e s 69
8.3 ANQIYSIS. .o 71
9 Evaluation Of SPEED .....ccuuiiiiiiiiiiiiiee et 73
10 Result Of SPEED IN XCO0......ueiiiieeiieeiiieeiee ettt 77
10.1  Assumption: Comfortis afactor................... 77
10.2  Assumption: Reachability is a factor........ccccvveeeeieecccininennnn. 78
10.3  Assumption: Visual references are a factor.........cccuuueeee... 79
10.4  Assumption: Anthropometricsis a factor.......ccccceeeevvnneeenn.. 80
10.5  Assumption: Limitations of the caris a factor...................... 84
10.6  Assumption: Personal attitude is a factor .......ccccceeeevvnneene.. 84
10.7  Summary of result in XCé0 .......cccvvveeiieeeeeeiiieeeee e 85
1T RecOmMMENAAHONS .....veiieiiiiie ettt 87
LD B [ U1 o) o RS 89



12.1 RESUIT AISCUSSION....vvvieeeieieiiieiieee e 89

12.2  Method and process disCUSSION........ccceeeeeeeeeeeeieeeeeeeeeeeee. 92
12.3  LeSSONS IEAMMNEd ....cciriiiiiiiiiiiiiiieeieee e 95
T3 CONCIUSION ettt 97
T4 REErENCES ...oviiiiiiiii e 99
14.1 LITEIOTUE .. 99
T4.2 OOl TESOUITES ...ciiiieiiiiiiitieee ettt e e ettt e e e s ebaaeeeee s 100
ST Y o) o 1=] gl [ SRS UUURRRRRRRPRRN 101






1 Introduction

In the future, Volvo Car Corporation’s (VCC)! market share in Asia will
increase meanwhile body measures such as height and weight will
continue to increase in Europe and USA leading to a wider span in user
anthropometrics. To make it possible to develop cars for this wider
range of drivers it is necessary to evaluate and understand how and why
drivers are positioned the way they are. With information about
reference points of the driver such as H-point? and eye point® validation
and verification can be done of human modelling programs such as
RAMSIS* where digital manikins are positioned. Making changes to a
design is more expensive the further the process has come. With the
possibility of eatly evaluations potential problems can be visualized and
changed before expenses go up.

A previous master thesis at VCC (Bergstrom and Grahn, 2003)
investigated with clinics’ if there is a difference to how people position
themselves in cars in different environments; car driven on road, car in
car park and mock-up. Their conclusion was that the seated position
differs between the environments but that control questions and
simulations to some extent reduce the difference in seat adjustments.
With Bergstrom and Grahn’s work as a base this master thesis was
formed. This thesis is conducted by two VESCS students, Nadja and
Henrik (in this report referred to as ‘the team’) who has worked one
summer at VCC Ergonomics’. The educational background is from
Chalmers University of Technology Master Programmes Industrial
Design Engineering (IDE) and Product Development (PD) with focus
on Human Factors Engineering (HFE).

Different parameters are connected to the driver’s seating position,
such as the primary controls (steering wheel, gear shift, pedals) and also
the field of sight, comfort, manoeuvring and ability to reach other
functions. VCC Ergonomics expected that the seated positioning in

cars can depend on body measures, personal preferences and type of

1 Volvo Car Corporation will hereafter be shortened VCC

2 H-point, see glossary on page v

3 Eye point, see glossary on page v

4 RAMSIS, see glossary v

5 Clinic, see glossary on page v

¢ VESC, Volvo Engineering Student Concept, see glossary on page v

7 Department 91320 Craftsmanship and Ergonomics will be referred to
as VCC Ergonomics in the text.



car. The exact reason behind the positioning is however not known why
this master thesis aims to develop a method for finding out why and

how people sit the way they sit when driving a Volvo car.

1.1 Purpose

The purpose of this master thesis is to elicit information about how
people sit when driving and why they sit the way they do. The
information will be used for comparing car models and the different
seating options they provide as well as provide VCC Ergonomics with
information that can be used to validate and develop their computer
aided evaluations with RAMSIS. To enable seated position in RAMSIS
different tasks are set for the manikins to do and with more information
from real seated positions this method can be more exact in its

predictions of seated position.

VCC Ergonomics has measured cars to find out H-point and eye points
for manikin positioning and comparison between cars but an effective
and efficient way of doing these measurements does not exist. Earlier
measurements have been time consuming but consistent to enable
comparison. A new method is needed because a vast amount of
measurements have been done earlier and some have been irrelevant.
For more efficient comparisons a repeatable method is necessary, which
collects important data without taking too much valuable time from the
employees at VCC Ergonomics.

1.2 Goal

The goal of this master thesis is to develop a method for VCC
Ergonomics to use for finding out how and why people sit the way they
sit when driving different car models. The result from using the method
will be data to use for validation and verification of human modelling

programs, such as RAMSIS, and for comparing car models to each
other.

1.3 Vision

This master thesis should primary result in a method, which two
summer employees who have completed 4% year of a technical
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education including ergonomics should be able to use; for gathering of
data and for executing a basic analysis of the seated positions. A
secondary goal is to deliver a result of an analysis made on the car
model Volvo XC60 with the developed method.

The method should include a description of its purpose and what is
needed in order to perform it. This involves preparation of the car,
prepare and book participants to the clinic, gathering and compilation
of data and finally an analysis of the result. The method should allow a
Seat Position Evaluation from Elicited Data, why the method hereafter
will be referred to as SPEED.

VCC Ergonomics should with the developed method be able to analyse
the driver’s positioning in all of their cars and understand how and why
people sit as they do.

1.4 Outline of thesis

In this thesis a method for evaluation of seated position is developed. A
literature study was conducted and the result from it and the initial
interviews and workshops formed assumptions regarding seated
position. The assumptions then served as a base for the development of
the method and the coming analysis of the result. Throughout the
project evaluations have been made and finally the method was used on
Volvo XC60.

In the theory chapter, chapter 2, information about SAE standards are
found with information about important points such as H-point, eye
point and heel point. Findings from previous clinics, master theses and
dissertations regarding seated positions are listed according to
categories of comfort, reachability, visual references, anthropometrics,
limitations of the car and car model. Clinics are explained in general and
for how they are conducted at VCC Ergonomics with information
about use of instructions, environment for the studies, equipment that

is used, selection of test participants and the use of questionnaires.

The Human factors process of which this thesis has been conducted is
explained in chapter 3. The different stages of the process are explained
and an adaption of the process to fit this thesis is described. The stages
of the process form the structure of this report and include needfind-
ing, assumptions, overall design, detailed design, a description of the
developed method SPEED, an evaluation of SPEED and the result
from the commissioning in Volvo XC60. Parallel throughout the

project evaluations and documentations are made.
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In chapter 4 the needs of primary and secondary users are noted and
delimitations for the thesis are listed. The primary users are employees
at VCC Ergonomics that will be the test leaders for SPEED and analyse
the result. The secondary users are the test participants that will attend
the clinics. Important needs from VCC Ergonomics are that the time
for completion of SPEED is 160 man hours or less and that each test
participant will finish their participation in 45 minutes. Another need is
that the method elicits information about SAE points for each test
participant. The delimitations concern type of car, programs that are to

be used and the level of detail for the instructions.

Assumptions regarding what affect the seated position and possible
ways of measuring the impact of the different factors on the seated
positions are described in chapter 5. The assumptions are sorted into
categories of comfort, reachability, visual references, anthropometrics,
limitations of the car and personal attitude.

The overall design of the developed method SPEED is desctibed in
chapter 6. In this chapter the evaluation of concepts and the evaluation
approach is described, the test approach with the eatly conditions for
SPEED is set out and means for standardisation is listed. SPEED is
divided into three parts; preparation, clinic and analysis. The clinic shall
be performed while driving and objective measurements, subjective
questions and observation of behaviour will elicit information regarding

how and why people sit the way they sit when driving.

More detailed information about the testing of different potential
methods and tools are described in chapter 7. This chapter desctibes
how to elicit information about H-point position and back inclination
from the car’s computer system and CATIA drawings. It is described
how to retrieve eye point position, steering wheel position and distance
between head and neckrest, through the use of GoPro cameras,
Photoshop and pixel analysis as well as how to retrieve information
about heel point position. Further on this chapter describes the
selection of test participants and the three stature groups that were
formed, how the questionnaire was formed and how the analysis was

divided.

In chapter 8 SPEED is described in short bullet points concerning
preparation, clinic and analysis.

An evaluation of SPEED can be found in chapter 9. The time used for
the method as a whole and for each test participant, the usability of the
instructions, the equipment that has been used and the quality of the

result and found connections have been evaluated.



The result from using the method in Volvo XC60 can be found in
chapter 10 where the result is divided into the assumption categories as
well answering the questions of how and why. Scores and priorities for
different parameters in the car are shown in tables divided into the
three stature groups and diagrams of H-point, eye point and heel point
position is shown.

Finally the thesis is discussed in chapter 11 regarding result, design and
the quality of the elicited data as well as the process of developing the
method SPEED.






2 Theory

In this chapter information about SAE standards are explained with
information about important points such as H-point, eye point and heel
point. Findings from previous clinics, master theses and dissertations
regarding seated positions are listed according to categories of comfort,
reachability, visual references, anthropometrics, limitations of the car
and car model. Clinics are explained in general and for how they ate
conducted at VCC Ergonomics with information about use of
instructions, environment for the studies, equipment that is used,
selection of test participants and the use of questionnaires.

The theory used for this work regards existing automotive standards,
SAE standards, and previous research regarding driving position, how
to perform a clinic (user study) and how this is utilized at VCC
Ergonomics.

2.1 SAE Standards

The automotive industry uses certain standards when developing and
designing cars due to laws and requirements that have to be fulfilled.
Ghikas (2013) desctibes The society of Automotive Engineers International
(SAE) as an organisation that develops standards for engineering
industries such as the aerospace, automotive and commercial vehicle
industry. It provides over 1600 standards relating to the design of cars,
where a number of ergonomic standards useful for occupant packaging®
are included. These standards are recommendations for the initial
package and must be remade with human evaluations in the actual
architecture and for the preferred market. Especially since the SAE
standards are more applicable to the U.S. population (Ghikas, 2013).
With help of standards that normally are used for the automotive
industry, e.g. the H-point (SAE ]826), The Driver’s Eye Range (SAE
J941), Driver and Passenger Head Position (SAE J1052), it is possible
to develop vehicle seating packages that describe levels of accommoda-
tion (90, 95 and 99 per cent) (Peacock, 1993). The standards of higher
importance for VCC when creating the occupant packaging are H-point
(SAE ]820), eye point and eyellipse (SAE ]941).

8 Occupant packaging, see glossary on page v
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2.1.1 H-point (SAE J826)

The H-point is the point on the human body that work as a pivot
centre of the torso and thigh (Peacock, 1993). The point provides a
landmark showing where people sit in the seat. The H-point is created
by using an H-point manikin with the weight of a 50t percentile male
and the length of 95" percentile male legs. By using this manikin a
reliable design reference point can be established that takes the
deflection of the seat into account. When the physical manikin is
positioned in the car it makes it possible to locate the H-point relative
the physical seat and also to relate the physical seat with a virtual
geometry. Because of the adjustable seat the H-point can have a
number of different positions and the extremes of these are creating the
seat movement envelope. To have one consistent reference point for
occupant packaging, one specific design H-point is selected and called
the seating reference point (SgRP) (Ghikas, 2013), see Figure 2.1.

SgRP

SgRP is a specific H-point used for definition and desctiption of both
the occupant package and the vehicle dimension, leading to that many
factors related to occupant and requirements refers to the SgRP
(Ghikas, 2013). Since SgRP makes the relationship between the physical
and virtual environment possible it also provides a consistent method
for comparisons between the company’s own cars and competitors’
cars.

2.1.2 Eye point and eyellipse (SAE J941)

Locations of eye points are represented with the use of eyellipses, which
help forming the vehicle’s architecture ensuring that the driver has a
sufficient visual field (Ghikas, 2013). Eyeellipses are outer limits of
envelopes that are formed in both side and plan view by an infinite
number of planes dividing the eye positions, leading to P per cent are
on one side and 100-P per cent are on the other side, see Figure 2.2.
Since the data is normally distributed this results in ellipses by statistical
definition. Each individual plane represents accommodation for the
selected 99 or 95 per cent of the users. A proper application of the
eyellipse includes drawing sight lines from the eyellipse to points of
interest according to a vision task. Using this procedure ensures the car
being configured to ensure that 99 (or 95 per cent depending on which
eyellipse is employed) per cent of the drivers will be accommodated
(Peacock, 1993).

2.1.3 Heel point (SAE J1517)
The accelerator heel point is the lowest point at the intersection of the
manikin heel and the depressed floor covering with the shoe on the

18



undepressed accelerator pedal; see Figure 2.1 (SAE International
Standards, 2001). The ball of foot is a point on a straight line tangent to
the bottom of the manikin’s shoe in side-view 203 mm from the
accelerator heel point. The lateral (y-coordinate) location for the ball of
foot is mid-width on the shoe at the side view ball of foot location
(SAE International standards, 2001).

—ACCELERATOR
FOOT PLANE

~BALL OF FOOT

| [~FOOT ANGLE
/ |

~— ACCELERATOR £~H-POINT TRAVEL PATH
HEEL POINT

Figure 2.1 - SAE picture of the manikin (Peacock & Karwowski, 1993)

5% OF THE DRIVER EYE LOCATIONS ARE LOCATED
SIGHT LINE \ON THIS sws ur THE TANGENT SIGHT PLANE

10 0BJECT 5
\\\k\\\

TANGE\Nf POINT

7 . AN
/ /

Z {E

95th EYELLIPSE
7 //// / 1

Figure 2.2 -Eyellipse tangent cutoff sight planes (Peacock & Kar-
wowski, 1993)

2.2 Parameters for seated position

For driving there are tasks, or physical requirements, which need to be
possible to perform simultaneously. Reed (1998) summarise these as
vision to the external environment, manipulation of steering wheel,
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manipulation of pedal controls, vision to internal displays and
manipulation of shifters and other hand controls. These factors can be
considered as comfort, reachability, visual references, anthropometry
and limitations of the car.

2.2.1 Comfort

Earlier clinics VCC Ergonomics have indicated that comfort is a factor
for seated position, often in combination with limitations of the car.
Test participants in earlier seated position clinics were asked to rank the
importance of vision, reachability, roominess and personal attitude in
the context of seat comfort. Very tall or very short people can for
example experience discomfort regarding leg roominess, which could be
compensated through adjustments of the seat into a different position
than what would be ideal. There have also been situations where test
participants have adjusted the seat to a position not optimal for them
because of the seat belt chafing their neck?. According to Ghikas
(2013), a comfortable driving position is when primary and secondary
controls can be reached and operated comfortably, displays ate easily
seen and when the all-round vision out of the vehicle is good.

2.2.2 Reachability

Test participants in eatlier seated position clinics by VCC Ergonomics
were asked to rank the importance of reach of primary controls such as
pedals, steering wheel, controls and gear shift. The reachability to the
pedals was said to be the most important factor for seated position.
Bhise (2012) supports the theory about reachability being important
when the occupant packaging is developed.

2.2.3 Visual references

According to Peacock (1993) vision is the primary source of infor-
mation intake when driving a car. A driver must be able to see changes
in road alignment (parts delineated by topography, street furniture and
road markings), other vehicles (coming both from behind and the other
direction in various speeds), warning and information signs beside the
road, road signs placed higher up, which also makes upward vision
important in addition to forward, rearward and side vision. The forward
field of view is limited by the downward angle determining the nearest
visible points in front of the car, the upward angle and the binocular
obscuration by the A-pillar, see Figure 2.3. The field of view in mirrors
is dependent on how they are positioned, more or less inwards will
cause losses in the outer part of mirrors. The selection of mirror
position is dependent on the seated position. People positioned closer

? Lotta Jakobsson (Crash and Safety, VCC), included in workshop 20th
of February 2013.
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to the windshield will turn the mirrors more inward which leads to a

higher loss of sight.

UPWARD
VIEWINGS

ANGLE
NEAREST VISIBLE
POINT ON GROUND @ @
’»
-

VIEW OF ROAD
TO HORIZON

V: DRIVERS EYE POSITION

Figure 2.3 - Specification of the driver's forward field of view (Peacock
and Karwowski, 1993)

2.2.4 Anthropometrics

Many SAE-standards are based on anthropometry!® and is considered
when designing and evaluating cars. According to a study performed by
Park et al. (2000), short people prefer to sit closer to the steering wheel
compared to tall people. The result of the study also implies that shorter
people preferred to heighten the bottom cushion to get a better vision
and for easier handling of the steering wheel. From analysing earlier
seated position clinics by VCC Ergonomics it can be strengthened that
shorter people choose to position themselves more forward and
upward towards the windshield. Earlier clinics also show that the field
of view is dependent on eye location, which is dependent on the
selected seat position which in its turn is dependent on the stature
height.

According to Jangwoon Park (2013), female drivers move their upper
body towards the steering wheel because of their shorter arm-length.
Females, who also have a shorter sitting height, therefore moves the
upper body towards the steering wheel to get enough view angle. Park’s
research also showed that men have a tendency to sit more inclined and
women sit more erect and that men have their knees more bent than
women. This could be because the women used in their studies were
the shortest and no men had the same stature height as the women.
According to Jonsson (2009) who has investigated seated positions,
there are no connections between men and women that have the same

stature.

In another study the limited connection between gender and seated
position is supported by Matthew Reed (1998). In his tests a difference
was seen between men and women’s back inclination; however the hip-

to-eye angles were not significantly different between men and women.

10 Anthropometrics, see glossary on page v
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It should also be noted that there has been no overlap between the
groups in stature or other anthropometric variables. Therefore it cannot
be determined whether the differences are because of gender or if it is
because of the anthropometric differences. Reed continues by saying
that results implying differences between genders can rather be
attributed to anthropometric differences.

2.2.5 Limitations of the car

Previous clinics have shown limitations in the car, such as shorter
people not having as good sight out of the car as taller people.
Limitations such as this one is to some extent compensated by
adjustment of cushion height, but the adjustability is sometimes not
enough for people in the extreme percentiles. According to Peacock
(1993) design limits are set for the adjustment range, for example how
much the seat’s length can be adjusted, and these design limits are used
to express to what percentage of the population the design is accom-
modated. If the seat position versus petrcentile is plotted, a rather
straight line includes approximately 90 per cent in the middle of the
population for a certain length adjustment range of the seat, see Figure
2.4. To include more of the population the adjustment range must be
extended much more because of diminishing returns. According to Park
et al. (2000), people might also want to have the seat positioned further
back from the windshield but are not able to due to difficulties with for
example using the steering wheel.
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Figure 2.4 - To include more than 90 per cent of the population
demands much more effort (Peacock, 1993).
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2.2.6 The car model

Jangwoon Park (2013) describes the occupant package layout (SUV,
coupe and sedan) as a parameter with large effect on the lower-body
sitting strategies. His study showed that 84.2% of the test participants
wanted a bent knee posture in the SUV car model but only 2.6%
wanted a bent knee posture in a coupe model. The result indicates that
the measure H30 (floor of car to H-point) affects the lower-body
posture since the sitting height in the SUV is higher compared to a
coupe car model and thus drivers pulled the seat closer to the pedals to
be able to control the pedals comfortably. According to Ghikas (2013)
there are differences such as the wanted feeling of sitting “in” a lower
car (the example is a Jaguar sports car) rather than “on” a higher car
(SUV). Sitting in a SUV (the example is Land Rover) should make the
user feel that he or she also being in command of the car.

2.3 Clinic

A clinic, or user trial, is a test situation where people with for example
certain anthropometrics are chosen to evaluate selected parameters in a
car model, either an existing model or a mock-up of a car being
developed (Ghikas, 2013). An appropriate number of test participants
are required and must be chosen carefully and at the same time
represent the intended customer. Ghikas (2013) explains the clinics as
being on a one-to-one basis including both subjective and objective
data as well as observations. The purpose of the clinic is to elicit
information from the participants regarding user satisfaction,

perception and expectations.

2.3.1 Instructions

When conducting a clinic the standardisation of proper instructions, for
both the test leaders and participants are important in order to ensure
later comparisons between results (Trost, 2007). The instructions to the
test leaders are important since this will ensure that all parts of the clinic
will be fulfilled and performed in the same way for all participants.
Having instructions provided for the test participants will make them
know what they are expected to do and what they are allowed to do.

2.3.2 Environment

The environment in which the clinic is conducted influence the result
from the clinic. According to Ghikas (2013) it is important that a
permissive environment is used allowing the test participant to criticise
the design, making both positive and negative statements without being
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judged by the experimenter. Bergstrém and Grahn (2003) showed in
their thesis that there is a difference to how people position themselves
in cars depending on if they drive or if they are parked. Therefore a
clinic that aims for deciding a seated position should be performed
while driving for best precision.

2.3.3 Equipment

The equipment used in the clinic depends on what is evaluated; it varies
between just questionnaires to advanced cameras tracking a test
participant’s movements. Some types of evaluations require the car to
be measured, to get all data of the car in use, to compare the measure-
ments with nominal data from drawings.

Using photographs for evaluation of seated positions is a valid and
reliable indicator of the undetlying spine (Niekerk et al, 2008). A study
made of 39 high school students show that photographs proved to be
accurate in angle compared with the radiographs made simultaneously
of a seated position. In the study they used retro-reflective markers on
certain anatomical points, which were used to calculate the sagittal head
angle, the cervical angle, the protraction/retraction shoulder angle, the
arm angle and the thoracic angle. The results from the study indicated
that relevant data could be collected from one photograph only to
provide an accurate representation of the spinal posture for that
individual.

2.3.4 Test participants

To accommodate a large population and to be user centred is difficult
and the manufacturer needs to consider different parameters of their
users, included in the anthropometrics. The users, called test partici-
pants, will have their anthropometrics measured making it possible to
understand the human variation and provide guidance for the
ergonomic evaluations and design (Ghikas, 2013). Depending on what
is evaluated different test participants are chosen to participate, often
the extreme percentiles from short female to tall male, this to ensure
that the car fits everyone.

2.3.5 Questionnaire

The question formulation in a questionnaire is important in order to
retrieve the desired information. How to create a questionnaire is
described in Enkdtboken (Trost, 2007). The questions in a questionnaire
should be easily understood; negations, complicated words and leading
questions should be avoided and questions relating to the same area
should be clustered together. There should be just one question per
question to avoid confusion; ranking of different parameters should be
done separately on a scale and not in comparison to each other. Open
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questions are difficult to compare to each other but offer qualitative
data. The questionnaire should have an open question at the end for the

test participant to speak his/her mind.

Standardisation of questions and tasks are important for the possibility
of comparing the results. Subjective scales can only be validated for
intra-personal comparisons (Coehlo and Dahlman, 2000) why the
objective measurements are a necessaty complement to subjective

answers from test participants.

2.4 Seated position clinics at VCC Ergonomics

Seated position clinics at VCC Ergonomics are conducted by one or
two test leaders. When VCC Ergonomics use this type of evaluation,
they select test patticipants from Testkliniklistan’’, a list of people
working at VCC whose anthropometrics have been measured. The
clinic is prepared with subjective questions, observation of behaviour
and objective measurements. It is documented with photos and written
answers and the collected data is compiled and potential statistic

connections are established.

2.4.1 Test participants

The test participants in VCC Ergonomics’ clinics ate chosen from
Testkliniklistan, The anthropometrics of each person is noted before the
clinic and can therefore be used for analysis of the result. The test
participants are selected based on percentiles of height and represent
both men and women. Measures such as leg length and arm length may
come to be analysed in a later stage. Eatlier clinics have had 60 test
participants, where 20 have been < 20%ile women, 20 between 35%ile
women - 85%ile men and the last 20 have been > 90%ile men. The
number of test participants has been chosen by expetrience from
previous clinics and because the result becomes statistically good

enough with that amount of people.

2.4.2 Instructions

Initial instructions to test participants regarding location, conditions and
time are sent via e-mail. Instructions to what to do during the clinic are
told by a test leader.

11 Testkliniklistan, see glossary on page v
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2.4.3 Environment

Seated position clinics are performed while driving. All test participants
drive the same route and stop the car four times. Then the test leader
reset the seat to the starting position and the test participant set it in a

comfortable position.

2.4.4 Equipment

Before a seated position clinic the car is measured by the Crash Test
Preparation at VCC, especially certain points of interest, such as seat
height, the seat adjustment atrea, steering wheel and hood in order to
establish a coordinate system to compare with the CAD drawings of the
car. Information about the seat settings for a power driven seat is
retrieved from the CAN bus!2.

To retrieve H-point values from the information from the CAN bus
VCC has calculated a formula, which takes two inflexible points on the
seat and creates a triangle with the H-point being the third point. This is
not time efficient due to a lot of measuring needs to be done and VCC
Ergonomics are not satisfied with this method. To elicit the back
inclination of the seat, information is read from the CAN-bus and then
translated into a degree of inclination. The result of this measuring is
presented as numbers, which is difficult to understand due to lack of
references, such as the extreme positions.

To measure where the steering wheel is positioned, the steering wheel
has been equipped with two measuring tapes on the side, in x- and z-
direction. These measuring tapes gives measures that later are put in a
formula created by the VCC Ergonomics department. This formula
then recalculates these two measutes to coordinates in x- and z-
direction. When the team looked into data from previous seated
position clinics, it was difficult to follow how the data was elicited,
which lead to problems understanding what had been done and for
comparing the results.

A camera was used to locate eye location and the inclination of the
back. The camera was always put in a position at the passenger seat to
the right of the driver, giving a profile picture of the driver. Different
cameras have been used and for each new setup a remote control
program or hardware is needed. A problem with the camera equipment
is that it is old and not gives photographs of high quality. Therefore a
new setup needs to be configured.

12 CAN bus, see glossary on page v
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For extraction of eye points from photos Photoshop!? analysis has been
used. During the measurement of the car photos of a square have been
taken and its position been measured in many positions. These photos
have then been combined in Photoshop and equations been made for

coordinate extraction after pixel analysis.

For analysis of results CATIA, Excel'* and Photoshop are used.
Questionnaires and questions are printed and filled out together with
test participant and the test leader.

2.4.5 Questionnaire

In earlier seated position clinics subjective data was gathered through
questionnaires where the test participants were asked to rate different
features, some of them were to be compared and rated with each other.
Both the team’s earlier experiences and theory according to Enkdtboken
(Trost, 2007), proved this to not be a good way and a way of hinder test
participants to value different parameters equally. The test participants
were also asked yes or no questions as well as open questions, which

was combined with parameters for the test leader to observe.

2.5 Summary of theory

For evaluating seated position SAE points such as H-point, heel point
and eye point are important to establish. Findings from previous clinics,
master theses and dissertations regarding seated positions have been
listed according to categories of comfort, reachability, visual references,
anthropometrics, limitations of the car and car model and serve as base
for coming assumptions, found in chapter 5. Literature has shown the
importance of detailed instructions to enable standardisation. The basic
structure of clinics at VCC Ergonomics serves as base for the
development for SPEED with instructions, environment, test

participants and questionnaire.

13 Photoshop, see glossary on page v
14 Excel, see glossary on page v
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3 Process/method

The Human factors process of which this thesis has been conducted is
explained in this chapter. The different stages of the process are
explained and an adaption of the process to fit this thesis is described.
The stages of the process form the structure of this report and include
needfinding, assumptions, overall design, detailed design, a description
of the developed method SPEED, an evaluation of SPEED and the
result from the commissioning in Volvo XCG60. Parallel throughout the
project evaluations and documentations are made.

For the development of SPEED an iterative process based on the
developing process of human machine systems as described by Bligard
(2011) was used. The process is used within Human Factors Engineet-
ing (HFE) for designing effective machines to suit human needs and
abilities. The team consider this process suitable for developing and
designing the method for VCC because of the needs for an easy to
understand usage for beginner users. The team also uses this process
with the reason that it is thought to help going through the work
thoroughly and finding potential problems eatly in the process.

The process involves planning, data collection, evaluation and
documentation as four parallel continuous activities and six sequential
blocks that is needfinding, function and task design, overall design,
detailed design, structural design and commissioning, see Figure 3.1.
For the process to function as a whole Bligard (2011) lists the most
important factors to employ to the process. The team should have
knowledge of HFE methods, the human machine interaction should be
in focus, an iterative approach to be employed as well as work with
parallel activities for effectiveness. Further on should users be involved
in all steps of the development for evaluation, the usage should be the
foundation of the product development and the process should be
adapted for the specific project. An adaption of the process for the
development of SPEED can be seen in Figure 3.2.
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of SPEED.

3.1 Needfinding

The team’s previous experience from clinics for VCC Ergonomics
serves as a base for the needfinding. The needs and requirements for
the frames of the development of SPEED are gathered though a
literature study of automotive ergonomics and method development
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including creating questionnaires. Interviews, workshops and literature
provide information about how to gather data about reference points in

the car and on the test participants.

3.2 Assumptions

Assumptions are made to allow falsifying and/or strengthen the
importance of different ideas. The assumptions derive from workshops
at VCC Ergonomics and within the team. The assumptions are
supported by theory and can be measured in different ways.

3.3 Overall design

The questions and measurements that will be used for SPEED will be
investigated early in the process and validated through evaluations with
users. This includes evaluations including deeper interviews to elicit
much data, evaluations using the actual method and comparing these to
each other. The evaluations also include letting students act as test
leaders using SPEED and provide feedback on the method. Questions
and measurements that give reliable results will be developed to a
detailed design that will be further investigated to later be developed to
the final design of the method.

3.4 Detailed design

The detailed design is based on the overall design and results from
evaluations. By investigating and evaluating different tools and the
quality of the provided data, tools and questions will be chosen for the
final design of SPEED.

3.5 Description of SPEED

From the detailed design the team combines the final result and a
summary of how SPEED is performed will be presented in this section.
The chapter highlights the main parts, all from the process of booking
the car to when the result is analysed.
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3.6 Evaluation of SPEED

The method will be performed on one car model for this work and the
team will afterwards compile a result describing how well SPEED
worked. The result will give an answer to whether the team’s assump-
tions were correct. Analysis of the data will provide the team with
information regarding whether all questions asked are necessary and if
they provide the information that the team want to elicit. Method
evaluations are done in smaller scale during the overall design but when
performing the evaluation in larger scale the team can get more
information about how the method works and recommendations for

future work can be compiled.

3.7 Result of SPEED in XC60

The clinic included in the method will be performed during two weeks
with several Volvo employees as test participants. During this clinic the
team members will act as test leaders and follow the instructions which

are included in the method.

After the commissioning of SPEED the outcome is to be analysed,
giving answers about the specific car used in the work, and the
correlations that were found between the car, test participants and the

seated position.

32



4 Needfinding

In this chapter the needs of primary and secondary users are noted and
delimitations for the thesis are listed. The primary users are employees
at VCC Ergonomics that will be the test leaders for SPEED and analyse
the result. The secondary users are the test participants that will attend
the clinics. Important needs from VCC Ergonomics are that the time
for completion of SPEED is 160 man hours or less and that each test
participant will finish their participation in 45 minutes. Another need is
that the method elicits information about SAE points for each test
participant. The delimitations concern type of car, programs that are to
be used and the level of detail for the instructions.

For SPEED there are different user groups and stakeholders. The main
users are people working at VCC Ergonomics who will use SPEED,
acting as test leaders in the clinic and performing the basic analysis. This
includes both summer employees and people employed at the
department. Secondary users are test participants attending the clinics.
The stakeholders are VCC Ergonomics who invest in this work.
Another department at VCC with interests in the result of the method
and their needs are listed in chapter 4.3.

4.1 User needs

It should be easy and intuitive to use the method SPEED. Previous
clinics have shown that these evaluations can be difficult to compare
and understand. Therefore it is needed to standardise and have
explanations of the whole method structure; all equipment and
questions. Another reason for having a high level of standardisation is
to deliver the same result independent of who is using SPEED.
Instructions should be provided to ensure that future users are able to
understand completely how the method is built up and what is needed
to change it and how this could done. Due to short preparation time it
should be a short learning curve and difficult to do wrong,.

It is important that the instructions regarding the method’s structure, all
measurements and questions are adapted to the knowledge that the
main users possess.
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4.2 VCC Ergonomics’ needs

For VCC Ergonomics it is also important to provide instructions of
what needs to be done. Some parts included in the method have to be
prepared and booked before the summer employees arrive. The
equipment is being bookable for anyone at VCC and certain equipment

is more popular and rare than other.

To understand where people sit in the car information regarding H-
point, eye point, heel point and a point describing the steering wheel
position needs to be in the result. VCC Ergonomics also want to know
why people sit the way they do, which leads to a need of retrieving
qualitative data from test participants regarding their position. This data
need to contain subjective thoughts of different parameters in the car,
how these affect the test participant when deciding position and how
well they are in the car used in the clinic. Subjective thoughts about the
seated position; if it is comfortable, if there are limitations in the
positioning, how easy a comfortable position is found should be
elicited. VCC Ergonomics want to use this information for setting their
future requirements.

VCC Ergonomics has expressed the need of using test participants
from Testkliniklistan and that short, medium stature and tall people
should be represented. This to ensure that conclusions can be made
regarding peoples’ stature. To enable test participants to patticipate in
the clinic, VCC Ergonomics stated a need regarding the time used for
the clinic to be maximum 45 minutes. Due to economics and time
available for clinics, VCC Ergonomics has a need for a time constraint
for the whole method of 160 man hours.

4.3 Further external needs

Another department interested in the method is the VCC Crash and
Safety department that expressed a need of having a camera filming the
clinic. This was due to their interest in finding out why people sit the
way they do in different traffic situations, and the need to see changes
in the drivers’ position over time. VCC Crash and Safety also expressed
needs regarding the headrest, to find out if it is used, if people want to
use it and the distance between the driver’s head and headrest.
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4.4 Delimitations

The team has together with VCC Ergonomics set frames and

delimitations for this project, which have to be considered:

When SPEED is developed and used in this work it will con-
sider one car model, Volvo XC60, with automated gearbox and

a motorized seat.
SPEED shall be possible to apply to all Volvo’s car models.

The tools required for the development of the method and
using it should be available for VCC’s Ergonomics department.

SPEED shall later be possible to use by summer employees,
master students who have completed the 4th year of their edu-
cation at university and have knowledge about mathematics
and ergonomics.

SPEED will require knowledge of Microsoft Excel and
CATIA.

Test participants for the clinic will be taken from Testk/iniklistan
provided by VCC Ergonomics.

SPEED shall not require intervention on the car.

The instructions and the questions posed within SPEED will
be in Swedish.

SPEED will not consider the seat’s lumbar support.
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5 Assumptions

Assumptions regarding what affect the seated position and possible
ways of measuring the impact of the different factors on the seated
positions are described in this chapter. The assumptions are sorted into
categories of comfort, reachability, visual references, anthropometrics,
limitations of the car and personal attitude.

From the results of the literature study and the workshops held at VCC
Ergonomics, assumptions regarding seated position were made. The
assumptions and how to measure them are listed below. The team
assumes that seated positions depend on comfort, reachability, visual
references, anthropometrics, limitations of the car and personal attitude.
Some of these have been investigated by VCC Ergonomics and are
considered important to include in this type of evaluations. Other
assumptions are built on theory and previous experience. Earlier
evaluations of seated position have contributed with basic assumptions
that form the base for the following assumptions. There is a comfort
zone in which an individual can sit comfortably; the starting position of
the steering wheel has effects on how the seat is positioned and the

seated position depends on the car model.

The assumptions will be the base during the analysis and evaluation of
the results, both results of SPEED itself and the result when using it in
Volvo XC60.

5.1 Assumption: Comfort is a factor

1) How one experiences comfort regarding some or all of
the following influence the seated position: foot support,
arm rest, seat belt, leg roominess and neck rest.

5.1.1 How to measure

The measurement of comfort can be investigated through interviews
with subjective questions and through a ranking list, where the test
participant can rank the importance of the different factors separately in
a questionnaire.

Keywords: Questionnaire
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5.2 Assumption: Reachability is a factor

2) 'The reachability to functions such as pedals, steering

wheel and controls, affect the seated position.

5.2.1 How to measure

The importance of reachability to certain functions can be measured
through a ranking list in a questionnaire. By using the same setting of
the seat and steering wheel one can see if people set the seat in the same
position every time if they perform multiple settings. The heel point
position could be retrieved by taking photos of the feet.

As explained in chapter 2.4.4 the steering wheel can be calculated by
using measuring tapes. Another method could be to use photographs to
locate the position of the steering wheel.

Keywords: Photographs, questionnaire, measure steering wheel

5.3 Assumption: Visual references are a factor

3) The visual references outside the car, hood height, lanes,

traffic and mirrors affect the seated position.

4) Visual references inside the car such as windshield, rear-
view mirror and dashboard affect the seated position.

5.3.1 How to measure

The importance of different visual references can be measured through
a ranking list in a questionnaire. Photographs can be taken continuously
when driving for comparison of potential differences in postures for
varied driving. For analysis in CATIA the establishment of eye points
are important.

An eye tracking!s device can be used for analysing the eye movements
of the test participants when doing the settings for the seat and steering
wheel. Unconscious priorities regarding visual references can be spotted
if the device is configured. At a workshop held with VCC Crash and
Safety (workshop 20th of February 2013) it was said, that if correctly
calibrated it would be possible to establish eye points with the eye
tracking device.

15 Eye tracking, see glossary on page v
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The eye points can also be retrieved by taking photos from the side and
extract the coordinates after analysis in Photoshop.

To get more information regarding visual references a varied drive
route can be used, including both small and big roads as well as
crossings and roundabouts. Standardisation of the instructions and the
drive route, with for example GPS, minimise the influence of the driver.

Keywords: Eye tracking, questionnaire, photographs, Photoshop, CATILA,
drive route, GPS

5.4 Assumption: Anthropometrics is a factor

5) The seated position varies between people with different
anthropometric measurements.

5.4.1 How to measure

To measure the importance of anthropometrics all test participants
have had their anthropometrics measured prior to the clinic, according
to conventional static measurements because of the repeatability they
allow. Analysis of the settings of the seat and steering wheel as well as
eye point, heel point and H-point compared to the anthropometrics
would show if anthropometrics is a factor to the seated position.

The settings of the seat can be measured manually with a ruler or by
retrieving information from the CAN bus in the car by connecting a
computer and measuring equipment. The connection to the CAN bus
enables that motor activity from the seat can be elicited from the car.
As described in chapter 2.1.1 the SAE way of deciding the H-point is by
using a manikin. Based on the SAE method, an H-point can be
referenced to the seat and an estimated H-point for a driver can
therefore be retrieved by knowing the position of the driver’s seat. The
position of the seat can be measured in the physical car, be compared
with the seat in CATIA and after the comparison seat motor activity

can be translated to an H-point.

Keywords: Measure seat settings, DiCE, CAN bus, analysis, and
anthropometric analysis.
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5.5 Assumption: Limitations of the caris a factor

6) Limitations of the car such as sight considering A-pillars,
hood height and roof height affect the seated position.

7) The adjustment range of the seat and steering wheel af-
fect the seat adjustment.

5.5.1 How to measure

The importance of different limitations can be elicited through a
questionnaire. Questions about how the test participant would sit if
adjusting the seat differently can give indications to whether they would
prefer to sit differently than they do and if the adjustment range is
sufficient. Eye tracking can be used to visualise what the test partici-
pants look at and for how long, when setting the seat and steering

wheel as well as for driving.

According to Reed (1998) the steering wheel position is very important
as by moving it forward by 100 mm the response is to move the seat
forward with about 45 mm, accounting for half of the change in
steering wheel position. To reduce the potential effects of the steering
wheel position on the settings, the steering wheel should be placed in
the middle of its adjustment range before each setting.

If the back and the backrest are measured the correlation between the
inclination of the backrest and the actual back inclination can be
analysed. Information about inclination of the backrest can be retrieved
from the CAN bus or, if precision is not prioritised, by using a digital
inclination meter. A way of measuring back inclination is by taking
photographs in the same angle for all participants and analyse them in
Photoshop with references, for example the shape of the window, tape

markings in car and on test participant and the settings of the seat.

Keywords: Eye tracking, steering wheel position, questionnaire.

5.6 Assumption: Personal attitude is a factor
8) Personal style and attitude affect the seated position.

9) People prioritise differently depending on personal pref-
erence regarding comfort, vision and reachability.
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5.6.1 How to measure

The test participants can be asked about their personal style for driving
to see whether there is a correlation to their answers and the settings
they make to the seat and steering wheel. The test participants could
also be asked to explain their seated position and how they would like
to sit in the car. Unconscious thoughts of the positions could be

retrieved by using pictures for choosing ones position.

Keywords: Pictures of seated positions, personal style.
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5.7 Summary of assumptions

D

2)

3)

4)

5)

6)

7)

8)
9)

How one experiences comfort regarding some or all of the
following influence the seated position: foot support, arm rest,
seat belt, leg roominess and neck rest.

The reachability to functions such as pedals, steering wheel and
controls, affect the seated position.

The visual references outside the car, hood height, lanes, traffic
and mirrors affect the seated position.

Visual references inside the car such as windshield, rear-view
mirror and dashboard affect the seated position.

The seated position varies between people with different an-
thropometric measurements.

Limitations of the car such as sight considering A-pillars, hood
height and roof height affect the seated position.

The adjustment range of the seat and steering wheel affect the
seat adjustment.

Personal style and attitude affect the seated position.

People prioritise differently depending on personal preference
regarding comfort, vision and reachability.
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6 Overall design

In this chapter the overall design of the developed method SPEED is
described as well as the evaluation of concepts and the evaluation
approach. The test approach with the early conditions for SPEED is set
out and means for standardisation is listed. SPEED is divided into three
parts; preparation, clinic and analysis. The clinic shall be performed
while driving and objective measurements, subjective questions and
observation of behaviour will elicit information regarding how and why
people sit the way they sit when driving.

From the start of the project it was decided that the method would
include a clinic in which test participants drive and their settings and
seated positions are measured and documented, and that they would be
asked questions. The exact measurements, questions and documenta-
tion to be included in SPEED were based on the assumptions from
chapter 5 and further developed and evaluated in three evaluation
sessions described in chapter 6.1. The main priorities during the
development were usability, time and relevance of the acquired result.

SPEED as a method includes preparations, a clinic and analysis, see
Figure 6.1. In the preparation phase equipment and appointments will
be booked, the equipment will be installed, the car will be measured and
the documents and programs included in SPEED will be updated.
During the clinic a number of test participants will drive a car making
three sessions of settings of seat and steering wheel. The settings will be
measured, the test participants’ postures will be photographed and they
are asked questions. The elicited data will then be compiled and
analysed through comparisons between parameters, some conclusions
will be made and afterwards be documented. The analysis will be
divided into a basic analysis and a further analysis. Three documents
and a program will be created and will provide the means for complet-
ing SPEED; the SPEED Cootdinates program, the SPEED Compila-
tion document and the SPEED Instruction document.

43



Preparation Clinic Analysis
¥ = 0o 0O O O O X 0 0 o0 *
O 1= + — L] — = =
8 2 5 5 2 3 & < B 58 % o
o & § T Ao g £ E 2 5 £
T 0 2 o = s £ ¢ 3
O Q o0
= = ] 8

Figure 6.1 - The overall design of SPEED.

6.1 Evaluation of concepts

The development of SPEED has been done with three concept
evaluations together with master students with the same profile as the
upcoming summer employees. The evaluations will be referred to as
evaluation 1, 2 and 3. Evaluation 1 was an in depth evaluation of
different tools and methods for gathering the data needed and was
divided in two sessions. Evaluation 2 was the first trial of SPEED as a
method and the results were compared to those of evaluation 1. This to
see if the results were exact enough and if the results were reliable and
relevant. Evaluation 3 was conducted with two master students who
were new to SPEED and acted as test leader and test participant, this to

evaluate the instructions.

Evaluation 1 was broad with open interview questions and with an
extended testing of the impact on the final seated position when having
different starting positions of the seat and steering wheel. Different
types of question formulations were tested and evaluated as well as the
possibilities of different tools and methods for finding out how and
why they sit as they do. The input from evaluation 1 was used for
sorting the relevant tools for SPEED.

Before evaluation 2 the tools and methods for SPEED were combined
and tested within the team to see if the timeframe was held. In the
evaluation focus was on repeatability, to see if the same results would
come the second time of evaluation. The questions and the test
situation were mote refined and more like the final version of SPEED.
The same two participants were used as in evaluation 1 to allow
comparison.

In evaluation 3 further alterations had been made to SPEED and two
new master students helped evaluating the third concept. Focus in this
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evaluation was the understandability of the instructions, the usability of
the technique and the interaction between test leader and test

participant.

6.2 Test approach

For deciding the test approach for SPEED an important factor has
been time, without compromising on the gathering of data for finding
out how and why people sit when driving. To find out how people sit
test participants will drive during the clinic. To keep the test situation as
realistic as possible different traffic environments should be included in
the drive route. Measuring of the settings of seat and steering wheel will
be done and the seated position will be documented. Documenting the
position does not answer the question of why they sit as they do so
additional questions to the test participants is needed. The different
tools and methods that can be used for eliciting the data needed are
further described and evaluated in chapter 7.

Because of the limited man hours allowed for the clinic, see chapter 4.2,
it was soon decided there would only be one test leader during the
clinic. To save time, reduce the work load for the test leader and to
achieve a more standardised clinic it was decided that the questions
would be read and answered directly on the computer by the test
participant in the SPEED Compilation document. Additional benefits
of this are that the amount of printed papers will be reduced and that
the compilation of data will be easier done than what have been the
cases in eatlier clinics, described in chapter 2.4. After evaluation 1,
described more thoroughly in chapter 6.1, it was decided that SPEED
would include objective measurements to answer how people sit,
subjective questions to answer why people choose their seated position
and observation of behavior to show how people act while driving.

6.2.1 Objective measurements

The most important points to find out according to VCC Ergonomics
are H-point, eye point, heel point and the distance between head and
neck rest. Therefore these points will be elicited from the clinic. Prior to
the clinic the car and the installed equipment will be measured by VCC
Crash Test Preparation to allow compatison with CATIA models and
drawings. All calculations to coordinates will be performed in the
SPEED Coordinates program made in Excel.
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6.2.2 Subjective questions

Open questions and ranking lists will allow gathering of qualitative and
quantitative data. This can be used for obtaining deeper knowledge of
why people position them as they do as well as comparing subjects with
quantitative data. Questions about comfort, reachability, vision,
priorities, ratings and personal style will be asked. Different scales and
question formulations were evaluated in evaluation 1, evaluation 2 and
together with VCC Ergonomics and more about that can be seen in
chapter 7.7.

6.2.3 Observation of behaviour

To reduce the workload for the test leader during the clinic, observation
will be done afterwards with videos of the test participants’ settings and
driving. Cameras that take still photos also allow some observation of
behaviour in certain traffic situations. From the photos and video the
test leader can observe the behaviour of the test participant to see if
something triggers a change in posture and if certain functions in the
car are used, e.g. arm rests. Situations that will be documented are

junctions, highway and parking.

6.3 Instructions

To allow replication of SPEED for other car models instructions will
be provided in the SPEED Instruction document. The starting point
was from the team’s own experience of being a summer employees at
VCC Ergonomics. The instructions should be written so anyone with
the required background (master students with ergonomic background)
is able to complete SPEED with assistance from someone at VCC
Ergonomics. The usability of the test leader instructions have been
tested in evaluation 3. The instructions for the method should:

e Bein Swedish

e Provide explanatory pictures and checklists

e Instruct what needs to be prepared eatly

e  List the equipment needed

e Instruct how updates and alterations to documents can be done
e Include instructions needed for booking test participants

e Instruct how the clinic is performed

e Instruct how compilation of result and analysis is done

e Include instructions to test participants
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The fonts were chosen to be easy to read; the headers are san serif
(Century Gothic) to be easily separated visually from the body and the
body is serif (Garamond) to be easily read, and is consistent throughout
the report, instructions and documents. Bullet lists are provided when a
quick overview is needed and deeper explanations where something
more complicated needs to be done. The chapters are to be divided

depending on underlying context and ease finding the right information.

6.4 Standardisation

The results from evaluation 1 and evaluation 2, described briefly in
chapter 6.1, showed that the settings of the seat vary each time and that
the starting point for the seat did not matter for the final setting. For
SPEED the seat and steering wheel should have the same starting point
for all test participant and all three setting sessions, this to allow a
standardised test setup. The seat’s starting point is to be furthest back,
with lowest height and with lowest tilt. The back inclination should be
in a position where no one will sit comfortably to force everyone to
adjust it. The steering wheel should be in the middle of the adjustment

range.

Evaluations of previous measurements from seated position clinics
showed that there were no significant differences between the mean
value of H-point and the four different settings that the test patticipants
did between each driving. There was no connection or differences in
between setting 1&2, 2&3 and 3&4. The conclusion was therefore that
more sessions of adjusting the seat and steering wheel would not lead to
a more “exact” or “true” position but rather that either of the positions
was good enough for driving. Moreover previous clinics and evaluation
1 and 2 showed that people found a comfortable position faster and
casier after a few sessions because of recognition of buttons and the
rest of the car. It was therefore decided that there would be three
sessions of setting the seat and steering wheel and that the values from
the third setting would be analysed in the basic analysis.

For comparing driving in different situations the route should be
prepared for driving on highway, in junctions and on parking lot. The
route shall be the same for all test participants for a standardised
environment.
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6.5 Summary of overall design

SPEED is divided into three parts; preparation, clinic and analysis.
Documents and programs will be provided for this method, including
the SPEED Coordinates program, the SPEED Compilation document
and the SPEED Instruction document. The clinic will be conducted
while driving according to a drive route and the test participants will
answer questions in a questionnaire. Three driving sessions will take
place and the set and steering wheel are to be reset to a starting point
before each new session. The means of eliciting information are
objective measurements, subjective questions and observation of

behaviout.
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7 Detailed design

Detailed information about the testing of different potential methods
and tools are described in in this chapter. How to elicit information
about H-point position and back inclination from the car’s computer
system and CATIA drawings is described. Further on retrieving of eye
point position, steering wheel position and distance between head and
neckrest is described and is done with the use of GoPro cameras,
Photoshop and pixel analysis. How to elicit information about heel
point is also described. Further on this chapter describes the selection
of test participants and the three stature groups that were formed, how
the questionnaire was formed and how the analysis was divided.

The tools and methods that can be used for testing the assumptions
listed in chapter 5 have been tested for validity and reliability and are
described in this chapter. They have been evaluated towards each other
with the parameters time, usability, precision and result, see Appendix
B, and thereafter been chosen and combined to form SPEED. The
preparations, the selection of test partticipants, instructions, test
approach and an idea of future analysis have been formed and are the
start for the final design of the test description that can be seen in
chapter 8.

7.1 Retrieving H-point

The method of establishing the H-point comes from knowing the
adjustment range for the seat regarding length, height, tilt and the
motor activity (information from the CAN bus) when moving the seat.
To elicit this information it is required to have an electrical adjusted seat
and connect measuring equipment, such as DiCE!6 combined with
software called GGD DHA!, establishing connection with the seat.
The software needs to have information from a database created for the
specific seat due to all seats’ different behaviour in the car. The elicited
information was translated into formulas to be used in Excel, the
SPEED Coordinates program, which is translating the motor steps to
coordinates of an estimated H-point. For the translation from motor

16 DICE, see glossary on page v
17 GGD DHA, see glossary on page v
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steps to coordinates the seats kinematic model was investigated in
CATIA. This model shows seat movement and allows eliciting of
coordinates of the H-point in different positions. Since the seat does
not move linear in all directions, see Figure 7.1, the movement had to
be calculated. To calculate the H-point position contribution from
adjustment in length, height and tilt needed to be calculated separately

and then be combined.

To calculate the contribution from the linear length movement the total
length of the seat’s rail and the angle of the seat cushion against the
horizontal ground plane were used, see ¢ respectively o in Figure 7.4.
The non-linear movement in height was calculated by eliciting
coordinates from the CATIA model, the extreme positions when the
seat is in its lowest and rearmost position and also in its highest and
rearmost position. Between these two extreme positions an amount of
positions were noted, and then the motor steps were distributed over
the movement. The positions between the two extreme positions were
interpolated to get all possible positions of the height adjustment. The
same method was used to calculate the tilt’s contribution to the H-
point. When all contributions had been calculated they were combined
to get the final H-point and shown in a diagram, see Figure 7.2.

It was decided to use this way of eliciting the H-point instead of the
way VCC Ergonomics made it during the previous clinics, presented in
chapter 2.4.4, due to the simplicity and repeatability. When a new seat is
selected in the future, neither all H-point measutements needs to be
recalculated manually nor any triangulating formulas between the seat
and H-point be recalculated. The finalised SPEED Coordinates
program was then evaluated and compared to the result from the
measured physical car with manikin, the CATIA drawings and the
CATIA kinematic model.

When the comparison between coordinates from the seat model in
CATIA and from the measurement was made, it showed similar results.
To compare points from the CATIA model with the points measured
in the real car, two inflexible points were chosen called PT1 and PT2,
seen in Figure 7.3.

50



Recline

Height = Length = Tilt =
Non-inear  Linear Non-linear
movement movement  movement
,_ I/ |
Height N\ e S

o Lenath Al—> — 1\l
Z
X
- C- >

Figure 7.1 - Left; the adjustment possibilities for the seat. Right; the H-
point movements within the seat’s adjustment range.
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Figure 7.2 - H-point as displayed in SPEED Coordinates program.

Figure 7.3 - The two inflexible points PT1 and PT2 in the physical car
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Figure 7.4 - Movement of seat

Average differences between the measurement of PT1 and PT2 in the
physical seat and the one in CATIA were calculated for each coordi-
nate, X, v, z and showed a difference of 1.97, 4.83, 0.86 mm respectively.
These average measures show that the physical car is not exactly the
same as in the CATIA model and its drawings due to tolerances during
the whole developing and manufacturing processes. The differences in
the measures need to be applied to the calculations used in the method
to be able to locate where the persons H-point actually is.

7.1.1  Back inclination

The inclination of the backrest is calculated with help of points and
angles from the measurement made of the physical car. The measure-
ment was made by using a manikin sitting in the seat and changing the
seat’s back inclination with the electrical seat motor to a defined angle.
The measurement started with the seat in the rearmost position, with its
highest inclination. For the starting position and all further positions the
angle of the manikin was noted, x-, y- and z-coordinates of two points
on the seat’s back were noted and data of motor activity from the cat’s
CAN bus was read. To get all possible angles of the backrest it was
interpolated in the same way the H-point and tilt was interpolated. The
presented angles in the result present the angle of the manikin in the
seat sitting with the chosen back inclination. This angle was the one
VCC Ergonomics selected as the primary angle to know, but in the
SPEED Coordinates program both manikin inclination and backrest
inclination can be calculated.

This method was chosen because it elicits the back inclination of the
manikin and the inclination of the backrest. Furthermore it presents
data of the actual angle together with extreme positions of the seat’s
back, see Figure 7.5, unlike the previous method explained in chapter
2.4.4.
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Figure 7.5 - Back inclination as displayed in the SPEED Coordinates
program.

7.2 Retrieving Eye point

The possibilities of retrieving coordinates for eye points through eye
tracking, photographs and video was investigated. The evaluations
showed that the most time efficient and precise method was through
photographs and it was decided that the picture to be evaluated for eye
point extraction were to be taken while driving straight forward on the
third driving session, more explained in chapter 6.4.

Eye tracking

The eye tracking device was easy to install, however the calibration took
long time and proved to be too imprecise to give usable information
about eye location. The original information that the position of the eye
could be established in coordinates by using the equipment proved to
be wrong and that using the eye tracking device would only give
information about where the person looks. This could give good
indications to what are important visual references when adjusting the
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seat; although it demands more method development and more time
from the test participants before it would give enough answers.
Therefore will eye tracking not be a part of SPEED.

Photo analysis

The cameras needed are assembled in the car before the measuring so
their exact position relative the car coordinates can be measured for
future references. Photos were taken with GoPro!® cameras during the
measurement to enable analysis in Photoshop.

One camera was placed on the passenger side window taking photos in
approximately a perpendicular angle of the driver and another camera
was placed on the ceiling taking photos from above. A third camera was
placed on the passenger side panel for video recordings. The position-
ing of the cameras were done while viewing the recordings and photo
angles through iPads and reference marks were placed in the car so the
same angle could be achieved with the passenger side camera even if the
camera had to be moved.

To save time it was decided to use a checkered reference plane large
enough to make it sufficient to analyse just one photo instead of the
multiple photos that were needed for the old method, see chapter 2.4.4.
A measuring stand was made to allow placing the reference plane in the
position wanted in x-, y- and z-direction during the measuring and
photographing of it, see Figure 7.6. The reference planes were set in
different y-planes related to the driver seat; 100 mm apart. The
measuring stand held the reference plane on place; however it was
difficult to position it in the right position to keep the x- and z-
coordinates stable when moving it in y-direction. The difficulties in
keeping the correct position in x- and z-direction were due to the stand
having turnable wheels thus making it difficult to push it straight.
Furthermore the material was of high density making it difficult to keep
the beam straight when elongated. The measured points differed up to
3 mm in x- and z-direction but it was decided that it would be sufficient
for this evaluation. This since the team used the points to create
equations, translating pixels in photos to coordinates, and the tolerance
of 3 mm does not affect these equations. Due to time constraints it was
not possible to construct a new stand for the measuring of XC60.

18 GoPro, see glossary on page v
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Figure 7.6 - Left: The checkered reference plane seen in relation to the
seat from the passenger side. Middle: Reference plane from above.
Right: The measuring stand.
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Figure 7.7 - Plotted pixel values from different wide angle corrections.
The squared dots represent middle correction and the circles
represent special corrections depending on the y plane.

Table 7.1- The measured coordinates in comparison to the converted
pixel values based on different wide angle correction.

Y plane
[mm] +100 Middle of -100
seat
c Measured X coordinate | 3261,6 3262,77 3262,05
)
"g +100 3262,077 - -
S | Middle of seat 3261,439  3263,663  3262,878
©
é’ -100 - = 3262,392
—
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Depending on where the eyes are located in y-direction the pixel values
give different coordinates. Therefore different formulas were created in
the SPEED Coordinates program where the pixel values were
connected to the measured coordinates for each of the measured y-
planes. For testing its reliability, fisheye removing was used separately
for the different y-planes and compared to the result from when using
the same degree of fisheye removing independent on y-plane, see Figure
7.7. The result showed that the formulas to convert the pixel values to
coordinates gave a difference of on average 1 mm between the different
wide angle!? corrections, see Table 7.1. This lead to the decision that all
photos taken with the side camera can be altered with the same fisheye
removing and still give an exact location of eye point if the pixel value is
converted with different formulas depending on which y-plane the eye
is located.

In the SPEED Coordinates program the pixel values extracted from
Photoshop are inserted and converted through the formulas and
interpolation to a coordinate. The original thought was that one would
chose different formulas depending on the eyes position in y-direction,
something that would be seen in the pictures from the roof camera.
This is something that would work if all test participants had their heads
on the same height. The angle of the roof camera combined with the
different heights of test participants did however make it difficult to see
the y-position of the head as the camera view in some cases only
showed the test participants hair. This was seen too late in the making
of SPEED so another solution should be made for the next car
evaluation. It was decided, after discussions with VCC Ergonomics, that
the eye point to be analysed in the basic analysis were from driving
straight forward. Thus is the eye points analysed from driving straight
from the third session of driving. For the basic analysis it is sufficient to
use the formula for the y-plane in the middle of the seat as most people
sit in the middle of the seat when driving straight forward. For further
analysis of seated positions in other traffic situations the other y-planes
need to be used and the method therefore be more developed.

7.3 Reftrieving steering wheel position

The previous method of finding out steering wheel position has been
difficult to use, see chapter 2.4.4. Therefore a new way of finding out
the position was developed by the team where the middle point of the
steering wheel was in focus.

17 Wide angle, see glossary on page v
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A crash test sticker was placed in the centre of the steering wheel and
its centre was measured and photographed in five positions; the four
extreme positions and in a middle position. Thereafter the checkered
reference plane was measured and photographed in the same way as for
the eye point. The fisheye effect was reduced in relation to the y-plane
in the middle of the seat, the same that is used for retrieving eye point
position. The photographs were then analysed in Photoshop and the
pixel values were converted to coordinates in the SPEED Coordinates

program.

The converted values from the photos were compared with the
measured values. This showed that there was a tolerance level up to 4.1
mm in z-direction and up to 8.5 mm in x-direction. The reason for the
larger difference in x-direction could depend on the fisheye effect on
the camera used and the angle of the camera as it is not perpendicular
to the steering wheel. Another reason for the inaccuracy could be that
the measured points on the reference plane were too far apart and that
better accuracy could be achieved if the squares were smaller. Whether
this tolerance level is considered to be acceptable or not depend on the
required accuracy and usability the method should have. The new
method is of high usability but deliver a result presenting if test
participants have adjusted the steering wheel to any extreme position.
Comparing the new method to the previous method used by the
Ergonomics department, the previous deliver morte correct results but is
of higher complexity and is more time consuming. Depending on what
accuracy the Ergonomics department want to have in future evalua-
tions, decides which of the two methods to use.

7.4 Heel point

The heel point position is easiest retrieved through photographs
because the area below the steering wheel and instrument panel is
hiding the feet thus making it impossible to observe feet position for a
test leader. Different camera positions were tried and the conclusion
was that it was easiest to determine heel position when the camera was
placed directly behind the feet with a grid on the floor mat.

The first position for the camera was from the left, see the left photo in
Figure 7.8, where the stripes only allowed the x-position of the heel to
be determined. To allow finding out the heel position in y-direction as
well a grid was attached to the floor mat and other placements of
cameras were investigated. The best accuracy of the pictures was
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delivered when the camera was attached to the seat. The final setup for
finding out heel point can be seen on the right in Figure 7.8.

After a meeting with VCC Ergonomics it was decided that the accuracy
level for the heel position was accepted to be in centimetres, which was
the base for the reference system attached to the floor mat. The floor
mat was prepared with black and white stripes in a grid, and 20 points
were measured. The coordinates for the 20 points were then included in
the SPEED Coordinates program where interpolation between the
points gives an answer to where the heel is positioned. In order to get

the approximate coordinates one write which square in x- and y-

direction the heel is positioned.

Figure 7.8 - Left; evaluating camera angles and references. Right; the
stripes and camera angle that were implemented in SPEED.

7.5 Drive route

At first a GPS with a programmed route was tried as a way to
standardise the driving and to not affect the test participants while
driving. The type of GPS that was possible to borrow at VCC was
however not intuitive and the drive route with its several stops was
difficult to programme, therefore the GPS was excluded. The drive
route has instead been wtitten as instructions and is told to the test
participant while driving. A possible risk of having a GPS could be that
the test participants’ eye movements would be affected by the added
information source and possibly affect the seated position.
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7.6 Test participants

The selection of test participants is made from Testkliniklistan.
According to Erik Kristiansson? the best from a statistical view would
be to have a totally randomised selection to get a representation of the
entire population. However, since one important reason for making the
analysis of cars is to provide information for future requirement
specifications it is of essence that the critical groups are represented.
Kristiansson therefore suggested that there could be three groups of
test participants, short (shorter than 10%ile women), normal (either in
the middle span or people from the whole range of heights) and tall
(taller than 90%ile men). For the method it would be better to have
fewer setting sessions and more test participants if there is a need to
prioritise the time.

Before deciding the selection of test participants, interviews were held
with people at Design and Human Factors at Chalmers 2!. This
department of Chalmers performs clinics themselves and helps VCC
with some of their clinics. Design and Human Factors at Chalmers
mostly performs qualitative studies and analyses and has used between
6 and 30 persons in their clinics.

The final selection of test participants was to have three groups of 46
short, medium statured and tall people with 15, 16 and 15 people in
each. The reason for choosing this number of people is because of the
benefits of having more people for statistical purposes but having few
enough to manage to complete the clinic within the time frame. In the
medium heighted group there are 8 women and 8 men. In the short
group women of 20%ile or shorter are included; in the tall group men
taller than 90%ile are represented and in the medium heighted group
both men and women are equally represented with women taller than
20%ile and men shorter than 90%ile. The reason for choosing the
larger height span for the short group than what Kristiansson suggested
is because of the limited amount of short people in Testkliniklistan.

7.7 Questionnaire

The questionnaire was developed with input from evaluation 1 and
sought after being easy to fill out on the computer. The questions were

20 Erik Kristiansson (Matematisk statistik, Chalmers), interviewed 21st of
February 2013.

21 Pontus Wallgren and Ida Hansson (Design and Human Factors,
Chalmers) interviewed 28th of February 2013.
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formulated so they could be answered by a single click and that
potential comments could be added if wanted but not to be mandatory.
The full list of evaluated question formulations and scales can be seen

in Appendix A.

The usual scale used at VCC is a 10 graded scale with colours, see
Figure 7.10. This is easily recognised for Volvo employees; however
people have predefined thoughts of the scale and use it differently
depending on whether they use the scale for other evaluations. Some
people use the whole scale whereas others just use a small part of the
upper part of the scale. By using the recognition of colours and
therefore maintain the usability of the scale; the colours was kept but
instead of having the usual 10 graded scale it was condensed to a 5
graded scale, see Figure 7.11. The change of scale was also strengthen
by the result of evaluation 1, where the 10 graded scale was considered
to be complex and consisting of too many numbers.

To find out how people want to sit an Excel program was developed
where people would be able to choose the preferred inclination, height
and length adjustment for the evaluated car, see Figure 7.12. However
the evaluations of the program did not give additional information of
how and why the seated position was chosen so it was excluded from
SPEED. Instead the test participants answer how much certain body
parts are in contact with the seat as shown in Figure 7.9.

Lnte alls L LLite .helt
1 C . .
2 C C C
3 C C C
4 C O C
5 C C C

Figure 7.9 — Which parts are in contact with the seat? The options
translates to “...not at all”, “...little” and “...completely”.
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Figure 7.10 - The VCC scale for subjective rating
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Figure 7.11 - The scale used for SPEED
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Figure 7.12 - A seated position program in Excel
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7.8 Analysis

The analysis of the result will be divided in two parts, basic analysis and
further analysis. The basic analysis will include the most basic
information from the objective measurements and subjective questions.
Further analysis will not be a part of the method and are for VCC
Ergonomics to complete when they want more information about a
specific person and his or her seated position and opinions. What
should be analysed have been discussed both with VCC Ergonomics
and VCC Crash and Safety. The analysis is made with consideration to
the team’s assumptions, listed in chapter 5.7, since those are seen as
most important to investigate together with the possibility of comparing
the different car models in a later stage. The parameters that are to be
presented in the basic analysis and the parameters that will be saved for
further analysis can be seen below in Table 7.2.

For comparisons of parameters and to get statistics of the result
Microsoft Excel will be used, both since the program makes it possible
compiling all data and is sufficient enough to perform the basic analysis.
To be able to compare the parameters regression analysis will be used
to find correlations. The analysis is made by plotting two parameters;
draw a linear curve of the plotted values so a value of correlation can be
elicited. This type of analysing was used due to recommendations from
Erik Kiristiansson, and also because of its easy way of showing the

correlations.
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Table 7.2 - Division for basic and further analysis

Parameter

H-point

Eye point

Heel point

Back inclination
Limitations seat
Limitations steering wheel

If the desired position is
found

Reachability pedals

Distance between head and
headrest

Roominess head
Roominess legs
Driving personality

What is wanted and not
wanted in field of sight

Reachability steering wheel,
buttons

Comfort; arm suppott,

lumbar support, foot support,

seat belt

7.8.1 Basic analysis

Basic analysis

X

ST T I B

Mo

Further analysis

I

<

The basic analysis should be easily made and therefore be prepared for

in the SPEED Compilation document. Some diagrams can be prepared

so they appear automatically in the SPEED Compilation document as

soon as the information is inserted from the clinic. For other diagrams

preparation is needed before completion, such as sorting of certain

parameters, but these can be prepared with descriptions of how to

achieve them.

Objective measurements

For the basic analysis visualisations of H-points, eye points, heel points

and steering wheel position are to be shown in diagrams. Distance

between head and headrest will be visualised in a histogram.
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Subjective questions

A presentation of potential limitations of adjustment capabilities of the
seat and steering wheel are to be included and in that case also present
the stature of those people. The basic analysis will also show results in
form of charts displaying how comfortable the test participants feel for
different settings, the importance of certain parameters in the particular
car when setting their seat position and what they think of the same
parameters in the car. The answers of these limitations and parameters
will be analysed in a first stage because they give a subjective answer on
why people choose their seated position.

Observation of behaviour
No observed behaviour will be included in the basic analysis.

7.8.2 Further analysis

Further analysis is going to be made by VCC Ergonomics when certain
situations or individual scores from a specific test participant atre
evaluated. The further analysis can include reading test participants’
comments and correlations between them and their rating as well as
comparing more specific body measures. Observation of behaviour will
be further analysed by VCC Crash and Safety. The filmed material will
also be available for VCC Ergonomics to be used when performing
further analysis.

7.9 Tools used for SPEED

The potential tools and methods for SPEED evaluated in this chapter
has been rated regarding time consumption, usability, precision and the
result that they give. The complete list of tools can be seen in a matrix
in Appendix B. The tools chosen for SPEED had high scores in most
of the categories and contribute to relevant result and can be seen in
Table 7.3. Some equipment was built for SPEED, for example the
measuring stand described in chapter 7.2. To ease the commissioning of
SPEED two aid equipment were built; one to ease the handling of
iPads and one to ease the computer usage for the test participants, see
Figure 7.13.
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Table 7.3 - The chosen tools for SPEED

Tool What for?

Anthropometrics Analysis

CAN bus H-point

CATIA H-point

DiCE H-point

Drive route Reliability, repeatability, standardisation

Excel Analysis, subjective, eye point, heel point, steering
wheel position, distance neck rest

GGD-DHA H-point

Grid Heel point

Measure car H-point

Photoshop Eye point, steering wheel position, distance neck
rest

Photo with GoPro Eye point, heel point, steering wheel position,
distance neck rest

Questionnaire Subjective

Squares in y-planes  Eye point, steering wheel position, distance neck
rest

Figure 7.13 - Built equipment for easing computer and iPad usage in
the car.

7.10 Summary detailed design

Different tools and methods and ways to measure have been evaluated
and are presented here. The H-point, heel point and eye point positions
are calculated in the SPEED Coordinates program. Information of the
seat’s motor movements, a kinematic model in CATIA and the
positions of two fixed points, PT1 and PT2 are used to retrieve the H-
point position. The presented back inclination is the measured angle of
a manikin in the seat but in the SPEED Coordinates program
information about the seat’s back inclination can be found. Eye points
and steering wheel position is retrieved through photos and pixel
analysis in Photoshop after reduction of lens effects and measuring of a
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checkered reference plane. The heel point is retrieved through photo
analysis and inserting the visual input from the grid in the SPEED
Coordinates program. The test participants to be included in the clinic
are divided into three stature groups with 15 people in each. There are
short women in the short group, medium to tall women and short to
medium men in the medium group and tall men in the tall group. The
analysis of the result is divided into basic and further analysis and will
be made in Excel.
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8 Description of SPEED

In this chapter the Detailed and Structural design of SPEED is
described briefly and divided into chapters of preparation, clinic and
analysis. SPEED as a method contains the SPEED Instruction
document (Appendix G) with instructions for how to prepare and
conduct the clinic; the SPEED Compilation document (Appendix E)
where the test participants answer the questionnaire (Appendix D) and
the analysis is conducted; and the SPEED Coordinates program
(Appendix F) where all data from the measuring is updated and the
calculation of H-point, eye point, heel point and steering wheel is done.
More detailed descriptions can be seen in these documents.

8.1 Preparation

Before the clinic some preparations are needed and are presented below
divided into the parts book, install, measure and update.

Book
e Book the needed equipment, car and time for measurement.
The equipment needed can be seen in Figure 8.1, 4 cameras, 3
iPads, DiCE, 2 computers and charging possibilities.

e Invite test participants to the clinic. First choose the test partic-
ipants as described in chapter 7.5, send thereafter e-mails to in-
vite them to the clinic. Examples of e-mails can be seen in the
SPEED Instruction document.

Install
e Install the equipment in the car. A schematic picture of the
installations can be seen in Figure 8.3. Two cameras are placed
on the passenger window, one camera on the driver’s seat and
one in the roof.

e Install the DIiCE equipment to read the seat’s motor move-

ments.
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Figure 8.2 - Some of the measured points on the seat, PT1 and PT2 and
the centre of the steering wheel.

@ GoPro
Q Computer
D iPad
SPEED Note sheet

Figure 8.3 - The rough placement of cameras, iPads and computers
needed for the clinic.
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Measure
e Measure the car. Points on the seat and steering wheel should
be measured in different positions, the cameras should be
measured and parts of the car should be scanned. Some of the

most important points are shown in Figure 8.2.

e Measure points on the reference plane for later extraction of

eye point and steering wheel position.

Update
e Evaluate the seat motor movements in CATIA and in the car
at the measurement. The values should be inserted into the
SPEED Coordinates program and be updated for each new
evaluated car model.

e The anthropometric measures for each test participant should
be updated in the SPEED Compilation document.

e Conduct a photo analysis of the photographed reference plane,
reduce lens effects and insert the pixel values into the SPEED
Coordinates document.

8.2 Clinic

For the clinic there are instructions regarding what the test leader
should say to the test participants and driving directions. These
instructions are found in the SPEED Instruction document. The
instructions also explain how the setup with cameras and measure
equipment are done. The clinic is divided into parts of drive, measure,

photo and ask.

An introduction should be held for the test participant, showing all
possible adjustments of the seat and steering wheel in the driver
position. Also a summary of what is included in the clinic will be told to
the test participant before driving.

Drive
e Test participants will drive according to detailed instructions
told by the test leader. There will be three different driving dis-
tances to a total of 8 km.

e In the end there is a parking situation where the test participant
park towards cones and estimate the distance between the reg-
istration plate and the cone.
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Measure

Photo

Ask

Measure equipment such as DiCE and a computer for reading
the seat position needs to be connected to the car’s CAN-bus.
The GoPro cameras need to be put in correct position and
connected to the Apple iPads which will be the remote con-
trols.

The motor steps are measured after the first, second and third
driving session. First and second reading will be made during
the stop after first and second driving and the third reading
while driving the third route. All readings are noted using the
SPEED Note sheet.

Measure the distance between the car and the cones for the
parking situation.

Photos are taken when driving straight ahead, standing by
traffic lights in intersections and at the parking situation. Pho-
tos should be taken during the two first situations for all three
settings if possible, by using three iPads controlling the GoPro
cameras.

Observed behaviour such as if the person is changing position
during driving can be noted on the SPEED Note sheet.

One of the cameras is filming with the purpose of observing

the test participants’ behaviour in different situations.

Notes are to be written for all three settings regarding how they
position themselves, using the SPEED Note sheet, found in
Appendix C.

The test participant answer questions regarding their current
seated position when the car stands still after driving route one,
two and three. After route three more questions regarding oth-
er parameters in the car and a parking situation are asked. All
questions will be answered in a computer standing in the front

passenger seat.

70



8.3 Analysis

The analysis is divided into basic and further analysis. Further analysis is

for VCC Ergonomics to decide in a later stage. How to conduct a basic

analysis is explained below. The analysis of the result will be made in

the SPEED Compilation document, where data from all test partici-

pants is gathered. In this document there are diagrams and charts

prepared for the basic analysis. In the SPEED Compilation document

all data available about the test participants will be included from

Testkliniklistan, to have all body measures available. Selected parameters

shown in Table 7.2 will be shown in diagrams.

Compile

All motor steps are put in each individual test participant sheet
in the SPEED Compilation document and then converted to
coordinates by copy and paste in the SPEED Coordinates pro-
gram to later be pasted back into the SPEED Compilation
document.

The photos are to be moved to a computer and sorted by
situation and setting, thereafter remove fisheye effect with Pho-
toshop using predefined actions. Then a selection of photos is
made and the eye points analysed with help of Photoshop and
the SPEED Coordinates program, thereafter to be put into the
SPEED Compilation document.

The position of the steering wheel is elicited through photos

with the same procedure as eye points.

The heel points are analysed with photos of the test partici-
pant’s feet and in the SPEED Coordinates program. The test
leader will manually look in the photos where the heel of the
right foot is located and put this location in SPEED Coordi-
nates program, which in return gives coordinates and that are
pasted into SPEED Compilation document.

Compare

In the SPEED Compilation document diagrams, tables and
charts are prepared and appear automatically. Through the dia-
grams and the displayed mean and median values of priorities
and scores parameters can be compared.

Conclude

From the charts and colour coordinated tables conclusions can

be made in combination with analysis of the comments.
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Document

e The resultis to be documented and presented, with help of

diagrams and the results from the created charts along with

some written conclusions. For this documentation VCC uses
Powerpoint.
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9 Evaluation of SPEED

An evaluation of SPEED can be found in this chapter. The time used
for the method as a whole and for each test participant has been
evaluated as well as the usability of the instructions, the equipment that
has been used and the quality of the result and the found connections.

SPEED has provided a Seated Position Evaluation from Elicited Data
and delivers versatile information about how people sit when they drive.
The elicited points enable making virtual manikins with the same body
measures as the test participants and position these in the virtual car
model. The team has found correlations between people’s anthropome-
try and their answers on the subjective questions, the reasons behind
the positioning, and thereby why they sit as they sit. How test
participants are positioned is clearly answered by the use of SPEED.
Why test participants sit as they sit is answered and further analyses of
other car models can validate the existing correlations and extract more
correlations. It was discovered that people of the same stature can sit
completely different when driving but be equally happy about their
position. The clinics are easy to lead and complete and take little time

for the test participants.

SPEED as a whole demands a lot of technical equipment that need to
be installed in the car. With detailed instructions to the equipment and
how to use and install it in the car the team believes that the usability is
sufficient and that the amount of gathered data justify the work that is
needed. During the clinics it was discovered that some instructions were
unnecessary and redundant, for instance the driving instructions. Many
VCC employees know about the area and how to drive there, but
instructions are useful for new users of the method and in case test
participants do not have knowledge about the geographical area. With
the SPEED documents and programs the handling of data, alterations
and commissioning should go fast enough. A rough estimation of how
many man hours the different steps of SPEED should take can be
found in Table 9.1. It is based on that two summer employees’ work
together and divide work tasks in-between themselves and that they get
initial support from VCC Ergonomics. A complete evaluation of how
much time it takes to conduct a full clinic using SPEED is possible next
time a car is evaluated.
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The clinic when using the SPEED method takes between 43 and 47
minutes per test participant. On average the 45 minutes that were put as
a limit for the time consumption. Many test participants expressed
liking of the clinic and that it was fast and easy to complete. That the
test participants were satisfied with the easy clinic compensates the fact
that not all the answers about why they sat as they did were obtained.
When more car models are evaluated in a later stage, conclusions might
be drawn about this matter in further analyses. One cannot be sure that
the question why would be answered even if the test approach had been

different because of the subconscious nature of setting the seat.

There were some technical issues during the clinic. In the beginning of
the clinics the cameras kept running out of battery why extra equipment
was installed in the car to allow charging the cameras continuously. This
means that there is more equipment to install, however the reduced
time and effort during the clinics compensate the initial extra work
needed. The problems that arose for the team have been documented
so these will not be repeated for future SPEED users.

All clinics were held with help of one test leader and it worked well.
Due to created tools, such as the aid for the iPads described in chapter
7.9, it was easy to handle equipment during the clinics and to switch
between different tasks.

All the parameters that were compared to each other in the analysis can
be seen in Table 9.2. In the table the connections between parameters
are defined as Yes or No. If the connection says yes it means the team
saw at least a weak connection. A connection between two parameters
should, according to VCC Ergonomics, have at least a R2 value of 0.7 to
be considered as valid. Connections between parameters that have R2
less than 0.7 ate in some cases considered as weak connections. These
parameters have been compared pairwise, and in some cases the results
have also been divided in the three stature groups. The analyses have
been made in Excel but if a more thorough analysis in another program,
such as SIMCA22, more connections might be seen. This will be a topic
for further evaluation. After the XCO60 clinic some further alterations
were made to the instructions and the placement of the roof camera has
been questioned. The camera placement will be an issue of further
investigation and should be altered or excluded for the next clinic.

22 SIMCA, see glossary on page v
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Table 9.1 - Estimated time consumption for SPEED

Task

Read the SPEED Instruction document

Book car and equipment

Install equipment in car

Measure car

Invite test participants

Find out the seat movement in steps

Prepare Photoshop actions

Update SPEED Coordinates program
Preparation of car before and after clinic sessions
Clinic

Combine the SPEED Note sheet with the SPEED
Compilation document

Convert steps to coordinates

Rename pictures

Prepare pictures for pixel analysis

Convert pixels to coordinates

Retrieve heel point

Conduct basic analysis

Document the results

75

Time [h]



Table 9.2 - Evaluated parameters from elicited data.

Comfort
Comfort
Comfort
Comfort
Comfort

Reachability
Reachability

Reachability
Reachability
Reachability
Reachability
Reachability
Reachability
Reachability
Vision

Vision

Vision

Vision

Vision

Vision

Vision

Vision
Anthropometrics
Anthropometrics
Anthropometrics
Anthropometrics
Anthropometrics
Anthropometrics
Anthropometrics
Anthropometrics
Anthropometrics
Anthropometrics
Anthropometrics
Anthropometrics
Anthropometrics
Anthropometrics
Anthropometrics
Anthropometrics
Limitations
Limitations

Limitations
Personal attitude

1st parameter
Stature

Leg length
Stature

Stature
Distance head to
headrest

Score pedal
Score steering
wheel

Score gear stick
Score buttons
Leg length

Leg length

Back inclination
H-point

Arm length

Eye point z
Upper body
length
Apprehended
distance patrking
Distance parking
Eye point z
H-point z

Eye point z
Stature

Stature

Stature

Leg length

Leg length

Arm length
Stature

Heel point

Heel point

Heel point

Arm length
Stature

Stature

Tilt steps

Tilt steps
H-point z

Arm length
Seat adjustment
Steering wheel
adjustment

Eye point z
Personal attitude
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2nd parameter
Score foot/knee roominess
Priotity/score foot area
Score arm rest middle

Seat belt

Back inclination

Back inclination
Back inclination

Back inclination
Back inclination
Heel point x
Heel point y
Steering wheel x
Steering wheel
Steering wheel
Score hood
Score hood

Score hood

Score hood

Upper body length
Priority vision
Priority vision
Score lower windshield
H-point

Average seat change
H-point

Stature

Stature

Eye point

Stature

Foot length

Leg length

Back inclination
Back inclination
Distance parking
Stature

Leg length

Upper body length
Stature

Stature

Stature

Score on limitations in seat
Stature

Relation

Yes
No
Yes
Yes



10 Result of SPEED in XCé60

The result from using the method in Volvo XC60 can be found in this
chapter where the result is divided into assumption categories as well
answering the questions of how and why. Scores and priorities for
different parameters in the car are shown in tables divided into the
three stature groups and diagrams of H-point, eye point and heel point
position is shown.

For this work SPEED as a whole has been used for evaluating Volvo
XC60. The results from XC60 have been evaluated towards the
assumptions listed in chapter 5 and is displayed here. Scores ranges
from 1 to 5 where 1 means either “very bad”, “impossible” or “not at

all” whereas 5 mean “very good”, “very easy” or “very much”.

10.1 Assumption: Comfort is a factor

1) How one experiences comfort regarding some or all of the
following influence the seated position: foot support, arm rest,
seat belt, leg roominess and neck rest.

The result from the questionnaire shows that comfort has little
influence on the positioning, see Table 10.1. Foot and knee roominess
does however affect the seated position for tall men (scores: 3.4 and
3.5) whereas medium statured (scores: 3 and 2.8) and short women
(scores: 2.7 and 3) were not affected as much. There has not been any
connection observed between leg length and the priority or scoring of
foot support and foot roominess.

The arm rests, both in the door and in the centre, have about the same
average points and do not seem to be important for either of the groups
(score around 2). Shorter do not reach the arm rest in the centre and
one reason can be the support on the side of the seat.

The comfort of the seat belt is most important for short people but the
scores do not differ a lot between the groups (scores: short 2.7, medium
2.5 and tall 1.9), which indicates that other factors are more important
and prioritized than the seatbelt.

On the question “is the neck rest where you want to have it when you
drive” 25 answered yes and 22 answered no. Three of those who said
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no had their head against the head rest while driving and complained
about it pushing the head forward. For the taller people the head rest
was instead too far away (6 tall, 7 medium). No connection between
distance between head and neck rest and back inclination was seen, not

even between those who answered the same on the neck rest question.

Table 10.1 - How comfort affect the seated position and the scores for
XCé60.

Affect position Score
Short | Medium | Tall | Short | Medium | Tall

Foot support

. 2.7 3.0 34 | 42 4.1 3.6
(roominess)

Foot support
(comfort)

Arm rest door 2.1 2.6 1.9 | 3.1 3.3 3.6

2.7 2.7 28 | 39 3.9 3.4

Arm rest middle 2.0 2.5 22| 25 3.8 3.8

Seatbelt 2.7 2.5 1.9 3.5 4.0 4.1
Knee roominess 3.0 2.8 3.5 3.6 4.1 3.5

Head roominess 1.9 2.3 2.8 4.4 4.7 4.1

10.2 Assumption: Reachability is a factor

2) The reachability to functions such as pedals, steering wheel and
controls, affect the seated position.

According to the result the reachability to pedals (short: 4.8, medium:
4.8, tall: 3.6) and the steering wheel groups (short: 3.9, medium: 4.5, tall:
3.8) were the most important ones for all three participant groups. Gear
shift and buttons/regulators were by most seen as bately important, see
Table 10.2.
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Table 10.2 - How the reachability affect the seated position and the
scores for XCé0.

Affect position Score
Short | Medium | Tall = Short & Medium | Tall
Pedal 4.8 4.8 3.6 4.5 4.4 4.3
Steering wheel | 3.9 4.5 3.8 3.9 4.3 4.2
Gear stick 2.0 3.0 2.1 4.1 3.9 4.2
Buttons 2.1 2.5 2.3 4.0 3.9 4.1

Table 10.3 - How the visual references affect the seated position and
the scores for XCé0.

Affect position Score

Short | Medium | Tall | Short Medium | Tall
Hood 3.0 2.5 2.0 2.6 2.7 3.3
Mitrors 3.1 2.7 2.0 4.0 4.3 4.0
Upper wind
shield 2.2 2.3 2.3 4.3 4.1 3.5
Lower wind
shield 3.3 3.0 2.1 3.7 3.8 4.1
Instrument 2.4 2.9 27 | 39 4.0 42
cluster

10.3 Assumption: Visual references are a factor

3) The visual references outside the car, hood height, lanes, traffic
and mirrors affect the seated position.

The rear-view and side mirrors affect the seated position more for
shorter people than tall; however there are no significant scores that
indicate this (scores: short 3.1, medium 2.73 and tall 2), see Table 10.3.
The hood affects the settings of the seat, not very much but more for
short than for tall people (scores: short 3, medium 2.5 and tall 2). 14
people give the hood bad or very bad scores (6 short, 5 medium and 3
tall). No connection has been seen between the difference between
apprehended distance at parking and real distance at parking and the
score for the hood.

4) Visual references inside the car such as windshield, rear-view
mirror and dashboard affect the seated position.
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Those who put low scores on the lower edge of the windshield were
short or medium statured women (4) and it is less important for taller
people (scores: short 3.3, medium 3 and tall 2). The scores of the top
edge of the windshield do not seem to have any connections to the
groups and have an average score of 2.28, see Table 10.3.

10.4 Assumption: Anthropometrics is a factor

5) The seated position varies between people with different an-
thropometric measurements.

The result from the evaluations regarding H-point, eye point and heel
point show that there are differences among people with different
anthropometrics, in this case stature, when it comes to their decision of
driving position.

The H-point varies between the three groups, which can be seen in
Figure 10.1. Shorter people often put the seat higher up and more
forward while taller people put the seat lower and further back. In these
two cases it is often seen to be some of the extreme positions, putting
the seat in its highest or lowest position and also for taller persons in
the rearmost position. People of medium stature are more varied and
can put the seat in its highest as well as in its lowest position. Connec-
tions are also found when comparing H-point with test participants’
total leg length. People with longer legs choose to sit further back and
down compared to those with shorter legs.

All three groups have said that they sit well at all three setting sessions
and the lowest score of 3.8 have been given by the tall group with a
total average of about 4.1, see Table 10.4. The average difference
between the three settings is 11.53 mm in x-direction and 4.13 in z-
direction.

The eye point result shows that all of the shorter people in this
evaluation have their eyes more forward than taller people and those of
medium stature are in between and are overlapping the other two
groups, see Figure 10.2. It is also seen that it is not the shortest
(woman, 146 cm) test participant having the eye point most forward, it
is a woman of 157.8 cm. The difference in x-led is 95 mm.

Another correlation was investigated regarding eye points. The team
thought that if all eye points of shorter people who thought they should
sit better at a higher position and those of taller people who thought
they should sit better at a lower position were discarded, the remaining
eye points would represent an area where test participants would prefer
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to have their eyes. The diagram showed a higher correlation between
these eye points than the correlation between all eye points, R2 went

from 0.4 to 0.7, see Figure 10.3. This was then developed by putting the

eye points from all these test participants into the CAD-model of the

car to see if any correlation between the car’s structure and the eye

point positions could be found. No particular correlations were found

but this should be further investigated when comparing evaluated cars

with each other.

Table 10.4 - Scores for seated position and if the seat would be
adjusted in another direction.

How do you sit now?
If higher?

If lower?

If forward?

If backward?

If more tilt?

If less tilt?
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Figure 10.1 - Diagram displaying H-points of all test participants
divided in three stature groups.
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Figure 10.2 - Diagram displaying eye points of all test participants
divided in three stature groups.
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Figure 10.3 - Diagram showing eye points of test participants who think
they have a good seated position.
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Figure 10.4 - Diagram displaying heel points of all test participants.
Values with a low y-coordinate are to the left in relation to the driver
and a high x-coordinate is closer to the driver.

There are indications of connections between stature and heel point.
The result show that heel points of shorter people are located more
inward the catr’s centre and forward in the car, in contrast with the
majority of taller people and those of medium stature who have their
heel points further away from the car’s centre. Taller people also have
their heel points further back than medium and short people. This can
be seen in Figure 10.4. An explanation to this can be that taller people
tilt their legs to fit under the steering wheel and thus their heel is
positioned further to the left compared to shorter that does not need to
tilt their legs.

The back inclinations do not seem to have any strong connection with
arm length. Connections can be found between arm length and the
steering wheel’s position in x-direction, since shorter people seems to
position the steering wheel more forward than taller and medium
statures people. Except for this connection there are no connections
between total arm length and the steering wheel’s position.
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10.5 Assumption: Limitations of the caris a factor

6) Limitations of the car such as sight considering A-pillars, hood
height and roof height affect the seated position.

These factors affect the seated position. Especially shorter test
participants have mentioned that they adjusted themselves higher
because of the hood height.

7) The adjustment range of the seat and steering wheel affects the
seat adjustment.

This clinic shows that the adjustment range of XC60 was too narrow to
satisfy the short and the tall. Of those who answered no to the question
“do you sit where you want to sit?” five have been short, six tall and
two medium statured men. The tall want to adjust themselves further
back, three want to have more tilt (thigh support) and four want to
adjust themselves further downwards. The short want to adjust
themselves further up (3) for better sight over the hood and more tilt
downwards (3).

The adjustment range for the steering wheel also seemed to be too
small for XC60. Four short commented that they would want to adjust
the steering wheel further from themselves and downwards. Tall people
wanted it closer to them and further up to avoid contact with knees.
Medium statured men wanted it further down and closer. Three have
commented that they would like to adjust the angle of the steering

wheel.

Many test participants adjusted the steering wheel but did this after they
had adjusted the seat. Depending on how much they adjust the steering
wheel they sometimes have to adjust the seat again to match the two

settings.

10.6 Assumption: Personal attitude is a factor

8) Personal style and attitude affect the seated position.

Many of the test participants feel comfortable, safe, relaxed and in
control of the car, independent of where they sit. The result shows that
a person can feel in a certain way but be positioned differently than
others that feel the same. There are no tall test participants that feel
“sporty” or “speedy” and no short test participants feel precautious.
Overall participants have answered very similar between the groups as
well as between genders, see Table 10.5.
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9) People prioritise differently depending on personal preference
regarding comfort, vision and reachability.

Tall test participants prioritized space around the foot support and
knees more than the other two groups while the lower windshield
seems to be more important the shorter the person is. The shorter

group also prioritized outer/inner mirrors and hood more.

Participants in the shorter group mention they want closer to the
pedals, they want to get higher to either see the hood or see above it,
they do not like to sit too straight with the back inclination but do not

want to lie down.

The tall test participants choose to have their seated position in the
extreme position of lowest and most backward position by habit and
select the position by feeling, they want to sit comfortably.

No result show which personal attitudes have effect on the seated
position. Perhaps more can be seen when more car models have been
evaluated.

Table 10.5 - The distribution of answers to how the drive style is divided
by gender first and then stature.

Men Women Short Medium Tall
Safety 13 13 7 12 7
Emotional 0 0 0 0 0
Active 7 7 6 5 3
Nervous 0 0 0 0 0
Sporty 3 3 2 4 0
Comfortable 22 18 12 14 14
Insecure 0 1 0 1 0
Relaxed 22 16 10 14 14
Precautious 0 4 0 2 2

10.7 Summary of result in XCé60

The result of the evaluation of XCG60 can be summarised by answering
the questions how and why people sit the way they sit when driving.
The objective measurements answer the question “how” and the
subjective questions answer the question “why”.
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10.7.1 How people sit

H-point and seat adjustments depend on stature, tall participants adjust
the seat down and back and short participants adjust themselves
forward and upward, see Figure 10.1. The extreme percentiles tend to
use the whole adjustment range and are restricted by the limits. Short
people and those who want to have a better visual view want to sit
higher than possible and tall people want to sit lower and/or further
back than is possible.

The eye points also depend on stature where tall participants have their
eye points both higher and further back than short participants, see
Figure 10.2. When removing the eye points of those who would sit
better elsewhere the eye points strive to be on a line, with an R2value of
0.7, see Figure 10.3.

Tall test participants have their heel points further to the left than short
people. Short people have their heels closer to the pedals and in roughly
the same y-coordinate as the pedal, see Figure 10.4.

10.7.2 Why people choose their seated position

Test participants expressed that reachability to pedals and steering
wheel are the most important parameters for the seated position. The
visual references affected the seated position for a number of people
who explained that they wanted to have control and feel in control of
the surroundings by seeing more over the hood. Others felt more
comfortable when sitting low and had the seat in the lowest position
independent of stature height. The limited adjustment range affects the
seated position.

Why people strive for having their eye points on this line should be
further evaluated. The distance to the headrest varies between the test
participants and half of them experienced that it was not placed the way
they wanted to. Some wanted to be closer to it and some wanted the
opposite.

A reason for the placement of heel point could be that short people
cannot reach the pedal unless they are placed close in y-direction and
that tall people have feet big enough to flip their foot from the break to
the gas without moving the foot. Another reason could be that tall
people cannot fit their long legs under the steering wheel without
bending the leg and that the heel therefore needs to be placed further to
the left. This should be further evaluated.
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11 Recommendations

Recommendations for future analysing and for VCC Ergonomics atre
listed below.

The reference grid should have smaller squares to enable
making better transforming between pixel coordinates to car
coordinates, especially because of the smaller adjustment area
of the steering wheel. The squares should also be on both sides
of the sheet, making it easier to put in the correct position on
the measuring stand.

The measuring stand used for holding the reference plane
should be improved to allow more exact positioning and be-
come more stable.

The measurement area of heel points should be resized and
made larger. Some test participants had their heels in the very
outer area of the measured points.

For the measurement it is recommended to include a measut-
ing of how much the seat’s tilt function affect the H-point on
the manikin sitting in SRP.

During the clinic it is recommended to have a smaller comput-
er in the front seat for test participants to use. This will make it
easier to move and handle for test participants.

A new version of Excel, version 2010 or later, should be in-
stalled on the CAN computer. This allows the test leader to
work with the SPEED Compilation document and transfer
notes from the clinic while test participants answer other ques-
tions on their own. This because notes might also be difficult

to interpret when they are not fresh and newly written.

VCC Ergonomics should use analyse programs such as
MiniTab or SIMCA to analyse the results further and see corre-
lations between more parameters at the same time.

Further analysis should be made regarding eye point position in
relation to the estimated line.

VCC should discuss VCC Crash and Safety whether the video recording
show any relevant data and are necessary to include in the method.
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12 Discussion

This chapter discusses the final result of SPEED, the design and how
the methods and tools worked during the development. The develop-
ment process, the priorities during the work and the consequences of
different choices will also be discussed. The team will consider the
benefit of the method to its need of usability.

12.1 Result discussion

This work has resulted in a method, named SPEED, which includes
complete instructions of how the method is performed, Excel programs
for calculations of specific points, prepared documents and programs
for evaluations and for analysing results. The evaluations of the clinic
and the clinic instructions with master students proved that it was easy
to perform the clinic and that the instructions were sufficient. In this
stage the method SPEED gives answers to how people sit when driving
but not as much about why people sit the way they do.

12.1.1 Design

The design of SPEED was to be simple and the need for a high
usability was specified. The whole method and its instructions are made
and written by the team, who also has experience as summer employees
of VCC Ergonomics, which leads to the instructions being easy to
understand and not too advanced. The instructions are based on the
level of knowledge the team had before they started working as summer
employees. For an example the instructions also includes names and
contact information of people that are to be contacted and prepared

lists and instructions of what these people should do to contribute.

To keep the method’s usability high, including time efficiency and easy
understanding some tools that were investigated eatly in the process,
such as eye tracking, was excluded. Keeping usability in mind when
developing SPEED might have restricted the team. If the method was
for someone working at VCC Ergonomics with good knowledge of
everything that needs to be done, not as much time would have been

put to write clear instructions for every procedure.
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Due to the time constraint of 45 minutes per test participant and 160
hours in total for preparation, clinic and analysis, certain parameters
cannot be investigated. 1f it was possible to have test participants for
more than 45 minutes more data and situations could be investigated.
All data elicited in the method cannot be analysed due to constraints in
programs and in time. One example is when only the third setting is
analysed in the current method. Maybe other connections could be
found if time was put to analyse the other settings as well.

Since the method is not supposed to measure the seat comfort, due to
this being VCC Seating Comfort’s area of expertise, the team tried to
not have this included in the method. Comfort is something that is
individual and very difficult to measure. The team decided that the
method should include instructions for the test participants to put the
seat in a position where they want to have it when driving. The
information elicited from the method is the objective measurements of
where test participants sit and also how good they think their seated

position is.

The team’s choices during the development have had effects on how
the method became. One example, mentioned in chapter 7, is whether
the team was to use eye tracking or not. In the first stage eye tracking
seemed to be a good tool, the possibilities were discussed in several
meetings. The tool seemed very easy to handle in the beginning and it
was decided to use it together with all test participants and to help the
team measuring eye points. During the development of SPEED the use
of this tool went from using it on all test participants, to use it only on a
few and at last to not use it at all.

In evaluations of this tool the team could determine that it could not be
used for eliciting eye points, calibration was time consuming and if not
calibrated correctly it was inaccurate when showing where the eye was
resting. Therefore eye tracking was discarded. By discarding this
method the team had to go back and use another method, measuring
eye points with help of photographs. When the eye tracking device was
correctly calibrated it did however show where the eye rested, areas of
interests could be programmed and information about how many times
and for how long the eye rested in the area of interest. If the method of
eye tracking was further developed tacit knowledge about why people
adjust themselves could be elicited by being able to see what they look
at when adjusting themselves. Possible sight targets could then be
observed and included as a task for RAMSIS.

Because of the limited time frame there was a balance act between the
quality level and the time. If more time had been available a more exact
position of the steering wheel could be established by developing an
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additional method whereas now the position is elicited simultaneously
with the eye point. This was a conscious decision for saving time yet
gain “good enough” result because even if the exact position is elicited
the rough placement of the steering wheel is gained. Another reason for
wanting to keep the method easy to use is the level of competence of
the user. The users of SPEED could be an experienced employee at
VCC Ergonomics but could as well be a summer employee why the
method should be adapted for the knowledge of the inexperienced user.
This means that the complication level of computer programs should
be kept to minimum and detailed instructions to be included. The more
detailed information that is to be elicited the more accuracy and
preparations are needed and thus decreasing the level of usability.

12.1.2 Elicited data

The method elicit much information, including measurements of where
test participants sit, their subjective thought of different parameters in
the car and these parameters’ contribution to their seated position. One
problem with the previous method was that a lot of data were gathered
but not used. This is a problem with the new method, but since the
team was not supposed to make the further analysis, parameters can

later be seen as unnecessary.

The team has understood that the information regarding where and
how people position themselves is to some part silence knowledge and
is therefore difficult to elicit. Test participants are desctibing this as
“deciding the position by feeling” and cannot clearly describe why. But
yet the team has made success when it comes to understand where
people sit and also being able to find correlations between different
groups and certain parameters. The method is successful since it can
show where people sit and also show correlations and information of
what is important to them when it comes to finding a comfortable

seated position in the specific car being evaluated.

The information elicited from SPEED has been compared with
information from deeper evaluations with other master thesis workers
at VCC. Comparing these types of evaluations showed results that
strengthen SPEED’s elicited data. The same data was possible to elicit
and was elicited from both evaluations.

In comparison with the previous method, which had the test partici-
pants answering to a test leader who later wrote down the answers,
SPEED is developed in a way where test participants answers the
questions directly on a computer. Now test participants do not have to
formulate answers to a test leader. This way test participants answer
themselves and they seem to feel free to write what they want. The way

21



of answering questions directly was also appreciated by the test
participants evaluating SPEED in an eatly stage.

The video recordings have not yet been analysed. The camera recording
the clinic often malfunctioned due to its low battery capacity. Since
VCC Ergonomics are not interested in behaviour, which is the camera’s
purpose for VCC Crash and Safety, the time used to install and handle
the camera can be put on other things during the clinic if it does not
give any relevant information.

12.1.3 Sustainable development

SPEED is developed to be used for all cars made by VCC to investigate
information from different types of cars and then compare this
information. The method will enable to make changes eatly in the
developing process of a new car, to give information of where and how
people want to sit. When having this information early in the develop-
ing process, VCC can reduce developing costs to material and time put
on development, when making changes before the process have gone

too far. It will prevent some late changes, which often are expensive.

The method is made to fit all type of VCC’s cars and it is adaptable to
future features in the cars. Since the method includes instructions of
how it is built it will be easy to change if conditions change. SPEED
uses less printed pages than previous methods. There will only be one
sheet printed per test participant and instructions for the test leader.
The rest of the method is performed digitally.

12.2 Method and process discussion

As described in chapter 3, a defined development process has been
used for the work. The process has helped the team structure the work
and not forget important stages in the development process. The
process stated was an outline and was adapted to this work. Same stages
in the process were kept but the order and the names of the parts were

changed, explained in chapter 3.

The process was conducted in a way which can be seen as a funnel,
where the team started with much information during the needfinding
stage. In this first stage investigations of previous clinics and literature
studies were conducted. After the needfinding the team could narrow
the work and had better knowledge of what was important and thereby
assumptions could be created. Assumptions were created to falsify and
strengthen parameters affecting the seated position, later these were set
as base for further developing and analysis. The work was more
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narrowed when the concept generation started and led to the final
method SPEED with a commissioning in Volvo XC60. The use of
SPEED was the last part of the work and thereby the outer end and tip
of the funnel. Along the project the team has had continuous
documentation and evaluations which have helped eliciting correct
information and structure the work during the whole process.

12.2.1 Needfinding

Needfinding was the first part in the process where all needs for the
project were to be listed. The needs came from literature regarding car
evaluations, automotive ergonomics and looking into previous clinics
and methods used at VCC. The car manufacturers that the team looked
into seemed to do similar things and elicit similar information from
seated evaluations in a wide aspect. There were no problems finding
literature on the subject and VCC had literature and documentations
from investigations.

VCC Ergonomics expressed needs from the beginning regarding the
basic structure of the method, such as the total time it should take. As
explained eatlier in chapter 7, the team developed a proposal for which
questions and measurements were important to elicit in the clinic and
then discussed these during several workshops with VCC Ergonomics
and Crash and Safety. The needs set from VCC did not constrain the
team too much, it did not hinder the team in the evaluations but as in
many cases time was an important need. The time constraint governed
how much was possible to perform in the clinics, which in turn limited
how much information was possible to elicit.

If more time was available an interview could be combined with the
questionnaire to elicit more qualitative data. The information gained
from interviews should answer to why the seated position is chosen
more in detail even if the information wanted to some extent is tacit
knowledge for the test participant and therefore difficult to express.
Additional information in combination with more time to analyse the
result with e.g. SIMCA, to compare multiple parameters to each other,
could result in more reliable data and more clear answers to how people

sit when driving and why.

12.2.2 Assumptions

The next stage in the process was to write down and discuss what could
be of importance for positioning in cars. The team discussed what
parameters could affect the choice of seated position based on earlier
clinics. The use of assumptions provided structure for the development.
It was easy to strengthen that all sections were covered and that the
questionnaire elicits information regarding all assumptions.
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Some assumptions were confirmed and for some of the assumptions no
correlations could be found. The team found different types of
correlations, both strong and weak. Indications of correlations were
also found, for example it could be seen that taller people positioned
their feet differently than shorter people. Indications such as this one
could be elicited and strengthened with help of all the different
documented data, such as measurements, comments and also photos
taken during the clinics.

Some of the assumptions were seen as not strengthened and some were
not possible to investigate due to only one car model being evaluated in
this work. The team felt that these assumptions should not be discarded
because correlations might be found in other car models and when
comparing evaluations of different car models. This is for VCC to
investigate in the further evaluations.

12.2.3 Overall design

In the section of overall design the framework for the method was
designed, deciding the big parts that were to be included. The design of
the method and the framework was compared to the assumptions
helping the team not to forget any important parts. The evaluations
gave valuable information regarding what was important both regarding
questions and measurements and instructions for how the method is to
be performed.

12.2.4 Detailed design

For the detailed design the team evaluated all tools that had potential
for the method. This was a rewarding part of the process since the team
came in contact with different departments at VCC and could look into
several interesting methods and tools. The team could in this stage of
the process eliminate tools that did not yield the sought result.

Continuous evaluations were held to keep the usability of the method
on track and to ensure the correct information were elicited. Because
the evaluations were held with master thesis workers of the sought
profile it could be ensured that the method was evaluated and
developed for future summer workers.

12.2.5 Commissioning

The result of the commissioning can be seen in chapter 10, where the
result of Volvo XCG0 is presented. Using the method in XC60 worked
well and all equipment were easy to install. The time for the clinics was
enough and people thought it worked well to perform the method,
questions were understood and the instructions were sufficient.
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12.2.6 Supervising

The team has had one supervisor at Chalmers, Lars-Ola Bligard, and
two supervisors and VCC Ergonomics, Magnus Jerksj6 and Pernilla
Nurbo. The supervisor at Chalmers has helped the team in the
developing process and been of great support regarding keeping focus
on the method development. The team had continues meetings almost
every week with the supervisors at VCC Ergonomics. The regular
meetings have helped the team stay on track and also understand how
things are done at VCC, in what order particular parts of the method
need to be done.

12.3 Lessons learned

When conducting this work the team has got insight of being at a large
company, especially the importance of timing to be able to keep
deadlines. Booking of equipment and appointments need to be done
early due to lack of resources when many people desire to use the same
equipment. The team has also learned about method developing, its
similarities with product development including concept generations,
iterations of processes and evaluations.

In order to extract and display the wanted information the team has
learned how to use Excel, Photoshop and VCC specific software and
written detailed instructions to how to use these. Extracting the H-point
position proved to be more difficult than expected and demanded
involvement from different departments at VCC.

If this work was to be done now with the information that was learned
the same process would be used because of the structured work flow it
allowed. A few things would be altered, for example the development
of the “animated” choosing of preferred seated position would be
reduced or removed completely because of the time it consumed and
the limited use and benefit it would offer even if completed. Additional-
ly the camera placed in the roof would have been placed in another
location to fully utilize the benefits of the measurements of the
reference plane in y-direction. This to allow a more exact coordinate
position for other traffic situations, where the head is likely to be placed
sideways unlike when driving straight ahead.
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13 Conclusion

The result of this work is a2 method, SPEED, which includes instruc-
tions of how the method is performed, documents for the test leader,
excel programs calculating objective measurements and a prepared
compilation document for analysing the result. VCC stated a need for
an easy performed method that everyone at VCC Ergonomics should
be able to use. To be sure that the instructions suits the employees all
instructions have been made regarding the kind of knowledge the team
had before being summer employees at VCC Ergonomics.

The final method, SPEED, is definitely usable for eliciting the
important and wanted information that VCC Ergonomics asked for in
the beginning; how a driver’s seated position is and why it is that way.
The team feels that SPEED shows how people sit and why they have
chosen their individual seated position. To find more answers of why
test participants sit the way they do further analysis is needed as well as
comparisons to other car models.

The result of the evaluations made in SPEED gives a basic analysis
which shows correlations between different groups of stature and
parameters in the car. The correlations that have been found are some
of those correlations that VCC Ergonomics was certain about but also
new interesting correlations that they have not seen before. Anthropo-
metric measurements affect the settings of the seat and steering wheel
hence affecting the eye point and H-point. New findings regarding eye
point (the test participants strived to have their eyes on a line) and heel
point position (the position in y-direction depended on stature) are for
VCC Ergonomics to further analyse.

SPEED is an easy performed method with high usability and made with
instructions enabling changes in the future to fit newer cars. The team is
satisfied with the work performed at VCC and consider SPEED to be a
successful method that delivers result that can be implemented in
computer analysis with RAMSIS. It will help VCC Ergonomics in their
future work of developing cars suitable for future drivers of new
explored markets.
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Appendix A — Questionnaire evaluation sheet

A. Questionnaire evaluation sheet

1) Hur upplever du framatsikten i den hér bilen? Satt en siffra

i rutan som bast motsvarar din asikt.

Daligt Tillricklig

Ok

2) Hur upplever du framatsikten i den hir bilen? Satt ett kryss
pa linjen dir det passar bést.

Mycket Mycket bra
dalig
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Appendix A — Questionnaire evaluation sheet

3) Hur upplever du framatsikten i den har bilen? Satt ett kryss
i rutan som passar bast.

N
¥ ’

S

4) Hur upplever du framatsikten i den hir bilen? Satt ett kryss
dar det passar bast.

Mycket daligt Mycket bra

5) ”Framatsikten &r bra”

Instdammer inte alls Instammer helt

6) Vad anser du om framatsikten?

Varken bra eller

Mycket dalig dlig Mycket bra

7) Vad anser du om framatsikten? Kryssa i det alternativ som
passar bast.

1 2 3 4 5

O (| (| O O
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Appendix A — Questionnaire evaluation sheet

Vilka delar av din rygg och nacke tar i ryggstdd och nackstdd nar du
sitter i den hér bilen. Fyll i det som bast motsvarar din sittposition
du har mestadelen av tiden. 1) Bakhuvud, 2) skuldror/axlar, 3) mitt
pa ryggen och 4) korsrygg.

Tar inte i alls Tariibland Tar i helt
1 O O O
2 O O O
3 O O O
4 O O O
Inget stod Mycket stod
1 O O O
2 O O O
3 O O O
4 O O O
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Appendix B — Matrix for tool selection

B. Matrix for tool selection

Tool
Anthropometrics

CAN bus
CATIA
DiCE
Drive route
Excel

Eye tracking
GGD-DHA
GPS

Grid

Measure car

Photoshop

Photo with GoPro

Questionnaire
Ruler

Seated position
program in Excel

Squaresin y-
planes

What forg
Analysis

H-point

H-pomnt

H-point
Reliability
Analysis
Subjective

Eve pomnt

Heel point
Steeringwheel position
Distance neck rest
Eye pomnt

H-point
Reliability
Heel point

H-point

Eve point

Steering wheel position
Distance neck rest

Eye pomnt

Heel point

Steenng wheel position
Distance neck rest
Subjective

H-point
Steenng wheel position
Subjective

Evye point
Steering wheel position
Distance neck rest

What it does

Use anthropometrics for the selection of test
participants.

Shows the motor movement in steps.

Can be used for prepaning the H-point extraction.
Shows the motor movement in steps.

Allows for consistency and reliabality.

Used for analysis, retrieving points of interest,
making statistical statements etc.

Shows what the test participantis looking at. Can
be translated to time and areas.

Shows the motor movement in steps.

Allows for consistency and reliability.

Visualise where the heel is positioned on the
floormat.

By measunng the car and the seat settings one see
how this particular caris and how 1t differs from
the drawings.

With Photoshop analvsis the wide angle can be
reduced, pizel values be extracted for future
analvsis and thereby be converted to coordinates.
Give high quality pictures with wide angle.

Let test participants share their thoughts ina quick
and easy way.
Measure seat position, steering wheel position.

Visualise different seated positions and allow test
participants to show which position they prefer.

Allows converting pixels to coordinates in relation
to the car.

Time
2

(ST X SRR ST O8]

)

Usability  Precision

3

[ R L]

2

LEE T S R PR S5 8

ko L G2

L5

b

Result
3

LS T S SRR S O8]

Score
10

12
7
10
10
10

10

1

n

1
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Appendix C — SPEED Note sheet

C.SPEED Note sheet

Att fylla i av testledaren

Bakgrundsfragor

?)

Namn: _

Skotyp vid klinik:

Ikommentarer vid instdllning

Vill TP ta del av resultatet? O a O nej

10)
Instalining 1 Instalining 2 Instalining 3

L&ngsled
Hajdled
Rygglutning
Tilt
Ratt
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Appendix C — SPEED Note sheet

Steps frGn motorer| Inst&llining 1 Instélining 2 Inst&lining 3
Nr Slide
Recline
Height
Tilt
Kortnummer Korsning Rakstracka Parkering
Sida
Tak
Fot
Inst. 1 2 3 3 3
Nackstédskort Kortnr sidokamera
Parkeringsavstand TP's uppfatining Verkligt avsténd

__U_):

cm
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Appendix D — SPEED Questionnaire

D. SPEED Questionnaire

Sittpositionsklinik - SPEED

Del 1. stdll in stolen - férsta gangen

o
=~

1]
Hur sitter du dar du sitter nug
Hur skulle du sitta om du satt:
Hégre upp®
Langre ner?
Langre fram?
Langre bak®
Hogre tilts
Lagre titg

D000 00 O

Owriga kommentarer

Del 2. stéll in stolen - andra gangen

@]
=

2a)
Hur sitter du dar du sitter nug
Hur skulle du sitta om du satt:
Hogre upp?
Langre ner?
Langre fram?
Langre bak?
Hogre tilte
Lagre fite

o00000 O

Gvriga kommentarer
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Del 3. §tdll in stolen - tredje gangen

o
=

3a)
Hur sitter du dér du sitter nu@
Hur skulle du sitta om du satt:
Hoégre upp?
Langre ner?
Langre fram?
Langre bak?
Hogre tilte
Lagre tiltz

D000 00 O

Owvriga kommentarer

PGl
3b) Hur @r det att hitta en bekvdm eligt
sittposition? (@]
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Del 5. Parametrar fér installning av stol och ratt

4) Hur paverkar fdljande parametrar dig nar du staller in din sittposition infér kérning i
den har bilen?
Min sitposition och stol/raft-justering paverkas av féljande parameter...

..ganska
..knappt
- i mycket -

Nabarhet
1 Pedaler Y e O O ®
2 Ratt o e 'e ° °
3 Vaxelspak () @ O ) ()
4 Knappar och reglage o ® O ) ()
Rymlighet
Huvudutrymme ) () O ® {)
Fotutrymme, fotstad . () O () )
Knautrymme ("- O O e )
Sikt
5  Overkant vindruta o o O ® ®
6  Underkant vindruta () @ O C o
7 Inre/yttre backspegel ) @ O O @
8 Kembiinstrument e ® O O ()
9  Huv o @, O O O
Komfort
Balte o ® O O )
Fotstad e O O @ O
Armstad i dérr (% C O L O
Armstad i mitten e o O O O
7 SN o Bollie
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5) Hur beddmer du f6ljande parametrar i den har bilen?

Varken
Daligt bra/
daligt

Nabarhet
1 Pedaler ® e O ® ®
2 Ratt . e o e °
3 Vaxelspak e O O ) ()
4 Knappar och reglage i) ) e e ®
Rymlighet
Huvudutrymme i) O O O ®
Fotutrymme, fotstdd ‘e ® O ® )
Knautrymme (3 ‘e @ O °
Sikt
5  Overkant vindruta i) ) O C C
6 Underkant vindruta (- ® ®) ® ®
7 Inre/yttre bockspegel (‘w p ®) p )
8  Kombiinstrument e ® O ® °
9 Huv e O O () &
Komfort
Balte ) e O ) ®
Fotstod e '® O ® ()
Armstad i dormr () () (@ o @
Armstad i mitten i) ® O ® ®
I . o . .
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Fragor

&a) Sitter du dar du will sitta® (112 (CiNej
Om nej, varidr inte och vod begransare

&k Onzkar du att det fanns fler eller stérre justermsjlighetser f&r stolent
Omja, vilka och i vilken rikining® Cida (O Mej

&) Onzkar du att det fanns fler eller stérre justermailighster fér rattent
Om ja, vilka och i vilken riktning? Clla (O ej

&d) Anvander du armstédet | mittkonsolleng (Cida () Nej
Om nej, varférg

e Anvander du armstédet | dorrent (TiJa () Nej
Om nej, varfére

&f) Ar nackstédet dar du vill ha det nar du karg (C13a (TN
Om nej, varfore

&a) Andrar du sittstallining nér du parkerars (132 ({1 Nej

Om ja, hur och varférz
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Hur sitter du ndr du kor?

71 Vilka delar av din rygg och nacks tar i rygogstdd respektive nockstad nar
du sitteri den har bileng Fyll i det som bast motsvarar din sittposition under
k&rning. Ndr jag sitter i stolen dr denna delen i kontakt...

—intealls __lite heh
1 . . .
Z . ' .
2 - C C
4 . . C
5 . . -

8a) Hur ar din korstil | den har bilen? Krysso i den eller de rutor som bast
passar, fyll ccksd garna i wvarf&r. Finner du inte nagot alernativ som passar far
du garna lagga till ord i rutan "annat”.

Sakerhetsmedwveten
Osaker
Avslappnad
Kanzloladdad
Alktinv
Fartglad
Mersds

Har kontroll
Farsiktio
Belwam
Sportig

Sjalvsaker

[ R T R R A B R (A R R

Annat:
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8b)

Warfor har du valt den kérstil du har valte

Bc)

Om nej, varfare

Ar det denna karstil du vill ha i den har bilent

a7 Nej

Tack fér din medverkan!

Sizta sidan S Far testledaren at fulla i,

Bakgrundsfragor

2] Mamn: |

Skotyp vid klinik: |

Vill TP ta del av resultatet? i

7 Mg

Installning 1 Installning 2

Installning 3

Langslked

Ryag-
utning

Titt

Ratt

Samtiiga steps frdn motererna cch de ofika instalningarna laggs in i "H-punkisflen”, kepiera

darefter in koordinaterna fil H-punkistabellen nedan.

Steps franmotor|  Inst@lining 1

Instalining 2

Instélining 2

Genomsnitt

Shide

=
0]

=
0]

=
Q

=
Q

cordinaterna for instalining 3 4r de som anwands i basanalysen i sammanstalningen, och de

cordinater som ska motsvara det valda kortet pd Sgon- och halpunkt far raksircka.
H-punkt b4 z X z X z X

W u
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| tabellen nedan ska crdningsnummer i3 de korten som tagits i de clika situaticnerna
matas in. Va§ sedan ut n sefe som anwands att to ut gonpuniter pd.

Kortnummer Korsning Rakstréicka Parkering
Sida
Tak
Fot
Insft. i 2 3 I 2 3 3

Mackstodskort  Korine sidokamera

Parkeringsavsta TF's uppfatining Verkigt avstand
| cm | cm
Ogonpunkt x z
Ogonpunkt parkd X z
Rarttposition x z
Hilposition x z
Rygglutning Grader
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E. SPEED Compilation document

In this appendix there are some views taken of the SPEED

Compilation document. The views are only parts of the document and

show the top part of the program, where questions are stated, as well as

the bottom part where the diagrams and analyses are made. Between

the top and bottom part, there is a large matrix including all data about

test participants and answers from the evaluations.

Diatum

SPEED Ccm?ilufion document
413/2m3

Infarmation till dig som ska anwinda dokumentet.

Hir 3r sammanztillningen till SFEED. Hir kommer all informaticon frin samtliga testpersoners Formulin att sammanstillaz, Mistan ol information nedan himtas dircky frin fo
program matas in, gronmarkerat, Under all denna info
mellan parametrarna som jEmfdrs, Detba F-square-bords vara 0.7 och Syer For att sambandet ska wara nigorlunda trolig. Alla dizgram kommer inke Fungera frin stark bero
medel, 3ng) kommer B3 wiljas om. Detta d3 " Typ e TP som dessa refererar bl inke S0 samma Forovar klinik och manuellt matas in eid sammanstilining. For atk £ dessa diag

[Kort, Medel, Ling). Under sektionen med H-punkter och Rattpunkter sha Sven infermation from SPEED Coording

tidigare, kan F3 virden Fir ling cte. | de Fallen som tectperzoner inte Fyllt i alla rutar eller det av nigen orsak skulle Fatkas information kemmer inke diagrammen att Fungera. |

Frigenummer | 3 S 3c
Bakgrundsfrager Typ av TP

Alla desza celler ska innehilla data som kas ur dokumentet "Testkliniklistan®, dek Gwer uppmitta pers

= = [+ = JlI=L]~][+= = = o =
Testpers Hami kotyp rid + del ar resu - 1 Fad | A Talel

Anna-Lena
v urnn ©pa umus rauppsanyu e rauppslanyuua (wen | envunmes
Shoe t_7 |Glas ™ | licend ™ | distan ™ | Hallere ™ kT skor - skor T | ¥l 7| e, standin " L | _ I |

Diagram som jamfor olika antropometriska matt

Far man genom att skapa tabellen till héger, d&r underarmslsngd ach dverarmslingd kambineras ihop till en tatal armlsngd. De sza wirden & kopierade frén den star.
Kroppslingdsuirden som » ach Benlingdsvirden som v f&r man upp samtligs punkter i diagrammet. Hagerklicks sedan pé var serie, vl "Add Trendine” ach kruss:

Total benléngd - Total kroppslangd

1400
3= 03582
1300
22 5
1200 W = 0.6275 F /A
1100
+ Kot
"= 0.6087 W Medelang
BenlEngd 1000 Ling Armiinge
Linear {Kart]
0 Linear | Madelling)
i / Linear |Ling]
——Linear {Ling]
500
700
00
1000 1200 1900 1600 1800 2000 2200

Kroppsifingd
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10m

10n

Mo

0p

Data/Kocordinater uttagen fran H-punktsfilen och kort

Alla koordinater zom cka tas ut till dessa punkter tas ur excelfilen med H-punkt och regglutning etc. Innan det ska korten ha behandlats och pixlar emvandlats till koordinater

H-punke Ogonpunke Ogonpunkt parkering Rattpunke Hilpunkt
- - - - - - - - - - - -
x = - x = - x = - x = x
Aaaz 2% 0 4ATT 2T BAE ATEd 42 I A A%Ea 2a ATz Az

147 132

T iroppalingd- punics

. . =
- T

Tl roppelingd- punica
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10l 103 10k 10 10d 10e
Parkeringsawvstand Kommentarer fran testpersonens tre installningor
Eommentarer frin alla tre olika inseEliningarna hamnar under respektive justeringsmiilighet men cn
mellan.
"z wppfal  erkliqe av © Diff | 7] 1Smgsted T Hojdled " | Ryqqletsin Tile | ” Rat
Fram till pedalerna, . Will upp fidr ate Wil zitka mer rakt . Lyfrerupp lite i Stiller fran

I dizgrammen nedan ska det vizas hur parkeringsavstandet varierar med kroppslingden hos bestpersonerna,

First etk dingram som visar samtliga testpersoner med en PB-square pi dessa, men sedan scksh etk som S

uppdelat ph lEngdgrupperna i olika serier,

Totallingd - Parkeringsavstand
;o
20
+*
2000 7 -
+
+ * ++t,,.,r + + ¥
;s i F
sm * * # Icrical
Fs ¥ i
* ——lraar (Sorall

* *

1700 -
+
* +
. + *
1o
¥ "

#+ f_: * ++ =l mzoozs

1300
+
1z T T T T T T T g
- 20 2z L ao - 1 EE Lo
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121 125 Tad 1ab 1a6 1aT 1ad 123
Del 1.51all in stolen - férsta gangen

r sitter du dar duw =it! M Hogqre w M Limgre & h amgre Fi h Lamgre E v Hagre ¢ v L3agre &t " Drriga kommd M

. - - - = £ £

2al 2a% 2ad 2ab 2ab 2aT 2ad 2ad
Dl 2. 5t8llin stolen - andra géngen

L sitter du d3r dw =it T Hoqre u T Limqre 1 T amqre fi T Lamgre b T Hoqre & T Lagre t M Dvriga komme -

. a - a - a -

3al 33 a4 Faf a6 3l Sad a3 3
Del 3. 5tallin stelen - tredje gdngen

- _ _ | - |_ - [ - |_ - | . - | _ |- - - - _ . -
r sitter du dar dw sitte  lSgre (., Smgre amgre | mgre 15qre Lagre | Orriga komment ¢ 2 Hur 3r dek att hitka en bekvam sittp

H 4 4 4 4 4 4 H

Kan & justers higre. ¥ill
sitta hisgre. Onskar

3 = 3 2 = 2 1

Pedel 41375 25125 29375 2.3125 2 26875 23125

Dl 1-Ling

o e

[N R R L A N R
[SRFFRE SRS R CR SR N, R SR VR RS R
[N R T TR R R . ]
[0 PRFFRFTRY VR RN R R PR T )

A S A A AT A PRI I S
— G = B OPS M — B3 R £d Fe O RO L R RO

2 2 2

[ BN R R A VR VR RS L R LS

wm
[
[ R

Medel ISEEEELEET 265875 33128 2.

—
(%)
.
[

625 21875

Medanstende tabell S en sammanstiliningstabell For den skora matrizen ovan zom i indelad efter
lingdgrupperna, Fir atk skapa en bra Geerskidlig tabell kan man ocksd Bgga pd en Firgkodning. 3 aty
det gir snabbare atk se bra och diliga poiing. Detta gdrs genom atk trycka pi "Canditional Farmatting”
= Mew rule” -3 Wilja en "3 color zeale” under Farmat -3 Wilja firgerna rdd, qul, grin -> Wiljia 1 zom
minimun number, 5 som middlepoint ach 5 som maximum number. Gar denna firgkodning for del 1, 2, 5, 5

Diel 1 - Zammanzkillning - Medel
Hur zitter du dir du sitker nu? Hogre wpp®  Lingre ner?  Lingre fram®  Lingre bak®  Hogre tile?  Ligre tilt®

Kart 4.2 32857143 22142851 25714286 2.2 25 2.5EEEEET
Medelling 41875 28125 23375 2.3125 2 26815 2.3125
Ling S.OBEEEGEET 26875 33125 2.125 3.25 3625 21875
Tatal 4056356522 29130455 26475261 2526087 24833617 24565217 24465085

Appendix E-iv



Appendix E — SPEED Compilation document

49 4h

4 I

4 4m 40 40 4 43 ) 5 5

Del 5. Parametrar f&r instélining av stol och ratt

Hur piverkar Faliands parsmetrar dig nir du stiller in din sittposition infér haming | den hir

Pedaler | Ra ' Wizell wappar och re dwrsdutry  otetrgmme, fol  Kndwtry " irerkant ¥ 7 lrelytire backs) . tombiinstre | " B "] pedute T T wszal T
= - - - = f f f a - ' o ' ' . . =
| - . - - . - . - - - - - . . . . ;
el 3.5625 38 zaes 2 333I3IEEE 215 34575 35 23125 20625 = 26515 2 133 28 1353533038 21815
Dl 5 - Sammans tillning - Meds!
Padlaler Fiatt  iselspak Knappar och reglige [  Forstid Knd Fvsrkant vindruts  Undlorkant vindrats  Inredyetrs backspegel  Kombiinotrament  Huw Bilke Fobsttc Armetid i din Armetid i mitken
33333 m.auuuuwuul 2733333333 3 22 3333333333 3071428571 24 3 267
3 25 253G 3 28 2333535333 3 2735333333 2GGEGEEEET 25 253 2135 26 2S3IIIIIIE
55625 35 2125 2535555555 275 54575 35 zstes 2oess 2 26875 2 193 25| 1933555355 21575
| 4568%EANT 40567  0.95357 231B1E1818 2547626087 S.0EENTS31 BM0SEIET  0.0BIE0BE56 2.752608635 DETTIVITIE  2EGNMTESS 25 235 0056 2.00MG4RASE 2239130435

Hir nedan presenteras det hur minga av varders testkperson som anser vilka of
P i viktiqa vid i P grammen till hisger. Dat
som miste giras S att med hjflp av countif-funktionen berikna hur minga som angett

ik ar ir av ks . Dt wizaz

raspektive betyg.

Paverkan éverkant vindruta

Sikt

werkank vindruks

Paverkan underkant vindruta

R |
o
2
1
s Y I -
Underkant vindruta 2 2
[Eova [N - 3 ] | . .
Kt 3 2 [ 7 3 wan - . - vase i
Pleddel z o 3 4 o
Ling 3 s 3 2 o
Sneglar Paverkan speglar Paverkan kombiinstrument
Wort 3 1 5 z 3 e — 1
Ml 5 ] 4 5 [ - | —— — 2 — B
20— _ e —_— 3 0 +—— — m3
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Ba Bak

Bb Gk

B

fd Gdk

B

Gk &f Gtk fg

Oppna frdgor

Ba) Fitker du dir du v

du atk det Fanns Fler eller stdrre justermiiligheter du att det Fann fler eller st justermisiligheter

&d] Anvinder du armztgdet i mittkonzollen?

Be] Anvinder du armztodet i dorren?

BF) Ar nackstigdet dir du vill ha det nér du ksr?

JalMej ~ K Jatbe, " 4 T JaMe " K T dume T 3 T dame " 3 RN T 4 T JaMe "
s Mei Mei Mei RAF ni s BEY Frrare 2n

- P pp— - s veen astvan roraccra ror map we
Ja I Uippit tilt och nerit. Ja Mej Jag st ¢ van att gdra det, Iblan Ja
hej Ten, Fingre bak, mer tilt behivs, I lind ach tilt nigot mer uppit Fir Skad Fright Ja Mej Sitter Fér limngt ned, anvinder Mej Lingre
hej I Ja Mej den ligger Fér Fngt fram Thulle
Ja I Ja Ja lite lig
Ja Ja Bakit Ja Ja
Ja Hej Ja Ja
Ja Ja Bittre svankstad samt lingre si Ja Ja Alldele
Mej Lite lingre bak Ja Lingsled Ja Ja
hej sitter lite For [ingt fram I lingre bak Mej fér Fagt Ja
Hej Jug Snskar mer benstid Far lire s Pler tilk. Lingre magjusterin Liingre masjustering i lingd. Ja Endust vid lingre strickar Endust vid lingre strichar

Antal Ja 10 4 14 10

Antal Mej 3 2 1 2 H 3

Dl £ - Sammanstsilhing - Summa
6a) Sitter du dir du vill sitta? 6] Gnskar du att det Fanns fler eller stdrre juste 62 Gnakar du att det fanns flar aller strre juste Bd) Anvinder duarmstidet i mittkonzollen?  6e) Anvinder du armatidet i diren? 6f) Ar nachatidet dir
Ja e Ja e Ja e Ja Hej Ja e Ja
Kart 10 d 5 7 d & 4 r Ll 1 r " 4 d Ll & d
Medelling 1 ¥ z & ¥ ] 4 F 12 1 F 5 ] ¥ ] 7 ¥
Ling 10 r [ 14 r 2 5 F 1 i r 2 10 r 5 10 r
Tatal 34 r 15 23 r 15 15 r 34 26 r 2 22 r 24 25 r

Medunzthends stapeldingram 3r gjorda utefter don sammanfattads matrizen ovan, J51 vardera dingram himear "Antal Ja" ach "Antal Nel" Fir rospektive friga.

6a) Sitter du dar du vill sitta?

g
i

6b) Onskar du attdet fanns
fler eller stérre
justermdjligheter fér
stolen?

mug
"

6c) Onskar du att det

fannsfler eller storre

justermijligheter fiir
ratten?

mug
LM

6d) Anvander du armstodet i
mitten?

g

i

6e) Anvander du armstodet i
darren?

LRSS

a
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Gad

Gal

Gad Galll Gall Gal2

Hur sitter du nar du k&rg

2

2 7]

s 7]

&a] Hur ar din kirstil i den bir bilen?

_M_ . _M__m__aq n.ulnLM_aum_,...u.u..m_m-u.e.um_._..m_mu:_m_:.m__u. ._e-_M_mm.u_M_wLM_w..E i ...u_M_

B - - 1
1 2 i i

_ 1 2 3 3 1 _ _ 1 1 1 1
[Pedel 10625 24375 2 BERE6EEET 23375 = | [ summa T o 14 o 3 o o 11 = 14
Diel 7 - Sammanstillning - Medal Diel & - Sammanztillning - Summa

Esakzida huvud e rpaq Mitten v rpggen  LindrpgaiRumpa Erakzida I3 Skarh d Osiker vl Kinzloladdad Aktiv Fartgld Mervds Har kontroll Férsibtiq Bekvim 3
Kart 1733555555 25T14285M 25 2553335555 2753355333 Kort T i 10 i [ 4 i El i 12
Medelling 1575 25 24575 3 25 Medelling 12 1 14 i 5 2 i 1 2 14
Ling 10825 24375 2566666667 23375 2 Ling T [} 4 [} 3 [} [} 11 2 4
Tatal 135297512 25 2563565217 2.351446503 2 AD4255313 Total 26 1 33 o 14 3 o 31 4 40

Medanstiende tabell vissr en Sversikt Sver var testpersancena tychte bt sitet tog i och hur mycket, Det Sr ett

diagram som visar resultatet i summansts

LTS
WLt
EwiEceay e
Bz v

Wz e Bt
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L) S Sck

Sk Warfar har du valt den kdrstil du har vale? He) Ar det denna kdrstil du will ha i den hir bilen?

~] [+] Ll sl Kommentar

Srimmer med den knsla man Fir i bilen det
kinnz sikert bra kontrall da
Figr att det kiinnz zom vanlige. Jag sitker

i alla bilar, wilket kinns igenkinnande. Arvan vid

Haj
ar

bilen?

I
13
5
5
43

8c) Ar det denna kérstéllningduvillhaidenh

Dzl &c - Fammanztillning - Summa

Medellir
Ling
Total
-2 %
=
s
£
=
a
s
s
.
ax
o

Antal Ja
Antal Me
Kort
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F. SPEED Coordinates program

In this appendix parts from the coordinates program is shown. The
information displayed here is copied directly from the SPEED
Coordinates program in Excel the way it will be seen for the user.
Formulas are not shown. The information is displayed in order of
appearance in the program with h-point first, eye point and steering
wheel and they heel point.
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SPEED Coordinates program

| detta program riknas H-punkten same rygglutningen ut, Det bestir av 4 olika delar, varav Férsta delen
handlar om inmatning av STEP'S fran SFEED Compilation document, del 2 vizar resultaten F&r H-punkt
och Gwen Rygglutning. Del 3 &r hela H-punktsberdkningen, hir ska data himtas frdn CATIS och
Uppmaitning, del 4 handlar om Rygglutning och dess utrdkningar, data till denna del kommer frin
Uppmétningen. Mer instruktioner F&r var del finns att se i SPEED Instructions document.

Del 1 - Ange steps fran TP-formulér

Ange steps som motorerna har gatt i det gréna Filket. Bredwid riknas de riktiga antalet steps ut ach
Ewen kwr [3ngt stalen khar Firdats i lingsled. De riktiga stepsen rdknas ut di ryggen &r nollstilld pi ett
|4ge som egentligen inte ir ett extremlige. De riknas ocks3 ut pga att antalet steps som matas in kan
vara negativa, detta skulle ge Felaktiga resultat, DA negativa wirden matas in, antas att stolen & inigot

Del 2 - Koordinat och lutning

2014574 744444

Rygglutning
Stalsryggslutning
Pelanikinlutning

1268399 grader
2438834 grader

extremlage.

Steps Fran Formular Riktiga steps  totalt mmistep
Length 200 200 146.9518248
Recline 400 1323
Height 400 400 1]
Tilt 300 300
OBS! Det &r endast de gronmarkerade falten som

man ska mata in siffor i. Resten skats automatiskt.

Slutlig H-punktsposition utan tilt
S

Fl
00217 T4IEGE
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1 de tu diagrammen nedan visas den utréknade H-punkten med tilk medréknat, réd, Sven H-punkten utan tilt medriknad, grént kryss, Sven rygglutningen som manikinen
budr hakt med stolens instillda motorsteps visas,

H-point calculation

B00U000

Te0000

TEQOOD

TTO000

TEOLODD

750000

740000

TH0000

T10.000

T0.000
2800 000

T
2550000

T
29100 000

T
2950000

T T
S0000.000 3050000

T
3100000

T
3130000

1
32100000

ALEBLN'TH

+LELN'TU

#LELUTU

$LELUTH

+LFLHNTH

#LFLU'TU

#LFLNTU

=LFLU'TH

# H-poi with £k

 H-poiet wathonst il
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Back inclination calculation
1400

1300

1200

A Sone
. rﬁq,‘
10

II.
" /
%
1000 :

A
L
1 /
4
00 4

.|
-
" L
i -
L] -
\ -
B0 T =
A L
v .‘_."
\
Toa .
Lali]
00
0 T T T T T T T T T |
2500 2900 3000 3100 200 300 400 3500 MO0 3700 BEOD
X
# 17 degres # 19 degresy # 2] desree
# 23 degresy # 25 degresy & I7 desreer
# 29 degresy # 3] degresy & 33 desreey
# 35 degres # Badk molmation of meankm
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Del 3 - H-punkisberdkning
Del 3.1 - JAmfdrelser
Kontrollering av koordinater mellan CATIA - Cuspec - Uppmatning

Jimfdrelze CY-spec v, Stalzritning i CED- Sge

SRAP i CY.spec 305,326 TITE

LELM 3185872 T13.862

LELU 6744 7E6.231

LFLM 2812121 27166

LFLU 2862892 7RG

SRAP i CATIA 305,326 TITE

LELM 3165404 T13.758

LELU a118.092 TE6.1828

LFLM 2316743 TIEA42

LFLU 2BEE 443 TrEATE

Skillnader Skillnad zpec  Skillnad CATIA (a3

Upp-ner 51429 51430 -0.001
bak-fram 252851 251665 2.196

| nedanstiende tre stycken j[dmfdrs punkt PT1och PT2 pi stolen mellan CATIS och datan frin
uppmatningen. Mata in samtliga wirden fdr de olika l3gena. redje stycket anges differensen mellan de
olika.

Fran uppmatningen H [] H

i PET_1 LFLM ZEBIEE 5724 5E6.6
M _PET_2_LFLM 29243 G863 E0LE
M _PET_1LFLU 25805 BTz ENG
M _PET_2_LFLU 23856 5867 6542
M PET_1 LELU 2E365 5713 5954
M PET_2 LELU 34143 5843 B4
I FPET_1 LELM 28726 5714 5733
MM FPET_Z_LELM a0 -AE4E RETH
M _PET_1_SRF-FOS_EBEL 28167 -5T1E 517
MM _FET_2 SRF-FOS_BEL 31238 5843 EILG
Fran CATIA i y z
f_PET_1LLFLM 2619.521 5761565 G86.32
M _PET_2_LFLMN 2927.351 -590.155 E00.GE
M _PET_1_LFLU 2583352 -BT6.156 E10.28
M _PET_2 LFLU 2e08.497 -590.156 E53.58
M FET_1 LELU 28365.008 -576.165 57096
M PET_2 LELU 3140162 540166 B40.396
M _FET_1_LELM 2E7118E -BTE155 A7212E
M _PET_2_LELM 70086 -590.155 GETATT
M _PET_1_SRP-POS_OBEL 2816906 576155 Be0&0s
M _PET_z_SRP-FOS_OBEL 2122501 -590.155 E11.947

Medan riknas differensen mellan PT1och PT2 ut som ir mellan CATIA- och Uppmdtningskoordinater.
Dienna differenszen ska kontrolleras s att den ej &r Far stor, Mar den ir kalkylerad kan man se hur stolen
&r positionerad i verkligheten j[dmidrt med nominelt 1392,

Differens ] y H

M PET_1_LFLM 2431 3756 128
M _PET_Z_LFLM 2081 4865 0.34
M _PET_1LFLU 2862 2786 122
M _PET_2_LFLU 2847 4456 0.6z
M PET_1 LELU 1494 4865 1304
M PET_2 LELU 1748 5266 0604
I FPET_1 LELM 1414 4.765 1164
MM FPET_Z_LELM 1394 iilili] 0.023
M _PET_1 SRP-FOS_BEL-DBEL 0.794 4 565 1192
MM _FPET_2 SRF-FOS_EBEL-DBEL 1093 5266 0.347
Ade solaifr | 1967 4825 0.869

SHFP i Uppmatning H-punkt vanster sida H-punkt hoger sida
z z T z

Medel-x Medel-z
Fowomior T sDmwn

Medan réknas den skillnaden ut zom & mellan den uppmdtta medel-H-punkten och H-punkten som &
insatti CATIA. Med des=a diffar ska sedan uppmatningsestrempunkterna uppdateras.

Skillnad i koordinater pa H-punkt i SRP mellan uppmatning och CATIA
z 2
Foogomion T #0ni
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Del 3.2 - Bdremvarden

IMata in koordinater For extrermyvarden FEr stolen fran CATIA och wirden som ar fran uppmatningen. Sist
sk.a wen totala antalet méjliga steps fran ett nollezt3ll [3ge pi stolen matas in nér den Fardas till
samtliga extremligen. De wirden som stir i Faltet CATIA, kammer fran CATIA och de under
Uppmitning kommer frin uppmdtningen. Det & ALLTID de koordinater som stir under uppmitning
zom farmlernai dakumentet kammer himta infarmation ifran. F&r att d3 testa metoden innan
uppmatningen kan man 13994 in CATIA-koordinaterna §ven under uppmatning.

CATIA H-punktz H-punkt z

LELMTM 3164721 71340
LELMTU 3179.283 T14.203
LELUTU 3128.892 TEE.E21
LELUTM 3114523 TE4.503
LFLMTM 2913126 T26.585
LFLMTU 2927623 T27.386
LFLUTU 2BTT.23T T73.808
LFLUTM 28E2.068 TTT.ESE

Under uppmdtning sk.a uppdaterade koordinater matas in. Desza koordinater Fiz nér stolen har blivit
uppmdétt och H-punkten i CATIA-modellen blivit uppdaterad med de koordinater som Fas som medel-H-
punktskoordinater i Uppmatningen. Dessa koordinater &r sedan de som anwinds i samtliga delar For att
de di sk.a viza den "riktiga” H-punkten.

EFfter uppmatning H-punktz H-punkt z

LELNTM 3164781 Ti3.401
LELNTU 373283 Ti4.203
LELUTU azegaz TEE.E21
LELUTM 314523 TE4.503
LFLMNTM 2913126 T2E.585
LFLNTU 2927623 TET.386
LFLUTU 2877237 Tra.805
LFLUTM 2862063 TPT7.ERE

Ange totalt antal steps stolens olika matorer kan g frin dess nollige till samtliga estrempositioner.

Steps

Lagen Length Recline Height Tilt

LELMTM 1] 1] 1] 0
LELMTU ] ] ] 348
LELUTU ] ] 1034 348
LELUTHM ] ] 1034 0
LFLMTM 1370 ] ] 0
LFLMTU 1370 ] ] 348
LFLUTU 1370 ] 1034 348
LFLUTM 1370 0 1034 0
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Del 3.3 - Ldngd

Medan riknas h-punk.ten Far lingdjusteringen ut. Det enda som ska matas in ir
vinkeln alfa. Sedan riknas avstindet i mm som stolen rér sigi lingsled, o. Det vi vil
rékna ut 3r hur 8- och 2-koordinaten piverkas av enbart 13ngdjusteringen. Wi vill darksr
rékna ut avstindet b som gdrs genom att ta cosinus (alfa)] * avstandet o, Mar visedan
har awstandet b kan vi ta z-wirdet For extremeirdet 13ngst ner och l3ngst bak,
zubtrahera avstandet b och dirmed Flytta o=z 3t winster och F3 en s-koordinat zom
miakswarar om man bara skulle justerailingsled. Samma sak bdrs For z-koordinaten
Fast a anwinds.

Medan r den totala l8ngden utréknad som stolen kan rdra sig i lSngsled. Denna
langden divideras sedan med antalet steps stolen kan g ilingsled Far att sedan
anwindas nedanfar ndr vi riknar ut langsjusteringens paverkan pi H-punkten,

Ange hur manga mm stolen kan ga 3t olika hall
mm
Length

251655

Wisar hur mAnga mm det r per step som motorn har gate

mmistep
Length
0183689781
alfa ¢ [mmis a b
Lutning p4 stal 3 1469513 TEI0ZE4 1467004
deg -» rad 0.05236

H-punkt frin langdutrakning
T z
g0 72082

a N ——
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Del 3.4 - HBd

Fu ndr alla extreml&gen har uppdaterats med en ny H-punkt i CATIA S det dags att skriva in i excel hur H-
punkten rar ig i hijdled. Justera stolens hijd med farvalt steq (+4) i slidebarsen i CATIA, bdrja
LELMTH. Oetta gérs genom att dubbelklicka pd "Seat Adjuster”, punkt 1i bilden cwan, vilket man finner
under "mechanics". Direfter trycka pi prickarna vid punkt 3 och sedan skrivain 4 i rutan Fér
“increments”, Sedan mits H-punkten, punkt 2 pd bilden, vid warje steg och dess &- och 2-koordinat
zkrivz in nedan. Qurig information om steq, max- och minzlide ska ockz3 matas in.

LELRMTM 3164781
+4 JELTE0
+4 3158.705
+4 31B6.633
+4 E2.240
+4 3148802
+4 3145.199
+4 2
+4 3137423
+4 3133.215
+4 Mza.yv:
+4 J24.077
+4 313110
LELUTH e I Xveke)

0 1]
0 1]
0 1]
0 1]

148868 TIROG4E4T

oo oo oooo
o Ao oo oo oo

3148565 TI09G4647

T340
T12.140
Tazra
TET.H7
TaT42
TI6.047
40222
T44.268
T4E.144
ThH1.868
ThE.412
TEE.TTE
TE1.930
TE4.503

] k4
148868 TIROE4E47

H-punkt Fran hdjdinterpolering

berdkningar.

HOJO  H-punkt x

LFLMTH ZA13.126
Fa4 2910126
Fd4 2907060
P4 2903.578
Fid 2900525
F4 2097147
P4 2893544
Fd 2289 767
Fe4 2805 768
P4 2&E1.560
Fd 28777
Fe4 2872422
P4 IRET 466

LFLUTHN 28E2.068

H-punkt z

T26.585
T3.324
735.965
740501
T44.928
T43.23
753406
TET.442
TE1.328
TEG.052
TE2.602
771962
TR
TITEET7

[ROJD IH-punl‘.t 2 H-punktz Antal step Stepsiste Mazslidi Minslide

0 20076812 -33.0312 15471
80307249
1606145 MNast sista steq innan mazslide
240892175 -29.623
221229
40153625 “Reglage™-steg
43184343 4
BE2.15074
E42 45733 Sista “reglage™-steg
72276524 36022
80207249
88337974
36368633
1034
1035

Medan skdts interpaleringen f&r hdjdkoordinaten
Interpoleringen For hojdkoordinater

Medanstiende berdkningar finns endast Far att
skapa den andra hijdkurvan i diagrammet. Denna
skapas automatizkt di virdena Far den Farsta ar
inskrivna. 5i ingenting behdver géras med desza
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Cel 2.5 -Tilt
Har r det samma tillvigagingssitt som pd hdjdberikningen. Man anvinder sig ac Seat adjuster under
mechanics i den kinematisk.a modellen som bilden owan visar. Fast nu justerar man stolens tilk med Farealt
steq [+2] i slidebarsen i CATIA, borja LELMTM. Maotswarande information for tilken som matades in far

hdjden ska matas in nedan.

TILT | H-punkt H-punkt z

LELMTH 3164731 713401
+2 HEEAET 7126749
+2 JERIEE 73738
+2 F63.91 713.875
+2 JTLEET 13991
+2 73493 Ti4.082
+2 H7B.319 714149
+2 TR T14.1839
+2 3178963 14203
LELMTL 373283 14203

Antal steps Stepsiste Mazslidi Minslide

0 21254404

4256320734
SE13TEED
127706422
1702752294
2128440367
256 412844
297.9016514
340.5504557
42

143

Medan skdts interpoleringen Far tiltkoordinaten
Interpolering For tilkkoordinat

JITT.E38 FI4A89T

0 0
0 0
a a
0 0
0 0
0 0
1} 1}
0 0
0 0

JTT.E3E 7141857

H-punkt fran tiltinterpolering

JITT.E38 TII8ET

4275 12.075

Mast sista steg innan mazslide
-1.926

“Reglage™-steg
2

Sista “reglage™-steq
035
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Del 4 - Rygglutning

Del 4.1 - Data frén uppmétning
Ange vilken grad mani

en sitter i under grad, skriv in uppmatningzdata [x- ach z-koordinater] F&r punkt 3 ach 4 pa stalen, ange vilken loggurde stolsmatorn har far

wardera manikingradfpunktavldsning. Den linje som 4 markerad som "s" i bilden nedan symboliserar stalsryggen. Anledningen att Frsta kolumnen "Degrees” stir som
den stir & Fr att diagrammet l3ser namnen pi punktemna fran denna kolumnen. | kolumn B i detta awsnitt stir rena siffror p "Grad”, FSr att kéricn [dses siffror 13ngre ner

idohumentet, del 4.4,

Degrees Grad MNedre stolspunkt, 3 Ovre stolspunkt, 4 Stepsloggning med val Totalsteps frin langst bak
E] 2 H 2

Langst bak 33428 E431 37458 9425 1523 1}
35 degrees 35 3487 EET 35487 1245 53 1470
33 degrees o] 33473 EET.3 35342 1311 -B 1517
Hdeqrees H 33471 EET.2 3615.4 13749 a9 1614
29 degrees 29 J4er EET 350 1422 172 1698
27 degrees 7 33496 £63.3 3485.3 11504 ZEE ]
26 degrees 25 3350 BT22 34687 1574 343 1872
23 degrees 23 33481 E73.3 34394 MES.1 491 2014
21 degrees 21 3482 ET31 34228 NE7 S b78 210
19 deqrees 19 3350 ET44 34044 e 713 2236
17 deqrees v 33606 ETF.3 33873 1ra7 a7 2320
L3ngst fram 33424 E931 31845 1ET.T 17EE 3289

Del 4.2 - Interpolering

Medan interpoleras rygglutningens koordinater pi samma sitt som hijden

och tilten gjorde.

0 0 0 0
0 0 0 0
o y o 1]
0 1] 0 0
il ! i 0
0 ] 0 0
F39.3VE0E BTZE950704 J45ETETE 1E0.1EG433
0 0 0 0
0 0 0 0
0 1] 0 0
0 1] 0 0
3349.217606] E72.5950704) 3458176761 1160165433

Ciel 4.3 - Vinkelutrdkning

D vi kunde £3 ut twd punkter pa stolens rygg | uppmitningen kan viskapa oss
en triangel mellan punkterna i fick ut och nir stalen skulle st rakt upp. Mar vi

riknat ut a och b med hjglp aw koordinaterna av de tud punkterna &r det bara
attrdknaut ¢ med pythagoras sats. Med hjlp av c kan vi sedan rikna ut

vinkeln Som ryggen stari.

Stolzryggslutning i grader tas ut med pythagoras sats
3 102.8591543
b 457 BT04225
439575062
0219632017
12583948762

Stolspunkt 4

Stolspunkt 3
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Del 4.4 - Jamfdrels

Medan sk.a rygalutningen i grader skrivas in som fas i cell B250 For vardera step som finnz i kolumn & i nedanstaende del. Direfter riknas
medeldiffen ut zom ir den medelvirdesdifferens mellan wardera manikin- och rggglutning. Denna medeldifferens kommer sedan att 13ggas pa
pa rygglutningen som Fas i B250 FEr att kan kunna rikna ot den tinkta manikinlutningen.

Appendix F — SPEED Coordinates program

Steps Manikinlutn Rygqlutning D§ff i lutning
-5 ] 2356883 HExIn
-E ] 2194303 11.05697
]| ]| 13.65ETE 11.234324
173 24 17.72134 11.27EEE
ZEE 27 15. 76447 11.2:3663
44 25 1374391 11.26604
431 23 1051613 12458287
hya 2 2RE0242 12413653
71 14 E.2A022E 12749774
a7 17 4211402 12. 728692

AfasnfafiiE- Lo AT
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Eye point and steering wheel position

Har will vi rékna ut Sgonpunkter f&r testpersonen. Férst krdvs det att vi matarin varden frén uppmatningen och pixelvarden fran korten. Nar alla warden ar iskrivna ska vita fram funktioner

for pixel vs koordinat. Férst x och sedan z.

y+ 100 y mitt y- 100
+100 - bajning mitt ¥ mitt i stol- b&jning mitt -100 - b&jning mitt
photoshop | koordinat Fhotoshop | koordinat photoshop | koordinat
Punkt nr X z x ¥ z X z x ¥ z X z x ¥ z
1 47.27 18,63 33117 -4462.5 1481,8 45,48 13,63 33124 -363.5 1481,3 4573 14,4 33117 -254.8 1481,2
2 5233 18,67 32115 -4£1,9 1481,7 52 15,63 32134 -363,5 1482,1 51,74 14,43 32124 -2649 1482
3 57,43 18,67 3111,4 -4£0,6 1482,1 57.53 15,66 31124 -364.4 1430,7 57,81 14,4 31131 -265,7 14381,2
4 462,49 1867 20124 -450,9 14825 63,02 19.63 30131 -3563 14807 63,9 14,4 2011,4 -264,1 14792
5 47.29 21,46 3311.3 -450,6 1381.7 44,51 21.086 331238 -351,9 1381.2 4573 20,38 3311.9 -264.6 13623
& 92,33 21,64 32112 -451.3 1382 52 21.08 32132 -363.5 1381.5 51.74 20,41 32119 -264.6 13823
7 5743 21,69 3111,2 -451,1 13822 9793 211 31133 -3563 13815 57,84 2041 31121 -263.6 13826
] 462,49 21,464 30123 -450,7 13823 &30 211 20134 -3562,4 1381.4 63,94 20,44 30123 -2563.2 1381.7
? 47,32 28,73 33113 -459.5 1282,2 44,48 26,6 33131 -361,8 1281.5 4576 26,43 3311,9 -263,6 1283,2
10 52,36 28,73 3212 -450,4 1282,5 52 28,63 3213,2 -362,7 1281.8 51.8 26,45 32118 -264,1 12825
11 57.43 26.7 31121 -450,5 1233 57,55 26.6 31137 35623 12821 57.84 26,48 3111.8 -263.3 1233
12 462,52 26.7 30124 -460,3 1283.5 63,07 26.6 30143 -351.6 1281.2 46394 26,48 3011.% -261,9 12821
Takkamera taky+ 100 tak y mitt i stol taky- 100
xnedre | ynedre [xdvre ¥ Svre xnedre | ynedre [xdvre ¥ Svre xnedre | ynedre [xdvre ¥ Svre
vianstra punkt 48,06 20,52 40,84 10,9 44,43 24,29 37.98 22.85 44,14 47,39 34,28 50,36
h&gra punkt 1126 20.81 112,48 11.22 127 33,91 29.53 2953 11279 46,72 112,58 50.6
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Har under stoppar man in pixehvarden for rattens

punkter och motsvarande koordinater.

Ratt
-100 - b&jning mitt
photoshop | koordinat
Funkt rir x z x ¥ z

1 70,12 32,45 2881.6 -370.8 1175.6

2 72,71 32,45 2832 4 -370,2 11764

3 75,24 32,41 2781.6 -36%9.% 11752

4 77.78 32,36 27322 -367.7 1178.6

S5 70,03 35,15 25605 -370.6 1125,5

& 72,68 3509 253309 -370,2 1128,5

7 75,22 35,04 27804 -369.7 11286

] 7773 3501 27312 -3466,6 11273

? 70,01 37,74 28602 =371 1076,56

10 72,59 37,67 25303 -370.6 1074,2

11 73,14 37.62 2781.2 -369.8 1078.3
12 7751 37.57 27299 -362.2 1076,3
LFLM 7758 3738 273540385 1033,368
LFLU 78,548 3456 27145386 1128,598
LELM 73,63 3659 27739318 1098,307
LBLU 78,57 3383 27552541 1149717

| de grénmarkerade rutorna fyller man 1 pixehvardena

i det uppskottade y-planet. | de vita rutorna far man

ut motsvarande koordinater. Formlerna i de vita

rutorna far dock uppdateras mot formlerna man far

ut av diagrammen!

x z
x pixel 7 pixel koordinat |koordinat
+100
Mitt 33,68 19,79 3143,242] 1405537
-100
Ratt 77.58 3738 2734,945] 1083005

Vilken av raderna man ska stoppa in sina pixelvarden

f&r far man awvgdra efter en analys av motsvarands

bild uppifran. +100 ar ett plan 10 cm fran mitten av

stolen narmare forarddrren. Flanet -1

00 ar 10 em

narmare mittkonsollen. Sitter testpersonen mitti

stolen ska sdledes pixelvardena stoppas in 1 Wit

raden.
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Har ar =-vardena med pixelvardet pd x-axeln och koordinatvardet pd y-axeln.

Ekvationerna kommer i ordningen +100, mitt, -100.

3350

3300

3150

3050

3000

2950

N\

& +100 - bdjning mitt

B ymitt

A -100- béjning mitt

\

Linear (+100- béjning
mitt)

Linear (y mitt)

Linear (-100 - béjning

mitt)

b

y=-19,66x+ 4240,9

40

45

50

55

60

65

. y=-18,054x +4152,1
70 = _16,483x+ 40656

Har ar z-vardena med pixelvardet pd x-axeln cch koordinatvardet pd y-axeln.

Ekvationerna kommer | ordningen +100, mitt, -100.

1500

1450

1400

1300

1250

# +100 - bajning mitt

B ymitt

A -100- béjning mitt

Linear (+100- bajning

mitt)
Linear (y mitt)

— Linear (-100 - béjning

mitt)

)Y

v=-19,823x+ 1812

y=-18,174x+ 1765,2

10

15

20

25

30 y=-16442x+17179
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Hdr &r x och z fér rattens position med rutndtet. Ekvationerna kommer |

ordningen x och z. Dessa ekvationer ska uppdateras | formlerna

koordinater.

for att fa ut

3000
2800
2600 # RATT X
2400
B RATTZ
2200
Linear (RATT
2000 1)
1800 y=-1944x+ 42431
R*=0,9991
1800
y=-18788x+ 17853
1400 R* =0,9991
1200 ‘
1000 T T T T |
20 40 60 80 100
Rattens uppmatta exiremlagen fran pixelbilder samma tillfalle
Skillnad  Skillnad
KCa0 x ¥ z x z x pixel zpixel |[mmix mmiz
LFLM 2726,4 -368,2 1084,2| 2735604 1033.368 7758 3738 920352 08322
LFLU 27094 -368,2 1127.7| 2714,537 1128,598 78,56 3494 7.13664 0.8976
LELM 27704 -367.3 1101.9| 2773932 1098,507 75,63 3659 353184 -3,3%33
LELU 2751 -368.1 1150.2| 2755254 1149717 76,57 33.83| 425408 -0.4827

Wardena owvan ar bara f&r referens. De ar

inte kopplade till ndgot.
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Heel position

Héir ska i fa ut hitlpunkten. Pd uppmétningen har man métt upp 20 punkter.
Koordinaterna fér dessa stoppar man in héir under | de gréina féilten. Koordinaten far
man sedan ut efter man ha skrivit | antalet rutor i y-led och 1 x-led dér halen befinner sig.
Det ser man i korten.

i bilens koordinater Antal rutor
Punkt X ¥ z x-led y-led Var dr hdlen? »-led y-led
1 2204,4 -382 462,2 [o] 17 Antal rutor
2 2205.1 -341,1 45,2 [¢] 13 0 1
3 2205.1 -301.4 466,4 [¢] ?
4 2205 -261.9 466,5 0 5 Koordinat att x-led y-led
5 2205 2218  467.3 o 1 anvénda
& 2262.8 -361.4 4438,3 & 17
7 2263.1 -341,2 4489 -3 13
] 22624 -301.7 443,1 & ?
9 2262,2 -262 443 & 5
10 2262,3 -222.5 446.9 & 1
11 2332 -380.7 443,2 13 17
12 2331.4 -341,5 444.6 13 13
13 2330.4 -301.6 4425 13 ?
14 2329.8 -262 440,2 13 5
15 2330.7 -222.5 436,2 13 1
16 2400,5 -380,1 437,2 20 17
17 2399.7 -340,6 4338,2 20 13
18 2399.2 -300.4 437.6 20 ?
19 2393.5 -260 437.8 20 5
20 2399.1 -220,2 438.5 20 1
Interpolera Interpolera
Antal Antal
rutor X rutor Vi
o| 2204927 olo
élo " 1| -221,675
120 " 5|0
200 " slo
21 13(0
sum 2204,92 1710
18
sum -221,673

Appendix F-xvi



Appendix I — SPEED Coordinates program

Hé&r har vi en guide till hur man réknar rutor enklast.

Bromspedal Gaspedal
_ y-led 17 rutor !! ru!or L rutor ! rutor 1 rutor
\ | | |
m===y () rutor
u . et & rutor

.-. et 13 rutor

s 20 rutor
||

WVx-led
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Har har wi en farklaring Sver vilka punkter som ar uppmatta.

Break Accelerator Pedal

A HEEEEEER
i E E NN NEENN

|| IILIIIIIIIIIIIIIIIIII

LIIII"LIIII%FJIIIIIIJ“IIIIIIIIIIIIIIIIII
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Appendix G — SPEED Instruction document

G.SPEED Instruction document

In this appendix the instructions to how to use SPEED is found.
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SPEED

Instruction
document
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1 Introduktion

SPEED ir en metod for att utvirdera hur en forare har positionerat sig
i bilen samt varfér denna forare har positionerat sig som den har gjort.
Detta dokument innehéller samtliga instruktioner som behévs for att
kunna anvinda metoden SPEED.

Hir finns grundliggande information, som till exempel hur bilen ska
bokas, samt detaljerad information, som till exempel beskriver hur olika
resultat ska gbras i ordning for analys. Det finns information som bade
ir riktat mot VCC Ergonomi och mot sommarjobbare som ska utfora

metoden.

De inledande instruktionerna dr f6r VCC Ergonomi som ska st for att
boka bil till utvirderingen, boka uppmitning av bilen samt en del
utrustning som ska anvindas under utvirderingen, sa som till exempel
CAN-utrustning och kameror.

Metoden anvinder sig av fyra olika dokument, forst detta
instruktionsdokument som vi wvalt att kalla SPEED Instruction
document, SPEED Compilation document, SPEED Coordinates
program samt SPEED Note Sheet. Alla dokument ldses med fordel
parallellt £6r att fa en battre helhetsbild, d4 mer detaljerade instruktioner
om hur vissa delar av metoden finns i respektive dokument/program. I
instruktionerna  finns ocksi namn samt telefonnummer il
personer/avdelningar som var till stor hjilp under respektive delar vid
metodframtagningen. Dessa namn kan endast ses som en vigledning till
ritt person di det ofta hinder att personer byter tjinst och di ocksa
ansvarsomraden. Detta innebdr att om det skulle uppsta problem eller
om vidare information behdvs, kan avdelningschefen f6r den angivna
avdelningen som nimnts 1 respektive stycke kontaktas, alternativt kan

hjilp fas av Ergonomiavdelningen f6r att hitta den ansvariga personen.
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2 Bokning av bil

2.1 Bokning

Ska géras innan sommarjobbare anlinder. Men nedan kan vara bra att
ha:

Bilen som ska anvidndas ska bokas och dessa bokningar skots av
vagningenjorerna. For att himta bilen maste man veta var nyckeln finns
samt var bilen dr parkerad, denna info kan hidmtas ur interna systemet
DRIP. Detta nis genom att:

1. Gatll VCC’s intrandtsida
2. Skriv ’DRIP” i sokfaltet

3. Vilj forsta lanken (http://drip.vee.ford.com/)

4. Logga in med CDSID samt l6senord

5. Tryck pa ”Vehicle Engineer” i vinstertridet

6. Tryck pa ”Week calender by reg no”

7. Vilj en av de bokade veckorna (ex. 13w11 = vecka 11 ér 13)
8. Ange regnr pa bokad bil

9. Nir kalendern visas, vinsterklicka pa nigon av de bokade
tiderna

10. Information kommer att visas och dir bland annat “Parking
lot/keys”. Till hoger om detta stir det vilken parkering samt
vilket nyckelskap nycklarna befinner sig 1 Kontakta
vagningenjoren om det dr oklart vart dessa tva befinner sig.

Kontaktperson: Vagningenjor


http://drip.vcc.ford.com/
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2.2 Koértillstdnd

For att fa kora ut genom portarna med den bokade bilen miste
kortillstind ordnas. Detta dr ndgot som man far skriva pd for var dag
bilen ska anvindas och ska undertecknas av avdelningschefen pa
Ergonomi samt vagningenjoren. Kortillstindet dr digitalt och nas via
DRIP:

1. Gatill VCC’s intranitsida
2. Skriv ?’DRIP” i sokfaltet

3. Vilj f6rsta linken (http://drip.vee.ford.com/)

4. Logga in med CDSID samt I6senord

5. Tryck pa ”’Standard User” i vinstertradet

6. Vilj ”Issue A-Daytime (E] tj. resa)

7. Fylli foljande info:
a. Lis och acceptera ”Affirmation”
b. Under "Purpose”, vilj "Perform test”
c. Fylli“Reason for driving”

d. Under “Planned mileage” ska det fyllas i ruttens lingd
multiplicerat med hur manga testpersoner som ska
kora under dagen. Ruttens lingd 4r ca 8 km och finns
att se 1 kapitel 8.5.

e. Fylli”Departure”

f.  Under "Method for vehicle selection”, vilj “Use

existing reservation” da det redan dr en bil bokad.
g.  Fylli registreringsnummer pa den bokade bilen

h. Under ”Enter reservation code”, ska
reservationskoden som erhalls av vagningenjoren

matas in.

i, Under ”Supervisor cdsid”, fyll i cdsid f6r
ergonomiavdelningens chef.


http://drip.vcc.ford.com/
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ji.  Under ”VING”, vilj ritt vagningenjor, friga
handledare pa Ergonomiavdelningen om det dr oklart

vad denna heter.
k. Tryck ”Submit”.

8. Nu ir kortillstandet skickat till vagningenjéren och
avdelningschefen f6r bekriftelse.
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3 Utrustning

Utrustning som behovs till kliniken for att mdta och ta ut de data som
behévs f6r analysen ska ldnas fran olika avdelningar och delar av den
maste riggas fore bilen mits upp dia man maste veta dess exakta
position relativt bilen. Utrustningen som behdvs for kliniken finns
beskrivet i det 4r hir kapitlet, en 6versiktsbild 6ver allt som krivs ses i

bilden nedan i Figur 1.

Figur 1 - All utrustning som ska vara riggad i bilen

3.1 Instrumentutl@ning

Ligger pa bottenplan och har hand om en mingd utrustning. Hir far
man ldna utrustning och ange sitt CDSID nir man gér det. D4 man
ibland inte dr tilliten att lina utrustning som sommarvikarie, fir man
friga handledare om hjilp.

3.1.1 Utrustning for att I&sa av stol
For att kunna ta reda pd stolens position maste féljande utrustning
lanas:
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e CAN-dator med installerad GGD-DHA-programvara
e DiCE mitanordning

3.1.2 Kameror

Hir ir det viktigt att lana kameror som har tillhérande programvara
med fjirrstyrning sd att testledaren kan styra kameran och ta kort frin
dator. Viktigt dr ocksa att tdnka pa hur kamerorna laddas sa att de helst
kan sitta pa sin plats i bilen jimt men dnda laddas via cigarettuttaget

exempelvis.

e GoPro-kameror 3-4 st
o Kamera som sitter pa fonster frimre passagerarsida
o Kamera som sitter pd framkant férarstol
o (Kamera som sitter i taket ovanfor forarstol)

o Kamera som filmar frin dorrkarm  frimre

passagerarsida

° ”Oppna skal” till GoPro-kamerorna. Det ska finnas skal med
uppborrade hal sd man kan ladda dem.

e Fisten med klister s man kan fista kamerorna, 4 st

e “Armar” och ”leder”, bojda, raka, i vinkel, fér att kunna
anpassa vinkeln pd kamerorna. Ta si manga som mojligt och
lamna tillbaka de som inte anvands sedan.

e FPorlingningssladdar USB, si minga som antalet uttag som
finns hos kamerorna. 2 for varje GoPro 2 och 1 for varje
GoPro 3.

e MiniUSB-sladdar, 2 f6r varje GoPro 2 och 1 f6r varje GoPro 3.

e iPads med GoPro-program pi, 2-3 st.

GoPro-kameror ir att féredra di dessa gar att ladda samtidigt som de
anvinds samt att de kan fjirrstyras med hjilp av iPad.

3.1.3  Stromforsdrining

For att kunna driva all utrustning 1 bilen kan cigarettuttagen anvindas. 1
ett av dessa kan en omvandlare kopplas in s att ett grenuttag gar att
sitta in 1 bilen, vilket m&jliggdr enklare drivning. Vissa bilmodeller kan
ge strém hela tiden genom ett av de flera cigarettuttag som finns, dven

10
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da bilen dr avstingd, koppla in omvandlaren i detta uttag. CAN-datorn
som anvinds 1 metoden har ocksd i vissa fall méjlighet att drivas via

cigarettuttaget med en adapter f6r detta.
e Omvandlare fran 12V till 220V

e Grenuttag for att koppla in ev. laptopladdare samt laddare f6r
iPad, 6vriga batterier etc.

e Cigarettladdare till CAN-dator

e USB-hub, 2 st, finns pa gruppen
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3.2 All utrustning som behdvs

e CAN-dator med installerad GGD-DHA-programvara

e DiCE mitanordning

o  GoPro-kameror 3-4 st
o Kamera som sitter pa fonster frimre passagerarsida
o Kamera som sitter pa framkant forarstol
o (Kamera som sitter i taket ovanfér férarstol)

o Kamera som filmar fran dorrkarm framre

passagerarsida

e ”Oppna skal” till GoPro-kamerorna. Det ska finnas skal med
uppborrade hal sd man kan ladda dem. Skalen idr olika

beroende pa modell. Prata med Peter Broberg pa utlaningen.
e Fisten med klister sa man kan fista kamerorna, 4 st

e ”Armar” och ”leder”, bojda, raka, i vinkel, f6r att kunna
anpassa vinkeln pd kamerorna. Ta sa minga som mdijligt och

lamna tillbaka de som inte anvands sedan.

e Forlingningssladdar USB, si manga som antalet uttag som
finns hos kamerorna. 2 f6r varje GoPro 2 och 1 f6r varje
GoPro 3.

e MiniUSB-sladdar, 2 f6r varje GoPro 2 och 1 £6r varje GoPro 3.
e iPads med GoPro-program pi, 2-3 st.
e  Omvandlare fran 12V tll 220V

e Grenuttag for att koppla in ev. laptopladdare samt laddare f6r
iPad, 6vriga batterier etc.

e Cigarettladdare till CAN-dator
e  USB-hub, 2 st, finns pa gruppen
e Linjaler, tejp, etc. (Forradet)

e Mitremsor och prickar (Krockavdelningen)

12
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3.3 Rigga utrustning

3.3.1 Kameror

Kameror ska riggas pa tre (eller fyra) stillen; pa frimre passagerardorren
sitter en kamera som tar korten frin sidan, vilka man sedan utldser
O6gonpunkten och rattpunkten med. Pd frimre passagerardorren ska
dven en filmkamera monteras som ska filma hela kliniken, se Figur 2. 1
forarstolens framkant ska det monteras en kamera vilken filmar
testpersonens fotter och dir kan man ta ut hilpunkten, se Figur 3. 1
taket ovanfbr testpersonen ska det ocksi monteras en kamera med
vilken man kan fi en bild 6ver hur testpersonen sitter 1 sidled, se Figur
4. Samtliga kameror ska sitta i bilen innan uppmitningen och dd mitas
upp, se kapitel 4.

Filmkamera S@&L .

J Sidokamera

Figur 2 - Filmkameran och sidokamerans placering



Appendix G — SPEED Instruction document

Figur 3 - DIiCE-kabeln upptejpad ldngs vansterkanten, dérrmattans
riggning med rutnatet och fotkamerans placering pa stolen

Takkamera

¥ 1S

Figur 4 - Takkamerans placering, kan eventuellt uteslutas

3.3.2 Referensmdarken
For att kunna positionera sidokameran ifall denna tas loss fran sin
uppmitta position ska det sittas ut referensmirken i bilen.
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3.3.3 Styrning av kameror
Fér att kontrollera de tre fotokamerorna anvinds tre Apple iPad, vilka
har monterats i en ”iPad-hillare” for att forenkla anvindandet av dessa,

se Figur 5.

Figur 5 - iPad-hdllare

3.3.4 DICE

Efter uppmaitningen dr gjord och innan klinikerna bérjar ska DiCE-
utrustningen monteras in. Sjilva DiCE-dosan hings i férarstolens bakre
torvaringsficka och leder kabeln till CAN-bussen via sidan till vinster
om forarstolen, denna tejpas hela vigen fram till anslutningen vid CAN-
bussen, se Figur 3. Tink pa att tejpa sa stolen gir att justera fullstindigt.

CAN-datorn som anvinds till DiCE-utrustningen har placerats pa det
utfillbara armstédet i mitten av bakre passagerarsitet.
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Figur 6 - CAN-datorns placering

3.3.5 Formulardator

Testpersonen ska svara pd fragor via en dator, denna dator ska sta i
frimre passagerarsitet. Denna dator kan placeras pa nigon form av
stillning, vi anvinde ett bord byggt av kapaboard vilket tejpades fast 1
sitet, for att gora det bekvimare for testpersonen att anvinda datorn.
Bordet som anvinds vid metodframtagningen syns i Figur 7.

Figur 7 - Stdllning for att underlatta datoranvandandet for testperson
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4 Uppmatning av bil

Bilen som anvinds i utvirderingen ska matas upp for att se hur den
riktiga bilen 6verensstimmer med nominell data f6r bilen. For att boka

en uppmitning ska matlabbets jobbplanerare kontaktas.

4.1 Attt tanka pdinnan uppmdétning

Innan uppmitningen ska genomféras dr det bra att ha ett méte med
personen som ska mita bilen tillsammans med handledare pa
ergonomiavdelningen, for att stimma av sa att det 4r klart vilka punkter

uppmitningen ska behandla.

Innan uppmaitningen ska ske ska bilen vara tvittad men tink pd att
bilen inte fir vara bl6t nir den ska till uppmitningen, da rostar deras

golv.

Bilen ska finnas pd plats vid uppmitningslokalen 12 timmar innan

uppmitningen ska botja.

4.2 Vad ska matas upp

e  Stol

e Ratt

e Kameror

e Referensplan
e  Markplan

o  Golvmatta
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5 Siol

5.1 Typ av stol

Olika arsmodeller av bilar anvinder sig av olika stolar och samma
stolsmodell kan anvindas i olika bilmodeller. Detta gor att det ibland
kan vara oklart vilken stol som sitter i vilken bilmodell. For att ta reda
pé detta kan man ta kontakt med stolsavdelningen om man vet vilken
bilmodell och arsmodell av denna man har. Be stolsavdelningen om
féljande information:

e Vilken stol som sitter i den specifika bilen
e En kinematisk modell av stolen

e Vad denna stol har for modellnummer i TCE

Kontaktperson:

e  Systemansvarig for framsite

5.2 L&sa ut stolens position

Man ldser ut stolens position genom att undersdka stolmotorernas
rorelse. Genom att ansluta sig till bilen kan man lidsa av motorernas
pulser i vissa punkter och sedan far dessa 6versittas till koordinater. For
att undersoka detta fir man forst ta ut hur stolen rér sig mellan sina
extremldgen, jimféra detta med en kinematisk modell Gver stolen i
CATIA, for att sedan fa bilen (stolen) uppmitt och dirmed méjliggora
att man kan jimféra stolens tdnkta roérelse men den verkliga stolens
rorelse. Ndr man mitt upp bilen kan man sedan uppdatera
berdkningarna med de riktiga virdena. Detta leder till att man med hjilp
av utlisning av stolsmotorernas pulser kan fa det antal mm som stolen

ror sig, och tillslut fa ut stolens position i koordinater.

Nir man miter hur stolen r6r sig si maste man koppla upp sig mot
bilens dator och anvinda sig av speciell mitutrustning samt speciell

19
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programvara. For att ta reda pd hur man miter och kopplar upp sig mot

en viss stolsmodell kan man kontakta FEl-avdelningen.

e Beritta for El-avdelningen vilken stolsmodell som anvinds,
informationen som tillhandahillits av stolsavdelningen, sa kan
El-avdelningen hjilpa till med att férklara hur man kopplar upp
sig mot stolen.

e De vet hur man kontrollerar stolen nir man har anslutit sig till
bilens dator samt vilken typ av data man kan fi ut, samt hur

stolens motorer har gatt i varje specifik stol.

e Informationen som fds frin FEl-avdelningen bér innehalla
vilken mitutrustning (DiCE) samt vilken programvara som
behévs (GGD-DHA). For att kontrollera mitutrustning och
programvara behévs dven en CAN-dator (dven kallad
mitdator). All  denna  utrustning tillhandahalls  av

instrumentutldningen, se kapitel 3.1.

e For att kunna anvinda sig av DICE och GGD-DHA behévs
ocksa en databasfil for den specifika bilen/stolen, denna méste

ocksd erhillas fran El-avdelningen.

e Frin El-avdelningen bér koder for att skriva till och ldsa fran
stolen erhillas, de som sedan anvinds i kapitel 0 och Error!
Reference source not found..

Kontaktpersoner ir:
e Avdelningschefen pa El

e Person pa El som jobbar med koder till stolar

5.2.1 Koppla upp sig mot bilen/stolen

For att kunna ldsa ut stolens position mdste man koppla upp sig mot
stolen 1 bilen, detta gér man genom att anvinda DiCE och GGD-DHA.
Instruktioner  f6r  att  anvinda ~GGD-DHA  finns  pd
Ergonomiavdelningens gruppdisk. Foér att gbéra det enklare vid
beridkningar ska stolen nollstillas i ett visst lige. Direfter far man ldsa ut
stolens position med hjilp av att ldsa av hur mdnga steps dess motorer
har gat. Till att nollstilla och lisa ut information anvinds tvd olika
koder vilket kan tillhandahallas av El-avdelningen.

20
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5.3 Kinematisk modell

Den kinematiska modellen 4r hur stolen rér sig i sitt justeringsomrade.
Detta beh6vs dd stolen inte ror sig linjart nidr héjd- och tiltfunktionen
anvinds, utan den 16t sig som ett polynom, och dirmed paverkar den
h-punkten bade i x- och z-led, se Figur 8.

«—
Hejd =
Icke-linjar Tilt=

| rérelse Léingd = \ Icke-linjar
Linjér rérelse \rorgise
\

Figur 8 — H-punktens rorelsemonster

I SPEED Coordinates program riknas H-punkten fram genom att
addera samtliga stolsinstillningars bidrag till den. Detta innebdr att H-
punktens koordinat fran lingd-, héjd- och tiltjusteringen riknas ut
individuellt, direfter kombineras dessa tre x- och z-koordinater till en

gemensam H-punkt.

For att ta fram SPEED Coordinates program fér en specifik stol

behover olika delar genomgis och dessa beskrivs 1 detta kapitel.

53.1 CATIA
Metodens uppligg bygger pa att det finns en kinematisk CATIA-modell
av den stol som sitter i bilen. For att veta vilken CATIA-modell man

ska titta i maste man fa information fran stolsgruppen, se kapitel 5.1.

Nir ritt CATIA-modell erhallits och denna uppdaterats med en punkt
motsvarande H-punkten i nominellt ldge, vilket finns i CV-specen for
aktuellt bilprojekt och kan fds av Ergonomigruppen, kan man gi in i
CATIA och se hur stolen ror sig. For att kunna réra pa stolen maste
man aktivera licensen f6r kinematik genom féljande steg:

e Oppna CATIA-modellen — Tools — Options — General.

e Under general finns ”Sharable products”. I denna rullist ska
”KIN-DMU-OK” klickas i.

H-punkten som dr nominellt inlagd i CATIA-modellen kan vara
kopplad till ”seat pan-parten” sd att denna punkt hela tiden dr fast
relativt stolen. I vissa fall 4r denna punkt dold och for att se den maste
just den parten viljas, detta gérs genom att dubbelklicka pa parten. Nar
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man ser punkten kan man anvinda sig av kinematik-kontrollerna
CATIA har, detta fOr att rOra stolen i sitt justeringsomrade. For att
anvinda sig av kinematiken 1 CATIA g6r man féljande:

e Tryck pd ”Applications” i vinstertridet i CATIA som visar
parter och dubbelklicka pda ”Mechanics”. Det fénster som nu
kommer upp i CATIA visar att stolen stir i en viss position,
denna position ska vara SRP. En forklarande bild av detta ses i
SPEED Coordinates program.

e De reglage som man kan dra i justerar stolen i lingd, h6jd och
tilt. Alla marknader har inte samma justeringsomride pa stolen,
kontrollera  ddrfér  med — Ergonomiavdelningen  att
justeringsomradet dr korrekt.

e  Skulle justeringsomridet behéva dndras, gbrs detta genom att
trycka pa knappen med de tre punkterna lingst till hoéger i rutan
och sedan skriva in nya virden under “Lowest” och ”Highest”

value.

CATIA-modellen vill vi anvinda f6r att jimfora med den riktiga stolen
hur pass bra de nominella virdena dr, hur pass bra den riktiga stolen
och stolsmodellen i CATTA stammer Overens.

Genom processen att ldsa ut H-punkten ur stolen kommer x- och z-
koordinater som motsvarar stolens extremligen att behdva ldsas ut vid
olika tillfillen. Dessa dr kombinationer av féljande:

e LB = Lingst bak

e LF = Lingst fram
e LN = Langst ner

e LU = Langst upp
e TN = Tilt ned

e TU =Tiltupp

I CATIA ska ocksa CV-specen Oppnas och jimfoéras med den
kinematiska modellen sa att dessa stimmer 6verens. CV-specen dr en
CATIA-modell full av ”linjer” som bland annat visar var olika
percentiler sitter 1 bilen och bilens yttre linjer. Hir finns dven H-
punktens extrempunkter utmirkta och dven H-punkten i SRP. For att
fa fram CV-specen nir man har CV-specnumret gér man féljande:
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e Starta CATIA
e Loggain pa TeamCenter
e | TeamCenter anges CV-specnumret inom tva *-tecken.

e Dubbelklicka pid den o6versta filen som kommer upp.
Enkelklicka pa den 6versta filen i fonstret pa TeamCenter.

e | programmets verktygsfilt finns en flik "CATIA”, under
denna flik ska man trycka pd "Load in CATIA”. Om problem
uppstir eller om man inte har tillging till TeamCenter eller
CATIA kan Ergonomiavdelningen hjilpa till med att ta fram
CV-specen.

Kontaktpersoner ér:
e Systemansvarig for framsite

e Frgonomigruppen

5.3.2 Utrédkning av H-punkt

For att rikna ut H-punkten kommer excelprogrammet SPEED
Coordinates program att anvindas. Hir finns férbereda formler som
riknar ut H-punktens koordinater nir data har matats in i dess
gronmarkerade omriden. Det férsta man ser nir man Sppnar detta
program dr diagram som visar H-punktens justeringsomride samt
Rygglutning. Programmet bestar av olika delar, varav del 1 dr dir man
matar in data frin stolen fOr att programmet ska kunna rikna ut H-
punkten och del 2 dr dir man kan utlisa H-punktens koordinater
utifran samtliga utrdkningar. I programmet kommer f6rst en del basdata
angdende stolen behdva matas in, det ska matas in data fran bade
CATIA, CV-specen, hur motorerna r6r sig i stolen och uppmitningen
av bilen. All data ska jaimféras sa att man ser att den stimmer Gverens.
Nir bilen dr uppmitt fir man uppdatera SPEED Coordinates program
sd att det 4dr aktuellt och visar koordinater £6r den uppmitta bilen.

Basdata

Till att borja med i SPEED Coordinates program ska en del basdata
matas in, detta under del 3.1. Hir borjar man med att anvinda sig av
CATIA och se vad H-punkten har f6r koordinater i extremligena samt
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SRP i CV-specen samt i stolens CATIA-modell. Punkterna som ska
ldsas ut 1 bada CATIA-filerna ér:

e SRP - seating reference point

e LBLN - Lingst bak och lingst ner

e LBLU - Lingst bak och lingst upp
e LFLN — Lingst fram och lingst ner

e LFLU — Lingst fram och lingst upp

Direfter kommer skillnaderna mellan dessa att riknas ut. Dessa kan
diskuteras med handledare pa Ergonomiavdelningen for att kolla av sd
att de stimmer tillrickligt bra med varandra.

Vid uppmitningen, se kapitel 4, kommer tva punkter som ir fasta pa
stolen att mitas, PT1 och PT2, i samtliga extremldgen och i SRP. Dessa
punkter ska ocksd mitas i CATIA-modellen och skrivas in under del 3.1
i SPEED Cootdinates program. Nir punkternas koordinater for
samtliga ligen pad stolen har matats in kommer differensen mellan dem
riknas ut for att sedan fi en medeldifferens 6ver hur mycket dessa
skiljer mellan riktig bil och ritning.

I del 3.2 1 SPEED Coordinates program, ska forst koordinater f6r H-
punkten i stolens extremligen matas in. I ett férsta steg dd inte
uppmitningen inte genomférts dn kan dven dessa punkter matas in
under delen ”Efter uppmitningen” for att kunna se hur programmet

fungerar.

Ladngd

I del 3.31 SPEED Coordinates program riknas totala justeringsomradet
tor stolens lingdjustering ut. Direfter riknas det ut hur manga mm det
gar pa vardera step 1 lingsled.

Vidare i del 3.3 riknas lingdens paverkan pd H-punkten ut. Nir man
ska rikna ut H-punktens koordinat i lingdjusteringsomridet behover
man veta i vilken lutning stolen stdr, o, som gar att se 1 Figur 9. Denna
ska sedan géras om till radianer fOr att Excel ska kunna rikna. Direfter
raknas forst strackan ¢ ut men sedan ocksa strickorna b och a, for att
kunna ta ut x- respektive z-koordinaten.
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Figur 9 - H-punktens rorelsemonster med stolens lutning

Hur a, b, ¢ rdknas ut anges nedan och finns att se i Figur 10.
¢ = Totalt antal stepSingamotor X mm/step

a = sinQqq X

b= cosa,qq XcC

Figur 10 - Stolens lutning i narbild

For att sedan fa de totala koordinaterna f6r lingden far man subtrahera
b-virdet frin x-koordinaten som H-punkten har i nolldget, da H-
punkten ror sig mot origo nar stolen r6r sig, och a-virdet far adderas pa
z-koordinaten i nolldget f6r att H-punkten r6r sig uppat fran origo nir
stolen justeras framat.

Hojd

Efter att ha riknat ut lingdjusteringens bidrag till H-punkten gar
SPEED Coordinates program vidare med att rdkna ut hur héjden
paverkar H-punkten. Da man mitt upp stolen i uppmitningen,
kontrollerat den kinematiska modellen i CATTA och har virden utlista
angdende hur stolens motorer har rort sig, kan man med hjilp av
beridkningar i SPEED Coordinates program fi ut x- och z-koordinater
fér hojdjusteringens bidrag,
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Tilt

Tiltens bidrag till H-punkten riknas ut pi samma sitt som hojdens
bidrag i SPEED Coordinates program. Samma typ av data behdvs for
att sedan programmet ska rikna ut x- och z-koordinater.

lhoplaggning fill en H-punkt

Till sist liggs samtliga bidrag thop 1 x- och z-led fo6r att skapa den
slutliga H-punkten. Direfter plottas denna ut i ett diagram vilket ocksa
visar extremligen for H-punkten och ett omride motsvarande alla de
punkter denna kan ha.

Rygglutning

Rygglutningen riknas ut i samma dokument som H-punktsutrikningen,
under del 4. Denna kan riknas ut férst dd uppmitningen dr gjord och
man har fatt koordinater f6r en nedre och en &vre punkt pa stolsryggen
med steps loggade f6r vartdera koordinatpar, vilka symboliserar olika
lutningar pd manikinen.

I del 4.1 listas férst de grader som manikinen satt 1 vid uppmaitningen,
sedan var grads motsvarande koordinatpar f6r den nedre (punkt 3) och
6vre (punkt 4) mitta punkten, dérefter skriv dven det loggade
stepvirdet in. Lingst till hoger 1 4.1 riknas det totala stepvirdet ut som
ir fran det absolut bakersta liget pa stolsryggen.

I del 4.2 g61s en liknande interpolering som tidigare gjorts i del 3.4 och
3.5 £6r hojden respektive tilten, f6r att kunna i ut de koordinatpar for
6vre och nedre punkten som ligger mellan de uppmitta baserade pd
vilket stepvirde som matas in i del 11 SPEED Coordinates program.

Vad vi egentligen vill ha i denna berdkning dr vilken lutning som en
testdeltagare har 1 stolen med det stepvirdet som motorn i stolsryggen
har. I del 4.3 anvinds pythagoras sats for att rikna ut vinkeln o, vilket dr
vinkeln mellan liget dir stolen star rakt upp, b, och dir den faktiskt dr
vid valt step, c. Dessa strickor och vinkeln kan ses i Figur 11. Vinkeln
som presenteras ar alltsd stolsryggsvinkeln. For att fa rygglutningen hos
manikinen far ytterligare en berikning goras, del 4.4.
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Stolspunkt 4
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Stolspunkt 3

Figur 11 - Stolsryggens lutning

Del 4.4 1 SPEED Cootdinates program visar de loggade stepvirdena
vid respektive manikinlutning och dven motsvarade stolsryggslutning.
Det grona filtet f6r stolsryggslutningen dr tomt och maste manuellt
matas in. Detta gérs genom att skriva in det stepvirde som finns i férsta
kolumnen i del 1, dérefter ldsa ut vad stolsryggsvinkeln blir under del
4.3, denna vinkel ska sedan matas in fOr respektive stepvirde.
Medeldifferensen mellan dessa riknas sedan ut till héger 1 del 4.4, detta
for att kunna addera denna medeldifferens till stolsryggslutningen som
var resultatet 1 4.3. P4 sa sitt fds lutningen som manikinen borde ha vid
det angivna stepvirdet och resultatet presenteras i del 2.
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6 Pixlar till koordinater

Att omvandla pixlar till koordinater behdvs fér att fa ut 6gonpunkt,
rattposition och avstindet mellan huvud och nackstéd. Det hela dr lite
omstindigt men smidigt nir man vet vad man goér. Man ska skapa
actions for att ta bort wide angle eller fisheye-effekten och skapa
referenser i bilden. Sedan anvinder man Image Processor for att
anvinda sina inspelade actions pa mappar med bilder. Fér detta
behéver man Photoshop.

Photoshop pd svenska anvindes for att goéra bilderna till XCo60-
projektet sa vissa ord kan bli lite annorlunda.

6.1 Mappstruktur fér bilder

Det kommer bli méinga bilder och dirfér ar det limpligt att vara
konsekvent i mappstrukturen. Det tas bilder fran tre kameror och filmas
med en. I bilen nir man for Over bilderna drar man Over alla
testpersoner dittills till en tillfallig mapp som heter tpx_till_tpz. I den
mappen finns tre andra mappar som heter sida, tak, och for, filmerna
liggs direkt i mappen. Bilderna fran de olika kamerorna halls separerade
fran varandra till dess alla Photoshopprocesser ir klara. Detta for att
gbra det enkelt f6r sig och bara kunna géra alla sidobilder i ett svep.
Man kan med f6rdel dépa om bilderna enligt instruktionerna i Figur 12
redan innan man behandlat dem.

Niista steg 4r att anvinda Image Processor i Photoshop, se kapitel 6.2.2,
och slutligen spara filerna i separata mappar for varje testperson, se
Figur 12.
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 XC60_tpX
XC80_film_tpX.mp4
XC60_korsning_sida_tpX_instX.jpg
XC60_korsning_tak_tpX_instX.jpg
XC60_korsning_fot_tpX_instX.jpg
XC60_rakstracka_sida_tpX_instX.jpg
XC60_rakstracka_tak_tpX_instX.jpg
XC60 _rakstracka_fot_tpX_instX.jpg
XC60_parkering_sida_tpX_inst3.jpg
XC60_parkering_tak_tpX_inst3.jpg
XC60_parkering_fot_tpX_inst3.jpg
XC60_mot_nackstod_tak_tpX_inst3.jpg

Figur 12 - Féreslagen mappstruktur for att halla ordning bland filerna

6.2 Bildhantering i Photoshop

For att pa ett smidigt sitt dndra alla bilder pa en gang och samtidigt
behilla mappstrukturer kan man skapa en Image Processor i
Photoshop. Forst far man spela in sina “actions” (funktionsmakro) och
namnge dem pa nigot limpligt sitt. Oppna alltid bilderna i den storlek
som de dr. Detta dr viktigt f6r att pixlarna ska ge samma virde, alltsd
ligg inte in bilderna i ett dokument av t.ex. A4-storlek!

6.2.1 Gobra en action i Photoshop
1. Gdiniaction-menyn (funktionsmakro)

2. Skapa en mapp med ett namn du kommer ihag, férslagsvis
bilmodellen du utvirderar. Vir mapp hette exjobb.

3. Markera mappen och skapa ny action

4. Namnge din férsta action rak_jbg och spela in. Den andra
kommer heta referenser_psd.

5. Nu spelar programmet in allt du gor. Nir du ér klar trycker du

pa fyrkanten som indikerar stopp.

Figur 13 — Actions och hur man spelar in dem
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6.2.2 Ta bort fisheyeeffekt

1. Oppna bilden med referensplanet i mitten av stolen

2. Starta inspelningen av rak_jpg (se beskrivning ovan)

3. Gatill filter — adaptiv vidvinkel

4. Andra korrigering till fiskoga eller fisheye

5. Zooma in bilden sa rutnitet ticker storre delen av skirmen

6. Klicka i ett horn av rutnitet, hill inne shift och dra till
motstiende hérn. D4 blir den linjen horisontell eller vertikal.
Dra 3 horisontella och 3 vertikala linjer genom rutnitet, se
Figur 14.

7. Spara bilden som jpg

8. Stoppa inspelningen

Figur 14 — Hur man tar bort fiskégeeffekten fran GoPro-bilderna

6.2.3 Lagg till referenser
1. Oppna bilden som indrades i kapitel 6.2.2.

2. Starta inspelningen av referenser_psd

3. Gor markeringar f6r framruta och taklucka och fyll med firg
och gbr genomskinligt ca 50% opacity, se Figur 15.

4. Spara filen som en psd-fil.
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Stoppa inspelningen

Figur 15 — Ldgg in referenser i bilden som redan fatt reducerad fisheye-
effekt och gér 50% genomskinligt

6.2.4

Image Processor i Photoshop

Nir du sedan vill anvinda dina actions pa andra filer fir du se till att ha

torberett dina bilder 1 ldimpliga mappar som du kan gbra alla samtidigt

och att du har en malmapp férberedd.

1.

2.

File — script — image processor.

Kryssa fér ”include All sub-folders” och vilj mapp som ska
dndras.

Kryssa for “keep folder structure” och vilj malmapp.
Kryssa for 7’save as JPEG”

Vilj vilken action som ska genomféras. Se Figur 16.

32



Appendix G — SPEED Instruction document

- image proces

Select the images to process
[ Include All sub-folders

e
E "' (#) |Select Folder...| c:\Users\nlejon\Desktop\sida

[]0pen first image to apply settings

Select location to save processed images
% (D Savein Same Location  [M]Keep folder structure

(=) |Select Folder...| C:\Users\nlejon\D...ge_processor_test

File Type
[ Save as JPEG []Resize to Fit

Quality:

[ Convert Profile to sRGB

[[] Save as PSD

[[] Save as TIFF

U0 &|Ul 5[0

Preferences

[#Run Action: |XCSD_sida

Copyright Info: |

[ Include ICC Profile

Figur 16 — Hur man stdller in Image Processor i Photoshop

6.3 Uppdatera SPEED Coordinates program

For att fa ut 6gonpunkter frin bilderna frin kérning far man se till att
bilderna har blivit raka, blivit inpassade enligt referenserna och sedan

kan man mita ut 6gats position.

1. Zooma in i bilden ymix (det dr noga att det blir exakt med

pixlarna).

2. Anvind linjalverktyget och mit pixelvirdet i punkterna for
punkterna pa referensplanet som blivit uppmiitta.

3. Detta upprepas for alla uppmiitta y-plan.

4. Dessa virden stoppas in i excel under fliken ”6gonpunkt och
ratt”.
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6.4 F& ut bgonpunkter

Forst far man uppdatera SPEED Coordinates program innan man kan

fa ut koordinater fran 6gats pixelvirde. Nir pixelvirdena fran alla bilder

och koordinaterna frin uppmitningen dr skrivna fylls diagrammen upp

automatiskt och de tillhérande trendlinjerna uppdaterar man med i
Excel-sheetet. Det star vil forklarat i SPEED Coordinates program hur

man ska géra, hur det kan se ut ser man i Figur 18.

1.

Oppna en bild fran tredje korinstillningen frin rakstricka som
ir behandlad enligt beskrivningarna ovan.

Zooma in pa 6gat
Anvind linjalverktyget och mit pixelvirdet i mitten av pupillen.

Skriv upp x- och y-virdet (se Figur 17) i ett Excel-dokument
som du sedan kan kopiera 6ver virdena till SPEED
Coordinates program fran.

GoOr samma f6r motsvarande persons bild med huvudet mot
nackstodet.

Om testpersonen har glaségon och Ggat inte syns:

1.

2.

Mit 6gonpunkten pé kortet taget mot nackstédet utan glaségon

Hitta en referenspunkt pa glaségonen pd motsvarande persons
kort med glaségon

Mit referenspunkten och ta ut en skillnad mellan gats position

och glasbgonreferensens punkt.

Fran kortet taget pa rakstricka fir man ta ut pixelvirdet for

referenspunkten och rikna ut vad 6gonpunkten borde vara.
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File Edit Image Layer Type Select Filter View Window Help

X: 59,95 : 22,97 i: 1,3 : -0,34 A: 14,5° L1: 1,36

Figur 17 — Anteckna x- och y-vardet fran pixelvardet uppe i vanstra
hornet

ar VIl VI FaKna Ut 0gonpUNKIEr TOF [eSTPErsonen. FOrSt KFavs Get It Vi MAatar In Varaen an Uppmatningen ocn PIXeIvaraen Tan KOMen. INar alia Vargen ar ISKTvia ska vi ta ram
nktioner for pixel vs koordinat. Férst x och sedan z.

+100 mitt - 100

+100 - bajning mitt Y mitt i stol- bajning mitt -100 - béjning mitt
photoshop [ koordinat Photoshop__| I koordinat photoshop | koordinat
unktnr [ x z x z x z x z x z
4727 1665 3311.7| 4625 148138 33124] 3635 14813 4673 124] 33117 2648 14812
5233  1667| 32115 4619 14817 32134 3635 1821 5174 1443 32124 2649 1482
5743  1667| 31114 4606 14821 31124 3644 1807 5781 144] 31131 2657 14812
6249 1667| 30124 4609 14825 30131 363 1807|639 144] 30116 2641 14799

33128 3619 13819 4573 2038) 33119 2646 13823
32132) 3635 13815 5174|2041 32118 2646 13823
31133 363| 13815 57.84| 2041) 31121 2636 13826
30134 3624| 13814 6394 2044) 30123 2632 13817
33131 361.8| 12815 4576  2648| 33119 2635 12832
2132|3627 12818  51.8| 2645 32118 2641 12825
3113.7| 3623 12821 57.84| 2648) 31118 2633 1283
30143 3616 12818 6394 2648 30119 2619 12821

Figur 18 — Hur det ser ut i SPEED Coordinates program ddr pixelvarden
och uppmadtta vdrden stoppas in.

6.4.1 Vilket y-plan ska jag valjae

Det y-plan som ska viljas for ogonpunkten kan man fia ut av
referenserna fran takkameran. Vi har inte hittat ndgot bra sitt att géra
detta s alternativ plats pa kameran kan hittas eller ndgon typ av annan
observation. P4 korten fran rakstrickan fungerar det dock oftast bra
med utrikningarna fran mitten. Helst skulle man vilja ha en indikation
pd vart mitten av huvudet befinner sig.

6.5 Avstdnd huvud — nackstdd

Pa rakstrickan pa slutet tar man kort under kérning och man ber
testpersonen halla huvudet mot nackstédet nér bilen dr parkerad. D far
man en referenspunkt nir huvudet 4r mot nackstédet och mot vad det
var under faktisk korning. Avstindet fir man genom de tva
koordinaterna. Ta ut 6gonpunkten pid samma vis som for de andra

bilderna och stoppa in virdet foér 6gonpunkt mot nackstddet i
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sammanstillningsdokumentet for testpersonerna. Avstindet rdknas dé
ut automatiskt.

6.6 Rattposition

Ratten kan justeras in och ut och upp och ner och extremligena ir
kombinationer av lingst ner (LN), lingst upp (LU), lingst fram (LF)
och lingst bak (LB) alltsa samma forkortningar som for
stolsjusteringen. Lingst fram 4r ddrfér ndrmast huven. Rattens position
mits frin mitten av ratten, i bilen som anvindes under
metodutvecklingen var detta en punkt i volvomirket. Koordinaterna f6r
rattens positioner fir man ur uppmitningen.

Man gir tillviga pa samma sitt som fér 6gonpunkterna, se kapitel 6.3
och 6.4. Bérja med att uppdatera SPEED Coordinates program for att
sedan ta ut pixelvirdet for mittpunkten av mirket placerat mitt pa
ratten.

6.6.1 UtlGsning av rattposition

Rattens position ldser man ut av korten som tas ur fird. Innan det
maste man dock férbereda med rutnitet som beskrivs 1 kapitel "I.
Planet ska alltsd placeras med y i rattens mitt och kort ska tas i samband
med att uppmaitningen sker. Hur man omvandlar pixlar till koordinater
sker pd samma sitt som fér 6gonpunkterna i samma sheet i excel. Ta
dven med extremldgena frin uppmitningen och jimfér med
pixelvirdena.
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7 Boka klinikpersoner

7.1 Testkliniklistan

Ur testkliniklistan  tas testpersonerna, ansvarig person  pa
Ergonomiavdelningen f6r denna lista vet vilken version som ska
anvindas. Vi vill inte trakassera folk for mycket sid en tumregel dr att
kalla de som varit med minst antal ginger. Detta dr svart f6r extremerna

sd torsok att inte kalla folk som varit med mer dn 4tta ginger i en klinik.

7.2 Urval

Till sittpositionskliniken har vi tre urvalsgrupper. Korta, medel och
linga. 1 korta gruppen har vi 15 kvinnor <20%il. I medel har vi 8
kvinnor >20%il och 8 min <90%il. I den linga gruppen har vi 15 min
>90%il.

7.3 Bokning via doodle

Bokning sker littast via doodle. Férbered de tider som ni ska ha till
férfogande och tink pa att det kan vara littare f6r folk att boka in sig
tidigt pa morgonen (07.30) eller vid lunch. Ha fler tider 4n personer ni
behéver och boka in ett par extra per urvalsgrupp. Skicka ut en
testversion till ndgra i gruppen si ni ser att den fungerar. GOt
instillningen att man bara ska kunna boka in en person per tid.

7.4 Mail for utskick

Man kan med fordel skicka ut kallelse till de korta fOrst, efter en dag
eller tvd till de ldnga och sist till medelgruppen. Detta dr for att det ar
svarast att fi de korta att anmila sig. Nir det ndrmar sig tiden for
kliniken kan det vara bra att skicka ut ett ’paminnelsemail” som inte ar

ett paminnelsemail eller ligga till ytterligare detaljer i kallelsen. Skriv
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bara till ett par extra detaljer och vilkomna dem till kliniken sa att de
inte glémt bort att de anmalt sig.

7.4.1 Mail 1

Mailet som man skickar ut forst kan se ut sa har:
Hej!

Avdelningen Craftsmanship and Ergonomics behéver din hjilp
med att tycka till om mdijligheterna f6r en bra sittposition i
bilmodellen XC60.

Du finns med i den testpersonlista som avdelningen anvinder
sig av nir de behdver férsokspersoner till nagot av deras tester

och dirfér dr du nu inbjuden att delta.

Utvirderingen kommer att ske under vecka 15, 16 och tar ca 45
minuter och vi har ett antal fragor dér vi vill att man bedémer
sittpositionen.

Under utvirderingen kommer man att kéra en kortare sving och
sittpositionen kommer dokumenteras i form av nigra foton
samt fragor som stills efter man kort klart. Fragorna kommer att
lisas och besvaras pa en dator sd eventuella lisglaségon kan vara
bra att ha med.

Om du vill delta foljer du bara linken nedan och bokar in dig pa
en tid som passar genom att skriva in ditt namn, CDS ID och
telefonnummer pi raden lingst ned ("Ditt namn"). Man viljer
tid genom att stélla sig 6ver en bld tid och markera Ja i rutan
som dyker upp. Gréda tider dr redan upptagna. Glém inte att
sparal

Link till tidsbokning: http://doodle.com/adzeg5t93srky2nv

Vi kommer att utga frin PV-porten och under vecka 14 kommer
du som bokat in dig att f4 en bekriftelse av oss samt lite mer
info.

Har du frigor kontakta girna Namn Efternamn (CDSID,
telefonnummer) eller Namn Efternamn (CDSID, telefonnummer)

Valkommen!

Med vinliga hilsningar
Nammn och Namn
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7.4.2 Mail 2

Eftersom folk inte alltid anmiler sig efter férsta mailet far man skicka ut
ett till mail till de som inte anmadlt sig. Vi ska vara noggranna sa vi inte
skickar ut mail till de som varit duktiga och anmilt sig redan. Mail 2
fungerar som en paminnelse men ska inte se ut som en paminnelse.
Mail 2 kan se ut sa har:

Hej!

Du har tidigare i veckan fatt mail om méjligheten att delta i en
ergonomiklinik f6r avdelningen Craftsmanship and Ergonomics
vecka 15 och 16. Vi vill meddela att det fortfarande finns
méjlighet att delta och tycka till om mdjligheterna f6r en bra
sittposition i bilmodellen XC60.

Om du vill delta f6ljer du bara linken nedan och bokar in dig pa
en tid som passar genom att skriva in ditt namn, CDS ID och
telefonnummer pé raden lingst ned ("Ditt namn"). Man viljer
tid genom att stilla sig 6ver en bld tid och markera Ja i rutan
som dyker upp. Gréda tider dr redan upptagna. Glém inte att

sparal

Link till tidsbokning: http://doodle.com/adzeg5t93srky2nv

Vi kommer att utga frin PV-porten och under vecka 14 kommer
du som bokat in dig att f4 en bekriftelse av oss samt lite mer

info.

Har du frigor kontakta girna Namn Efternamn (CDSID,
telefonnummer) eller Namn Efternamn (CDSID, telefonnummer)

Valkommen!

Med vinliga hilsningar

Nammn och Namn
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7.5 Kallelse

Inom nagra dagar efter att folk borjat anmila sig skickar ni ut en
individuell kallelse for varje person. Dir ska tid, dag och m&tesplats
vara aktuellt och en tillh6rande text finnas med. Den tillhérande texten

kan se ut sa har:
Subject: Exrgonomiklinik pa Volvo Torslanda

Location: Parkeringen utanfér PV-porten

Hey,

Vad kul att du har anmilt dig att delta i ergonomikliniken! Under
kliniken kommer man att kéra ett par kortare strickor och
sittpositionen kommer dokumenteras med foton och genom
fragor som stills efter man kort klart. Inga frigor kommer att
stillas under fird. Utvirderingen kommer utga och avslutas vid
parkeringen utanfér PV-porten (se bild nedan) och det berdknas

ta ca 45 minuter.

Eftersom du kommer kéra bil kan det var bra att tinka pa att ha
korbara skor pa sig. Vi ser helst att du inte har ndgon bylsig jacka
pa dig under fird, men mellan kérningarna kommer du i gi ur
bilen da stolens instillningar nollas. Da frigor kommer att ldsas
och besvaras av dig pa en dator kan eventuella lisglaségon vara
bra att ha med sig.

Har du frigor kontakta girna Namn Efternamn (CDSID,
telefonnummer) eller Nammn Efternamn (CDSID, telefonnummer)

Vialkommen!

Med vinliga hilsningar
Nanm och Namn
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8 Klinik och sammanstallning

For att kunna gbra sammanstillning av samtliga testpersoners ifyllda

svarsformuldr har ett ssmmanstillningsdokument férberetts.

8.1 Klinikinstruktioner for SPEED

De instruktioner som finns hdr under kapitel 8.1 bér skrivas ut och
finnas i bilen under utférandet av kliniken. De syftar till att kliniken ska
utféras pid samma sdtt oavsett vem som dr testledare och att
utvirderingarna i framtiden ska kunna jimféras mot varandra.

8.1.1 Introduktion (2 min)
All text som ar Aursiv ar fOr testledaren. C)Vtig text som inte 4r kursiv

ska ldsas upp for testpersonen.

Instruktioner fill testledare

1. Stll stolen til] den valda nollpositionen, LBLINTIN, via minnesfunktion

2. Stdll ratten i mittenpositionen

3. Koppla in DICE-utrustning och koppla upp mot dator, gor en
kontrollmditning

4. Satt igang kameror och deras Wilki

5. Starta ipads och vilj takkamera, sidokamera och takkameran till varsin
iPad

6. Kontrollera sidokamerans referenspuntketer

7. Skriv ned testpersonens namn i filtet "Namn” pa list papper

Bakgrundsfrdgor

Notera eller fraga vilken typ av skor testpersonen har vid kliniken

(exc. Klackskor, Finskor, Promenadskor, Arbetsskor, Sandaler, Sportskor,
Ballerinastkor, Seglarskor)

Skulle du vilja ta del av resultatet?
Anteckna pa lst papper.

Bakgrund ftill klinik
Testet gbrs f6r att utvirdera hur folk sitter och vartér de viljer den

positionen som de gor.
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Upplagg
Du kommer stilla in stolen tre ganger, tink pa att dessa instillningar ér
mojliga: Vsa bur man stiller in alla funktioner.

e Fram/bak
e Upp/net
e Tilt

¢ Ryggstddslutning
e Rattupp/ner
e  Ratt fram/bak

Nir du stiller in stolen édr det uppskattat om du hela tiden tinker hégt
varfor du stiller om stolen som du gor. Efter att du har stillt in stolen
kommer du kéra en bit och du kommer fa vigen férklarad for dig. Vi
kommer att stanna pa utvalda stillen ddr vi tinker be dig svara pa ndgra
fragor samt stilla om stolen. Nir vi har kort hela rundan kommer vi
stanna pa ett stille och lita dig fylla i ytterligare nagra fragor.

Testet kommer sammanlagt att ta cirka 45 minuter och under det ir
tillitet att justera stolen under kdrning. Var god rér inte fonsterhissar
eller taklucka da vi har placerat utrustning pa rutorna.

8.1.2 Del 1 -Strdcka 1 med korsning (8 min)

Stallin stolen
Nu kan du stilla in stolen forsta gangen. Det dr vildigt uppskattat om
du berittar vad du gor for instillning och varfor.

Anteckna kommentarerna pa lost papper, ndr TP stillt in sig fardigt fortsatter du

frdga:
Sitter du dir du vill sitta eller vill du fortsitta justera dig?

Ta kort

Under korming ska kort tas (sidovy, toppvy, fotvy) synkroniserat nir TP anlinder
til] en korsning och vid rakstricka. Ta kort da tillfille ges, d det finns risk att det
ar gront vid trafikljusen.

L&t testdeltagaren kéra en svang
Tink pa att inte ge TP for mycket kiranvisningar pa samma gang.

Nu ér det dags att kora forsta rundan.

1. Starta frin PV-porten
Kor mot Volvohallen.

3. Nir vi narmar oss rondellen vid Volvohallen, hall vansterfilen
och f6]j skylt mot GOTEBORG TORSLANDA Volvo.
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4. Folj skylt mot TORSLANDA CENTRUM.

5. Folj skylt mot TK-porten och kér nistan hela vigen fram.

6. Vid TK-porten, sving vinster och hall rakt f&rbi parkeringen
till ndsta korsning.

7. 1korsningen ska vi svinga héger och sen kan du hélla till h6ger
for att sedan direkt kunna svinga in till
biltvitten/bensinstationen till hoger.

8. Vil inne vid biltvitten/bensinstationen kan du stanna pi en

limplig parkering och lata bilen vara iging.

Logga stolsposition
Efter ni stannat loggas forsta stolspositionen, och skrivs in pd lisbladet.

Frégor om sittposition
Se till att TP har datorn néra till hands.

Nu ska du 4 svara pd fragor om hur du sitter nu i den hdr bilen. Kryssa
tor det alternativ som passar bést och sdg till nir du dr firdig. For att
kunna svara pé de olika frigorna kan du justera stolen for att se hur det
kinns. Har du nédgra Ovriga kommentarer eller om det dr sd att
alternativen inte 4r mojliga att genomfora fOr dig, skriv girna det i rutan

”Ovriga kommentarer”.

8.1.3 Del 2 - Stracka 2 (8 min)

Stallin stolen

Nu skulle jag vilja att du gér ur bilen sd ska jag stilla om omgivningen
till ett startlage. Szall nu om stolen 1ill sitt nolldge genom att hilla inne knappen
for minnesfunktionen for startliget tills stolen bar stannat. Stdll ocksd in ratten till
sitt nolldge.

Nu fir du sitta dig och stilla in en bekvim sittposition igen. Tank girna
hégt.

Anteckna kommentarerna pa list papper, ndr TP stillt in sig fardigt fortsatter du

Jraga:
Sitter du dir du vill sitta eller vill du fortsitta justera dig?

Ta kort

Under kérning ska kort tas (sidovy, toppvy, fotvy) synkroniserat nir TP
anlinder till en korsning och vid rakstricka. Ta kort da tillfille ges, da
det finns risk att det dr gront vid trafikljusen.

Kéranvisningar fér runda 2
1. Kor hoger ut fran biltvitten/bensinstationen.
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2. Hall dig i vinsterfilen och f6]j skylten mot GOTEBORG, alltsa
vanster 1 den stora korsningen.

3. Efter korsningen sa ska vi kora rakt fram och passera ett
trafikljus.

4. 'Till hoger vid nista trafikljus finns en JET-bensinstation, sving

in pa denna och stanna dir pa en limplig plats.

Logga stolsposition
Efter TP har stannat ska andra stolspositionen loggas, denna skrivs in pa lisbladet.

Frdgor om sittposition
Se t1l] att TP har datorn néra till hands.

Nu ska du 4 svara pd fragor om hur du sitter nu i den hdr bilen. Kryssa
tor det alternativ som passar bést och sdg till nir du dr firdig. For att
kunna svara pd de olika fragorna kan du justera stolen fOr att se hur det
kinns. Har du nédgra 6vriga kommentarer eller om det dr sd att
alternativen inte 4r mojliga att genomfora for dig, skriv girna det i rutan

”Ovriga kommentarer”.

8.1.4 Del 3 - Strdcka 3 med rakstracka (8 min)

Stallin stolen

Nu skulle jag vilja att du gér ur bilen sd ska jag stilla om omgivningen
till ett startldge. Sl nu om stolen till sitt nollage genom att halla inne knappen
for minnesinstillningen for startlage tills stolen har stannat. Still ocksd in ratten till

sitt nolldge.

Nu fir du sitta dig och stilla in en bekvim sittposition igen. Tdnk girna
hégt.

Anteckna kommentarerna pa list papper, ndr TP stillt in sig fardigt fortsatter du

fraga:
Sitter du dér du vill sitta eller vill du fortsitta justera dig?

Ta kort
Under korming ska kort tas (sidovy, toppvy, fotvy) synkroniserat ndr TP kir i
korsning och rakstricka.

Logga stolsposition
Synkroniserat med att korten tas ska ocksd stolens position loggas och
skrivas in pa losbladet.

K&ranvisningar fér runda 3
Nu ska vi kéra tillbaka till PV-porten.
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1. Kor ut fran JET kor vinster i férsta korsningen tillbaka mot
Volvo.

2. Félj skylt mot OCKERO TORSLANDA, efter forsta
korsningen kan du ligga dig i hégerfilen.

3. Liggihogerfilen och £6]j skylt mot VOLVO TORSLANDA.

4. Ligg kvar till héger och kor rakt fram, {6l skylt mot GTG,
GTC.
Har dr rakstrackan dér det ska tas kort och logga stolsposition.

5. Folj skylt mot MALMO

6. Kor tillbaka till PV-porten och stanna i béjen av parkeringen.

8.1.5 Del 4 - Parkeringssituation (5 min)

Hir ska vi testa en parkeringssituation. Stall fram koner strax: efter
dvergangsstallet framfor bilen. Ga sedan in i bilen igen och sting av
parkeringssensorn, se Fignr 19.

Ta kort
Under tiden TP parkerar ska kort tas (sidovy, toppvy, fotvy) synkroniserat.

Anvisning
Nu ska vi testa en parkeringssituation och du ska nu parkera bilen vid
konerna. Ténk att konerna symboliserar en annan bil och still dig sd

nira du vill. Parkeringssensorn dr avstingd.

Mta avstandet mellan bilen(registreringsskylten) och konerna samt fraga TP vad
TP tror om avstandet och anteckna bida avstanden pa list papper.

Hur langt ifrdn konerna tror du att du star, i cm?

Figur 19 - Dar man stannar innan parkeringssituationen och dar man
staller ut konerna.
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Ta ett kort med sidokameran pa TP ndr TP har huvudet mot nackstodet, anteckna
vilket kortnr det dr pa lost papper.

Nu skulle jag vilja att du lutar huvudet tillbaka mot nackstédet sa att du

tar mot det.

Frdgor om sittposition
Se till att TP har datorn néra till hands.

Nu ska du 4 svara pd fragor om hur du sitter nu i den hdr bilen. Kryssa
tor det alternativ som passar bést och sdg till nir du dr firdig. For att
kunna svara pd de olika fragorna kan du justera stolen for att se hur det
kinns. Har du nédgra 6vriga kommentarer eller om det dr si att
alternativen inte 4r mojliga att genomfora f6r dig, skriv girna det i rutan
”Ovriga kommentarer”. Hir ska du dven svara pa den sista frigan, 3b,
hur det 4r att hitta en bekvim sittposition.
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8.1.6 Del 5-TP ska fylla i listor/fradgor (10 min)

Nu har vi kort firdigt med bilen si du kan parkera pa
korttidsparkeringen och stinga av motorn. Sedan ska du fi fortsitta
svara pa frigor pa datorn. Om du har nigra frigor dr det bara att stilla
dem.

Under tiden som TP svarar pa frigor i datorn kan t.ex. korten frin GoPro-
kamerorna flyttas till datorn och liggas i strategiska mappar eller anteckningarna
fran instillningarna skrivas in i CAIN-datorn.

8.2 Anteckningssida fill testledare

Testledaren fyller i SPEED Note sheet under kliniken. Det finns att
skriva ut frin SPEED Compilation document om man markerar det

man ska ha, markerar landscape layout och print selection.

Att fylla i av testledaren

Bakgrundsfragor
9) Namn | |

Skatyp vid Kinik: [ |
Vill TP ta del av resultatet? S T

Instilining 1 Installning 2 Instéllning 3 Jkommentarer vid instillning

Nr Langsled

Heidlsd

Rygglutnin

Ratt
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Steps frén motored] instaining 1 insiGining 2 TrsTaining 3
nr [Eiee

Recins
Feight
[

e Korsning Rokstracka Farkering

cio
=
.
NacksiSdskor Kortrr sidokamera

Fakeingiatng | TP upprattning Verkiigt avstand

8.3 Eventuella &dndringar i formuldret

Formuldret 4r gjort med olika sheets for varje testperson. 1
sammanstillningen linkas de ifyllda svaren, didrfér ska man vara
torsiktig med eventuella férdndringar 1 formuldret och tinka pa att
tordndringar i sa fall ska géras med alla sheets samtidigt. Tank ocksd pd
att gbra forandringar i sammanstillningen samtidigt sd rétt friga hamnar
pa ritt plats. For att dndra flera sheets samtidigt controlklickar man de
sheets man vill ska ha férdndringen och gbr dndringen i ett av sheetsen.

Forslagsvis 1 sheetet som heter formularmaster”.

For att forindra de klickbara cirklarna, radioknapparna, fir man vara
observant. De dr nimligen grupperade radvis och linkar till kolumn K.
Go6r man nya knappar sa hinder det att tidigare knappar linkar om och
da fir man fels6ka. Om man vill dndra pd knapparna fir man ldgga till
sd man har developer som tab. I Excel; ga till File, Option och Customize
Ribbon dir du kryssar £6r Developer.

For att visa de rutor som grupperar radioknapparna (Group Box) far
man trycka Alt+F11 sa VBE-fonstret ppnas (Visual Basic Editor). Dir
skriver man: ActiveSheet.GroupBoxes.Visible=True. For att dolja
rutorna sedan skriver man: ActiveSheet.GroupBoxes.Visible=False. Nir
man gbr nya boxar och viljer vilken ruta som dr referensruta maste
filtet for rutan vara tomt! Annars blir det dterkopplat till de tidigare
boxarna och man mdste géra om allt. Radera hellre boxen och gor en ny
tills féltet f6r referensrutan dr tom. Knapparna som finns i dokumentet
nu dr av typen Form Control och inte Active X Control.
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8.4 Bilformular till sammanstaliningsdokument

Bérja med att kopiera formuldret som anvints 1 bilen samt
sammanstillningsdokumentet vi vill kopiera allting till, till en mapp pa
skrivbordet. Fortsitt med att gi in i formuldret som anvints i bilen,
markera samtliga “’sheet” och vilj ”Find & Replace”. Hir vill vi nu

2”9

ersitta samtliga med en text som inte anvinds ndgon annanstans i
dokumentet, man kan vilja vad som helst, exempelvis “bart”. S4 under
”Find”, skriv in ”="" utan citationstecken, under “Replace” skriver vi in

”bart” utan citationstecken. Tryck sedan pa knappen “Replace All”.

Nista steg dr nu att kopiera samtliga blad in till det riktiga
sammanstillningsdokumentet. Detta gér vi genom att ha alla ”TP-
sheets” markerade och sedan hégerklicka och vilja ”move or copy...”.
Hir viljer vi till vilken ”workbook” som vi vill kopiera det till, det dr
viktigt att dokumentet man vill kopiera fran till 1 samma mapp som det
man vill kopiera till och att biada dokumenten dr Sppnade. Sedan
scrollar vi ner i rutan vilken innehéller alla sheets och viljer "move to
end”. Tryck sedan pd OK.

Nu hamnar vi i sammanstillningsdokumentet och sheetsen ska vara
inklistrade. Nu far vi markera samma sheets som har flyttats hit, vilja
samtliga celler och anvinda oss av ”Find & Replace” igen for att ersitta
”bart” med ”=", kom ihidg att inte anvinda citationstecken utan bara
det inom dem.

Nista steg dr att avmarkera samtliga sheets och celler, sedan gi till
sammanstillnings-sheet. Hir ser vi nu att det stir #REF! pa de TP-
rader som vi klistrat in nya TP-sheets for. Nu far vi f6r respektive rad
ersitta "H#REF!” med ritt TP-sheet-referens samt spannet som matrisen
befinner sig i, t.ex. ersitta "HREF!” med ""TP1'1$A$1:$1.$265”. Mirk
hir att fot-tecknet (enkelfnutten) ska vara med men inte citationstecken.

Nu ska det fungeral

8.5 Ruttbeskrivhing for klinik

Ruttens totala lingd 4r ca 8 km. Den bestar av tre delstrickor. En mera
detaljerad ruttbeskrivning i text finns att ldsa i kapitel 8.1.
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Forsta strickan utgdr frin PV-porten och mot Volvohallen, sedan
vidare mot TK-porten.
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Nistan framme vid TK-porten ska TP svinga vinster och kéra f6rbi

parkeringen som kommer ligga till vinster mot bensinstationen.

Férsta rutten dr klar och TP ska stanna pa bensinstationen.
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Andra delen av rutten borjar pd bensinstationen och sedan ut pa stora

vigen mot Géteborg.

Andra rutten dr klar ndr TP stannar pa Jet-bensinstationen till héger pa

vigen mot Goteborg.
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Tredje rutten borjar pa Jet-bensinstationen och gir tillbaka mot PV.
Hall rakt fram forbi fOrsta bensinstationen (kér INTE in mot TK-
porten igen).
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HAll rakt fram mot Volvohallen.

56



Appendix G — SPEED Instruction document

57



Appendix G — SPEED Instruction document

58



Appendix G — SPEED Instruction document

9 Analys

De delar som ska analyseras i basanalysen finns férberedda i SPEED
Compilation document, antingen med férberedda diagram eller med en
torklaring till hur man ska astadkomma dessa. Foér vissa analyser far
man sortera alla testdeltagare efter kort/medel/ling och kopiera alla
dessa svar som text, inte med formler, och ligga sorterade under svaren
frain sammanstillningen. Dirigenom kommer mycket att riknas ut
automatiskt. Alla instruktioner till detta finns som sagt i SPEED
Compilation document. Man ska vara forsiktig med att sortera efter
man gjort diagram. Kopiera eventuellt skapade diagram som bilder till
t.ex. powerpoint for att inte riskera att de sorteras om.

Slutsatserna fran kliniken kommer att presenteras i en Powerpoint. Ett
tomt powerpointdokument med Volvo-mall kommer finnas pa samma
plats som alla andra dokument som krivs f6r SPEED.
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