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Preventing hyperthermia among children and dogs left in cars
Development of a system to be implemented in future cars

JOSEPHINE ERIKSSON & MELTEM TEMUR
Department of Product and Production Development
Chalmers University of Technology

Abstract

Every year several children and dogs around the world are su [eding from hyperther-
mia and heat illness after being left or forgotten inside of cars that get hot. In this
thesis the possibility of implementing a system in cars in the future that eliminates
serious hyperthermia cases among children and dogs that are left in cars that get
hot is investigated.

The project research has shown that people are aware of the problem and its con-
sequences but do not understand how fast cars can heat up, and how insu [cieht
solutions such as lowering the windows of the car are. There is a need of a system
solving the problem that is integrated in the car, and does not rely on user behaviour.

A conceptual system that solves this problem has been developed. The development
process consisted of several phases, with each phase being iterated before moving
on to the next. As the development moved from phase to phase the level of detail
increased. With the results from each design phase new needs and requirements
were set for the development during the next phase. To gather information and
data related to the problem literature studies, questionnaires and interviews have
been used. The development work was carried out using engineering methods such
as the Pugh and Kesselring matrices and brainstorming techniques.

The developed conceptual system resulted in an integrated solution “HeatSafe”, con-
sisting of infrared cameras to detect any child and/or dog left in the car, utilising
the AC system to cool the interior of the vehicle, the built in thermometer in the
car to trigger the cameras, an mobile application to deliver information to the user
and the car software to run the system.

To conclude, the system is feasible for implementation in the future, and a sugges-
tion is to start implementing it in hybrid vehicles where running the AC does not
cause emissions. In the current situation the infrared cameras are not economically
feasible, but with future development and full scale quantities the concept is possible
to integrate in future vehicles.

Keywords: hyperthermia, heat, dog, child, car, infrared, camera, concept, cooling,
safety.
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1

Introduction

This report describes a master's thesis of 30 credits. The thesis aims to solve the
problem of children and dogs being left in cars that get hot with the development
of a new solution in collaboration withEscenda Engineering ABconsultancy rm.
The project is carried out by two students studying the master programmEBroduct
Developmentat Chalmers University of Technology

1.1 Background

Every year media reports about dogs su ering from hyperthermia after being left in
cars that get hot. Swedish animal insurance compargria has recorded statistics
showing that seven dogs each year die due to hyperthermia in Sweden. Cars left
outside may reach an internal temperature of 8%, when the temperature outside

is 20 C (Gunnarsson, 2015).

Dogs do not have the same ability as humans to lower their body temperature by
sweating; they instead get rid of heat by panting, which is a less e cient cooling
system compared to sweating. If left in a car that gets too hot this means that the
dog will not be able to keep its body temperature in a safe range or cool down when
the temperature increases, and after some time the result is hyperthermia (Foster
and Smith, 2015). Hyperthermia might lead to internal damages to the brain, heart,
kidney, intestines and/or liver that are potentially lethal (Mdller, 2012).

It is not only dogs that su er from heat illness after being left in hot cars. The
American organisationKids and Carsreports that on average 39 children die in the
United States each year due to vehicular heatstroke, based on statistics between the
years 1991-2013 (Kids and Cars, 2015).

Today many seem to try to solve the problems occurring when their dog is purposely
left in a hot car by lowering the windows in the car, but generally people do not seem
to use any products designed to solve the problem. Together with the consultancy
rm Escenda Engineering ABthat have the automotive industry as a origin and core
business (Escenda AB, 2016a), this thesis will investigate the needs and problems
related to children and dogs that are left in cars during hot days, and develop a
conceptual system to prevent hyperthermia among children and dogs left in hot
cars. The solution is developed for use in the carolvo XC90 produced by the
Swedish car manufactureMolvo Car Sverige AB also conforming to theEscenda

1



1. Introduction

mission; Escenda creates value by o ering product development services to clients
operating on a global market. We are driven by passion, innovative thinking and a
desire to make a di erence. With our products and services, we want to improve
and simplify life for people and companies all over the worl(Escenda AB, 2016b).
Except for conforming to Escendas mission the project also coincides well with
Volvo's vision. That no one will be seriously injured or killed in a new Volvo by
2020 (Volvo Cars, 2016a).

1.2 Purpose

The purpose with this master's thesis is to investigate the possibility of implementing
a system in cars in the future that eliminates serious hyperthermia cases among
children and dogs that are left in cars that get hot.

1.3 Goal

Investigate the problem in order to create a problem description including
needs, requirements and results from the study for future use.
Delivering a representation of a feasible concept that solves the problem.

1.4 Structure of report

In this report the chapters are divided into the di erent design phases; pre-study,
subsystem concept design, full system concept design, detailed design and nal
concept. After this follows a general discussion and a conclusion. The results and
analysis of each phase are integrated in each chapter, except from parts of the pre-
study that are described in the theory chapter. In the chapter called methods and
implementation each section describes a method used, followed by the way it was
implemented for the project.

" Introduction , see chapter 1 on page 1.

Theory , where the theory found in the literature study and medical interviews

IS presented, see chapter 2 on page 5.

Methods , where the used methods and the implementations of the methods
are presented, see chapter 3 on page 23.

Pre-study , where the results and analysis from the benchmark, user inter-
views and questionnaire are presented. In addition the general needs and user
needs of the system are described, see chapter 4 on page 39.

Subsystem concept design , including results and analysis, in addition the
full system requirements are described, see chapter 5 on page 63.

Full system concept design , including results and analysis, in addition the
element requirements are described, see chapter 6 on page 69.

Detailed design , including results and analysis, in addition the detailed ele-
ment requirements are described, see chapter 7 on page 85.

N



1. Introduction

Final concept , where the nal concept is described and evaluated, see chapter
8 on page 107.

Discussion , see chapter 9 on page 113.

Conclusion , see chapter 10 on page 121.
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Theory

As a part of the pre-study theory related to the topic of hyperthermia among children
and dogs left in cars was researched. In this chapter the researched and used theory
Is presented. Mostly the theory is derived from the conducted literature study, but

to complete the results from the theory medical interviews with veterinarians and

a paediatrician are also used as reference material. In the end of the chapter the
Volvo XC90 with its features is introduced, and the heat ventilation air conditioning
system of cars is described.

2.1 Hyperthermia and heat illness

Hyperthermia is de ned as a body condition when the body gets overwhelmed due
to increase of temperature, leading to a loss of control of the body temperature
range (Grundstein et al., 2015).

Heat illness can be divided up in three di erent phases but is seen as a contin-
uum. The rst phase is de ned as heat stress, the second as heat exhaustion and
the third as heatstroke. The heat stress is the least dangerous phase while the
third, heatstroke is the worst (Kuska, 2012). Heat exhaustion can also be de ned
as reversible heat illness while heatstroke causes tissue damage that is irreversible
(Ho man, 2001).

Heatstroke is an illness that occurs more often among dogs than humans. Among
humans heat exhaustion is more common. Moreover heatstroke is dangerous for
both humans and dogs since it is very rapid and can lead to fatality (Stanley, 1980).

2.1.1 Heat stress

The rst phase of heat illness is de ned as heat stress. Heat stress is the form of
heat illness that is regarded as least dangerous among the continuum. Because of
high temperatures in the environment the body reacts with physical discomfort and
also physiologic strain leading to heat stress (Kuska, 2012).

2.1.2 Heat exhaustion

The second phase of heat illness is heat exhaustion (Kuska, 2012). Heat exhaustion
is known to occur when a human or a dog gets exposed to high temperatures during

5



2. Theory

a prolonged time. In an environment with high temperature the peripheral vessels

(such as arms and legs) usually dilate making it easier to dissipate heat. However if
the vascular system (circulatory system) is not capable of handling these changes,
heat exhaustion occurs (Stanley, 1980).

2.1.3 Heatstroke

Heatstroke is the third and the most severe phase of the heat illness continuum
and is characterised di erently for dogs and for humans. For humans a core body
temperature above 40C is seen as dangerous and for dogs this temperature is slightly
higher, 41 C. Except the increase of the body temperature, dysfunction in the central
nervous system is also present as a characteristic of the illness (Bruchim et al.,
2006). The human body develops di culties with sweating and cooling down its
temperature increasing the risk of damage in the brain and organs (Kuska, 2012).

2.2 Heat e ectin cars

When a car is parked in the sun the rays of the sun enter the car through the
windows and strikes the interior surfaces. If the windows and doors are closed the
heat does not exit the car, and the temperature rises. This can happen even if the
temperature outside is rather cold, as long as the weather is sunny (Kuska, 2012).

A study of a car placed in the sun by McLaren, Null, and Quinn, 2005, has shown
that the temperature in a car increases rapidly, independent of outside tempera-
ture 80% of the increase happens during the rst half hour. The maximum internal
temperature occurred after approximately 60 minutes of exposure. The mean value
of increase was 3,F (1,78 C) every fth minute. With an outside temperature of

96 F (35,6 C) the inside temperature rose an additionally 40-, equalling in total a
temperature of 57,8C within an hour. Also, lowering the windows of the car did not
make any di erence to the nal temperature or the rate of heat rise when lowered
3,8 centimetres (McLaren, Null, and Quinn, 2005).

Another study found that the temperature inside a car parked in New Zeeland rose
0,9 C per minute during the rst 20 minutes, with a rise of 1,05C per minute
measured at most (Gregory and Constantine, 1996).

2.3 Dissipation of heat

As stated by Brashear, 2015 and Ho man, 2001, dogs and children dissipate heat
from the body surface to the surrounding with four mechanisms:

~ Conduction

Convection

Radiation

Evaporation

A

N

N



2. Theory

2.3.1 Dissipation in children

Children acquire heat when the environmental temperature is higher than the body
temperature. When the body needs cooling the heat is rst transferred from the
core of the body towards the skin surface by the blood circulating and by conduc-
tion through the layers of tissue and fat. After this the heat is transferred from the
body surface to the environment through the four mechanism listed above (Ho man,
2001).

According to Ho man, 2001, radiation occurs when infrared waves are transferred
from the body and usually 60% of the body heat is lost through this. Evaporation
stands for about 22-25% of the heat loss, where liquids such as water or sweat on
the skin are turned into gas. During this the remaining molecules in the liquid loose
energy, resulting in cooling. About 3% of the cooling is created with conduction.
Conduction occurs when objects in direct contact transfer heat. Convection stands
for about 12-15% of the cooling and occurs when the skin is cooled by air. The air
next to the skin is heated through conduction and radiation and transported away
and exchanged to colder air by currents. If air movement increases the convection
can increase to 60% of the total heat loss (Ho man, 2001).

In the cases where the environment is hotter than the skin surface heat is trans-
mitted to the skin with conduction and radiation, instead of away from it. During
these circumstances evaporation is the only way of cooling the body. However, at a
humidity of 75% the evaporation decreases, and at 90-95% humidity the evaporation
is almost zero (Ho man, 2001).

As described by Ho man, 2001, children are less tolerant to extreme temperatures
and humidity compared to adults, since children have a larger production of endoge-
nous heat per kilogramme of body weight. In addition the surface area in relation to

the body mass is larger among children, increasing the e ciency of the heat transfer

between their bodies and the surroundings. Children also have less ability to sweat
compared to adults, and the evaporative heat loss is not as e cient as among adults.

Small children are not able to tend to themselves, and are depending on adults for
changing clothes (Ho man, 2001).

2.3.2 Dissipation in dogs

Usually when the dogs use the four mechanisms mentioned above the dog is able to
stay comfortable. Conduction usually occurs when the dog lays down on a surface
that is cool. Convection is the case when the dog is cooled by air that blows on
the skin, radiation when the dog releases heat from their body to the atmosphere
and evaporation which in the case of the dog is not due to sweat but to panting
(Brashear, 2015). Panting is the main way for the dog to regulate the temperature,
while sweating is rather unimportant (Stanley, 1980).
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2.4 Symptoms of heat iliness

Heat illness related to hyperthermia is divided into di erent degrees of severity,
heat stress, heat exhaustion and heatstroke as mentioned in section 2.1. The disease
progression is somewhat di erent between dogs and children and is described in the
sections below.

2.4.1 Symptoms among dogs

According to interviews with veterinarians in the Gothenburg area, see table 3.1 in
section 3.2.2, the rst visual sign of hyperthermia is that the dog pants vigorously.
This panting is the way the dog regulates the temperature, but it is not nearly as

e ective as the human sweating ability. The dog may also have cramps in the later
stages of hyperthermia. At rst the dog pants more and more, after a while when
the heat exhaustion progresses into a heatstroke it might loose consciousness, have
cramps and later it will die. You can also notice wheezing sounds from the lunges
due to pulmonary edema(water in the lunge). Other symptoms that are visual
include bloody diarrhea. The dog can also have regular diarrhea due to the stress of
being locked in a hot car. But, one of the veterinarians pointed out, the most clear
symptom is the panting. For a owchart of the visual symptoms, see gure 2.1. The
symptoms marked in bold are symptoms found in the literature, see the following
paragraphs.

The symptoms described by the interviewed veterinarians are further described in
the studied literature. Initially dogs that su er from heat exhaustion will be rest-
less, the dog will pant heavily, and may hyperventilate. The amount of saliva in-
creases, and eventually the mucous membranes will get dry (Animal Medical Center
of Southern California, 2015). The late signs includes that the mucous membranes
get pale and the extremities get warm and the dog may tremble. The dog may have
increased amounts of saliva, vomit and is weak (Stanley, 1980). When su ering
from heatstroke the main symptoms are very high body temperatures and sudden
collapses. Early signs that the dog is su ering from heatstroke also include dehydra-
tion, depression, vomiting, diarrhea, bounding pulsesachypnea(rapid breathing)
and tachycardia (high pulse) (Shell, 2007).

Further on the dog may su er from hematemesis(vomiting blood), bloody diar-
rhea, seizurescerebellar signs collapse,oliguria (small amounts of urine), severe
respiratory distress,cyanosis (blue color on the skin) andpetechial hemmorhages
(bleedings from small spots of the skin) (Shell, 2007).



2. Theory

Figure 2.1: Flowchart of visual symptoms among dogs

Except from visual symptoms the veterinarians, see table 3.1 in section 3.2.2, also
described non-visual symptoms. When su ering from hyperthermia the dog has a
high body temperature and when the body temperature reaches above 4C5here

is a risk of large damages on the body, and above @the dog is almost dead.
Inside of the dog the mucous membranes of the dog are dry and since the dog has
panted a lot it does not gain enough oxygen. This results in dead space, when the
air only passes through the space in the dog's throat between the outer air and the
lungs, not reaching the actual lungs. Due to hyperthermia there is toxic changes in
the lunges, brain and blood.

The dog can suer from serious damages due to heatstroke)yocardial damage
(heart damage), brain damage opulmonary edema(water in the lunge). The col-
lapse of the organs will follow the initial visual signs of panting, and according to the
interviewed veterinarians any organ may su er. It is impossible to know which in
beforehand. You may also have hypovolemic shocklue to the disturbances in uid
balance. For a owchart of the non-visual symptoms, see gure 2.2. The symptoms
marked in bold are symptoms found in the literature, see the following paragraphs.

In the literature this hypovolemic shock is also described. According to Brashear,
2015 his occurs when the body brings as much blood to the surface as possible in
an attempt to cool down. The panting itself can dehydrate the dog. A hypovolemic
shock happens when the heart is unable to pump enough blood to the body (Heller,
2014). Patients su ering from heatstroke can su er from cell rupture, and at higher
body temperatures of 49-5QC cellular necrosis occur, resulting in edema (Brashear,
2015). Further on, according to Stanley, 1980, as the heatstroke continues there is a
decrease in cerebral functions because agrebral (brain) edema. As this continues
the cerebral edema results in a coma, and the dog is not able to pant anymore. At
this stage the rate of respiratory slows down and the dog may die (Stanley, 1980).
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Figure 2.2: Flowchart of non-visual symptoms among dogs

2.4.2 Symptoms among children

According to the interviewed paediatrician in the Gothenburg area, see table 3.1,
children su ering from heat exhaustion at rst become tired and have trouble eating.
Small children in general have trouble regulating their body temperature, and also
do not tell their caregivers when they are feeling thirsty. When su ering from heat
the children get a high body temperature, get dehydrated and nally unconscious.
For a owchart of the visual and non-visual symptoms, see gure 2.3 and 2.4 below.
The symptoms marked in bold are additional symptoms found in the literature, see
the following paragraphs.

In addition to the description by the paediatrician, the literature describes the symp-
toms. The mildest form of heat illness, the heat stress, includes only physiological
strains on the body and physical discomfort due to a hot environment (Kuska, 2012).

When the temperature increases heat exhaustion occurs, with dehydration following
(Kuska, 2012). During heat exhaustion the child will feel thirsty, dizzy, su er from
headache and general weakness (Chan and Mamat, 2015). The child may also su er
from anxiety, faint and have an increased thirst (Kuska, 2012).

When the heat exhaustion continues the child will su er from heatstroke (Chan
and Mamat, 2015). The child will have a rapidly increasing body temperature, and
the body can not cool down. The brain and other organs may become damaged
(Kuska, 2012). Heatstroke is caused by thermoregulatory failure, and is noticed
by the skin being hot and dry, the child may be mentally a ected with delirium,
convulsion or coma (Ferrara et al., 2013). The condition includes a multisystem
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failure, where the organs collapse. Also, signs suchtashypnea(rapid breathing)
and tachycardia (high pulse) can occur. The patient may end up in a coma, or
have seizures and a collapse of the circulatory system is common. The child may
also su er from bleeding from interavenous sites (Chan and Mamat, 2015). As the
temperature rises the blood ows towards the extermites of the body, and as uid
and electrolytes are lost there is a large burden on the heart, ultimately resulting in
death (Kuska, 2012).

Figure 2.3: Flowchart of visual symptoms among children

Figure 2.4: Flowchart of non-visual symptoms among children

11
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2.5 Treatment of heat illness

In the following sections the treatment of heat exhaustion and heatstroke are de-
scribed. As can be noted in the sections the treatment is rather similar, and includes
rapid cooling of the patient, and treatments of organs that may fail due to the heat-
stroke.

2.5.1 Treatment of dogs

According to interviews with veterinarians in the Gothenburg area, see table 3.1
in section 3.2.2, some of the animals are already dead upon arrival to the clinics.
Some are only su ering from heat exhaustion and are cooled by a shower. The ones
that are su ering from heatstroke however usually have additional injuries on the
internal organs, entering a state of shock where the internal organs may collapse.
If that is the case intensive care and stabilising the blood pressure and circulation
is important. At the clinic you also give intravenous (IV), make sure that the dog
can breathe, and give oxygen. In some cases you have to give sedatives due to high
levels of stress in the dog. Time is critical and if you wait too long for the police to
arrive before breaking a window this can make the di erence between life and death.
The impression among the veterinarians interviewed were that either you arrive to
the clinic in time and the dog will become fully restored, or you are too late and the
dog will die. The cases in between do exist but are not common. You have to act
correctly in order to ensure the survival of the dog.

The treatment is also described in the literature. Heat exhaustion among dogs are
treated by moving the dog to a cool environment, administering electrolytes and 1V
uids. Usually the dog's condition is rapidly improved (Stanley, 1980). It is impor-
tant to start treating heatstroke early and aggressive, managing both the signs that
are heat-related and the other complications. Treatments include cooling the dog,
supporting the cardiac, reverse the shock, treating seizures, correcting the metabolic
imbalance and alleviation of respiratory distress (Reniker and Mann, 2012). When
a dog su ers from heat iliness the rst step is to cool the dog. It is important to use
room temperature or warm water, never cold (Brashear, 2015). The cooling needs
to start before the dog is transported to the veterinary, and if iced water is used the
dog may struggle or shiver, have decreasing heat dissipation and hypothermia. It is
also a problem since it may be harder to evaluate the patient if it has been cooled
with iced water (Reniker and Mann, 2012). After this, when the dog is wet the air
conditioner in the car can be used on the way to the veterinarian in order to gain
both evaporative and radiation cooling (Brashear, 2015).

At the veterinarical clinic room temperatured intravenous therapy uids are admin-
istered, both to cool the dog and to help with additional problems due to thermal
injury. Other treatments include cool water enemas and gastric levage (Brashear,
2015). Cold water enemas or gastric levage however have been shown to not have a
clear advantage over regular cool water baths (Reniker and Mann, 2012). To pro-
vide oxygen to the dog when the oxygen demand is increased during hyperthermia
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a nasal catheter can be used, and low- ow oxygen distributed (Reniker and Mann,
2012).

2.5.2 Treatment of children

The interviewed paediatrician, see table 3.1 in section 3.2.2, summarised the treat-
ments for hyperthermia as giving the child hydration and cooling the child. After
being treated for hyperthermia the children usually do not su er from any long term
damages. Unconsciousness and death is something that is at an extreme and very
rare.

The literature describes the treatment in more detail. According to Ho man, 2001,

for a child su ering from heat exhaustion, treatments include moving the patient

to a cool environment for rest, and usually not any rapid cooling methods. The
child is also re-hydrated, if the child is salt-depleted salty drinks and foods are to
be provided (Ho man, 2001).

If heat exhaustion leads to a heatstroke the treatment must be quick (Ho man,
2001). The most prioritised treatment of children su ering from heatstroke is to
remove the child from the hot environment, and to initiate cooling and supporting
the organs to prevent any further deterioration. The cooling should be initiated
immediately, before arriving to the hospital by placing the child in a cool and shady
area (Chan and Mamat, 2015). Additionally the clothing should be removed and
the skin can be sprayed with water. Ice can also be placed on the neck, axillae
and groin. As soon as the child is stabilised transportation to a hospital must
be arranged (Ho man, 2001). If the child is su ering from heat cramps treatments
include rest and muscle massage, and also re-hydration of the child (Ho man, 2001).

Ho man, 2001, describes that when arriving to the hospital the airways need to
be protected against aspiration of vomitus or mucous, and intubation or mechanical
ventilation could be used. Oxygen is important for the patients, since the heatstroke
increases the consumption of oxygen. The rapid cooling also needs to continue (Ho -
man, 2001).

Cooling methods can be categorised in internal and external cooling, and exter-
nal cooling includes both immersion cooling and evaporative cooling. Evaporative
cooling includes spraying water on the skin (Chan and Mamat, 2015). Immersion
cooling is achieved when the patient is submerged in a bath (Gaudio and Grissom,
2015). A study has found that immersion cooling achieved through either ice water
or cold water immersion gives a faster rate of cooling among adults compared to
evaporative cooling. Issues with this can however be shivering as well as peripheral
vasoconstriction, and ice on the skin can result in frostbite (Chan and Mamat, 2015).

Internal cooling methods include gastric, bladder and rectal lavage with cold water
which can be performed with minimal invasion, angeritoneal and thoracic lavage.
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These methods can bring down the temperature additionally (Chan and Mamat,
2015).

Once the core temperature of the body reaches 38-89cooling measures can stop.
In addition to the cooling methods medications can be used, such as muscle relaxants
and neuroleptic agents to prevent shivering. The organs that are failing also need
intensive care besides cooling the patient (Chan and Mamat, 2015).

2.6 Rescuing a child or dog from a car

If you notice a child or dog in a car on a hot day, or if the child or dog seems to be
in trouble the veterinarians and paediatrician interviewed, see table 3.1 in section
3.2.2, all stressed the importance of doing something. The procedure of rescuing a
child or dog looks quite similar, and are described in the following two sections.

2.6.1 Rescuing a dog with heatstroke from a car

According to the interviewed veterinarians, see table 3.1 in section 3.2.2, if you
notice a dog left in a car and you cannot nd the owner you have to break the
window if the dog seems to be in a bad condition. After this the dog needs to be
cooled, moving it to a shady place and soaking it with wet towels or regular water
was the suggested on site treatment. If the dog is really badly a ected you might
have to fully soak it in water. After that the veterinarians recommended you drive
the dog to the veterinary clinic as fast as possible. It is however important to start
the cooling procedure before driving to the veterinarian otherwise the hyperthermia
will continue damaging the body as you drive to the clinic. For a owchart of the
procedure, see gure 2.5.
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Figure 2.5: Flowchart describing procedure of rescuing a dog from a car

2.6.2 Rescuing a child with heatstroke from a car

According to the interviewed paediatrician, see table 3.1 in section 3.2.2, it is not
recommended to leave children in the car at all. But if you notice a child left alone
you need to take some sort of action by calling the police, contacting the parents,
but not leaving the place without doing anything at all. When the child is removed
from the hot car it needs cooling, you can put it in the shade and remove clothing.
If it can drink you may provide hydration.

For a owchart of the procedure, see gure 2.6. The di erent steps marked in bold
are based on additional information found in the literature.
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Figure 2.6: Flowchart describing procedure of rescuing a child from a car

2.7 Patient prognosis of heat illness

The consequences of heat illness are e ects on the most vital organs for a living
creature; the brain, heart, kidney, liver and also the skeletal muscle (Bruchim et al.,
2009). Despite treatment in order to help a dog that is a ected by heatstroke the
consequences are serious complications. Furthermore except the complications the
rate of fatality is high for the heat illness (Bruchim et al., 2006).

Severe hyperthermia among dogs that is not easy to treat (if even possible) results
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in many various medical conditions. These conditions areerebral hypoperfusion
(decrease of blood supply to the brainyyeuronal necrosis(cell injury), direct vascu-
lar damage,cerebral edemabrain edema), hemorrhage(bleeding), and multifocal
vascular thrombosiswith tissue infarction that may lead to central nervous system
abnormalities and death (Bruchim et al., 2006). For heat illness it is noted that
even though the dogs recover from the condition, they still may have remaining
neurological de cits (Shell, 2007).

As described by Ho man, 2001, among children that are a ected by heatstroke the
morbidity is high and the dysfunction of multiple organs is noted as quite common.
Furthermore among children, a body temperature that is higher than 41,C in
combination with severe health conditions as for instance coma and coagulation
abnormalities mortality is regarded as high. Patients that regain their consciousness
after 4-10 hours, may possibly develop conditions that a ects the liver and the kidney
that rst worsens and then improves after 3-5 days. The patients that have decreased
consciousness lasting for a shorter time than 3 hours are seen to recover in a shorter
matter of time (Ho man, 2001).

2.8 Hyperthermia a ecting factors

Some factors a ect the risk of hyperthermia among dogs and children, in the follow-
ing sections these factors are described, as well as the e ect possible precautiouns
and preventive measures can have. The interviewed veterinarians and paediatrician
did not know of any products aiming at preventing hyperthermia, so their e ects
are not discussed.

2.8.1 Hyperthermia a ecting factors among dogs

The veterinarians interviewed, see table 3.1 in section 3.2.2, did not think that the
size or breed of the dog would make much di erence when the animal is left in a
hot car. The most a ecting factor was thought to be the temperature in the car.
The size of the car was also thought as irrelevant, since even a larger car will heat
up rapidly, making no signi cant di erence to the dog inside. The humidity could
however have some e ect, making it harder for the dog to adjust it's body tem-
perature. Leaving water for the dog in the car would not make much dierence,
only if it was ice cold it could make a slight di erence to the hyperthermia, cool-
ing the body slightly. In general one type of dog are very sensitive to heat, short
nosed dogs (such as pugs). These dogs can su er from hyperthermia from regular
walks during hot days. Dierent types of greyhounds do however have an excel-
lent ability to circulate the blood and are less sensitive to heat. But if the car gets
up to 50 C it will not make any di erence if it is a greyhound or a pug left in the car.

The veterinarians all agreed that lowering the windows would not make any sig-
ni cant di erence to the heat in the car, only fully opening the trunk was seemed

as having any e ect. You need to achieve circulation of the air. The best solution
however, according to the veterinarians, was to not leave the dog in the car at all.
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But in addition to this they commented that would not work in people's everyday
lives.

None of the interviewed veterinarians did know of any products aiming at solving the
problem with dogs su ering from heatstroke or hyperthermia after being left in a hot
car. One speculated if it existed cooling garments of some sort. The veterinarians
try to inform the dog owners of the risks with cars and heat during summer.

2.8.2 Hyperthermia a ecting factors among children

According to the interviewed paediatrician, see table 3.1 in section 3.2.2, a closed
environment is a risk factor, no matter if it is a stroller or a car, especially if the
child is tucked in with blankets. Also very small children are more dependent on the
caregivers in terms of clothing. Older children may remove garments by themselves
to cool down, but younger ones do not have this ability. At the age of about 5-6
years the child is probably able to tend to themselves enough to remove a seat belt
and open the car door.

To prevent children from su ering from heatstroke and hyperthermia the children

emergency sta inform parents about the risks with leaving them alone in cars,
and how to properly dress the children during summer. The paediatrician did not
know of any products aiming at solving the problem with children su ering from

heatstroke or hyperthermia after being left in a hot car.

2.9 Circumstances of previous cases

A previous study by Bruchim et al., 2006, has shown that among 54 dogs admit-
ted to the Hebrew University Veterinary Medicine Teaching Hospitasu ering from
heatstroke, 48% were cooled by their owners before admission, but the mortality had
no signi cant di erence due to this in the study. But there was a lack of statistical
signi cance due to a variation of cooling methods. 79% of the cases occurred during
the peak of hot season (Bruchim et al., 2006). Sometimes dogs are left inside of cars
to guard it, and in other cases the owner simply leaves the dog in the car without
realising the consequences (Gregory and Constantine, 1996).

A study by Guard and Gallagher, 2005 in the United States of 171 cases of children
dying because of heat related illness caused by hot cars showed that 73% of the
children were left in the car by their caregiver (and 28% were playing). Among
the children left 54% were forgotten, 27% intentionally left and 18% had unclear
circumstances. In a study by Booth et al., 2010, 231 deaths of children related to
hot vehicles were studied, and 83,1% were left unattended. Among these, 13% were
left intentionally and 75,5% were left unintentionally. In the rest of the cases the
intentions were unclear.

In addition, a study by Ferrara et al.,, 2013 showed that among 16 cases of chil-
dren su ering from heatstroke due to being left in cars 75% were left intentionally
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and 18% unintentionally. In this study 13 out of the 16 cases had positive outcomes.

In the study by Guard and Gallagher, 2005 the children that died were of di erent
ages, 34% were less than one year old, 23% were between 1-2 years old, 23% were
between 2-3 years old and 15% were between 3-4 years old. Only 5% were older than
four years old. The children in the cases where the child was left in the car by the
caregiver, and not playing in the car, tended to be younger (Guard and Gallagher,
2005). The study by Booth et al., 2010, showed that 35,4% of the children were less
than one year old, 60,4% were between 1-4 years old, 4,2% were between 5-9 years
old and 0% were between 10-14 years old.

Also, in the study by Guard and Gallagher, 2005, of cases in the United States 83
women and 52 men were identi ed as responsible for leaving the child in the car.
Booth et al., 2010, conclude in their study that in 8,7% of the cases both parents
were responsible, and the mother being responsible in 33,3% of the cases, the father
in 23,4% of the cases. Other related family were responsible in 19,1% of the cases,
and daycare workers in 7,8%.

Among the children in the study by Guard and Gallagher, 2005, that were left the
reasons included large family gatherings, moving or other upheaval. The parents
who left their children on purpose did so because they did not want to disturb a
sleeping child, not realising how hot the car would become. Some cases included
the child being restrained in the car to allow the adults to work, sleep, drink or use
drugs. Three children in the study were left because the parent was too intoxicated
to notice the child being left. Almost half of the cases related to child care, 19% of
the children were left by (mostly formally licenced) child care providers (Guard and
Gallagher, 2005). In the study by Booth et al., 2010, it is described that among 100
of the 231 cases the caregiver did not remember to drop the child of at daycare, or
the child was simply forgotten in the car. In 25,1% of the cases where the child was
playing in the car the caregiver did not realise that the child was playing there. The
most common circumstances of leaving the child in the vehicle including forgetting
the child in the car (24,2%), forgetting to drop the child o at daycare (19%), the
child was playing in the car (17,7%), unknown reasons (9,1%), child forgotten in
car by daycare workers (6,9%) miss-communication between parents (6,5%), leav-
ing the child in the car to make errands (6,1%) or to work (4,3%) (Booth et al., 2010).

Out of the 171 children in the study by Guard and Gallagher, 2005, twelve were left
for more than 5 hours, and seven for more than 8 hours. The study by Booth et al.,
2010 concludes that on average the children were 4,6 hours inside the car before
found by someone, and the range was between 0,25 and 16 hours. One explanation
of why children are left in cars could be that the working memory of the caregiver

is a ected by stress (Ferrara et al., 2013).
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2.10 Working memory

Ferrara et al., 2013, speculate that children could be left in cars due to stress af-
fecting the working memory of the caregiver. Sandom and Harvey, 2004, describe
that the working memory, or short-term memory can only hold limited (between
ve and nine) amounts of information. The working memory holds information that

is either discarded or transferred to the long-term memory. Failure in memory may
cause errors, and when cognitive loads and demands on the memory are high error
can also occur (Sandom and Harvey, 2004).

According to three studies by Klein and Boals, 2001, people who stated that they
spent more time on stressful thoughts had worse working memory. Di erences among
individuals in working memory can be related to psychosocial factors (Klein and

Boals, 2001).

2.11 Heat Ventilation Air Conditioning System

A heat ventilation air conditioning (HVAC) system in a car consists of ve parts.
These parts are; heater, cooler, humidity, puri cation and ventilation. The heater
transfers heat and adds it while the cooler works in the opposite way, it removes
the heat and by that maintains a cooler temperature. The humidity function adds
or removes moisture inside the vehicle. The puri cation of the system uses a Iter
in order to purify the air inside and the ventilation is used in order to maintain a
movement of the air inside the vehicle. The HVAC system can be adjusted within
a range in order to maintain a pleasant temperature for occupants. The part of the
HVAC system that allow the user to control the climate inside the vehicle is called
the climate control (Daly, 2015).

2.12 Volvo XC90

Volvo XC90, see gure 2.7, is a luxury SUV carrying ve to seven passengers, with a
cargo space of 1868 litres. There is a dog gate that can be added to the car, keeping
the dog safe even if the tailgate is opened. Two dog gates can be installed for keep-
ing two dogs in the car. In additionVolvo provides a booster cushion that can be
bought for older children between the ages of 3-10, allowing them to sit high enough
in order to have a proper tting safety belt (Volvo Cars, 2016d). The width and
length of the Volvo XC90 are 2008 and 4950 mm respectively (Volvo Cars, 2016c).

Volvo XC90 comes in one diesel or petrol version and one version with both a petrol
engine and a hybrid battery in combination with an electrical engine (Volvo Cars,
2016c¢). The hybrid battery of the twin engine car has a power of 9,2 KWh (Volvo
Cars Support, 2016c). The engine of the diesel or petrol version has a power of a
minimum of 140 kW (Volvo Cars Support, 2016b).
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The Volvo XC90 is equipped with motion detection systems, which registers both
motions and air currents inside of the car. The motion detection system is used as
an alarm (Volvo Cars Support, 2016a).

Figure 2.7: Volvo XC90

Source: Danny Galvez, https://www. ickr.com/photos/66558050@N02/
23248069044/ (License: https://creativecommons.org/licenses/by-sa/2.0/)

2.12.1 IntelliSafe

The Volvo XC90 car has multiple safety systems, IntelliSafe, in order to support
the driver and preventing accidents, as well as protecting you when an accident oc-
curs (Volvo Cars, 2016a). Among the safety systems included in the car there is an
adaptive cruising system, which utilises cameras to make sure you keep the distance
to the car in front of you during queues. The car is equipped with 36G cameras
around the car, allowing for a bird's-eye view parking assistance. In addition to this
the car is equipped with an automated parking assistance, automatically steering
the car. This automatic steering is also used for keeping the car in the lane of the
road if you start to veer out of it (Volvo Cars, 2016a).

The high beam of the car is automatically switched to low beam during nighttime
driving when pedestrians, cyclists or other vehicles are close. Pedestrians and cyclists
are also protected through warning systems that scans objects in front of you and
warns for potential impacts and automatic braking where the car can brake if you
are not able to do it in time Volvo XC90- also comes with a pedestrian airbag, seat
belts that automatically tightens before an impact, and a safety cage protecting the
passengers inside the car (Volvo Cars, 2016a).
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2.12.2 Sensus

Volvo Sensusare mobile applications that connects your mobile phone to the car,
and the car itself can be used as a wi- hotspot. The car itself also has integrated
touch screens and voice controls (Volvo Cars, 2016b).

2.12.3 Volvo On Call

As a part of the Volvo Sensugpackage theVolvo On Call application allows you to
control features of the car through your mobile phone, even when you are not inside
of the car. The application allows you to send destinations to the car to use in the
navigation system, and you can get access to the drive log (Volvo Cars Support,
2016d).

You can also use the application to locate your car on a map showing both your and
the car's position. It is also possible to get the car to ash or honk to more easily
locate it within a radius of 500 metres (Volvo Cars Support, 2016d).

Another functionality of the Volvo On Call includes warnings about anything in the
car that needs your attention, the warnings are colour coded depending on urgency.
The application can also inform you if the car is locked or not, and provide push
noti cations after 30 minutes of being unlocked. You can lock and unlock the car
through the application (Volvo Cars Support, 2016d).

An additional function of the Volvo On Call application is remote heater start for
car models with parking heaters. The car can be set to warm up at a speci c time.
The heater is then used in order to heat both the engine and the compartment, and
depending on the outdoor temperature the heater starts in time to be ready at your
selected departure time (Volvo Cars Support, 2016d).

In the Volvo On Call application there is also a function that allows the user to
start the engine of the car through the application in order to cool or heat up the
temperature inside of the car. This function is referred to as the Engine Remote
Start (ERS). With the ERS it is possible to either cool down or heat up the car
during 1-15 minutes. It is possible to use the ERS even though the car is equipped
with a parking heater. During cold days the parking heater works more e ectively
than the ERS (Volvo Cars Support, 2016e).
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Methods and implementation

In this chapter the methods used in the project as well as how they were implemented
are described. The rst section is a general description of the project structure.
Following are sections based on the di erent phases of the project. The methods
used are in most cases described rst with a general description followed by the
implementation in the project.

3.1 Project structure

The general project layout for this master thesis is described in gure 3.1. The
project consists of ve phases, the rst four being iterated as necessary. During
each phase requirements on dierent levels of detail are set, and testing occurs
if necessary. As the development goes on the level of detail for both concepts,
requirements and testing increases. When the level of detail increases fewer and
fewer concepts are developed, resulting in one nal concept. In the rst concept
phase subsystem concepts are developed, in the second full system concepts. The
pre-study results in general and user needs describing the medical needs and user
related needs of the product. The subsystem concept phase results in requirements
of the full system, and the full system concept phase results in element requirements
for the selected nal system which is further developed in the detailed design phase.
Finally, in the end of the detailed design phase detailed element requirements are
presented.
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Figure 3.1: Process description

3.2 Pre-study

In order to understand the problem, both in the medical, user and technical per-
spective a pre-study was conducted. It consists of a secondary research including
a literature study to understand the problem based on previous publications and a
benchmark where existing products on the market and patents are analysed. Finally
interviews and questionnaires were conducted in order to gather new data for anal-
ysis of the problem. With the results of the pre-study user and general needs were
listed, these needs were veri ed with a questionnaire. Personas were also created to
support further design work.

3.2.1 Secondary research

Secondary research includes using data gathered by a second party. It is cheap, quick
and can be used both with internal and external information. External information
includes data gathered by governmental agencies, information from commercial ven-
dors and public information (McQuarrie, 2012).

Most secondary research conducted in the project was external, with the subject
being researched through literature to get a basis for the further interviews and
questionnaire. The focus was on the medical and user related issues and on the
technical speci cations related toVolvo cars. A benchmark was also conducted to
investigate existing products and patents.
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Literature study

Literature from public data sources includes literature published in news papers and
magazines, mostly available online for free, except for some sources that are located
in specialised databases (McQuarrie, 2012).

In order to gather literature on the issue of hyperthermia among children and dogs
left in cars, online based literature were the primary source of information. Most of
the search for literature was conducted througiChalmers library
(www.lib.chalmers.se) Swedish University of Agricultural Sciences (SLU) library
and PubMed (http://www.ncbi.nlm.nih.gov/pubmed) using search phrases such as
hyperthermia heatstroke dog or child and car. In addition Google search engine
(www.google.com) andGoogle Scholar (scholar.google.comyere used, with the
same search phrases.

Some literature were accessed through specialised data bases only accessible by
veterinarians or physicians, such as théssociate Database - VINand UpToDate,
www.uptodate.comand articles from these were acquired through veterinarians and
physicians interviewed in the project.

Car study

The target car, Volvo XC90 was mainly researched through th&/olvo homepage,
(www.volvocars.com) and their support page(www.support.volvocars.com) Also,
information about heat ventilation air conditioning systems in cars were researched
through Chalmers library (www.lib.chalmers.se)

Benchmark

A benchmark is performed to gain an understanding of the current existing and
competing products, and is important to position a new product on the market. It
also provides design ideas. In a benchmark the products can be compared to the
perceived satisfaction of customer needs, or towards measurable metrics (Ulrich and
Eppinger, 2012).

In order to investigate the current products on the market and patents a benchmark
was conducted. Online searches were made @Google search engine
(www.google.com¥or regular webpages reviewing or retailing products such as
alarms for preventing hyperthermia. Search phrases used includeg/child, hot,
car, product In addition a patent search were conducted througlGoogle Patents
(patents.google.comith the search phraseslog/child, car, hyperthermia/

heatstroke The products were compared based on features rather than metrics
suggested by Ulrich and Eppinger, 2012.

3.2.2 Interviews

An interview can be conducted either as structured, semi-structured or unstructured.
During a semi-structured interview the investigator has already decided about a set
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of topics that are considered relevant, using prompts to gain desired answers ensuring
that the topic is covered. The respondents still have the opportunity to emphasise
important topics. Interviews also have a small risk of the respondent misinterpreting
the question (Jordan, 1998). Despite being time consuming, interviews give access to
data that can be di cult to gain through observations or written responses (Philips
and Stawarski, 2008).

Interviews were conducted in person with both physicians and veterinarians in or-
der to understand the medical issues of the problem. In order to get a qualitative
understanding of the user related problems interviews with parents and dog owners
were conducted. The interviews were semi-structured, with speci c questions to
be responded according to a structured interview, but still with room for follow-up
questions in order to get additional information according to an unstructured inter-
view.

Three veterinarians and one physician were interviewed, see table 3.1 below. The
full translated medical interview guides can be seen in appendix (see appendix A and
B). Since the questions were of medical nature the interview sample was selected
based on available experts in the Gothenburg area. Also, since the veterinarians
and physicians are not the main target group of the product but rather a source of
medical information the representativeness of the sample was not considered. For
convenience of the respondent the interviews were conducted in Swedish.

Table 3.1: Medical interviews

Name Profession | Place of work Experience | Specialisation

Vi Veterinarian Ar.l.ICUI’a Vastra 15 years Spemahst' in dog
Frolunda and cat diseases
Drottning Silvias

P1 Physician barn- och ung-| 20 years Paediatrician
domssjukhus

V2 Veterinarian E\fldens'a 31 years SpeC|aI|st_ in dog
Kallered and cat diseases

V3 Veterinarian EYIdenSIa 30 years SpeC|aI|st_ I dlzg
Kallered and cat diseases

Two dog owners and two parents were interviewed, see table 3.2. The full translated
interview guide can be found in appendix (see appendix C). The respondents were
chosen based on available dog owners and parents in the Gothenburg area, and as
with the veterinarians and physicians the interviews were conducted in Swedish for
the convenience of the respondents. The interviews were recorded, transcribed and
analysed using the KJ method.
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Table 3.2: Interviews with dog owners and parents

Respondent number | Age | Dog owner/parent Type of car

IP1 34 Parent Combi car

P2 27 Parent Combi and small car
IP3 25 Dog owner Combi car

IP4 25 Dog owner Hatchback car

3.2.3 KJ method

The KJ method is a method developed by a Japanese anthropologist nama
Kawakita. The method is used through dividing up qualitative data into chunks
that is speci ed by the themes of the data itself. This analysis method is useful
when handling data from interviews, focus groups and several other applications
(Courage and Baxter, 2005).

The KJ method was implemented in order to structure the data received from the

interviews with the users (dog owners and parents). The data that concerned the
same subject in the interviews were divided up into chunks, making it more easy to
interpret and understand what the overall thoughts were about each subject. Except
for the interviews with dog owners and parents, the information related to human

behaviour obtained when interviewing the veterinarians and the paediatrician were
also included in the di erent chunks formed by the user answers.

3.2.4 Questionnaire

A gquestionnaire is a list with printed questions, either with xed responses or with
open-ended answers. When creating a questionnaire, reliability (whether the ques-
tionnaire is repeatable) and validity (whether the questionnaire gives answers to the
iIssue to be investigated) are important to consider. When these are con rmed the
guestionnaire has the advantage that it can be distributed to many persons for a
low cost (Jordan, 1998). The questionnaire, with a larger number of respondents,
highlights the distributions of answers (McQuarrie, 2012).

In order to get a quantitative data on the user related aspects of the problem two
guestionnaires were used. One aimed towards investigating the aspects of the prob-
lem related to cars and children and the other towards cars and dogs. Checklists
with multiple answers selectable and multiple-choice questions with one answer se-
lectable were the main type of questions. The sample used for the questionnaire
was primarily aimed towards the demographic pro le of parents and/or dog owners
or other persons who have at some point left a child or a dog in a car. To make
sure that a wide range of dog owners were covered extra e orts were made to reach
the demographic group of elderly dog owners. The questionnaires were secondarily
aimed towards people who have seen a dog or a child left in a car.
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The guestionnaires were web-based and posted on di erent Swedish online forums
(see appendix F). Sincevolvo is the most sold car brand in Sweden (Statistics
Sweden, 2015), and produced in Sweden the questionnaires were written in Swedish
aiming mostly at the Swedish market. Also previous literature on the topic has
covered behaviour related to United States and other international markets already.
The complete questionnaires can be found in appendix (see appendix D and E).

3.2.5 Personas

Personas are used as a representation of the target used, conveying speci c informa-
tion about users. They provide a common way of talking about users, and help to
design for the speci ed users. Personas also raise empathy for the users, helping the
team becoming more user focused. It is best if the persona is built from documen-
tation, but assumptions is also su cient. In order to make a di erence to the work

the persona needs to be shared and come to life in the minds of the team, not only
documented. They can be valuable if created quickly, but to gain their full value
investment of time is required (Adlin and Pruitt, 2010).

In the project personas were created to keep the actual user in mind. The interviewed
users were parents and dog owners driving cars, but not drivers \dblvo XC90. In
order to get an understanding of the real users, the created personas were also based
on the target group of the car, using elements from the dog owners and parents
interviewed.

3.2.6 Expression Association Web

The Expression Association Web includes one adjective describing the general char-
acteristics of a persona, and multiple adjectives describing the product expressions
and message of the product according to the persona and context of the product
(Wikstrom, 2012).

In the project the Expression Association Web was adapted not including the per-
sona description, since multiple personas were used, but only the product message.
It was used when creating Semantic di erential in the subsystem concept design
phase, as well as an inspiration in the design work in general.

3.2.7 Inspiration Board

An inspiration board is used in the concept development for personal use within the
group. It can for example be used to create technical solutions or to develop an
idea further according to desired experience or expressions. The inspiration board
can contain for example other products in the chosen context, details and brands
(Wikstrom, 2012).

The Inspiration Board was created based on the ndings in the pre-study and used
in the later design phases when creating and further developing full system concepts,
in order to keep the desired experience of the nal product or system in mind.
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3.3 Concept phases

The concept phases range from subsystem concepts to full system concepts, with
the methods used being rather similar in the phases. In this section the methods
for both the subsystem and full system concept design phases are described.

In the subsystem phase brainstorming was used to give a broad range of concepts.
In addition a scatter plot was used to investigate the solution space. In the full
system phase an adapted Morphological Matrix was used, combining the created
subsystem concepts into full systems. Brainstorming was also used, in order to
create additional full systems. The concepts were screened and reviewed based on
the strengths and weaknesses both using a Pugh Matrix and a Kesselring. In order
to let users review the concepts a Semantic di erential was used.

3.3.1 Brainstorming

Brainstorming is a type of internal search where previous knowledge is turned into
ideas. The process can be both individual or performed as a group. During a brain-
storming session it is important to suspend judgement, in order to not limit the
amount of ideas generated. The quantity is important rather than the quality of

the ideas, and even infeasible ideas are welcome. To be able to discuss the ideas
it is important to use not only words but graphical and physical media. There are

di erent suggestions for techniques to stimulate thinking, such as making analogies
and using di erent stimuli (Ulrich and Eppinger, 2012).

The brainstorming method was adapted in di erent phases and was conducted by
the project group. First a general broad brainstorming generated subsystem con-
cepts. Later in the full system concept phase additional concepts were created with
brainstorming in those cases where promising subsystems were not possible to com-
bine with already existing ideas. In the nal detailed design phase brainstorming
was used to design the feature in the application used in the system.

3.3.2 Scatter plot

A scatter plot is a representation of the relationship between two variables, in two
dimensions, where the values are plotted on a horisontal x-axis and a vertical y-axis.
It can be used to evaluate correlation.

In the project a scatter plot was used to evaluate the solutions generated in the
subsystem concept phase. On the x-axis the concepts were plotted against how
proactive-reactive they were, and on the y-axis if they were more controlled by the
human or car. The result showed if there was parts of the solution space that were
not covered.
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3.3.3 Morphological Matrix

In order to systematically combine di erent sub-functions in a logical way a Mor-

phological Matrix can be used. The sub-functions with the di erent solutions are

entered in rows of a table. These di erent functions are combined with one solution
from each row. Only compatible solutions should be combined (Pahl and Beitz,
1996).

An adapted version of the Morphological Matrix was used used in the full system
concept design phase after sorting the initial subsystem solutions into categories
possible to combine. One or many solutions were selected from each category to
create full system concepts.

3.3.4 Pugh Matrix

The Pugh Matrix is a way of comparing concepts against each other with a baseline
as reference, which could either be the current solution or a middle-of-the-road con-
cept. It is also usable to create hybrid concepts to improve the existing ones. The
concepts are evaluated against di erent criteria plotted at each row in the matrix.
Each concept is then ranked for each criteria against the baseline, a plus marks
that the concept is better than the baseline, a minus that it is worse. If there is no

di erence it is assigned an S. The amount of pluses, minuses and S are summarised
for each concept and the sum is presented at the bottom of the matrix. Then the
concepts are ranked based on the summarised score. The Pugh Matrix does not
provide an absolute mathematical truth about which concept is best, but a quali-
tative way of discussing the concepts and improve them. It is also possible to ad
weighting to each criteria, this does however not give an absolute truth, discussion
is still important. When the matrix is nished the concepts are either merged into
new concepts based on the best features or developed further (Silverstein, Samuel,
and DeCarlo, 2009).

The Pugh Matrix was used in the full system concept design phase in order to give
an initial view on the concepts created, the strengths and weaknesses and relate
these to the customer and general needs elicited in the pre-study. The results were
used to eliminate concepts not ful lling the needs at a satisfying level.

3.3.5 Semantic di erential

A Semantic di erential is a way of comparing a product with competiting products
based on the strengths and weaknesses of the product. Respondents describe the
chosen products by selecting an alternative on a scale of a pair of words, for example
traditional - innovative, describing the product. The result is plotted on a scale as

an image (Law, 2009).

The Semantic di erential (see appendix Q) was used in user interviews (see appendix
P for interview guide) to get user opinions on full system concepts. The words se-
lected were based on the previously created Expression Association Web and the
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scales were mixed and reversed during the interviews not to give the respondents
hints of the desired answers.

Two dog owners and two parents were interviewed in unstructured interviews, see
table 3.3. The concepts were described to the participants and the participants were
asked to Il in the scale while thinking aloud, discussing the concepts based on the
answers on the scales.

Table 3.3: Semantic di erential concept interviews

Respondent number | Age | Dog owner/parent Type of car

IP5 38 Parent SUV and Sedan car
IP6 33 Dog owner Combi car

IP7 42 Parent Hatchback car

IP8 29 Dog owner Combi car

3.3.6 Kesselring method

The Kesselring method is used in order to score di erent solution alternatives. The
method uses selected criteria with weighted importance for each criteria. The eval-
uation is performed through a matrix where the selected criteria are placed at the
rows with respective importance and the di erent solution alternatives are placed
at the columns of the matrix. In the matrix there is a theoretical concept scoring
maximal points on the de ned criteria and hence can be seen as an ideal solution
alternative. Each of the solution alternatives are rated based on how well they ful |
each criteria. For each of the criteria a total score is calculated through multiplying
the importance with the rating for each of the criteria. Continuously for each of the
solution alternative the calculated total scores for each of the di erent criteria are
summarised. In order to get a clear picture of which of the solution alternatives that
got the highest ranking, the sum of the calculated total scores are divided by the sum
of the total score of the ideal solution (Johannesson, Persson, and Pettersson, 2004).

The Kesselring method was used in order to evaluate the strengths and weaknesses
of the developed full system concepts and to rate them based on pre-de ned system
requirements. This was used after selecting promising concepts with the Pugh Ma-
trix, giving a more correct picture of the strengths and weaknesses compared to the
rst evaluation.

3.4 Detailed design

In the detailed design phase the di erent elements of the nal selected concept were
evaluated and developed. Evaluation and development included testing, calculations
and research through communication with experts in di erent elds, manufacturers
and the Internet.
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3.4.1 Evaluation of air conditioner

The evaluation of the air conditioner (AC) in the selected system was performed
through calculations based on the power consumption of the AC. This was done
through estimating if both the battery power of the hybrid car and the engine
power of the regular car are able to provide enough power to have the AC cool
the car. Necessary information was provided through research ¥blvo's support
page (http://support.volvocars.com/se/pages/default.aspx)through talking with an
expert in air conditioning systems as well as through articles frothalmers library
(www.lib.chalmers.seYegarding the power consumption of general AC systems.

Except for the calculations, the AC was evaluated through discussions with an expert
in the eld if it would be feasible to use a system that would power the AC when
it got hot inside the car and also remote start the AC through the car computer.
Moreover the function to remote start the AC in the car was researched on thélvo
support page (http://support.volvocars.com/se/pages/default.aspx)

3.4.2 Evaluation of solar panel

To determine the necessary area of solar panels required to power the AC calculations
were made, using data of the power generated on typical solar panels used in Swedish
conditions from Nationalencyclopedin (www.ne.se)The required power were based
on the results from the literature study performed when researching the AC through
Chalmers library (www.lib.chalmers.se)

3.4.3 Test of infrared camera

When evaluating the possibility to use an infrared camera to detect children and
dogs left in cars a test was conducted. During the test an infrared camerglir
A20M, was borrowed fromChalmers University of Technology The camera was
placed in aVolvo XC60 car and pictures were taken on a human and di erent dogs
at di erent temperatures and with di erent camera settings. The study aimed at
evaluating the risk of the human and the dogs being invisible to the camera at
certain temperatures. The person participating in the test was an adult female with
regular body temperature and the dogs that participated were of di erent breeds,
see table 3.4.

32



3. Methods and implementation

Table 3.4: Dogs photographed with infrared camera

rl:l)t:)r%ber Breed Fur type Size Color
Long
Dogl Shetland Sheepdog double 35cm Black
coat
Short
Dog2 Podengo portugues pequenpsmooth- 20-30 cm | Light
haired
Miniature Schnauzer/ Long
Dog3 Cocker Spaniel wirehaired 35 cm Black

3.4.4 Computer Aided Design

Computer Aided Design (CAD) is the usage of a computer within construction work
either in two or three dimensions. When working with three dimensions a model is
created either with wires, surfaces or solids. Surface modelling is used for design of
curved surfaces, such as consumer goods (Parletun, 2016).

In order to decide the placement of the infrared cameras inside of the car a mock-up
CAD was used. The model was created with solid modelling @atia V5 and sur-
face modelling inAutodesk Alias AutoStudio 201@&ased on measurements and pho-
tographs taken inside a/olvo XC90 at a local car dealer and measurements provided

in a brochure byVolvo. Based on research o@oogle search engine (www.google.com)
dog cages and child car seats were selected for modelling. Two dog cages of the
most common brands in SwedenMIM Construction (www.mim.se) and Proline
(www.4pets-products.com/!4pets-proline-en/c19f9)were selected and modelled ac-
cording to reference images and measurements. The dog cages that were selected
were of a large size, and had the most areas that were fully covered among the
found cages. The child car seats were based on the researchGmogle search en-
gine (www.google.com)and due to the similarities between the di erent variants
one generalised baby car seat with a hood, and one generalised child car seat for
children up to the age of ve were modelled.

The nished mock-up was used inAutodesk Alias AutoStudio 2016where cameras
were placed inside of the car to provide views on the dierent necessary areas.
One set-up with camera utilised the current common maximal angle of view of 90
provided by leading manufacturer~lir (www. ir.com) . A second set-up was created
with the goal of minimising the amount of cameras needed, allowing larger angle of
views.

3.4.5 Development of mobile application feature

The mobile application feature was created mostly using brainstorming. Theolvo
On Call design was used as a foundation and used as inspiration for both the
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symbols and information presented in the feature. The feature was created as a
mock-up based on images from the existing mobile application. The pictures on
the integrated feature were created usingdobe Illustrator CS4 and by using print
screens of the currently existing mobile application as a foundation.

3.4.6 Usability test of mobile application

Usability refers to how easy a product is to use. Lack of usability can cause prob-
lems that are everything between annoying and life-threatening, cause lower product
sales, less productivity among users or be a safety issue. In short, usability can be
described as four components, guessability (using a product for the rsttime), learn-
ability (using the product after having used it before), experienced user performance
(the usability for experienced users), and system potential (the optimal level of ef-
fectiveness, e ciency and satisfaction when using the product) (Jordan, 1998).

When evaluating usability usually the methods involves user participants, since this
is an advantage. One method is think aloud protocols, where the user is asked to
use the interface while thinking aloud while performing tasks. This gives not only
a view of what problems the user has with the interface, but also the reason for the
problems (Jordan, 1998).

In order to investigate the possibility to use theVolvo On Call application as a host
for the developed system the preseiolvo On Call application was tested through
an usability test (see appendix R for the interview guide) on théPhone version of
the application demo. The goal of the test was to investigate the learnability and
guessability of the application, and to detect any large usability problems that could
a ect the possibility to integrate the developed system in the application. The test
consisted of four di erent scenarios containing di erent tasks that are possible to
perform by using the mobile application. Before the scenarios a short questionnaire
(see appendix S) on how well the user understood the symbols in the current mobile
application was performed. Six di erent persons participated in the test all with
normal eye sight or wearing glasses or contact lenses, see table 3.5. During the
scenarios the user performed tasks with the applications, while being asked to think
aloud.
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Table 3.5: Volvo On Call interface test participants

Experience | General i

Test Smart P : Used Volvo
- of technical .
participant phone : operative | On
i functions knowledge

number experience | . system Call

in new cars | about cars

before

TP1 Average Little Little Android No
TP2 Very much | Much Average Android No
TP3 Very much | Average Average i0S Yes
TP4 Average None Little Android No
TP5 Very much | None Average Android No
TP6 Very much | Average Average Android No

3.4.7 Flowchart function description of software

A owchart can be described as a graphical representation of low level which repre-
sents the structure of a program. The emphasis is put on control ow and primitive
actions. Various shaped boxes and directed arcs are used, and within the boxes
notations are used to describe the action or decision (Butter eld and Ngondi, 2016).

When giving suggestions for the functionality of the software a simple owchart was
used. No standards were followed, but the goal was to visualise the system and
software in a simple way.

3.4.8 Failure Mode and E ect Analysis

The Failure Mode and E ect Analysis (FMEA) is a method that can be used in or-
der to relate the potential failure modes of a construction with the potential e ects
of the failures. In a systematic way the potential failure modes, its causes and the
e ects of it is decided and presented. If there are any current process controls of
the di erent failure modes, these as well are presented. Continuously the di erent
de ned failure modes are rated based on their severity (with 1 being not severe and
10 being very severe), occurrence (with 1 being remote possibility and 10 being high
possibility) and detectability (with 1 being high detectability and 10 being low de-
tectability). After rating these three factors they are multiplied with each order, and
the number received from this calculation becomes the risk priority number (RPN).
The RPN number is a measure for how serious the detected failure mode is for the
analysed construction, a larger RPN value results in a worse fault. Furthermore, for
each failure mode, recommended actions and the person being responsible for the
actions are de ned (Johansson, 2003).

The implementation of the FMEA started with brainstorming di erent potential
failure modes, their potential e ects and their causes. The detected failure modes
got ranked and the RPN value was calculated (see appendix T for the FMEA). Con-
tinuously recommended actions and the person being responsible for it was de ned.

35



3. Methods and implementation

The created FMEA was not a complete FMEA, but rather an interpretation of it
using only relevant parts of the full version. The parts related to the results of the
actions supposedly taken were neglected. The FMEA was performed on the whole
system, not on individual elements of it.

3.5 Needs and requirements

According to Ulrich and Eppinger, 2012, those in direct control of the details, such
as industrial designers and engineers, need to be in direct interaction with the cus-
tomers in order to make correct trade-o s. Interaction with the customers is impor-
tant even if they are not able to express their latent needs. Customer needs are not
dependent on the product that is chosen to be developed, and should be identi ed
without that knowledge. Three methods are common for eliciting customer needs:

Interviews
Focus groups
Observations

Requirements depend on the developed product and consist of a metric (require-
ment) and a value with a unit. The value may take form as a number, inequality
or range. When the metric is a statement that is either ful lled or not the value
becomes yes or no, with the unit binary. An ideal target is set for the requirements
using for examples exact values, a range or a set of values (Ulrich and Eppinger,
2012).

In the project needs are represented by user needs and general needs, both based
on the results from the pre-study. The user needs include the needs of the parents
and dog owners, the possible users and customers while the general needs are based
on medical information from the literature study and medical interviews. After
small subsystem concepts have been presented a list of full system requirements
is developed in order to be used when designing full systems. These full system
requirements are on a general level not including target values. After full systems
have been designed, and combined into a nal concept element requirements for
each element in the concept are listed, also on a general level not including target
values. These are used in the detailed design of the nal concept, during which the
element requirements are developed into detailed element requirements, the nal
requirements of the developed system. The detailed element requirements are also
based on the elements of the system, but with target values after being researched
during the detailed design phase.

3.5.1 Establishing needs and requirements importance

In order to make trade-o s in product design it is important to have a sense of the
relative importance of the needs. This can either be achieved with consensus of the
team members based on experience with the users, or by a customer survey. It is
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suggested by Ulrich and Eppinger, 2012, to do a survey since it is important and
worth the time. A limit to the amount of needs to address in the survey is about 50.
The users get to rate the di erent needs on a scale of, for example, 1 to 5 (Ulrich
and Eppinger, 2012).

To verify the user needs and to some extent general needs and full system require-
ments in the project a questionnaire (see appendix N) containing 19 needs and
requirements were posted on the di erent forums (see appendix F). The data was

summarised and the mean value (rounded up to nearest integer) for each need/re-
guirement was set as the relative importance, with some adjustments made.
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Pre-study

In this chapter the results from the pre-study are presented and analysed, the pre-
study as part of the whole project process can be seen in gure 4.1. However, the
results from the literature study and medical interviews conducted during the pre-
study can be found in chapter 2, where the theory is presented.

First the existing products and patents are presented, then the results from the user
interviews and nally the results from the questionnaires evaluating the current
situation. The results are used in two di erent needs lists, one general summarising
results from the benchmark as well as the literature study and medical interviews
presented in chapter 2, and one with user needs, summarising the results from
the user interviews and questionnaires. The needs are weighted according to their
relative importance based on a survey among users, and interpretations by the
project group. A persona, image board and expression association web were created
to aid the further development work, also based on the results from the ndings in
the pre-study. At the end of the chapter the results of the pre-study are summarised.

Figure 4.1: Process phase pre-study
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4.1 Existing products and patents

Several di erent existing products were found and compared. These products are
summarised in a table in which the di erent existing products were analysed against
pre-de ned de nitions. These de nitions included for instance; what type of market

it is aimed at, what type of product it is, its functionality and its technical details
(see appendix G). During the search many of the products found had the same func-
tionality, in many cases using a mobile phone application and some kind of alarm.
Among the products found there were 13 of the total amount of products that were
selected and compared in the benchmark, both for the dog and the child application.
The similar products on the market were excluded.

The criteria regarding what type of product it is, was divided into four di erent
types based on the most common variants. These include; alarms that sounds when
the driver leaves the car, alarms that sounds when the driver has arrived to its des-
tination, alarms that reacts whether it becomes hotter or cooler and other types of
products that function di erently. In the benchmark it was noted that there are
several products that use alarms as a method in order to prevent dangerous situ-
ations and not that many other types of products. The content of the benchmark
illustrates the spread of the existing products in this area right now.

Among the patents found during the patent search, 14 patents where selected and
studied to get an overview of other solutions to the problem. As with the product
many more exist, but were similar in design and therefore excluded. The patents
like the products include mostly alarms when the car gets too hot, but also alarms
that prevented the user from forgetting the passenger in the car. Two patents aims
at cooling a dog left in a car, and one consisted of a combined alarm and cooling
product that cools the child if necessary. The complete list of patents studied can
be found in appendix (see appendix H).

4.2 General needs

The general needs are a result of the literature study and medical interviews pre-
sented in chapter 2, and the benchmark. The importance of some of the needs were
based on the results from a survey answered by 30 dog owners and parents in to-
tal (see appendix O), but interpreted by the project group to give a more accurate
number. The importance of the needs that were not based on the survey were de-
ned by the project group. See the general needs list including the importance below.

Prevents children and dogs from su ering from heatstroke/hyperthermia in cars
Ensures no permanent e ect on health condition [5]
Ensures that dog body temperature does not reach 41 degrees [5]
Ensures that child body temperature does not reach 40 degrees [5]

Is usable in di erent environments
Is usable in all weather conditions [4]
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Is usable all around the year [4]

Works in di erent use situations
Functions with the car ignition turned o [4]
Functions without reliance on the operators working memory [3]
Functions without a present operator [5]

4.3 User interviews

In the following sections the results from the interviews with parents and dog owners
are summarised. The sections concern di erent topics related to attitudes towards
leaving children and dogs in cars. The foundation for the results presented is the
outcome of the performed KJ-analysis.

4.3.1 Dogs and children in cars

In this section the issues related to the situations when dogs and children are left
and the placement in the car are described. The users interviewed did not commonly
leave their children or dogs in cars, so they also speculated on other parents and
dog owners behaviours.

Travelling with a dog or child

The majority of the respondents an-

swered that they usually had their dog

and/or child with them in the car when

they were about to go for a longer trip,

for instance when travelling to another

city or the stable in the case for one re-

spondent. One of the respondents that

had children mentioned that they usually did not bring their children when they
were going to use the car for grocery shopping and instead left them at home. One
veterinary also mentioned that it is not legal for the police to keep the police dogs
in the car for the amount of time that the police needs, since the area that they
are being kept in is legally too small for the dog, and that this causes the Swedish
police problems.

Placement in car

Both of the interviewed dog owners state that their dogs are transported in the

back seat with a harness that is fastened in the regular seat belt. A veterinarian,
however, estimated that most dogs either ride in the trunk of the car or in the lap

of the owner. One of the interviewed parents stated that their child is placed in a
rear-facing child seat in the back seat, and the other parent (who has three kids)
state that the eldest travels in the middle of the back seat, with a car seat for older
children, the youngest is placed in the front and the middle child in the back on one
of the side - both of them in rear-facing child seats.
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4.3.2 Leaving dogs or children in a car

As seen in the literature, see chapter 2, children and dogs are both left alone on
purpose and forgotten in cars. In this section the attitudes of the interviewed parents
and dog owners related to the issue are described, as well as their thoughts on other
peoples attitudes.

Reasons for leaving dog or child in the car

The respondents, both parents and dog

owners did not leave their dogs or chil-

dren in the car during any signi cant

time at all. When asked what would

make them leave the child or dog making

quick errands was the possible case, dur-

ing which the respondents would hurry.

The primary concern for not leaving the child or dog was other reasons than heat,
such as stress in the child or dog. The interviewed parents felt that they would only
consider leaving their children in the car within sight.

When asked why they thought other
people leave dogs or children in cars
the respondents speculated that it most
probably occur when making errands,
and the dog or child gets to wait in the
car. Especially parents can be stressed,
and unpredicted situations could occur
where you have to leave the child in the car. One parent mentioned that an issue
that causes parents to leave the child in the car could be if the child has trouble
sleeping, and nally has felt asleep in the car. Then the parent would not want to
disturb the child by removing it from the car. One veterinarian also stated that in
many cases you cannot drive home with your dog before going to the grocery store
or making other errands, therefore the dog might be left in the car.

The personality of the dog or child would probably also a ect the decision to leave it
alone in the car. One respondent stated that their dog is nervous and gets stressed
when being left alone in a car. Therefore one of the owners always stays in the car
with the dog. Also, some dogs could be easier to keep in the car rather than leaving
them home alone in the apartment. This could also be a case if the dog is loud when
being left alone, and the owner do not want to disturb the neighbours. As stated
above parents of children that are loud and screams a lot might be more keen on
leaving them in the car when the child is nally asleep.
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