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AbstratEmbedded systems are inreasingly �nding their way into various equipment and ma-hines. Many embedded systems need to be monitored, adjusted and updated at somepoint during their lifetime.Smartphones are already dominating the mobile market in some ountries and are ex-peted to dominate the mobile market worldwide in a few years. The evolution of smart-phones has been rapid and they already possess several di�erent wireless ommuniationtehnologies. Wireless ommuniation between embedded systems and smartphones ouldenable monitoring, adjustment and serviing of embedded systems in a simple and oste�etive manner.The main task of this projet was to reate a smartphone appliation for work trakingand serviing of a battery powered ride-on mower from Husqvarna. The system is to beused as a demonstrator to illustrate some of the possibilities that smartphone onnetivityan provide. This projet an also be used as a platform for further development ofmahine to mahine solutions for Husqvarna produts.A study of suitable wireless tehnologies was onduted and di�erent developmentplatforms were evaluated. The proposed system uses Bluetooth tehnology and is builtfor Android devies. It allows monitoring of all the major system variables in a graphialmanner. The system inludes fault diagnostis features for the mahine as well as a testinterfae that an be used to test di�erent atuators and indiators. Several other servierelated features were also implemented.Safety and seurity aspets of the proposed solution have to be studied further butthe system has su�ient quality for in-house use and demonstration.
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1 IntrodutionIt is appropriate to begin this report by putting the master thesis work into perspetive. Theprojet bakground as well as the main purpose and goals are outlined in this setion. A shortoverview of similar solutions that are urrently available is presented as well. The seleteddesign method is introdued and the setion ends with an overview of the report struture.1.1 Projet bakgroundSmartphones are expeted to dominate the worldwide mobile phone market in the omingyears. Over 50% of mobile users in North Ameria and Western Europe are urrently usingsmartphones [1℄.With ever inreasing amount of embedded eletronis in various tools and mahines omesan inreased demand for easy monitoring, serviing and fault diagnosis. Enabling ommu-niation between mahines, with embedded systems inside, and smartphones seems to be apromising approah to improve the user experiene. It may also redue serviing ost andimprove the overall quality of the produt. Husqvarna AB has reognized this need and wantsto demonstrate this in its produts for forestry and gardening.The most basi embedded systems may rely on mehanial swithes and potentiometers toontrol the system behavior. Analog meters and light indiators are sometimes used for mon-itoring and possibly diagnosing and troubleshooting the system. More sophistiated systemsmay need displays and keyboards of various sizes to allow proper operation and maintenane.In some ases it is not feasible to add displays and keyboards to a system. There maybe several reasons for this. Limiting fators ould for example be the small physial size ofthe mahine or the additional ost that omes with inreased omplexity. Furthermore, themahine may be operating under harsh environmental onditions that a ost e�etive solutionwould not be able to withstand.One solution to this hallenge is to provide the embedded system with some kind ofa ommuniation interfae. This interfae may be wired (e.g. USB or RS232 ables) orwireless (e.g. Bluetooth, WiFi or ANT). The wired solutions have the obvious drawbak ofphysially tying the user and the mahine together, whih limits the movement of the user.Personal omputers, laptops or speialized equipment an then be used to ommuniate withthe embedded system over this interfae.Personal omputers and laptops are bulky and unlikely to be found in the poket or bak-pak of a regular worker in the area of forestry and gardening. Speialized servie equipmenton the other hand is usually not distributed or made available to the end-user.Today's smartphones possess many of the qualities that are needed to build an easilyavailable, low ost solution for serviing and monitoring of mahines that ontain embeddedsystems. Furthermore it is possible to use the apabilities of the smartphones to add newfeatures to the produt. It is for example possible to use the Global Positioning System (GPS)and/or the gyrosope in the smartphone to monitor the movement and urrent loation of themahine. This ould lead to improved e�ieny and safety as well as reating opportunitiesfor �eet management of a wide variety of mahines.One of the major hallenges of designing a smartphone based solution of this kind isthe huge diversity of mobile devies on the market. Seletion of a platform (iOS, Android,Windows Phone et.) and ompatibility between di�erent hardware is a entral question in aprojet of this kind. It is also important to try to realize what the future trends on the mobilemarket might be.Predition is very di�ult, espeially if it's about the future. (Niels Bohr) 1



1.2 Purpose and goalsThe main objetive of this master thesis is to develop and build a demonstrator that showasesthe possibilities that a onnetion between a mahine, with an embedded system inside, anda smartphone an provide. A battery powered ride-on mower from Husqvarna (referred to asthe Battery Rider in this report) was seleted as the platform for this projet.The main goal is to provide the Battery Rider with work traking features and a serviinginterfae using a smartphone. The �nal produt should inlude all the neessary features listedunder the requirements setion (Setion 3) and have aeptable quality for in-house use anddemonstration.1.3 Related designsBluetooth enabled roboti mowers are already on the market, one example is the LawnBottLB3510. This mower is said to be Bluetooth ready, but the remote ontrol has not been madeavailable. An appliation is available for a small set of mobile phones [2℄. Almost all of thesupported phones are Java based feature phones. They an therefore not be onsidered to bemodern smartphones.A good plae to look for similar solutions would be the ar industry. Bluetooth hasbeen used for years in the ar industry to onnet phones to the built-in sound system andmirophones (headset features) in ars. Volvo provides some of their ars with smartphoneonnetivity option alled �Volvo on Call�. This mobile appliation enables the user to viewbasi statistis from the ar, start the ar heater and hek fuel status to name few examples.When it omes to serviing and monitoring ars using smartphones there are several op-tions available. The reason for this is that the diagnostis onnetor and protool have beenstandardized. This reates a large market for a solution of this kind. These solutions allrely on a Bluetooth enabled module that is inserted into the On Board Diagnostis (OBD)onnetor in the ar. This opens a door to detailed information about the state of the arand an be used for various purposes. Fleet management solutions that are based on thisinformation are already available.Finally, it is important to emphasize that the task of designing a smartphone onnetedprodut for the forest and gardening industry an obviously be translated to almost any otherequipment. The hallenges will be more or less the same although the requirements mayhange.1.4 Development methodThis projet followed the V-model design methodology. The design proess started with asystem spei�ation and a high-level design of the system. After that, the low-level design andthe atual implementation was started. When the main implementation and debugging was�nished, unit and omponent testing was performed. System integration test was performedtowards the end of the projet.1.5 Report strutureThe struture of the report is as follows:
• Setion 2 presents the Husqvarna Battery Rider that was used to demonstrate the pro-posed solution.
• The requirements for the system are presented in Setion 3.
• A study of suitable ommuniation tehnologies is found in Setion 4.
• Setion 5 outlines the Android and iOS operating systems with respet to their supportfor di�erent wireless tehnologies.2



• Modi�ation of the Battery Rider is desribed in Setion 6.
• Desription of the Android software design is presented in Setion 7.
• Setion 8 ontains disussions and Setion 9 ontains the onlusions.
• The referenes and appendies are found at the end of this report.

3



4



2 Husqvarna Battery RiderOne important fator in this projet was the seletion of a mahine that ould be used as atest platform for the design. The designers at Husqvarna AB had already realized that theBattery Rider (seen in Figure 1) ould be a good andidate for a projet of this kind.

Figure 1: Husqvarna Battery Rider.Some of the important features of the Battery Rider are listed below.
• The mahine ontains a fair amount of sensors and atuators that an be observed orontrolled.� Sixteen digital inputs (e.g. buttons and ontrol signals).� Fifteen digital outputs (e.g. lights and relays).� Five analog inputs from sensors (e.g. throttle).
• The mahine is already equipped with a wired ommuniation interfae.� USB onnetivity using a virtual COM port operating at 115.2 kbps.� Deently doumented protool.� Built in logging features that an be modi�ed.
• The miroontroller in the Rider Control Unit (RCU) is equipped with an unusedUniversal Asynhronous Reeiver/Transmitter (UART) port that has its pins drawn outto an unused onnetor on the Printed Ciruit Board (PCB).
• Test benh for the RCU is already available.In addition to the above it is lear that a mahine of this kind ould bene�t from aonnetion to a smartphone (e.g. loation and speed information).
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3 RequirementsA spei�ation for the system was presented in a speial spei�ation report early in thisprojet. This spei�ation report was the result of a disussion with the projet supervisorat Husqvarna. The requirements from the spei�ation report are listed in this setion withminor rearrangements and orretions.3.1 Hardware requirementsThe only hardware requirement that this projet has is the requirement of the ommuniationmodule. Its requirements depend heavily on the data that will be transmitted from the BatteryRider to the smartphone and vie versa.The ommuniation link will mainly be used under two di�erent senarios. The �rstsenario is when the link is used to provide onstant �ow of information to/from the user.This will be referred to as live data. This ould for example be when the user wants toonstantly monitor the status of the mahine or use appliations that rely on ontinuousdata transmission. The other senario is when the link is used to transmit larger amount ofdata that has been stored, or should be stored, on the mahine. This will be referred to asa �le transfer. File transfer ould for example be used to aess historial data about thetemperature of the mahine, error logs of the embedded system or to upload new �rmware tothe mahine.3.1.1 Data ratesUp-link: live dataThe requirement for a link of this type depends on the amount of relevant information thatis olleted on the mahine and the rate of hanges in the system. No more than 128 bits ofdata are needed to represent all sensor values in the system that is urrently found in theBattery Rider. Although the urrent system does not allow a simple transmission of this dataat one it is onsidered to be a good measure for the maximum amount of data that would betransmitted at a given instane. Assuming that some other variables in the system might beof interest it is reasonable to add another 256 bits (eight 32-bit variables) to this data, givinga total of 384 bits.The other major fator that needs to be onsidered for this type of data transmission ishow often this data has to be transmitted. The minimum rate of updates is di�erent fordi�erent measurements. Values like Revolutions Per Minute (RPM) need frequent updateswhile temperature measurements ould safely be sent with long intervals.One way of looking at this is that we want the user to pereive the observations as theywere ontinuous and the movement of indiators should be smooth. To ahieve this, a rapidlyhanging value (e.g. RPM) has to be refreshed around 24 times every seond. This refresh rate(24Hz) is widely aepted as su�ient to display smooth animations. Lower rates are likelyto be su�ient sine the illusion of ontinuous movement an be ahieved with other methods(bridging, interpolation et.) on the smartphone. Using very high rates is not onsideredto be reasonable for a system of this kind sine its purpose is not to provide high resolutiondebugging information.Based on the disussion above, it is possible to estimate the required data rate has to beno less than 9600 bps (384 bits ·25 s−1). It is onsidered feasible to leave room for improvementand transmission of higher data rates. Quadrupling the data rate gives a data rate of 38400 bpswhih will be used as the minimum requirement on the up-link for live data.Up-link: �le transferAs for the link for live data, the requirement on this link relies on the amount of informationthat needs to be transferred. Although the internal storage of embedded systems may beinreasing, it is usually relatively small. One way of estimating the requirement on this link is7



to assume that the entire ontents of the system memory an be transferred within a reasonabletime. The urrent system has less than 1Mb of memory and we onsider ten seonds to beaeptable for a omplete transfer. From this it is lear that the data rate has to be at least100 kbps. Quadrupling the data rate gives data rate of 400 kbps whih will be used as theminimum requirement on the up-link for �le transfers.Down-link: live dataThis form of ommuniation will be used to transmit ommands from the user via the smart-phone to the mahine. These ommands ould be fairly simple and easily represented withtwo 8-bit words. It is obvious that this link is not the limiting one with respet to data ratesbut it requires relatively fast response time to ensure proper user experiene.Down-link: �le transferThis form of ommuniation ould for example be used when the user wants to upload �rmware(or any larger �les) from the smartphone to the mahine. This link is subjet to the samerequirements as the up-link for �le transfers. That is, �lling the entire memory of the embeddedsystem should be ompleted within a reasonable time. This link annot be onsidered likelyto beome a bottlenek sine �le transfers of this kind will not be performed very often. Oneould imagine that the intervals between �le transfers of this kind might be months or evenyears.3.1.2 Energy e�ienySine the link for the live data is ontinuously ative it is important that the ommuniationtehnology seleted is energy e�ient. Although the mahine may have aess to large batteriesor power soures, the smartphones usually arry small batteries. This ould of ourse beirumvented by providing the user with a power soure (e.g. USB port) but it is not onsideredto be a preferable solution in this ase.Sine �le transfers are not going to be ontinuous, the energy e�ieny of that part is notonsidered to be of high importane.3.1.3 Response timesBasi limits for response times in human-omputer interation are disussed in [3℄ and [4℄.Aording to [3℄, the response time has to be less than 100ms for any ation that the usershould experiene as having an immediate e�et. Other soures state that this value ould beas high as 200ms [4℄. For this reason, the preferred response time is limited to 100-200ms forall ommands that are sent to the mahine using a smartphone. If this response time is forsome reasons unahievable, the absolute maximum response time of 1 s should be ahieved.3.1.4 Range of wireless onnetionThe minimum range of the wireless onnetivity should be at least 5m and preferably as longas 100m.3.1.5 Other design onsiderationsThe ommuniation module is to be added to an already existing system. For this reason, themodule has to support a 2-wire UART interfae.Although the system developed during this projet will only be ompatible with a smallsubset of all available smartphones, it is feasible to selet a ommuniation module that ouldbe used with as many smartphones as possible. In other words, it should only require softwaredevelopment to make this solution ompatible with other smartphones.8



3.2 Software requirementsThe main purpose of the software is to proof the onept of smartphone onneted produts byimplementing several work traking and serviing features. The requirements for the Androidsoftware are listed as Req1 to Req11 in Setion 3.2.1. The requirements for the embeddedsoftware for the Battery Rider ontrol unit are listed as ReqA and ReqB in Setion 3.2.2.3.2.1 Android appliationThe spei�ation for the Android appliation is listed below with minor hanges and rear-rangements from the original spei�ation report.Req1: Devie pairingThe software should enable the user to �nd and initiate a onnetion to a smartphoneenabled mahine. The initiation of the onnetion may require user interation butone it has been established it should be stable enough to allow ontinuous operation.Req2: Two-way ommuniationThe software should be apable of using two-way ommuniation; hene it shouldbe able to reeive data from the mahine as well as sending ommands to it. Thisrequires the embedded system to be apable of responding to requests/ommands(see ReqA).Req3: Basi work timerThe software should be apable of measuring the time that the mahine has beenatively working. This timer should measure the time that the mahine is runningwith the utter down and rotating. It should pause as soon as the utter is raisedand/or turned o�. Options for resetting the timer should also be implemented.Req4: Measure the area overedThe software should be apable of using GPS data or any other available informationto measure the distane traveled by the mahine. This information should then beused to alulate the area that the mahine has overed in ative mode (utter loweredand rotating).Req5: Estimate and store the size of a lawnBy using any available information about the distane traveled, the software shouldbe apable of measuring the size of a lawn and storing the data for later use (e.g.estimation of time to ompletion).Req6: Estimation of time to ompletionBy using information about the size of the area to be ut (input from the user orsaved value), the software should be able to predit how long it takes to ut what isstill remaining.Req7: Sensor values and omplete stateThe software should be apable of displaying all sensor values to the user in a mean-ingful manner. It should also be apable of displaying the state of all levers andpedals to the user. This should inlude the battery level. 9



Req8: Fault diagnosisThe software should guide the user through a simple test of all the levers, pedals andbuttons of the mahine. This feature should be equivalent to the feature found inother servie appliations from Husqvarna.Req9: Servie guidaneThe software should reat to information about the work hour ounter of the mahineand remind the user to perform preventive and periodi maintenane when appliable.Req10: User manualThe software should enable the user to aess the user manual (ould also be serviemanual and part list) of the mahine with little or no e�ort.Req11: Servie �nderThe software should use Google Maps together with information about all Husqvarnaservie providers to loate the nearest servie provider. It should display all relevantontat information to the user and even enable the user to get driving diretionsusing other smartphone software (e.g. Google Maps).3.2.2 Battery Rider embedded softwareThe spei�ation report did not spei�ally mention any software requirements for the em-bedded system on board the Battery Rider. The following requirements ould never the lessbe dedued from the other requirements listed in the spei�ation report and are listed herefor ompleteness.ReqA: Two-way ommuniationThe embedded system must be apable of responding to serial request/ommands.ReqB: TimerThe embedded system must be able to keep trak of the ative work time of themahine.
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4 Wireless onnetivityWhen it omes to designing wireless solutions there are numerous wireless ommuniationstandards to hoose from. The requirements for this projet quikly narrowed this seletiondown to Bluetooth and WiFi. The reason is that they are the only ones that are widelysupported on today's smartphones (see Setion 5). Other tehnologies suh as ANT+ andZigBee are emerging but are not widely available in smartphones at the time this is written.The Near Field Communiation (NFC) tehnology is an interesting option that ould beused for devie pairing in onjuntion with Bluetooth or WiFi but is not suitable as themain ommuniation method. The fous will be on WiFi Diret instead of the regular WiFistandard. This is beause the main objetive is to onnet smartphones and mahines diretlyto eah other without any external equipment suh as an Aess Point (AP).This setion outlines the Bluetooth and WiFi Diret tehnologies. Historial and teh-nologial bakground of the two tehnologies is presented. The energy e�ieny of the twotehnologies is ompared and �nally, seurity issues and future trends are onsidered.4.1 Bakground informationThis setion should provide a brief overview and a historial perspetive of the ommuniationtehnologies that are onsidered for this projet.4.1.1 A brief history of BluetoothBluetooth was originally reated by Erisson in 1994 with the main purpose of replaing RS-232 ables. It is designed to provide robust, low power, low ost onnetions that work overrelatively short distanes [5℄. Bluetooth uses the Industrial, Sienti� and Medial (ISM) radioband in the range of 2400-2485MHz [6℄.The ore spei�ation of Bluetooth is maintained by the Bluetooth Speial Interest Group(SIG) that was formed in 1998 [5℄. The �rst version (v1.0) of the Bluetooth spei�ation wasreleased in 1999, this version is often referred to as Bluetooth Basi Rate (BR). Updatedversion (v2.0) of the ore spei�ation was released in 2004, this version is also known asBluetooth Enhaned Data Rate (EDR). Yet another version of the Bluetooth ore spei�ationwas released in 2009, this version is alled Bluetooth High Speed (HS).The most reent version of the ore spei�ation is Bluetooth 4.0 whih was announed in2010. This spei�ation di�ers from the previous ones sine it introdues a new onept intothe Bluetooth spei�ation. This new option has had several di�erent names throughout itsshort lifetime but Bluetooth Low Energy (BLE) and Bluetooth Smart are the most ommonnames for it.This new part of the Bluetooth spei�ation de�nes a new variant of Bluetooth that isintended for low energy appliations. Here, low energy appliation means that it should bepossible to power the devie on a oin-ell battery for many months or even years [6℄.The BLE tehnology di�ers signi�antly from previous versions and is therefore not om-patible with older versions. To inrease the onfusion even more the Bluetooth SIG hasintrodued the onept of Bluetooth Smart Ready devies. Bluetooth Smart Ready deviesimplement both the previously known versions of the Bluetooth spei�ation (BR, EDR, HS)as well as the new BLE tehnology. Bluetooth Smart Ready smartphones have been on themarket sine late 2011.The Physial (PHY) and Media Aess Control (MAC) parts of Bluetooth tehnology werestandardized in the IEEE 802.15.1 standard in 2002 and then in an updated version in 2005[7℄. IEEE list this standard as ative but it should be noted that the Bluetooth SIG has issuedseveral new ore spei�ations sine then. 11



4.1.2 A brief history of WiFi DiretThe WiFi Alliane o�ially announed WiFi Diret in Otober 2010 [8℄. WiFi Diret isbuilt on the solid foundation of previously known WiFi tehnologies (IEEE 802.11 a/g/n) andshould in most ases be interoperable with older devies although it does not support theIEEE 802.11b standard [9℄. It is worth mentioning that WiFi Diret is not diretly onnetedto any IEEE 802.11 standard.The main purpose of this tehnology is to allow WiFi devies to ommuniate diretlywith eah other without having to use an AP. It should enable quik, reliable and seureonnetions between devies that need to syn or exhange information with eah other.Sine WiFi Diret is so losely related to previous WiFi tehnology it an in some asesbe enough to perform a software upgrade on older devies to allow it to operate as a WiFiDiret devie. This means that although the tehnology is relatively new, it is already widelyavailable.4.2 Tehnial OverviewBluetooth and WiFi Diret both operate in the ISM band but that is about all they have inommon from a tehnial point of view. This setion outlines the basi tehniques used inBluetooth and WiFi Diret ommuniation.4.2.1 BluetoothAs mentioned earlier, Bluetooth operates in frequenies in the range of 2400-2485MHz. WhenBluetooth devies onnet they form a so alled pionet. Eah pionet an only have onemaster devie and up to seven slaves. All the devies in one pionet share the physial hanneland therefore its apaity. A master in one pionet an serve as a slave in another pionet.Pionets that share one or more slaves form a satternet. A pionet an be thought of as anetwork with star topology. Eah slave is diretly onneted to the orresponding master butnot to any of the other slaves.Bluetooth uses Frequeny Hopping Code-division Multiple Aess (FH-CDMA) sheme.It uses 79 di�erent arriers with 1MHz spaing for the hannel hopping and the dwell time foreah hop is 625µs (1600 hops/seond). The FH-CDMA is suitable for use in the ISM bandsine on average it uses relatively broad spetrum but only a small piee at a time [10℄. Thishelps it to avoid interferene. It is also possible to adjust the hopping sequene so that itavoids unusable frequenies. The hopping sequene is pseudo-random and is determined bythe master of eah pionet. When a slave onnets to a master devie it synhronizes its lokto the lok of the master devie and selets the appropriate hopping sequene.The �rst version of Bluetooth (BR) uses a binary modulation sheme, a Gaussian Fre-queny Shift Keying (GFSK) to be more spei�. Signal bandwidth for a frequeny hoppingsystem in the ISM band is limited to 1MHz whih results in a maximum data rate of 1Mb/susing this modulation sheme [10℄.Later versions of Bluetooth modi�ed the modulation sheme to allow higher data rates.Bluetooth EDR uses a mixture of GFSK and π/4 rotated Di�erential Enoded QuaternaryPhase Shift Keying (π/4-DQPSK) to ahieve data rates of up to 2Mbps. Furthermore, Blue-tooth EDR uses a mixture of Di�erential Enoded 8-ary Phase Shift Keying (8DPSK) andGFSK to ahieve data rates of up to 3Mbps [11℄.Bluetooth HS introdued a feature alled Alternate MAC/PHY (AMP) to further improvedata rates up to a maximum of 24Mbps. This method uses the regular Bluetooth hannel tonegotiate ommuniation between the devies. If both of the devies support HS operationand a higher data rate is needed, the transmission moves to an 802.11 hannel.The low energy version of Bluetooth (BLE) uses 40 arriers with 2MHz spaing betweenarriers and it uses GFSK, just as the BR version. The main di�erene between BLE and theother version is the protool stak whih is tailored to low-power operation.12



Bluetooth de�nes various pro�les to ensure interoperability between Bluetooth deviesfrom di�erent manufaturers. This is a major bene�t sine it ensured that devies that imple-ment the same pro�le are able to ommuniate with eah other. WiFi Diret urrently laksthis feature4.2.2 WiFi DiretWiFi Diret (and WiFi in general) operates in the ISM band from 2400MHz 2500MHz andin some ases the 5GHz Unliensed National Information Infrastruture (U-NII) band. Themodulation used is either Diret-Sequene Spread Spetrum (DSSS) or Orthogonal Frequeny-Division Multiplexing (OFDM) and the hannel bandwidth is either 20MHz or 40MHz. Datarates are somewhere in the range of 11Mbps to 450Mbps for urrent standards (IEEE 802.11a/g/n) [12℄.4.3 Energy e�ienyWiFi Diret and BLE are both relatively new tehnologies and they have been evolving rapidlysine they were announed in 2010. For this reason, aurate and non-biased information abouttheir e�ienies are not easily aessible.To obtain some insight into the energy e�ieny aspets of these two tehnologies it ispossible to start by looking at the older versions and then look at the newer versions and theirbene�ts ompared to the previous ones.Attempts to ompare the e�ieny of di�erent wireless tehnologies are found in [13℄ and[14℄. Attempts to evaluate the energy onsumption and throughput of wireless tehnologiesin smartphones are found in [15℄.The artiles mentioned above state that the power e�ieny of di�erent wireless tehnolo-gies is more or less determined by the required data rates and lateny restritions. Table 1(based on information in [14℄) shows some typial parameters for WiFi and Bluetooth.Table 1: Wireless protools - typial parameters [14℄.Bluetooth BR WiFi (ad-ho mode)Max. Paket Size (bytes) 339 2312Max. Data Rate (Mbps) .72 54Energy per 1Kb (mJ) 0.034 0.013This information allows us to draw some basi onlusions. Bluetooth seems to be moresuitable for appliations that frequently send small amount of data. This is beause of its smallpaket size. The paket size of WiFi is muh larger whih makes it ine�ient for sending smallhunks of data. The exeption to this would be when it is possible to ollet data until a largerpaket has been reated, this would obviously inrease the lateny. If we onsider the amountof energy spent on transmitting eah bit it is lear that WiFi is more e�ient for higher datarates. Table 2: Typial low power operation harateristis [14℄.Bluetooth WiFiTX Current 57mA 219mARX Current 47mA 215mASleep Current 15µA 10mA
Vdd 3.3V 3.3VTable 2 shows some basi low power harateristis for Bluetooth and WiFi while Table 3shows typial power-up values (both from [14℄). The values shown in these tables will obviously13



vary between di�erent Bluetooth and WiFi modules, but this information gives some idea ofthe energy e�ieny of the two tehnologies. Information of this kind also allows a designerto estimate when it is e�ient to turn a wireless interfae o�. The long startup time andhigh sleep urrent for the WiFi module is noteworthy. These values show that the Bluetoothtehnology is suitable for low data rate, low lateny and low energy appliations suh as thisone. Table 3: Typial power-up harateristis [14℄.Bluetooth WiFiStartup Current 5.5mA 37.9µAStartup Vdd 2V 3.3VStartup time 120µs 2 sOne of the major drawbaks of regular WiFi is that it does not make use of power savingtehniques when operating in ad-ho mode [15℄. Enabling WiFi Diret to use the power savingfeatures that a regular lient-AP onnetion is likely to improve the energy e�ieny [16℄.When it omes to BLE the Bluetooth SIG states that BLE should be able to provide poweronsumption that is somewhere in the range of 1/2 - 1/100 of the lassial versions [17℄.4.4 Initiating a onnetion and seurity issuesThere is not a signi�ant di�erene in the omplexity of pairing devies with Bluetooth (BR/E-DR/HS/BLE) and WiFi Diret. Both tehnologies o�er di�erent methods for establishing aonnetion. Sine the Battery Rider is not equipped with a display or a keyboard we arelimited to very simple pairing methods. That is, methods that don't require password entriesor on�rmation from the mahine. This obviously reates several seurity issues. A generalrule of thumb is that the simpler the proess of initiating a onnetion, the less seure theonnetion will be. An interesting option here is to use NFC for pairing. This would enableout-of band pairing whih is muh more seure than the simple pairing methods.
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5 Developing for smartphonesThis setion summarizes some of the important aspets of appliation development for smart-phones. An overview of the mobile market and a short analysis of the onnetivity optionsavailable in the Android and iOS operating systems are presented.5.1 Overview of the smartphone marketReports from mobile market researh ompanies ([18℄, [19℄) show that the smartphone marketis dominated by the Android operating system. Android has almost 80% market share whenit omes to shipped units (worldwide) under the seond quarter of 2013. The iOS operatingsystem has around 13% market share [18℄. This means that around 93% of smartphonesshipped under this period ran either Android or iOS. This leaves little room for the ompetingoperating systems like Windows, BlakBerry OS and Symbian.These numbers do not tell the whole story sine the market share varies signi�antlybetween di�erent markets. Reports show that around 50% of mobile subsribers in the USare using Android smartphones while around 40% of them have iOS based devies [20℄.5.2 Smartphone onnetivity options by operating systemsFollowing is a short summary of the Bluetooth and WiFi onnetivity options that exist inAndroid and iOS.5.2.1 iOSBluetooth onnetivityWhen it omes to developing Bluetooth onneted aessories for iPhone, or any other iOSdevie, things tend to get a little ompliated. Apple states that anyone that wants to developaessories for iPhone/iPad/iPod using standard Bluetooth (BR/EDR/HS) pro�les an doso freely [21℄. To be able to design produts that rely on Apple's liensed omponents orsoftware, one has to join Apple's Made for iPhone/iPod/iPad (MFi) program whih is a fairlyompliated proess. It inludes a strit Non-Dislosure Agreement (NDA) and a redit reviewof the applying ompany has to be ompleted.Table 4 shows the Bluetooth pro�les supported by devies running Apple iOS 6 [22℄.Aording to Apple it should be possible to use these pro�les freely to develop appliations oraessories but there is one major limitation to this. This is only true (for most of the pro�les)when developing for iOS and MFi ompliant devies. All Bluetooth onnetions have to gothrough Apple's publily available frameworks. To my best knowledge there are only two ofthem. One is the External Aessory framework and the other one is the GameKit frameworkboth are limited to iOS and MFi ompliant devies [23℄.It is tempting to try to �nd ways to get around these limitations. One an for examplemake the onneted devie mimi a keyboard and use the HID pro�le to send simulatedkeyboard strokes to the appliation or use modulated audio to transfer the data as shownin [24℄. One major onern is that any appliation that takes advantage of this may not beaepted by Apple for distribution in the Apple Store and therefore rendered useless.An exeption to this limitation is that iPhone 5 is Bluetooth Smart Ready. To refresh thememory of the reader, it means that it implements both the lassi versions (BR/EDR/HS)and the new Low Energy (BLE) versions of Bluetooth. Apple In. has been a little more liberalwhen it omes to providing development tools for this tehnology. Apple's Core Bluetoothframework is publi and developers are free to use it in onnetion with any BLE devie.WiFi Diret onnetivityApple iOS does not support WiFi Diret at the time this is written but has its own variantsinstead, they are alled AirPlay and AirDrop. As with the lassial Bluetooth onnetions,Apple limits this tehnology to Apple and MFi ompliant devies. 15



Table 4: iOS 6: Supported Bluetooth pro�les [22℄.
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iPhone 4 and later X X X X X X XiPhone 3GS X X X X X X ✗iPhone 3G X X X X X ✗ ✗Original iPhone X X ✗ ✗ ✗ ✗ ✗5.2.2 AndroidBluetooth onnetivityThe Android OS supports the lassial Bluetooth versions (BR/EDR/HS) and provides im-plementations of four di�erent Bluetooth pro�les. Android devies running Appliation Pro-gramming Interfae (API) 14 or later support the HFP (v1.5), Headset Pro�le (HSP), A2DPand the Health Devie Pro�le (HDP) pro�les. It is also possible to implement any other pro-�le that might be needed using the BluetoothPro�le interfae that is available in Android'sBluetooth API.Android added o�ial support for BLE in API 18 whih was released in July 2013. Somethird party implementations were available before that time. They were designed by di�er-ent hipmakers like Motorola [25℄ and Broadom [26℄. This aused ompatibility issues andusing BLE ould not be onsidered to be a reasonable option for Android before API 18 wasannouned.WiFi Diret onnetivityAndroid devies running API 14 or later support WiFi Diret, given that they have theneessary hardware [27℄.
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6 Modi�ation of the Battery RiderThe analysis presented in Setion 4 and Setion 5 lead to the onlusion that adding a Blue-tooth lassi module to the Battery Rider would be suitable for this projet. The proess ofadding the module to the Battery Rider and modi�ation of the embedded software on theRCU is desribed in this setion. Few notes on testing an be found at the end of this setion.6.1 Bluegiga WT12 moduleThe Bluetooth module that was seleted for this design was the Bluegiga WT12 module withiWRAP �rmware. This module was widely available, well supported and ame with a ompleteBluetooth protool stak. The module also ful�lled the data rate requirements that were setin Setion 3.Some of the main features of the module are [28℄:
• Bluetooth v2.1 + EDR quali�ed.
• Integrated hip antenna.
• 30 meters range (line-of-sight).
• USB version 2.0 ompatible.
• UART with bypass mode.
• iWRAP protool stak.6.2 Development proessThe task of adding the module diretly to the RCU of the Battery Rider was onsidered to betoo omplex to omplete in a single step. Intermediate steps were added to the design proess,these steps are shown below.1. Connet the WT12 module to a Raspberry Pi omputer using UART.A Raspberry Pi omputer was used to perform initial tests on the WT12 module. Theonnetions are shown in Figure 2. Wires were soldered diretly to the WT12 moduleand onneted to the GPIO pins on the Raspberry Pi, see Figure 3.
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Figure 2: Wiring WT12 to the Raspberry Pi omputer.The Raspberry Pi omputer was running a Linux based operating system alled Rasp-bian. Python sripts were used to send serial ommands over the UART interfae to theWT12 module.2. Establish a Bluetooth onnetion between the Raspberry Pi and a PC.By using Python sripts on both the Raspberry Pi and a regular PC it was possibleto on�gure and test the pairing proess with the WT12 module. After a suessfulpairing, data ould be transmitted bak and forth over the Bluetooth interfae. 17



Figure 3: WT12 onneted to a Raspberry Pi omputer.3. Implement the serial protool of the Battery Rider with a Python sript.This enabled testing of the serial protool and helped with the debugging proess of theAndroid software as well as the embedded software on the RCU.4. Connet the module to the RCU of the Battery Rider.Having ompleted the steps above it was possible to onnet the module diretly to theRCU. Minor modi�ations had to be made to the embedded software running on theRCU, see Setion 6.3. This enabled Bluetooth ommuniation between Battery Riderand either a PC omputer or an Android devie. The onnetions between the WT12module and the RCU are shown in Figure 4
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Figure 4: WT12 onnetion to the RCU.5. Firmware upgrade and reon�guration of WT12 module.The pairing proess was ompliated and inonsistent with the iWRAP3 �rmware thatthe WT12 module was shipped with. It was therefore neessary to upgrade the �rmwareto iWRAP5 that has improved pairing options. This upgrade was performed from aWindows 7 omputer using software that Bluegiga provides. The serial port of theRaspberry Pi was forwarded over an Ethernet onnetion to a virtual serial port on aPC running Windows 7. Upgrading of the module an be performed with various othermethods but this method was used sine all the hardware and onnetions were alreadyin plae.The modi�ed RCU is shown in Figure 5.18



Figure 5: Modi�ed Rider Control Unit.6.3 Embedded software modi�ationThe modi�ation of the embedded software on the RCU proved to be simple sine the systemalready had a working implementation of a serial interfae via USB. Following is a shortdesription of the software hanges that led to the ful�llment of ReqA and ReqB listed inSetion 3.6.3.1 Software requirement ReqAThe RCU runs on a CooCox Real-time Operating System (RTOS). The RTOS runs severaltasks, one of them is the task of providing serial ommuniation via the USB. The BluegigaWT12 module was onneted to an available UART port of the LPC1765 miroontroller.The appropriate pins were reon�gured and a new serial ommuniation task that used thisport was added. This solution allows the USB and the Bluetooth interfaes to oexist.6.3.2 Software requirement ReqBAnother modi�ation of the embedded software was the addition of a timer. This timer shouldmeasure the time that the Battery Rider is ative. Built in funtions of the RTOS are usedto measure the time. The value of the timer is regularly saved to an Eletrially ErasableProgrammable Read-Only Memory (EEPROM) to preserve the value when the mahine isturned o�. The value is then read from the EEPROM when the mahine is turned on again.6.4 Range, response time and data rateSimple tests were performed to hek the range of the Bluetooth ommuniation. Line-of-sightrange proved to be at least 20m. Communiation was also possible through onrete wallswith a range of around 5m.Sienti� testing of response times and data rates for the modi�ed system was not on-duted. Nevertheless, the overall impression was that the response time was su�iently shortto give the user the feeling of immediate hange. No data on maximum onnetion through-put was gathered sine the main emphasis was on the transmission of live data rather thantransmission of large �les,
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7 Software design - Android appliationThere were several reasons for seleting Android as a platform for the smartphone appliation.The fat that Android is open soure plays a major role in this deision. Another fator isthat developing appliations with the lassial Bluetooth versions is well supported.This setion desribes the design of the Android appliation. Overview of the design isgiven in Setion 7.1 and a desription of the system arhiteture is found in Setion 7.2.Desriptions of the system omponents an be found in Setion 7.3. Short desription on thetesting of the software an be found at the end of this setion.7.1 Design overviewThe Android appliation was designed using the development tools that Google provides withthe Android Software Development Kit (SDK). Version 21.0.1 of the SDK tools was usedthroughout the projet. The target API is Google API 17 with the minimum API level of14. Please refer to http://developer.android.om/ for further information regarding thedevelopment tools and the API levels.Google SDK omes with several sample projets that an be used as templates or referenedesigns for new projets. This appliation uses two of these sample projets. The �rst one isnamed �HoneyombGallery� and was used as a template for the Graphial User Interfae (GUI)of the appliation. The other sample projet that was used is named �BluetoothChat�. It wasused as a referene design for the Bluetooth ommuniation part of this appliation. Both ofthese projets are distributed under the Apahe 2.0 liense.It is possible to split the resoures behind this appliation into two main ategories, oneis the atual Java ode and the other is the resoures that the Java ode relies on. Theseresoures are mostly images and various Extensible Markup Language (XML) �les that areused to store layouts for di�erent views, text strings and other onstants.Desribing the details of software development for Android devies is not onsidered to bewithin the sope of this report. It is assumed that the user is familiar with Java programmingand the basi onepts of Android software development.This appliation uses fragments. Fragments are reommended to separate and reuse on-tent and ode in Android appliations. Fragments also simplify the proess of making theappliation run on devies with di�erent sreen sizes.Detailed disussion about the system arhiteture and the system omponents is found inSetion 7.2 and 7.3 respetively. Eah omponent is a separate Java lass.A requirement matrix for the Android appliation is shown in Table 5. It lists the mostimportant lasses of the appliation and their relation to the software requirements that werelisted in Setion 3.2.1. The other lasses that the appliation is based on are mainly for basifuntionalities suh as menus and other visualizations that annot be related diretly to anyof the requirements.
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Table 5: Requirements matrix for the Android appliation.Software requirements

Req1:Devi
epairing

Req2:Two-w
ayommuni
ation

Req3:Basi
worktimer

Req4:Meas
ureareaove
red

Req5:Estim
ateandstore
sizeofalawn

Req6:Estim
ationoftime
toompletion

Req7:Senso
rvaluesand
ompletestat
e

Req8:Fault
diagnosis

Req9:Servi
eGuidane

Req10:User
manual

Req11:Serv
ie�nder

Classname
AreaMeasure X X X XBTServie X X X X X X X X XContentFragment X X X X X X X X X X XDashboard XDevieListAtivity XFaultDiagProedure XGPSData X X X XJSONParser XJSONParserDetails XMahineState X X X X X X XMainAtivity X X X X X X X X X X XMaintenaneShedule XRawData XReeiveThread X X X X X X X XSerialMessages X X X X X X X XTests X X
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7.2 System arhitetureThis setion fouses on the interation of lasses. Please refer to Setion 7.3 for a desriptionof the inner workings of eah lass.Time pressure and late design deisions have ompliated the arhiteture of this softwareto some extent. This does not a�et the funtionality of the software but it is likely toompliate the ode maintenane and/or reuse in the future.There are two Java lasses that play a entral role in this software, the MainAtivitylass and the ContentFragment lass. Both of them are involved in nearly all the ativitieswithin the program. In an attempt to avoid too luttered diagrams the system arhitetureis visualized using the three di�erent diagrams shown in Figures 6, 7 and 8.7.2.1 Bluetooth funtionalityFigure 6 shows how the MainAtivity lass interats with other lasses to provide the Blue-tooth onnetivity. The interation is best desribed by going through a single life yle of aBluetooth onnetion.1. The user starts the appliation, this will start the MainAtivity. During startup, Main-Ativity performs some initialization, ask the user to enable the Bluetooth interfae ifit is disabled and starts a servie alled BTServie. BTServie will later on handle theatual establishment and management of the Bluetooth onnetion.2. When the user begins the proess of initiating a Bluetooth onnetion, the DevieLis-tAtivity is started. The user will searh for a Battery Rider to onnet to and seletthe appropriate one from a list. The DevieListAtivity is then losed and the addressof the seleted devie returned to MainAtivity.3. MainAtivity reeives a value from DevieListAtivity, passes it to BTServie and re-quests a onnetion.4. BTServie starts a ConnetThread whih in turn tries to initiate a onnetion. If aonnetion is established, BTServie will start a ConnetedThread. It then noti�esMainAtivity that a onnetion has been established and stops the ConnetThread.The ConnetedThread will run as long as the Bluetooth onnetion is ative. It willontinuously forward all inoming messages to MainAtivity and forward all messagesthat it reeives from MainAtivity to the Battery Rider.5. When MainAtivity is noti�ed about a onnetion being established, it starts a Re-eiveThread that parses the inoming messages. ReeiveThread updates the informa-tion in MahineState with the latest information reeived over the Bluetooth onne-tion. ReeiveThread will also hek what view is urrently displayed to the user (inContentFragment) and refreshes it to make sure that the sreen is updated with the newinformation.6. All ommands that are sent to the Battery Rider are stored in the SerialMessages lass.When the user presses a ommand button, the appropriate message from SerialMessagesis sent via MainAtivity to BTServie and then to the Battery Rider.7. When the Bluetooth onnetion is losed, ReeiveThread and ConnetedThread are bothstopped. After that, the software is ready to begin the proess again.
23
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Figure 6: Arhiteture of the omponents related to Bluetooth onnetivity.7.2.2 Basi GUI funtionalityFigure 7 shows the interation of MainAtivity and ContentFragment with other lasses toprovide the basi GUI funtionality. As before, MainAtivity plays a entral role. It isresponsible for managing the bakground features of the GUI, suh as deteting sreen sizesand seleting proper layouts. If the sreen size is large enough (tablet) it will display both theMenuFragment and the ContentFragment, otherwise it will only display one of them at a time.The program menus and the appliation preferenes are also managed by the MainAtivitylass.
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Figure 7: Arhiteture of the basi GUI omponents.7.2.3 Work traking and serviing funtionalitiesFigure 8 shows the interation of MainAtivity and ContentFragment with other lasses toprovide the work traking and serviing funtionalities.As soon as the appliation has �nished the Bluetooth initialization mentioned earlier it willtry to initialize the GPS interfae. If the GPS is not enabled on the devie the user is o�eredto open the settings where it is possible to enable the GPS. Some features of the appliationwill be limited if the devie is not equipped with a GPS or the user deides to leave the GPSdisabled.Tasks that hek the maintenane shedule and servie times are started as soon as theappliation starts, these tasks are a part of the MaintenaneShedule lass. The heks willrun in the bakground for as long as the appliation is running. They will notify the userabout any maintenane that is due. After the initialization ompletes, the program is readyfor use and the devie will try to aquire a GPS loation.ContentFragment is the entral point for this part of the appliation. The major role ofContentFragment is to respond to the user's menu seletion and display the orrespondingview to the user. All of the views are onneted to XML layouts exept the �User Manual�view whih is ompletely handled by the ContentFragment. A seletion of a ertain programfeature will make ContentFragment expand one XML layout �le. Eah XML layout �le isonneted to one Java lass, this Java lass is then responsible for providing the spei�program features.The MahineState lass is important to many of the other lasses sine it ontains theurrent state of the mahine. One exeption is the RawData lass whih displays raw sensordata from the Battery Rider. This view is updated diretly from the ReeiveThread for the25
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sake of simpliity.The Tests lass uses MainAtivity to send messages to the Battery Rider. This is alsotrue for the FaulDiagProedure lass whih also uses the LogFormatter lass to format the logmessages during the test proedure.Classes named JSONParser and JSONParserDetails are both used to retrieve and parsedata about approved Husqvarna servie providers from the ompany website. The informationthat they retrieve is used by the MyMapFragment lass and the ContentFragment lass toprovide the servie map features of the appliation.7.3 Component desriptionThe omponents of the appliation are desribed in this setion. Eah omponent orrespondsto a single Java lass.7.3.1 AreaMeasureThis lass is responsible for all the work traking features that the appliation has. The lassdepends on information about the state of the mahine and the GPS position.The GUI that this lass presents to the user is shown in Figure 9. The information ispresented in a srolling view that is partially hidden in this �gure. The users is able to observethe time, distane and area that has been ut sine the appliation started. It is possible tosave urrent area measurement for future referene. If the user has saved work areas, he/shean selet that area as the urrent work area and get estimations of the remaining area andtime to ompletion. The user an also delete previously saved areas from this view.

Figure 9: Work traking GUI.The GPSData servie uses a ertain funtion (add()) to update the total distane valueevery time the GPS position is updated.The estimation of remaining time is done by alulating the average speed of the mahine(urrent distane divided by urrent time). The remaining time is then alulated using thataverage value. 27



The lass spei�es an asynhronous task alled BakgroundChek. This task is started bythe MainAtivity when the work traking feature is �rst started. The purpose of this task isto perform neessary status heks on the mahine and make sure that all values related towork traking are updated, even when the user has hanged to another view.The urrent implementation requires that the forward pedal is being pressed down to aertain threshold level and that the utting unit is rotating. This is done to inrease theauray of the area measurements sine the user only wants to measure the atual area thatis being ut. The appliation preferenes allow some modi�ation to these requirements butare there for development purposes.Please refer to Figure A.1 in the appendix (pg. 42) for a lass diagram of this lass. Thepurpose of eah funtion should be lear from its name.7.3.2 BTServieThe funtionality of this lass was disussed in detail in Setion 7.2.1. This lass ontainsde�nition of a thread that has not been mentioned earlier. That is the AeptThread whihis run when an inoming onnetion is expeted. This thread is not used in the urrentimplementation sine it is always the Android devie that initiates the onnetion.Please refer to Figure A.2 in the appendix (pg. 43) for a lass diagram of this lass.7.3.3 ContentAtivityThis ativity is merely a wrapper for the ContentFragment when the appliation is runningon a devie with a small sreen, suh as a smartphone.7.3.4 ContentFragmentThe funtionality of this lass was disussed in detail in Setion 7.2. This is the fragmentthat shows the ontent seleted in the MenuFragment. Its main purpose is to remove andadd ontent to the main view of the appliation. It ontains one view for eah funtion of theprogram with two exeptions. The �About� sreen is in�ated diretly from an XML layout�le and the servie map is ontained in a speial fragment (MyMapFragment).Please refer to Figure A.3 in the appendix (pg. 44) for a lass diagram of this lass.7.3.5 DashboardThis lass provides a graphial representation of the urrent state of the Battery Rider. Anexample of this is shown in Figure 10.All of the elements in this view are drawn at run time using the Android drawing API.The view an be drawn in two di�erent ways. If the view is shown in portrait mode, the viewis made narrower and longer to inrease readability. Landsape mode draws a wider view tominimize srolling.Please refer to Figure A.4 in the appendix (pg. 45) for a lass diagram of this lass.7.3.6 DevieListAtivityThe purpose of this ativity is to searh for nearby Bluetooth devies and display a list forthe user to selet from. An example of this is shown in Figure 11. When the user selets adevie from the list the address of that devie is returned to MainAtivity whih in turn willrequest BTServie to onnet to it.
28



Figure 10: Dashboard for the Battery Rider.

Figure 11: Bluetooth devies searh results.7.3.7 FaultDiagProedureThe fault diagnostis part of the appliation is managed by this lass. The user is guidedthrough several test of the Battery Rider. Instrutions regarding the test proedure are givenat the beginning of eah step, this may inlude information about the loation of individualparts.The testing of di�erent parts of the system is performed in the following order:1. Test RCU Bluetooth onnetivity.2. Test RCU external environment suh as voltages and ontrol signals from other parts ofthe system.3. Forward pedal test. Tests throttle potentiometer together with the forward pedal swith.4. Reverse pedal test. Tests throttle potentiometer together with the reverse pedal swith.5. Brake pedal swith test.6. Lift lever swith test.7. Dek lok swith test. 29



8. Seat swith test.9. Start button test.10. ECO button test.All of these tests require an ative Bluetooth onnetion to the Battery Rider. Beforestarting eah test the status of the Bluetooth onnetion is heked and the user noti�ed ifthe onnetion is not ative.

(a) (b)Figure 12: Examples of the fault diagnostis GUI.When a test is started, an asynhronous timeout task is started. This task performs testingin the bakground and ounts down a timer. Eah test is given ten seonds to omplete,otherwise it will fail and display the results to the user. An example of this is shown in Figure12(a).When a test fails, the program presents the user with possible solutions, see Figure 12(b).A summary of the test results is given at the end of the test proedure. During the tests adetailed log is kept, olleting the user ations and the state hanges of the Battery Rider.This log an be sent via email at the end of the proedure for further analysis.Please refer to Figure A.5 in the appendix (pg. 46) for a lass diagram of this lass.7.3.8 GPSDataThis lass handles all the GPS related funtions. It serves both the work traking featuresfound in the AreaMeasure lass as well as the servie map feature in MyMapFragment. Itinludes a funtion that alulates the distane between two points on a sphere using theHaversine formula.Please refer to Figure A.6 in the appendix (pg. 47) for a lass diagram of this lass.30



7.3.9 JSONParser and JSONParserDetailsThe purpose of these lasses is to download and parse data from Husqvarna's website. Infor-mation about the names and loations of the dealers is gathered with JSONParser. A moredetailed set of information is gathered with JSONParserDetails. The detailed informationinludes phone numbers as well as web and email addresses. This information is used by theservie map fragment. It should be noted that these lasses are very dependent on the serviemap on the o�ial website of Husqvarna. This solution is therefore very vulnerable to anyhanges that might be made on the website.7.3.10 LogFormatterThis lass is used to format the log entries that are gathered during the fault diagnostiproedure.7.3.11 MahineStateThis lass is used to store the urrent state of the Battery Rider when a Bluetooth onnetionis ative. ReeiveThread is the only lass that updates the mahine state, other lasses onlyread the state.Please refer to Figure A.7 in the appendix (pg. 47) for a lass diagram of this lass.7.3.12 MainAtivityMany of the features of this lass are overed in Setion 7.2.This lass is responsible for oordinating all the program features and determines thedisplay layout. An example of the layout on a large sreen is given in Figure 13. The layouton a smaller sreen is shown in Figures 14(a) and 14(b).Please refer to Figure A.8 in the appendix (pg. 48) for a lass diagram of this lass.

Figure 13: Appliation running on a tablet (large sreen).
31



(a) Menu displayed at startup (b) Work traker displayed in a separatefragmentFigure 14: Appliation running on a phone (small sreen).7.3.13 MaintenaneSheduleThe maintenane shedule feature is handled by this lass. The maintenane intervals aretaken from the user manual for the Battery Rider and are hard-oded into the appliation.This ould easily be hanged so that the intervals ould be adjusted in the appliation settings.

Figure 15: Maintenane Shedule GUI (tablet view).32



The MaintenaneShedule lass depends on two asynhronous tasks. One is for fething thelatest value of the timer and updating the display when the user has the maintenane sheduledisplay open, see Figure 15. The user is able to see how long it is sine the maintenane wasperformed and hek the maintenane that has just been ompleted. Tasks that are due aredisplayed in red olor.The other tasks runs in the bakground, no matter what is being displayed, and noti�esthe user if any maintenane is needed. This is done with a regular Android noti�ation (seeFigure 16) and an alarm sound.
Figure 16: Maintenane noti�ation.Please refer to Figure A.9 in the appendix (pg. 49) for a lass diagram of this lass.7.3.14 MenuFragment, MyMenu, MyMenuCategory and MyMenuEntryThe funtions of these lasses was disussed in Setion 7.2.2.7.3.15 MyMapFragmentMyMapFragment ontains the servie map features. An example of the servie map viewis shown in Figures 17(a). It depends on JSONParser and JSONParserDetails sine theygather all the information that is displayed. When the user selets a spei� servie providera detailed view of that servie provider is displayed, see Figure 17(b). The user an hoose touse the information displayed to ontat the servie provider by phone or email, browse theompany's website or use the navigational features of the smartphone to get diretions to thegiven address.
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(a) Servie map at startup. (b) Detailed information about a servieprovider.Figure 17: Servie map GUI (small sreen).7.3.16 PrefereneFragment and SettingsAtivitySettingsAtivity is a wrapper for the PrefereneFragment. The program preferenes are shownin Figure 18.

Figure 18: Preferenes for the Android appliation.34



7.3.17 RawDataThe purpose of this lass is to display the urrent state of the Battery Rider in a simple textform, see Figure 19. The views are updated diretly from ReeiveThread.

Figure 19: Raw Data GUI (tablet view).7.3.18 ReeiveThreadThe funtionality if this lass has been desribed shortly in Setion 7.2.1. This thread isstarted as soon as a Bluetooth onnetion is established. It reads from a list of reeivedmessages that MainAtivity stores. It parses the reeived messages and updates the mahinestate aording to the information that the messages ontain. After a suessful reeption ofa message it invalidates the view that is urrently displayed to the user.7.3.19 SerialMessagesThis lass holds onstants with all the serial messages of the Battery Rider serial ommuni-ation protool. 35



7.3.20 TestsThe purpose of this lass is to enable the user to ontrol the outputs of the RCU. The userinterfae is shown in Figure 20.At startup, the urrent state of the Battery Rider is heked and the initial position ofthe swithes moved to the orret position. Whenever a swith is moved a serial message issent via Bluetooth to the Battery Rider. This view also displays the serial number, produtnumber and software version of the onneted mahine.

Figure 20: General Tests GUI (tablet view).7.4 Compatibility issues and testingThe Android software was tested on two devies. The smartphone that was used was SamsungGalaxy S3 (GT-I9300) running Android version 4.1.2. The tablet that was used for testingwas Samsung Galaxy Tab 10.1 (GT-P7510) running Android version 4.0.4.The testing was performed ontinuously throughout the design phase. A system test wasperformed towards the end of the projet. It was veri�ed that the software was able to meetall the requirements on both of the devies. That is, the software provides the user with allthe required features. The behavior of the software also proved to be onsistent between thetwo devies.Thorough testing was not performed on other devies but quik heks showed that thesoftware ould be improved with respet to ompatibility. Inonsistent rendering of text ondi�erent devies was one of the ompatibility issues that were notied during these tests.The auray of the distane measurement used in the work traking features dependsheavily on the quality of the GPS reeiver and the signal quality. Simple tests imply that theauray is within ±10%. This may be improved by tweaking system parameters but thatrequires more extensive testing.
36



8 Disussion and future workPrevious setions desribe the design of a system that provides smartphone onnetivity to aBattery Rider from Husqvarna. The major hallenges and observations will be disussed inthis setion. Ideas for future work and improvements are also presented.Diversity is a major hallenge in a projet of this kind. On one side there are mobile deviesthat are rapidly hanging, both in terms of hardware and software. On the other side are themahines and equipment that Husqvarna builds, and they are far from being homogeneous.One way to deal with the issue of diversity is to keep the design as modular as possible.If one software module is responsible for managing the wireless onnetion then it would bepossible to have many di�erent onnetion types (Bluetooth, WiFi, ANT+ or ZigBee) and theonly thing that had to be hanged would be one hardware module and one software module.Another module would be responsible for implementing the serial protool sine it may varybetween mahines. Eah spei� program feature ould also be implemented as modules andould be removed or added to the software to reate di�erent software solutions for di�erentmahines.The proess of adding the onnetivity option to existing systems is a hallenge on itsown. Some systems, suh as the Battery Rider, only require a �rmware update and a simplehardware module to enable this option. The hardware ould be sold as an additional featureor inluded as a standard with every new mahine. The embedded systems of other mahinesould require extensive redesign to enable this feature. Systems that are urrently equippedwith a USB servie port ould possibly be modi�ed with a USB to Bluetooth module.Husqvarna might also want to onsider the option of moving to purely wireless solutionsfor their serviing equipment.When it omes to future work, adding remote onnetivity options to the software wouldbe interesting sine it allows a whole new set of features to be added. Fleet managementis one example of suh a feature. Another important feature to implement is �rmware up-grading via smartphone. This option together with remote aess to the system ould enableremote updating of the �rmware. A quik investigation on the topi of �rmware upgradingshows that there should be no fundamental di�erene between upgrading the �rmware with awireless solution ompared to the existing USB solution. The major obstale is the softwareimplementation of the In System Programming (ISP) protool. Information about the proto-ol and soure ode for existing solutions may be available. Time pressure prevented furtheranalysis of this topi.There are several things that need to be taken into onsideration when a ommerialsolution of this kind is designed. Seurity and safety of the system are probably the mostimportant fators although market researh and user behavior might also be of great interest.Current solution uses a very simple pairing method that provides no seurity at all. Anyonewith the Android appliation installed an onnet to the mahine and therefore view and alterits state. Di�erent methods of devie pairing exist and ould be used for this system. UsingNFC tags to establish the onnetion is one option that ould improve seurity.The safety issues that a wireless onnetivity brings to a system has to be studied in detailand individually for eah system. Having wireless onnetivity on a mahine that only allowsreading of system parameters annot be onsidered to be a safety risk. In the ase of theBattery Rider, it is possible to alter the state of the mahine at any time. This is an obvioussafety hazard. A solution to this might be to use interloks of some kind. The user ould forexample enable servie mode by inserting and turning a speial key.Another issue that has to be addressed in future development of the design is the privayaspet. Gathering and possibly distributing data about the movement and usage of a ertainequipment ould violate the privay of the user. In any ase, the user must be made aware ofand agree to the use of this data.This projet may be used, in part or as a whole, for further investigation of smartphoneonnetivity solutions for Husqvarna produts. This master thesis was run in parallel withanother master thesis at Husqvarna AB. The other thesis foused on implementing di�erent37



features. The work of that thesis relies on the hardware implementation that is desribed inthis report. Despite this dependeny the work of the two students was ompletely independent.It has already been mentioned that the task of adding wireless onnetivity to the BatteryRider from Husqvarna ould be generalized and applied to other embedded systems. Many em-bedded systems ould bene�t from improved monitoring and maintenane options. Improvedserviing features and user guidane ould extend the lifetime of the equipment. This ouldalso improve the e�ieny of the equipment. The end result would be more e�ient use ofresoures. Smartphone onnetivity to embedded systems ould therefore advane sustainabledevelopment in the �eld of embedded systems design.
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9 ConlusionSmartphone onnetivity has suessfully been added to a battery powered ride-on mowerfrom Husqvarna.Analysis of a suitable ommuniation tehnique lead to the onlusion that energy e�ientsolutions, suh as Bluetooth, should be used. The fat that Android is both widespread andopen soure made it ideal for building a demonstrator of this kind.The existing system was analyzed and modi�ed to allow wireless two-way Bluetooth om-muniation to an Android devie running a ustom appliation. The result is a system thatdemonstrates various new features and an be added to an existing system with minor softwareand hardware hanges.All of the software requirements that were set at the beginning of the projet were met.Some of the hardware requirements that were set ould not be measured to on�rm theirful�llment. More time is needed to implement proper tests for maximum throughput of theurrent wireless solution.Adding features like �rmware upgrading over a smartphone onnetion was identi�ed as atime onsuming but interesting task for the future.
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AppendixClass diagrams

Figure A.1: Class diagram for AreaMeasure.
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Figure A.2: Class diagram for BTServie.
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Figure A.3: Class diagram for ContentFragment.
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Figure A.4: Class diagram for Dashboard.
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Figure A.5: Class diagram for FaultDiagProedure.
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Figure A.6: Class diagram for GPSData.

Figure A.7: Class diagram for MahineState. 47



Figure A.8: Class diagram for MainAtivity.48



Figure A.9: Class diagram for MaintenaneShedule.
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Figure A.10: Class diagram for Tests.
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