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Abstract This master thesis is aimed at developing a docking station for Axis communications’ camera V5915. The docking station in this master thesis will only reach a proof of concept level. Axis communications wanted to try to make an accessory which would make a camera wireless in the means of both power and communications. Studies on batteries were conducted early on in the project to understand the possibilities and limitations that could affect the end design. The functions that were needed in the docking station were known from the start of the master thesis. Studies on electrical components that could accommodate these functions were carried out early on. The criteria for selecting the components were mainly based on power consumption, price, and previously used components at Axis communications. Parallel to the component research, mechanical concepts were generated in order to still have an open mind on how to solve the exterior and interior design. The methodology used originates from Ulrich and Eppinger’s Product design and development. A fully functioning prototype was developed to prove the concept of a wireless docking station. The 95 Watt hours (Wh) capacity RRC2024 lithium ion battery was chosen to power the WizFi630 wireless module as well as the V5915. The LTC36461 switch modulated power supply was utilized to ensure an efficient voltage regulation for the wireless module. Recommendations for future development is to design a more versatile unit that is adaptable to a wider range of Axis cameras.



Keywords Battery, Wi-Fi, Docking station, power consumption, Camera, Axis communications, Lithium Ion, DFM.
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Sammanfattning Denna rapport beskriver det tillvägagångssätt som tillämpats under utvecklingen av en portabel dockningsstation till Axis Communications V5915. Kameran har Pan-TiltZoom (PTZ) funktioner vilket innebär motorik som gör det möjligt att styra kameran elektroniskt. Dockningsstationens uppgift är att strömförsörja kameran via ett batteri, samt att tillhandahålla trådlös kommunikation. Chassit skall designas för att skydda elektroniken samt för att kameran skall kunna dockas i den. Det är kameran som är det centrala i projektet, alla komponenter och funktioner utformas och dimensioneras för att inte kompromissa kamerans funktionalitet. Arbetet har delats in i områdena elektronik, batterier, och design vilket också beskriver den kronologiska ordningen som arbetet följt. Projektets tre delar kan beskrivas med en enkel bild.



Figur 1 - Illustrativ bild på projektets tre olika delområden. Elektronikområdet beskriver de funktionella aspekterna av dockningsstationen vilket består av komponentval samt design av el-schema och kretskort. En färdig Wi-Fi modul från Wiznet som ansågs lämplig för applikationen beställdes in och ett kretskort designades för att driva den trådlösa kommunikationen. När samtliga v



komponenter och dess effektförbrukning valts, vägdes det samman med kamerans effektförbrukning vilket gav en grund för att välja en lämplig batterikapacitet. Förslag på specialbyggda batterier togs fram med hjälp av en batterileverantör, utöver dessa förslag undersöktes även redan existerande batterier på marknaden. Det batteri som tillslut valdes var RRC2024 med kapacitet 95 Wh vilket är ett tillgängligt standardbatteri. Under passiv drift med kontinuerlig trådlös video räckte batteriet upp till 8 timmar. Dockningsstationens design utformades för att batteri och elektronik skulle kunna kapslas in samtidigt som kameran får en bra grund att stå på. Alla delar av stationen har utformats för att de lätt ska kunna tillverkas. Designen skymmer så lite som möjligt av kamerans övriga interface samtidigt som den ger tillgång till Ethernet samt DC kontakter som behövs för att driva kameran.



Slutgiltiga designkonceptet. Prototypen har vist sig fullt funktionell vid slutförandet av projektet. Ett urval av rekommendationer för framtida arbete är:   
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Utveckla en mer flexibel enhet som kan användas till ett större urval av Axiskameror. Bygg in laddningskretsar för laddning av batteriet i produkten. Utforma produkten så att två batterier kan rymmas i dockningsstationen, varav ett kan bytas ut under drift.
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1 Introduction Project background In order to create a flexible camera solution for various applications, complete independence of cord bound power supply and communication is required. This can be achieved by creating a wireless docking station with portable power and communication devices. About Axis communications AB Axis communications henceforth Axis is a Swedish company founded in Lund 1984 by Martin Green, Mikael Karlsson and Keith Bloodworth [1]. In the beginning Axis products were aimed at linking groups of computers to a printer, but now almost 30 years after the founding of Axis they are working mainly on network cameras. Axis has been involved in the shift from analog surveillance cameras to the digital ones of today. Currently Axis has more than 1900 employees employed in more than 40 countries, and are active in more than 179 countries across the globe. [2] The network camera The network camera is a digital camera that uses a local network as a source of communication, this allows for the camera to stream and store data which can be accessed both locally and globally but also stored in a NAS (Network Attached Storage). A network camera that is used as a surveillance camera gives a wide range of options on how it should be used and allows for a monitoring central to conduct surveillance on multiple locations.
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1 Introduction Initial brief In order to create a flexible camera solutions for various applications, complete independence of cord bound power supply and communication is required. This can be achieved by creating wireless docking station with portable power and communication devices. Aims and delimitations The goals and limitations were derived in order to create an easy reference for evaluating the final solution. The aims of the project are: 1. Have a fully functioning prototype. 2. The prototype will have a designed chassis capable of encompassing at least the electronic circuitry and connections. 3. Depending on progress and battery manufacturer capabilities and delivery times the chassis may also be able to house a battery pack. .



4. A lithium-Ion battery selection model will be developed to aid future developers with the choice of lithium-Ion batteries. This model will also explain basic reasoning and things to consider when working with lithiumIon. The delimitations are: 1. The concept will be limited to using TRx equipment that first and foremost already is in use by Axis. 2. Battery charging will not be prioritized in the initial phase of the project and an external charging station will be used at this stage. If there is time in the end of the project a charging circuit will be designed. .



3. The options for wireless communication will be limited to the Wi-Fi standard. .



4. Components requiring large amounts of programming will be weighted down heavily during evaluations due to time restraints. Prototype plan The goal for the project is to have a fully functioning prototype with a functional and esthetic chassis. To increase the chances of success the prototype build will be split into two different levels of development. The first goal was to construct an electrically working prototype with a reasonable chassis as this would fulfill all the requirements of the thesis work. All necessary functionality will be present in prototype one. Once a working prototype is presented the time span remaining for further development will be evaluated. Some keywords describing the main points of consideration split between the areas electrical and mechanical design for the levels of prototype construction can be seen below. 2



1 Introduction



Prototype Electrical:  Functionality  Safety  Component selection  Simplicity  Ease of manufacturing  Basic Wi-Fi functionality  Testing Mechanical:  Rough outlines  Sufficient space  Simple model construction



3



2 Theory This chapter gives the reader a basic understanding of some of the components used in this thesis. To keep this report to a readable length the detailed theory concerning other battery chemistries other than lithium ion has been exempt. The Battery Simply put, a battery is an energy storage that consist of one or more electrochemical cells that convert stored energy into electrical energy. Batteries can be divided up into two large groups referred to as primary batteries (use and dispose) and secondary batteries (rechargeable batteries). The two major groups of batteries work after the same principles, both of them transfer electrons from one material to another material through a conductive medium. Selection of materials To achieve the desired voltage from a battery the material selection is an essential part of the battery design. The anode and cathode materials are selected to achieve a desired potential difference between the two materials without making the battery unstable and dangerous. In Table 2.1 some common electrode potentials are shown. The greater the potential difference is between the materials used for cathode and anode the greater the theoretical voltage will be, an extended table of materials can be seen in Table 2.2. Table 2.1 – Common materials used in anodes and cathodes [3, p. 9].
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2 Theory Table 2.2 – Extended table of materials and their potentials. [4, p. 39].



Building battery systems with multiple cells Voltage is the difference in potential between two different points. The voltage in a system can be selected to any desired value by the two main principles, choice of material and the amount of cells / batteries in series. Cells are connected in series to increase the voltage as illustrated in Figure 2.1. The available current won’t increase when the batteries are put in a serial connection.



Figure 2.1 – Battery cells connected in series for additive voltage [5]. When batteries are placed in a series configuration their voltages are additive. This effectively means that the voltage of a battery designed from the same types of cells in series can be chosen to voltage steps of a single cell. Should a battery connected in a series configuration malfunction the whole series connection will malfunction. If the batteries are connected in parallel as illustrated in Figure 2.2, a greater redundancy of the power system is achieved since the system will still work if one of the batteries fails. Another advantage with the parallel placement is that the continuous current drained can be increased, the voltage will still be at the same level as a single battery. 6



2 Theory



Figure 2.2 – Batteries connected in parallel for the capacity of four batteries at the voltage of a single cell [5]. Some components use both series and parallel connections together in order to reach a higher voltage level as well as increasing the total capacity of the power source. It is important to ensure that each series configuration has the same number of cells as to not upset the voltage balance between each leg. This configuration is illustrated in Figure 2.3.



Figure 2.3 – Battery cells connected in two series two parallel (2S2P) configuration [5]. The capacity of the serial and parallel system will be the same, since the power for an electrical system is current multiplied by voltage. 𝑉2 𝑃 =𝐼∙𝑉 =𝑅∙𝐼 = 𝑅 2



For the system in Figure 2.5 the power is (1000 ∙ 10−3 ) ∙ (1.2 ∙ 4) = 4.8 W For the system in Figure 2.6 the power is (1000 ∙ 10−3 ∙ 4) ∙ (1.2) = 4.8 W For the system in Figure 2.7 the power is (1000 ∙ 10−3 ∙ 2) ∙ (1.2 ∙ 2) = 4.8 W 7



2 Theory With this in mind one cannot place the batteries in a certain way to get more power out of them. However the same number of cells can be used to achieve different voltage levels at different amounts of available current. Voltage terminology There are a few terms regarding voltage that one should be familiar with when reading about batteries. The list is very well described in the Handbook of batteries: [4, p. 74] 1. Theoretical voltage: The theoretical potential difference achieved based on the materials chosen as anode and cathode. 2. Open-circuit voltage: The voltage in a circuit with no load attached, often very close to the theoretical voltage. 3. Closed-circuit voltage: The voltage when a load is attached to the circuit. 4. Nominal voltage: The voltage level that is typical for the battery. 5. Working voltage: The working voltage is more representative of what can be expected of the battery when it is used with a load. 6. Average voltage: The average voltage is the average voltage supplied by the battery from fully charged and accounting for the voltage drop off over time until it reaches its cut off voltage. 7. Midpoint voltage: The voltage supplied by the battery when half of its service time is over. 8. Cut off voltage: As described below. 2.1.3.1 Voltage reversal / forced discharge When a battery is discharged to the point when all its capacity is expended the potential goes down to 0 volts. If the battery is forcibly discharged further by means of another battery or external power source it will be subject to voltage reversal. The situation can occur when batteries connected in series have different original capacities causing the higher capacity batteries to discharge the depleted one. During voltage reversal temperature buildups can occur, eventually causing battery venting, rupture or even explosions. This can also occur on cell level due to variations in production. To avoid this battery producers classify their cells within different grades of cell capacity and match similar cells within a single battery. Battery cells are usually considered similar enough when they have a capacity spread of less than 3 percent and are within one charging cycle of each other [4, p. 122]. 2.1.3.2 Self-discharge Even if a battery does not have a closed circuit to discharge, there will still be a certain degree of chemical reactions within the cell. The capacity loss of a battery during storage is known as shelf life. The shelf life of various battery chemistries vary greatly as a function of surface area of the anode, cathode, and electrolyte within the cell and the ambient storage temperature. Figure 2.4 shows approximate capacity 8



2 Theory



retention capabilities of different secondary cell chemistries as a function of ambient temperature.



Figure 2.4 – Capacity retention properties of several battery chemistries [4, p. 581]. Higher temperatures cause increased rates of chemical reactions within the cells and thus a faster degeneration of capacity. For most lithium ion secondary cells the rate of self-discharge is very high during the first 24 hours of service, and falls off significantly thereafter [6]. The concept of self-discharge is an important factor to consider when choosing batteries for an application since the capacity loss due to selfdischarge of a battery can surpass the actual power consumption of the application. An example of this would be putting secondary lead-acid battery in a wall clock or fire alarm. The self-discharge of primary cells is considerably less. 2.1.3.3 Cutoff voltage As the battery capacity is depleted due to consumption of anode and cathode materials the battery’s voltage output decreases. When the voltage level reaches a certain value as predetermined by the manufacturer the battery is cut off, this is known as the cutoff voltage. The reason for this is to prevent voltage reversal as well as preserve battery capacity for secondary batteries across many charge cycles. 2.1.3.4 Battery storage All batteries lose capacity during storage due to ongoing chemical reactions within the battery. Certain chemistries lose more capacity than others during storage and the storage environment plays a deciding role in the rate of capacity loss. The optimal 9



2 Theory storage conditions for most batteries are considered to be dry and cool. Consumer grade batteries are marked with a shelf life which is the duration a battery can be stored under specific conditions and still be able to perform at a specified performance. The storage temperature as mentioned plays a large role on the shelf life of a battery, differently so on various battery chemistries. Figure 2.5 taken from the Handbook of batteries [4, p. 154] describes the percentage of original capacity as lost per year depending on chemistry and temperature.



Figure 2.5 – Percentage of original capacity lost per year (S) is secondary chemistries, (P) is primary chemistries. The lithium-ion based chemistries have the least passive discharge both amongst the primary cells marked (P) and the secondary cells marked (S).
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2 Theory



2.1.3.5 Charging batteries A critical safety aspect of battery usage is the charging of batteries. If a battery is continually charged beyond its capacity the energy will be converted to heat. Similarly if the charging current to the battery is higher than the battery can safely absorb, heat will develop. Safety equipment have to be put in place, in order to limit the charging current if the batteries get warm but also to make sure that the maximum charging current is not exceeded. A common component used for this is the PTC-resistor (positive temperature coefficient) which essentially is a resistor that increases its resistance as temperature rises and thereby lowering the current. Other similar devices exist that trigger when certain temperatures are reached. Products usually have several layers of safety mechanisms and controls to ensure that the battery will be safe. SBS- Smart Battery System The Smart Battery System is an intelligent power system which purpose is to protect and optimize the usage of the battery, an example of how such a structure could look like shown in Figure 2.6. The main idea is that the battery will transmit its status to the rest of the system which will take the appropriate actions needed in order to protect and optimize the battery.



Figure 2.6 – Smart battery system (SBS) implementation. [7] Lithium Ion Lithium refers to the anode material while the cathode and electrolyte in Lithium ion batteries vary to give the battery certain properties. Lithium has of the highest potential at -3.01 electron volt (eV) as seen in Table 2.2, coupled with its low density 11



2 Theory makes it a great choice for battery cells. Lithium does have its drawbacks, it becomes extremely unstable when subject to high temperatures, when lithium melts at roughly 180 degrees Celsius it will react violently with just about anything. This has resulted in extensive regulatory standards for battery producers and product designers alike. The standards include, among other things, several layers of safety circuits and demands on production environments that have to be met by battery producers. Today the lithium battery is considered safe and is used in everything from mobile phones, laptop computers and cameras and certain electric vehicle applications. Batteries containing lithium are usually referred to as Lithium ion batteries, there are however several different battery chemistries which utilize lithium. Some of the most common chemistries together with typical areas of use are listed in Table 2.3. Table 2.3 – Lithium ion battery chemistries and properties. [8]



The combination of different materials in batteries will decide the properties of the battery. Certain combinations may result in higher energy density but may also make the battery more vulnerable to heat. Examples of other factors that are affected is the potential discharge rate, power stability, voltage fall over discharge period and so on. The exact ratios between the different components in commercial batteries vary between producers and are considered secrets of the trade. A further breakdown of the different chemistries and their typical properties are shown in Table 2.4. 12



2 Theory



Table 2.4 – Common lithium ion chemistries and their properties. [9]



2.1.4.1 Lithium Polymer [Li-Po] batteries The term Li-Po refers to battery cells which use a plastic polymer substance as the electrolyte. This allows for great battery flexibility and very small sizes as the cells can be made in thin layers and rolled up before encasing. The cells thus have a very large surface area between anode, cathode and separator which allows for large current generation while being very light weight. Some commercial batteries can discharge with over 80 C meaning full depletion in less than a minute. Most Li-Po batteries will self-discharge at a fast pace but they can also be recharged very quickly. Its light weight coupled with its high current output has made it the prominent battery cell for light weight, model sized, remote controlled quad-copters, helicopters and airplanes.
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2 Theory 2.1.4.2 Special Lithium Ion safety considerations Rechargeable lithium ion batteries require extensive safety considerations in order to be considered safe. The details of the electrical and mechanical safety regulations that apply can be read in UL 2054 [10] and SS-EN 60950-11 [11]. All safety features that are internal to the battery such as safety circuitry and mechanical stability must be accommodated by the manufacturers. One example of a mandatory feature is the safety circuit described in Figure 2.7. The main threat that is counteracted is the buildup of heat. Several layers of fuses and regulators limit the current flow to and from the battery based on temperature.



Figure 2.7 – Protection circuitry required for lithium ion chemistries [4, p. 139]. Due to the rigorous tests and restrictions put on battery producers most batteries acquired from serious producers can be considered safe given that instructions are followed. 2.1.4.3 Transportation There are special limitations imposed on bringing lithium ion batteries in hand cargo on air flights. If the battery has a capacity exceeds a watt-hour rating of 100 watt hours special permission from the airline is required. If the capacity exceeds 160 watt hours they may not be brought on airplanes that transport passengers [12, p. 12].



1
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2 Theory



DC-DC voltage conversion This section describes different ways of regulating voltage. Switch mode power supply (SMPS) In order to regulate the voltage to the required voltage level a buck converter (step down) can be used. The buck converter is considered to be an efficient DC-DC step down converter. A gate driver controls the transistor S in order to produce a desired voltage level. If the converter is not implemented with the proper peripheral components there is a risk of large voltage ripples. A standard buck converter circuit can be seen in Figure 2.8.



Figure 2.8 –Buck converter circuit. Low drop out voltage regulator (LDO) The LDO gives a low noise output which is desirable in many applications and that it usually is a smaller de vice than an SMPS when it doesn't have inductors or transformers as working elements. The disadvantage of the LDO is that it needs to dissipate power over the regulating device in order to regulate the output voltage [13]. A simplified example of a LDO schematic is shown in Figure 2.9.



Figure 2.9 – Simplified internal LDO circuit [14, p.2]. The efficiency of an LDO can be estimated to the output voltage divided with the input voltage according to the equation below, which states that the input voltage should be as close as possible to the output voltage. 𝜂=



𝑉𝑜𝑢𝑡 𝑉𝑖𝑛 15



3 Battery selection model This section of the report describes the development of a battery selection model. The model is designed to serve as a helpful foundation for a battery selection discussion. Motivation Several different battery selection methods and models were discovered during the study. Most models are designed from the perspective of battery manufacturers or retailers to help their customers find a specific battery that suits their specifications. The battery selection is often limited to the stock of the retailer or manufacturer. The key when choosing a battery is for the designer to know what kind of application the design is intended for. The battery in an electrical application represents the limits and possibilities that mark the engineering space, so much so that products are often modified or entirely engineered around the battery. If the wrong kind of battery would be selected it could lead to dangerous situations and tedious extra work to get the application out on the market. In order to choose a battery for an already existing product it is very important to be familiar with several aspects of the product. To assist in any future discussions about battery selection, a guideline based on a new viewing angle has been developed. The Model To aid in the battery selection discussion and to focus attention on the relevant aspects of choosing batteries, a battery selection matrix has been developed shown in Figure 3.1.
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3 Battery Selection model



Figure 3.1 - The battery selection matrix with the horizontal axis as power and the vertical axis as application. The model layout The choice was made to design the matrix based on portability (vertical axis) and power requirement (horizontal axis). The Power axis represents two very important variables that will be determining factors when selecting battery, which is voltage and average current. A high voltage coupled with a high current will land you on the right side of the matrix, whereas the product of the two can be relatively small. There will be examples of this further down. The vertical axis represents how portable the product is. A wristwatch will be more portable than a laptop whereas a wall clock or fire alarm will be less portable as they are stationary in their usage. Although the impacts of the portability at first glance may be hard to see, it will be argued that it is a good way of viewing things in order to spark a discussion. To help map out the space of the matrix some examples of what kind of devices that could be found in different areas of the matrix are shown in Figure 3.2 together with Table 3.1.
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Figure 3.2 – Battery selection matrix with labeled applications. Table 3.1- Shows what devices could be found in each point of the matrix.



2



Point



Type of devices



A



Wristwatch, bicycle light(led)



B



Cellphone, camera



C



Portable Power bank



D



Electric razors



E



Vacuum Cleaner (handheld)/ electrical bicycle



F



EPIRB2, children’s toys.



G



Laptop



H



Electrical car



I



Robot lawn mower, vacuum cleaner



J



Forklift



K



Clock, fire alarm



L



Battery powered electric fence



M



Large scale power reserves, off-grid systems



Emergency position indicating radio beacon. 19



3 Battery Selection model One important thing to notice is that a wall clock and a consumer grade fire alarm is considered as stationary as a battery powered electric fence. A forklift, although very heavy is considered more mobile than the previous examples due to its moving nature. When a basic understanding of the orientation of the matrix is established the designer can proceed to get an understanding of where their own product would be mapped out in the matrix. During the process of reading about this model and understanding their own product the position of the application will likely move around slightly.



Figure 3.3 – Battery selection matrix with area containing primary chemistries. If the designer’s product is within the grey zone in Figure 3.3, the product will most likely be powered by a primary-battery. This is most likely due to the fact that the devices in this area use small amounts of power and are often used in long life low power applications and devices used intermittently with long time gaps in between usages. The primary battery is a better battery choice when designing products that are located in this area due to their lower self-discharge making battery switching relatively infrequent. Secondary batteries will most likely be found in the area not marked grey. Most products in this area use more power over shorter periods of time making it expensive and not environmentally friendly to power these applications with primary batteries.
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Figure 3.4 - Battery selection matrix with area containing lead-acid batteries. Figure 3.4 shows an area in the matrix where there is a high possibility of finding an application that is powered by a lead-acid battery. The advantages of the lead acid battery is weighed up against the disadvantages in this region of the matrix, the disadvantages of the lead-acid battery are low energy-to-weight ratio, and a low energy-to-volume ratio. The lead acid battery does have a relatively large power-toweight ratio enabling large current surges when required, together with its relatively low price makes it a good choice in the more stationary applications. The lead acid battery can handle a large number of discharge cycles and low temperatures making it ideal for starting motors in fuel propelled vehicles.
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Figure 3.5 - Battery selection matrix with area containing lithium ion chemistries. The marked area in Figure 3.5 represents an area in the matrix where there is a high possibility of finding lithium powered applications. The lithium battery has a relatively high energy-to-weight ratio as well as a high energy-to-volume ratio which enables small and powerful devices. Other properties are that they require low amounts of maintenance which is preferable in many consumer products. Lithium polymer (Li-Po) batteries are very lightweight and can discharge at a very fast pace making them widely used in quad-copters and lightweight flying machines. The volatile nature of lithium and safety regulations concerning lithium, especially secondary lithium cells often make them a more expensive choice.
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Figure 3.6 - Battery selection matrix with area containing secondary batteries of undetermined chemistry. Figure 3.6 shows an area in grey where application specific information is required in order to determine the battery specifics. Generally, to be in this area the application should be powered by a secondary battery. In this area the designer has a degree of freedom when designing the application as several different battery technologies may be suitable. The final decision of which battery is best suited for the particular design depends on price, size, power, current, time for the application to run, user serviceable etc. a list of important discussion topics are listed further down in this report. An example of an application that may be found in this area is the battery for starter motors in cars. The most common starting battery used in cars is the lead acid battery. Some car manufacturers have started using lithium batteries as a replacement for the traditional lead acid battery in high end sports cars in order to save weight. For the matrix this means that the application that is car starter batteries has begun covering larger areas of the matrix, they can be found both in the lower (less portable) and higher (more portable) spectrum of area four. This points to the importance of application specific considerations in the battery selection process.
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Figure 3.7 – Battery selection matrix divided into six different areas. The battery selection matrix in Figure 3.7 is divided up into six different areas where each area represents a different field of battery technology and/or primary or secondary cells. Each area should also give good general advice when designing an application located in that area. 1. In this area the right battery is usually a primary lithium battery due to its large capacity per unit volume, low self-discharge, even voltage level during discharge and light weight. In order to use a secondary battery, efforts would have to be put into ensuring that the device can run on a larger span of input voltages as the rechargeable batteries tend to drop off significantly more during discharge. 2. Area 2 mostly contains applications that use lithium based secondary batteries due to the portability requirements of the applications but also due to a relatively large power consumption. The applications in this region are power consuming enough that using primary batteries would cause the need to continuously and frequently change batteries. There is also an environmental aspect to using secondary batteries in this region since these batteries can be recharged. These applications are usually complex enough to display information to the user concerning when the battery is in need of recharging which makes it easy for the consumer to recharge the device before the application shuts down. If the application is very lightweight and require very large amounts of current over a 24
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short period of time, Lithium polymer batteries are found in this region. 3. In this region of the matrix there is a high likelihood of finding a primary-battery, but the technology of this battery is not obvious as the applications can be very different. When choosing a battery in this region one should try to pick a lithiumbattery if the price and more strict safety regulations allow for it since they offer more capacity, and are in some cases more environmentally friendly. If price is a big issue and there is leeway in terms of size and weight alkaline batteries are also a good choice. 4. In region four it is not as easy to give a good battery recommendation, in this region it is much more dependent on what kind of application the battery is intended to be used in. This is why one should have an understanding of the advantages and disadvantages of different battery technologies, an overview of these can briefly be seen in Table 3.1. With the help of Table 3.1 the designer can get an idea of what kind of battery the application should run on. It is important to note that these parameters only cover performance characteristics for the different chemistries and each chemistry involve different risks and certain regulations need to be taken into consideration depending on chemistry. 5. In this region it is most likely to find alkaline batteries since these have a long shelf life and applications in this region are used periodically or continuously over a long period of time. Examples are as mentioned clocks and fire-alarm. 6. In this region of the matrix the most suitable battery to use is a lead-acid battery since it has a low price and it is an old and well known technology with predictive behavior. It can also handle overcharging well which means that it could be plugged in and charged until a power failure occurs. Region six inherently means that size and weight usually isn't an issue, however in applications where extremely large capacities need to be stored the storage area will be great.
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3 Battery Selection model Table 3.2 – Secondary battery cells with associated properties [15].



As Figure 3.6 indicates the model is not enough by itself because of the complexity to select a proper battery for a specific application. It is not only the voltage and average current requirements of the application that determines the battery technology but also what it can supply in terms of peak current, how it is going to be used, what is the size, weight and temperature limitation, and maximum battery cost. A few questions that should be considered are proposed below.
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Proposal of questions that the designer should consider:  What is the voltage required?  What is the largest continuous current needed?  What is the peak current?  How long is the battery required to last per discharge cycle?  How much is the maximum voltage allowed to differ from the minimum voltage?  What are the size limitations?  What are the transportation requirements of the finalized product?  How much is the battery allowed to cost?  What is the weight limitation?  What is the user cycle?  What is the lowest/highest temperatures the battery will have to endure?  Does it need to be user-serviceable?  Are there any environmental factors that the battery will have to endure? A breakdown of reasoning and purpose behind the questions follows: What is the voltage required? The voltage is required to give a clue about what chemistry to use since different cellchemistries have different nominal voltages across them. In the case of higher voltages a number of cells in series will be required which will be different depending on which chemistry is used. For instance to reach a nominal voltage of around 10 volts, three lithium ion batteries in series could be used 3 ∙ 3.6 = 10.8, whilst it would require around 5 lead acid or 9 nickel Cadmium cells for similar voltages. How much continuous current is needed? The largest continuous current required will also be crucial in determining the cell chemistry as the discharge rate between the chemistries differ. Twice as many batteries in parallel will double the available current. If the chosen battery configuration is unable to supply the required current the intended application may stop working entirely. Both the voltage level and the continuous current available can be varied by both cells in series/parallel and chemistry which means that other considerations will have to be investigated in order to determine which configuration is right. What is the peak current? Most applications will have different levels of current consumption during different periods of time, for instance an electric motor will drain large amounts of current during periods of high acceleration and then go back to a lower continuous current during steady drive. Most batteries can handle short bursts of increased current drain without necessarily being able to supply that level during an extended period of time. The battery’s capability of doing so varies greatly with chemistry.
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3 Battery Selection model How long is the battery required to last per discharge cycle? This essentially is the battery service time which together with the power drained will determine the batteries required capacity. The capacity is based on the specific energy of the battery coupled with the number of cells in parallel. How much is the maximum voltage allowed to differ from the minimum voltage? As a battery cell discharges the voltage across it will drop, there are even different terminologies describing the different levels of voltage during the discharge cycle, maximum voltage, nominal voltage and cut-off voltage to name a few. The difference between the maximum voltage and cutoff voltage will differ depending on chemistry which makes it important to evaluate which voltage range the designer’s specific application can handle. There are also examples of similar standard batteries such as the 9V battery having a different number of cells inside depending on manufacturer to reduce the particular battery’s voltage range. What are the size limitations? The designer must consider the size of their application, whether it is critical as is the case with cell phones, or less critical as with products that have extra space. Since different chemistries have different energy per volume this will in some cases be a large factor in the choice of battery. Furthermore batteries are more often than not built into applications making the dimensions of the battery very relevant in early stages of development. What are the transportation requirements of the finalized product? This question is easily overlooked but certain battery chemistries, mainly lithium based have great restrictions in the way that they can be transported. The formal transportation regulation imposed on batteries are known as UN 38.3. This document mainly concerns the regulations regarding transportation of lithium batteries or products containing lithium batteries on commercial airplanes. How much is the battery allowed to cost? A product intended for the market will always be price sensitive. If the battery performance can be achieved at a cheaper price by switching chemistries this should be given sincere consideration. This part of the discussion will be very closely tied to the specific application and is hard to discuss on a larger scale. What is the weight limitation? As a complement to the dimension consideration the weight limitation of the battery should also be considered. Even if a large application can fit a certain type of cell chemistry perhaps there are structural, regulative, or other requirements that will limit the weight of the battery. What is the user cycle? The user cycle of the intended project is very important to consider. For instance is the product always active? Is it used briefly a few times a day? A few times a year even? This factor will be important when both choosing chemistry and when it comes to determining whether the application should have primary or secondary batteries. If 28
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the power consumption over a long period of time is low due to intermittent usage, it could be advantageous to use primary batteries due to the lower rate of self-discharge. What is the lowest/highest temperatures the battery will have to endure? The temperature range that the battery will have to operate under is of great importance to all chemistries. Some cell chemistries achieve their optimal operating point at higher temperatures due to the increased chemical reaction that occurs, whilst others become extremely unstable and volatile due to unintended reactions. In general the lithium based chemistries are the most sensitive to temperature as lithium will melt and start reacting with nearly anything at temperatures close to 180 degrees Celsius. The temperature may sound high but can be achieved in less than a second if the cells protection mechanisms fail while the cell is short circuited. Does it need to be user-serviceable? This point is often initially omitted, it is however an important point that needs to be considered. If the customer has access to the battery in terms of being able to remove it, switch it out and so on, the design should be formed in such a way that errors are minimized. Also a consideration to take into account when working with these batteries are that the user should have an easy access of replaceable batteries at their local stores. Are there any environmental factors that the battery will have to endure? Environmental factors can mean anything from shocks, moisture to small particles. While most batteries are required to sustain certain levels of environmental exposure, the extent to which they will be exposed in each application will need to be investigated. Furthermore the regulations on how batteries are labeled in terms of exposure tolerance may only guarantee that the battery does not cause hazardous situations, not that they will continue working to their labeled performance. Reflections and examples the battery selection method The first part of the model seems to give a good mapping of the different battery technologies that have been identified on the market that are reasonable to use in an average battery application. Fuel-cells are not included in the model due to time restraints. It is believed that the model will give a good ground for a relevant discussion and clue the designer about what battery type to use. Due to the great number of special cases that have to be considered when choosing batteries for an application the model is not designed to supply the designer with a clear battery choice. It is meant to faster narrow down the designer’s battery research area. This could possibly benefit products that are in a R&D state because less time needs to be allocated to selecting battery. The model also proposes relevant properties of the application that needs to be considered in order to select the proper battery. The model is not only a useful tool in the initial stages of the battery selection but should also be used throughout the product development to analyze any changes. This is best described with an example concerning digital cameras.
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3 Battery Selection model Example - Digital cameras Take for instance the development of a consumer grade digital camera for which rechargeable lithium ion batteries has been chosen. The product was placed in region 2 of the battery selection matrix. New market research has shown that the usage of digital cameras has gone down in favor for the new smart phones. A market segment has been discovered that targets young people traveling on vacations to exotic places around the world. These people want a cheap digital camera with better optics and image quality than the regular smart phone, they usually only use it for a few weeks and then put it on the shelf which is why cheaper cameras are favored. The company decides to strip the camera of all unnecessary functionality reducing the overall power consumption of the camera. The user cycle is also predicted to become intermittent, the camera would see a lot of use a few weeks every year and otherwise be stored. Applying these changes to the battery matrix would move the camera from area two towards area one, meaning less capacity and non-rechargeable batteries. The process of applying this to the battery matrix and see in which direction the product is moving should make the designers consider the area that the product moves towards. The designers have a look at the non-rechargeable batteries with less capacity and they find that they can make the product slightly smaller due to not needing a charging cable and charging electronics. Furthermore it is found that rechargeable batteries will mean that the effective charge time between usages is removed due to an instant switch. This is found to comply with the needs of the intended market segment as there is very little time and sometimes opportunity to charge batteries on exotic vacations. Exceptions, difficulties and example There are a few applications that are hard to place in the matrix. Consider the recent phenomenon of garden lights that have small rechargeable batteries that are charged by sunlight during the day and discharged overnight to produce light. Their placement in the matrix conflicts, since it is stationary it should be in the region 5-6, since the energy consumption is relatively small it should be in region 1, 3, 5. The overlapping area is region 5 which is adjacent to region 3, 4, 6. However a central feature of the application is that it is rechargeable to require very little maintenance which excludes region 1, 3, 5. Thus region 6 seems like a likely spot for it, there are however space and weight requirements on the product to be light weight and small to be easily placed and to not become visually disturbing in its user environment. In other words a portable, small product that is used in a stationary manner. Herein lies a complex problem of identifying whether one’s product is stationary or portable. Adding the size and weight requirements, the battery which at first seemed to fit in region 6 moves up towards the higher region four or even into region 2 (lithium ion territory). The usual battery for the garden lights application is Nickel metal hydride, the technology does not suffer from the same environmental sensitivity as the Lithium ion based chemistries and is also cheaper.
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Figure 3.8 – Battery selection matrix divided into six areas. To summarize this example the product is placed in the upper left area of region 4 due to the recharge ability, size, weight, price and environmental limitations. Another example that requires further analysis are batteries made for military applications. Usually the batteries are of large capacity moving the target area to the right in the matrix. This would for normal products suggest that it should be of secondary cell type, however due to the critical situations during which the battery is required to work and the infrequency with which they may need to run they are often primary cells. This allows for quick battery replacements and a generally better shelf life ensuring that the battery will function when it needs to. When the selection model is used as a basis for discussion there are some pros and cons that the designer should be aware of. Pros



     



Potentially decreasing the lead time from idea to finished product. Easier to choose a suitable battery for the application. Provides a different way of viewing battery selection. Easier to design a product for a specific area of the matrix. Less knowledge is needed in order to get started selecting a battery. Good starting point for discussion.
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3 Battery Selection model Cons   



The model is meant to inspire a thought process around the selection of batteries, the result can only be as reliable and useful as the discussion held. Some battery knowledge is required. Certain applications are hard to place.



Neutral  Creates an understanding for the own application and how one could move in the matrix to get advantages/disadvantages. The greatest advantage with the model is that it creates a discussion about the application, where it should be placed in the matrix and why. It is the process of placing the product in the matrix and the discussions that follows that is the real benefit of the model. When an understanding of where the application is located is achieved, it is easier to take a decision regarding what kind of battery is best suited for it. Some examples of discussions one could have when mapping a battery in region 2 close to region 1 are:   



Should we optimize the power performance more and change battery technology? Does the self-discharge of the battery drain more power from the battery than what the application will do if optimized? Could it be beneficial for the product to not power optimize if an optimization would lead to a change of battery technology.



A disadvantage with the matrix is that it could result in a not so good battery that is selected, if the group/person using the matrix doesn't have a basic battery knowledge. In short, the benefits that can be obtained from using the model will only be as useful as the discussion held.
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4 Method This chapter explains the methodology used during the development of the wireless docking station. Approach for prototype development The prototype development was divided into three stages which consists of “Research”, “Design” and “Implement”. Figure 4.1 gives an overview of the three different stages.



Figure 4.1 - The prototype development process. Research During the research stage, basic knowledge of the required topics will be gathered in order to understand the task at hand. Analysis of the camera, defining specifications and brainstorming ideas will take place at this stage. The research will serve as a basis to map out the direction of the development. Design The design task will involve the interaction between the mechanical design and the electrical equipment used. During the iterative design development, focus will be placed on the synergy between the two.
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4 Method Electrical design The electrical design is aimed at linking all the components that should work together. Some components have special needs like heat dissipation, working temperatures, working current, and stable working voltage. All of the special needs have to be considered for the electrical design to work as intended. Additionally the physical layout of the electrical design should be reasonably small in order to fit inside a physical docking station.



Figure 4.2 – Chronological order of the electrical development process.



Wi-Fi Several Wi-Fi modules will be examined and evaluated against each other. Only WiFi modules that won’t limit the camera functionality will be examined. The parameters examined will be:    



Price Implementation time Power consumption. Peripheral requirements.



DC-DC step down The voltage regulation will be divided into different methods of stepping down to the voltage levels which are required by the Wireless module. Since the camera is likely to consume more power than the Wi-Fi, the battery voltage will be chosen so that its’ voltage level suits the camera’s requirements. LTspice IV3 will be used to analyze the different solutions. Due to the time limitations of the master thesis, only components from Linear Technologies will be subjected to deeper analysis. Battery To find a suitable battery both off the shelf products and a custom made solution will be examined. To find the off the shelf products a collection of available batteries with the correct specifications will be searched for on the web. For the custom battery solution, a minimum of one battery manufacturer will be consulted for both cell and price proposals.
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Available from www.lineartechnology.com/software/ 34



4 Method Schematics A rough draft of the circuitry schematics will be developed using primarily components that already exist in the Axis database with the exception of handpicked components suitable for battery powered devices.4 The draft will be examined by supervisors for electrical functionality and compliance with Axis general design standards. Corrections will be made and components will be ordered after correcting the schematic in accordance with the advice given. The schematic will contain a summary of necessary considerations and advice for the physical implementation of the schematic based on component datasheets and to match mounting geometries of the physical concept. Mechanical The development of the mechanical design will follow the methodology described in chapter 8 in Product design and development by Ulrich and Eppinger [16, pp. 143163].5 The methodology described in Ulrich and Eppinger follows three phases described in Figure 4.3 together with a complementary manufacturability phase.



Figure 4.3 – Working order of the mechanical design. Concept generation The first stage, concept generation, will be to generate different concepts for the docking station with a mindset where the physical limitations are of no issue. Concept screening The second stage will be to create a scoring matrix with which the concepts can be evaluated against each other. The evaluation is approximate, since detailed quantitative comparisons are difficult to obtain at an early stage and could even be misleading.
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Advantages of using components that are registered in the Axis system is the extensive documentation easily accessible, certain components already exist in stock, and efforts of taking developments to the next stage for the docking station will be greatly reduced due to the already established supplier connections. 5



Product design and development was used in order to evaluate the designs in a non-objective way.
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4 Method Concept scoring The concepts that make it through the concept screening will be subject to closer examination. Through a weighted scoring matrix a single concept for further development will be selected. Manufacturability The manufacturability of the concepts that go through the process described above will not be examined. Once a single concept has been selected, efforts will be made to make the concept more producible. Implementation During the implementation stage of the process, details of the design will be modified in order to ensure that the electronics and the mechanics work well together. The finished docking station will be evaluated and suggestions given regarding future improvements. If time allows, a second prototype will be made based on the lessons learned from the first prototype.
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5 Camera analysis In order to build a prototype adapted to the V5915, the crucial camera parameters on which the design will be based are established in this chapter. Communication bandwidth One of the central objectives of the prototype development is implementing Wi-Fi communication. The V5915 has a standard RJ45 Ethernet connection to deliver and receive information at a supported rate of 10/100 Mbps. The camera is accessed and controlled through one of Axis’ in-house software from which different video stream encodings and frame rates can be selected. The encodings available are Motion JPEG, H.264, HDTV, Quality, Balanced, Bandwidth, and Mobile. The idle bit rate6 is by far the highest for Motion JPEG where it is roughly approximated to 30 Mbps. There are video compressions which will allow a fluent 60 frames per second video stream for low connection speeds. Power The recommended power supply is 8-28 volts, and the power consumption ranges from 12 to 21 Watts. All tests performed concerning power consumption will be done with all internal systems running. The detailed results from these test have been classified by the company and is consequently not presented in this thesis.
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transfer speed when the subsequent images are near identical 37
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Camera appearance Some images of the V5915 is provided in Figure 5.1 to give a better idea of what the designs will be based on.



Figure 5.1 – The V5915 back and front.
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6 Component Selection This chapter covers the component selection process and relevant considerations. Wi-Fi solution The most relevant factors when selecting a Wi-Fi module has been identified and gathered. They are identified as Data bandwidth, power consumption, ease of implementation, and cost. Data Bandwidth Since the video stream from the camera is very flexible the Wi-Fi unit will be chosen to not limit the network traffic supported by the V5915. Power consumption The power consumed by the Wi-Fi unit and its’ required peripherals will directly influence battery life time. Peripherals will be used to step down the nominal voltage of the battery power supply to whichever voltage the Wi-Fi unit requires. Additionally some Wi-Fi units may not be complete and ready for use in which case components such as PHY-MAC bridges, antenna and MCU will be considered peripheral units. Ease of implementation Since the time available to implement the Wi-Fi solution is very limited each solution will be graded with a “time for implementation” estimation. The most energy efficient and cheapest solution may require weeks of research to implement making them unrealistic in the time frame given. Cost Reasonable costs for a Wi-Fi unit together with an evaluation board will be estimated together with supervisors at Axis. Evaluating the Wi-Fi solutions The method of evaluating Wi-Fi solutions is most accurately conveyed by going through them unit by unit, since the manufacturer of each device is unique this is how they will be referenced. Each examined solution will require some sort of voltage regulation and external contact interface for connection between station and camera. 39
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The solutions considered but not chosen are developed and can be seen in appendix B. The evaluation of the Wi-Fi solutions can be seen in Table 6.1. Table 6.1 - A list of potential Wi-Fi solutions considered during research. Producer Product Price [$] / Price EVB [$] Programming rating [- , 0 , +] Implementation rating [- , 0 , +] Connector Peripheral needs



Micrel KSZ8692MPB (Reference) 29/1200



WIZnet



ConnectOne



Silex Technology



50/102



Nano WiReach SMTG2 44/172



0



+



+



+



0



+



+



+



soldered



CN2



Transformer, RJ45



Transformer, RJ45



WizFi630



soldered PCIe Wi-Fi, PHY, RJ45, ROM, Transformer, Oscillator, RJ45 Transformer



SX 570/580 138/545



The power consumption of the wireless units is an important factor. A collection of power characteristics of the Wi-Fi units can be seen in Table 6.2. Table 6.2 - Wi-Fi solutions with power requirements and power consumption. Producer



Micrel



WIZnet



ConnectOne



Silex Technology



Product



KSZ8692MPB



WizFi630



Nano WiReach SMT-G2



SX 570/580



Power Consumption Typical [W]



1.33



1



0.9



2



Power Consumption* Max [W]



(not rated)



1.98



(not rated)



3.8



Voltage input [V]



1.2,2.5,3.3



3.3



3.3



5



*The power consumption and input voltage concerns the modules not including peripherals.



The consumption ratings are very similar between the modules, and the difference between maximum and typical power consumption is approximately a factor two. The Wi-Fi chosen to work with was the WizFi630 because it seems to be easy to implement, it does not require a lot of programming for it to work, and it has a low power consumption. The price was deemed reasonable after deliberating with supervisors. WIZnet (WizFi630) The WizFi630 requires one external voltage supply of 3.3V which makes it possible to use one external voltage regulator. The module contains on-board transition units to the PHY level leaving only the RJ45 jack with proper isolation transformers to 40
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implement. The chip has preset configuration options that will cover the required functionality. From its online documentation the implementation seems simple with internal web page configuration. An outline of the WizFi630 solution can be seen in Figure 6.1. The WizFi630 module costs around $50, the evaluation board costs around $100. Furthermore the module contains a wireless unit, and the evaluation board comes with an antenna.



Figure 6.1 – Solution layout for the WizFi630 module. DC-DC converters The DC-DC converters were evaluated based on output voltage ripple. The chosen voltage regulator is described herein and all other alternatives are described in appendix C. The simulated voltage ripples from the different examined alternatives are collected in Table 6.3. Table 6.3- Shows the ripple that was simulated for each device in LTspice IV Device



Ripple mV



3570 LDO



25.8



3570 SMPS



5.8



3646 SMPS



6.2



1963 LDO



0.8



1375 SMPS



26.5 41
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3646 SMPS+1963 LDO



0.415



The efficiency of the different converter solutions vary depending on stepdown method. The LDO devices have a low efficiency when the difference between input voltage and output voltage is large. Based on the simulations the SMPS device 3646-1 will be used to power the Wi-Fi due to its low output ripple. Based on the data sheet the component has a high efficiency in the relevant current range. LTC3646 The LTC3646 has a programmable switching frequency ranging from 200 kHz to 3 MHz and can provide an output voltage between 2- 30 V. The device has a function that can force the device into a mode for ripple sensitive devices [19, p.1]. The functionality of the device and the results from the simulations is summarized in figures 6.2 – 6.5. Various switching frequencies were tested in the entire frequency range.



Figure 6.2 - Recommended implementation for the LTC3646 was retrieved using LT PowerCad analysis tool.
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Figure 6.3 - Estimated efficiency (blue) and power loss (red) of the LTC3646.



Figure 6.4 - Simulation setup for the LTC3646 in LTspice IV.
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Figure 6.5 – Ripple on the output voltage from the LTC3646 with a voltage ripple amplitude of 6.2 mV. (simulated data) Battery The power consumption of the camera with only the video stream running is estimated at an average of 12 watts. Considering the worst case scenario for power drain the camera will consume close to 18 watts. The average power consumption of the Wi-Fi module is 2 Watts. The stepdown is performed at an efficiency of 85-90 percent. Peripheral units required to step down the voltage is estimated to draw around 0.2 watts. The user cycle of the camera was discussed with project managers and supervisors. Since the V5915 is projected to have a wide range of different users the battery would have to stay dormant for extended periods of time. The target battery life time per charge was decided to be in excess of 5 hours with a target time of 8 hours. Considering the worst case power consumption this would require 8 ℎ ∙ 22 𝑊 = 176 𝑊ℎ. During average use 8 hours would mean a capacity of 8 ℎ ∙ 14 𝑊 = 116 𝑊ℎ. The docking station is meant to be flexible in its applications. This requires certain limitations on dimensions as well as weight. From the design concept development the battery size was estimated to have to fit inside a box of dimensions 200 x 160 x 40 mm which gives a volume of 1.28 liters. These dimensions represent the absolute maximum size of the battery to be selected. Cross referencing the dimensions with the power density of different battery chemistries in Table 2.4 the decision was made to choose a lithium ion battery. Other battery chemistries will result in a large and heavy battery as is the case with the closest contender which is Nickel metal-hydrid. Ni-MH batteries are listed as 55-110 Watt hours per kilo, the higher end of the spectrum can 44
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only be reached when dealing with smaller battery packs or single cells. The nominal cell voltage of the Ni-MH is 1.2 volts which means a battery pack would require a minimum of 8 of these cells in series in order to reach a suitable voltage level. An estimation of the resulting battery pack from Ni-MH would weigh just under 2 kilos and cover a volume of nearly 2 liters. A collection of batteries off the shelf that represents a large spectrum of the market has been collected in Table 6.4. The batteries selected have a capacity of less than 100 watt hours due to the transportation restrictions described in [12]. All batteries were retrieved from retailer websites except the Supplier 1 and supplier 2 batteries. Table 6.4 – Selected battery alternatives with corresponding properties, approximate values are given for supplier 1. Brand



Nominal Voltage Voltage [Max] Current



Ultralife Ultralife BatterySpace BatterySpace Hy-Line (Elfa) Ansmann SuPower Battery Supplier 1 Gens Ace RRC Power solutions



14.4 14.4 14.8 14.8 14.4 14.8 14.8 >15 14.8 14.4



16.8 16.8 16.8 16.8 16.8 16.8 16.8 >15 16.8 16.8



4.5 4.5 14 14 4.5 4 5 >3 5 4.5



Ah 4.8 @ C/5 4.8 @ C/5 6.4 @ C/5 6.4 @ C/5 7.5 4.5 @ C/5 5.2 >5 6.6 6.6



Length [mm] Height [mm] Base [mm] price [kr] Shiping time (Weeks) 75 75 175 175.26 76 76 68 120-140 136 167.5



40 40 23 55.88 55 65 74 20-25 29 21.5



67 67 112 38.1 73 38 38 70-80 85 107.5



502.86 497.988 1217.565 1217.565 1407 965.7792 452.4 ND 1112.4 1112.4



2 2 2 2 1 1 6 ~5 1.5 1



The capacity, voltage level and current supply capabilities has been chosen to be similar for all the batteries. The prices vary significantly between the different alternatives ranging from 500-2300 SEK which corresponds to $61 - $281 (April 15th). Reducing the list Due to time restraints the batteries listed in Table 6.4 with a shipping time of over 3 weeks were considered too long and thus the Supplier 1 and SuPower batteries were struck off the list. The Ultralife batteries had to be ordered by special means if they were to be delivered to the European market. In spite of repetitive attempts to reach their customer service no progress was made. The batterySpace retailer as well as the Ansmann battery pack were removed from the list due to insincere producers. The Ansmann battery could be bought from one retailer and there was no mention of the battery pack in Ansmann’s own product selection. Reading through the safety instructions and specifications of the BatterySpace battery packs gave a sense of unease as the language was consequently incorrect.
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Custom made battery As part of the battery research several battery manufacturers were consulted for advice and suggestions on what they considered to be a suitable lithium ion battery for the intended application. The best contact was established with the company supplier 1. After continuous communication with one of their design engineers about battery specifications, two different cell layout options were supplied to get their professional opinions on the feasibility of each of them. This step was performed early on in the development step in order to determine which of the design alternatives that were feasible to implement. The cell configurations supplied can be seen in figures 6.6, and 6.7.



Figure 6.6 - Block configuration with hole for tripod screw.



Figure 6.7 - Circular configuration. The response from supplier 1 made it clear that the circular configuration is much more complex to develop, as a mechanical solution for keeping the battery pack rigid would have to be designed. The rigidity is needed for production, assembly and shipping purposes. It would also be difficult to connect and separate the serial and 46
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parallel blocks of cells. Furthermore a fully custom curved PCB would have to be designed which would bring about extra production and development costs. The flat block configuration is more typical battery design. The methods of implementing a flat PCB are standardized making the whole solution a semi-custom build. Some flat plastic plates could be used to maintain the rigidity of the battery. The flat configuration would be cheaper and simpler to implement. [22] Once the flat configuration had been established as the more sensible way to go, a full proposal of costs and specifications of a finished battery was created. The cell packs that the custom battery would be built from can be seen in an extract from the full proposal in Figure 6.8.



Confidential material



Figure 6.8 – Cell pack that basis for the custom battery suggested by supplier 1. Confidential contents removed. The long lead time coupled with the extra work resulted in this alternative being excluded. The two investigated options of using an off the shelf battery such as the RRC2024, or a custom made battery similar to the one developed together with supplier 1 each have distinct advantages and disadvantages. The main factor here, other than the safety of each battery is the question of price. Price will depend on production volume and consequently ordering quantity. The cost estimation provided by the supplier is confidential and is consequently not presented in this thesis.



Confidential material Figure 6.9 – Projected cost per battery unit at a greater annual quantity. This price does not include the initial one time engineering costs for finalizing and producing the battery. Confidential contents removed.



Confidential material



Figure 6.10 – Onetime costs associated with the custom battery.
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Any further modifications, development time, and other costs would have to be added to the price estimate to get a more accurate, but still very rough estimate of the final cost per unit. The development time required to finalize the battery also has to be taken into consideration, although an estimate of the time required can be supplied by supplier 1 after commitment to the product, general product development issues may occur giving rise to extra expenses.
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RRC2024 The RRC2024 battery pack from supplier 2 was recommended by a contact at AvnetAbacus [20]. After discussing the application he suggested a few different battery alternatives that all fit the specifications. The specifications of the battery chosen to test the prototype is shown in Figure 6.11.



Figure 6.11 – Specifications of battery selected for testing [21]. They also recommended compatible charging unit for easy charging during the prototype stage. Although not being the cheapest battery available the support and fast shipping allowed us to progress the project at a faster pace. The RRC battery can be seen in Figure 6.12.



Figure 6.12 – Lithium ion battery from supplier 2. 49



7 Electric design implementation This chapter describes the development of the printed circuit board and the considerations that had to be made. The schematics design To host all the electronics required to achieve desired functionality an electrical schematic is designed. The parts required will be the Wi-Fi unit, voltage regulation, buttons, safety components, and the proper connections. A complete electrical schematic can be found in appendix D1. On the external PCB the battery supply will have to be regulated to a 3.3V volt stable power supply to drive the Wi-Fi module. The main portion of the power consumption will be drained by the camera, thus it makes sense to directly feed the battery voltage into the camera without regulation and only regulate the voltage supply for the Wi-Fi unit. The first layout of the electrical schematic was constructed to match the chosen Wi-Fi solution seen in Figure 7.1.



Figure 7.1 – Solution layout for the WizFi630 module. 51
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Throughout the development process several aspects of the solution changed. As a result of a meeting with a Linear Technology representative [23] the LDO post regulation was removed. The output ripple from the SMPS alone is small enough to power the Wi-Fi unit. For a more ‘finished product feeling’ the connection between the docking station and the V5915 was moved to be completely inside the docking station. The intended RJ45 jack was removed in favor for a permanent soldered connection to the PCB. The details of the board will not be discussed further, some features that are incorporated for the first prototype:     



Wrong polarity connection protection. Fuses. WPS activation. Reset connection. On/off switch.



All components used are rated for a minimum of twice the voltage and current they are subject to. This was a requirement imposed by Axis. All peripheral capacitors, inductors and resistors were chosen by consulting the datasheet of LTC3646-1 [19]. PCB design With input from the electrical schematic and the specific geometry of the chassis, an Axis engineer designed the PCB layout. The dimensions of the board and its’ mounting holes were decided in parallel with the chassis design development in order to achieve full compatibility. A naked circuit board was ordered and all the components were soldered. The final board layout can be seen in Figure 7.2.



Figure 7.2 – PCB board layout. 52



8 Design development This chapter describes the development process of the physical design of the docking station. Concept generation A selection of similar concepts that were generated are shown divided into families A-E in figures 8.1-8.5.



Figure 8.1 – In concept family A the battery and the electronics are situated in a block by the side of the camera. The shaded regions is where the camera will stand.
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Figure 8.2 – In concept family B the electronics and the battery pack is divided between the bottom and the sides illustrating the possibility of splitting them up.
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Figure 8.3 – In concept family C the battery and the electronics are incorporated inside the walls of the docking station.
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Figure 8.4 – In concept family D focus is placed on foldability to minimize the size of the docking station when it is not in use.



Figure 8.5 - Concept E resembles a power pack where the battery and electronics are marked in pink at the side of the camera. 56
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Concept screening Concept screening was done by grouping the concepts into families and evaluating the families against a reference family which has been chosen to be family A to establish a good reference point to compare the other families to. Table 8.1 – Concept screening criteria and scoring for each family (-, 0, +).



Selection Criteria Size Adaptive Environmental Price Ease of use Ease of handling Ease of manufacture Intuitive Safe Portable Durable Battery life Sum ´+´ Sum ´0´ Sum ´-´ Net score Rank Continue



A 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 3 no



B + 0 0 0 0 0 0 0 + 0 0 2 9 1 1 2 yes



Concepts C 0 0 0 0 0 0 0 0 0 8 4 -4 4 no



D + + 0 0 0 0 + 3 4 5 -2 5 no



E + 0 + + + + 0 + 0 0 6 4 2 4 1 yes



After evaluating the concepts against each other a decision was made to continue with the concept families B and E. Continuing the concepts Three models were selected for further development, they are based on concept families B and E. The three models chosen will be referred to as concepts B1, B2, and E.
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Concept B1 Concept B1 is shown in Figure 8.6, the batteries are placed in the bottom of the docking station to give a simple battery design and to keep the cost of the batteries down. The electronics are also placed in the bottom which only adds to the height of the bottom section. The connections to the camera and the Wi-Fi-antenna are placed in the holder surrounding the back of the camera to get away from the battery and electronics. In addition, the holder is equipped with a door in the back in order to allow easy access to the camera’s backside connections.



Figure 8.6 – Concept B1 with V5915 mounted. Concept B2 Concept B2 shown in Figure 8.7 is a hybrid between the concept family B and C. B2 has the batteries located around the bottom of the camera in a standing half circle. Placing the batteries around the camera potentially gives a smaller docking station than B1. The station will be able to slide open so the camera can be placed and then slide back securing the camera. The solution will be taller and less width overall and the area beneath the camera will have sufficient room to house the necessary electronics.
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Figure 8.7 – Concept B2 with batteries placed in a circular configuration. The battery cell configuration for concept B2 is illustrated in Figure 8.8. Notice that the rear of the camera footprint is not covered by standing batteries in order to allow access to the camera’s back interfaces.



Figure 8.8 – Battery configuration in concept B2.
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Concept E Concept E is shown in 8.9. The idea behind this concept is a flexible solution that could be plugged in easily to different cameras regardless of camera design. The solution would resemble a power pack that includes Wi-Fi communication in order to allow complete independence from wired connections. The solution can be made the smallest out of the chosen concepts since it does not serve as a base for the camera to stand on.



Figure 8.9 – Rough sketch of concept E. Concept scoring The concepts B1, B2 and E are evaluated in Table 8.2. For a detailed motivation of the scoring, turn to appendix F. Table 8.2 – Summary of the concept scoring stage. Concepts B2



B1 Selection Criteria Size Flexible Environmental Price Ease of use Ease of handling Ease of manufacture Intuitive Safe Portable Durable Weight Keeps camera in place Battery life
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Weight 4% 10% 4% 10% 5,00% 5,00% 9,00% 5,00% 10,00% 8,00% 8,00% 3,00% 9,00% 10,00% Total score Continue



Rating 3 3 3 3 3 3 3 3 3 3 3 3 3 3



Weighted Score 0,12 0,3 0,12 0,3 0,15 0,15 0,27 0,15 0,3 0,24 0,24 0,09 0,27 0,3 3 YES



Rating 4 3 3 1 2 3 3 3 3 3 3 4 5 2



Weighted Score 0,16 0,3 0,12 0,1 0,1 0,15 0,27 0,15 0,3 0,24 0,24 0,12 0,45 0,2 2,9 NO



E Rating 5 2 5 5 3 1 5 3 2 3 2 5 1 2



Weighted Score 0,2 0,2 0,2 0,5 0,15 0,05 0,45 0,15 0,2 0,24 0,16 0,15 0,09 0,2 2,94 NO
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The highest rated concept in Table 8.2 was concept B1 and thus it was selected for further development. Concept B1 Hence forth the concept B1 will be referred to as the docking station. The docking station with the batteries situated on the bottom gives a high level of flexibility, since there is room for handles and other mounting features.



Figure 8.10 – Early draft of the docking station concept B1.



Figure 8.11 – Exploded view of the docking station. 61
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To get the physical size and feeling of the docking station a rough model in cardboard was created which can be seen in Figure 8.12 and Figure 8.13 with the camera mounted in it.



Figure 8.12 – Rough cardboard model of the docking station.



Figure 8.13 – Docking station placed on cardboard model. 62
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During the production of the card board model it was noticed that the holder that surrounds the camera is essential in order to not make the docking station feel like a boiler plate.
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Design for manufacturing Further development of the docking station was done in order to fine tune the design and with manufacturing in mind. To aid in this matter a university professor was consulted, a summary of the interview can be seen in Appendix E.2, some of the suggestions for improvements are:   



Small alterations to increase robustness. Big lumps of plastic were removed. Removing details that were deemed hard to manufacture.



After applying these changes there were very few changes visible on the exterior as most of the changes were done internally. Changes to bottom plate



Figure 8.14 – Original on top, changes on bottom. From above on the left, and from below on the right. The changes marked in red are made to make the main chassis easier to manufacture. The finger slots were moved to the bottom plate instead of having it in the main chassis to reduce design complexity. The tracks by the handles were removed and the position of the pillars for the battery mounting was adjusted as to not interfere with the PCB. Further features that were added are: 1. 2. 3. 4.
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A sticker placing. Holes for wall mounting. Indicators for rubber feet positions were added. New screw holes to make it possible to use cheaper screws.
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Changes to connector



Figure 8.15 – The original design on top and altered surfaces marked in red. The connector suffered from problems with excessive material which was solved by reducing the wall thickness as shown in 8.15, this reduces the strains that could occur when the plastic solidifies. Some design changes were also made to make manufacturing easier with cheaper tools.
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Changes to Main chassis



Figure 8.16 – Main chassis with changes marked in red. The main chassis of the docking station previously contained the housing for the gripping area, this housing was moved to the bottom plate which reduced the complexity. The screw pillars were rounded to prevent them from breaking. A hole in the body side was also added so that external power can be routed directly into the PCB. Changes to camera holder



Figure 8.17 – Original camera holder (left) after alterations (right) The camera holder went through some changes to improve its’ design. The clips are changed to screw towers located by the number one and four in Figure 8.17. Two of the walls in the camera holder, one of them marked by the number two in Figure 8.18, are redesigned to reach the entire way to the next surface rather than leaving a small gap. The mounting method for the back door was changed to screws instead of the sliding gap as shown by number 3.
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Changes to Door



Figure 8.18 – The door, original top left. The arms that were previously attached to the camera door has been replaced by screw holes which offer a more robust way of mounting it. This increases the overall robustness of the design.
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Changes made to the docking station



Figure 8.19 – The original layout of the docking station on top and the final design of the docking station on bottom. In Figure 8.19 the different parts are shown in an exploded view where the components are 1. 2. 3. 4. 5. 6. 7. 8. 68



Camera holder Door Connector Main chassis PCB Battery holders Battery Bottom plate
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The docking station has evolved from the top figures in 8.19 to the end concept shown on the bottom in the same figure. During the evolution it went from something that was hard and expensive to manufacture to something that is easier to manufacture. The external design appearance is similar to its predecessor, the only feature removed is the extendable handles. Cost estimation of manufacturing The plan is for the docking station to be produced by injection molding. The material that has been discussed to use in the docking station is PE due to its low price but also due to the properties of polyethylene that include wear resistance, easy to color, chemical resistance and good temperature properties in the desired temperature range [24, p.9]. The downside with PE is that it doesn't possess good stiffness and tensile strength properties. If it turns out that PE won't work for the docking station polyamide (PA) has been considered to be a good second choice for the docking station. The total price to get the docking station produced with injection molding is by a rough estimation 376 SEK per docking station. The total cost makes up approximately 19 % of the camera price. A breakdown of the cost per part can be seen Table 8.3. The exact calculations for each part can be found in appendix G1-G7 which are based on Ulf Bruder’s excel calculations and the steps that he outlines in the book “värt att veta om plast” in chapter 17 [24, p.93], and the estimated volume for each part is taken from the designs in Creo. The price for the plastic used in the excel model can be seen in appendix G.8. A price estimate in-between the average and maximum price of PE is 0.8 € per kilo. Which corresponds to 7.9 SEK with the exchange rate of 9.875 SEK/Euro. Table 8.3 – Volume and cost summary



To let Shapeways 3D-print the docking stage would cost approximately 2,689 SEK which is about 134 % of the camera price. The costs of having the docking station 3D-printed by Shapeways can be seen in appendix G.9.
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9 Results In this chapter the finished physical concept is described with its’ functions and how well it works. Electrical When first assembling the components on the manufactured PCB card seen in Figure 9.1 which was based on the schematics in appendix D.1.



Figure 9.1 - Printed circuit board without soldered components. The Wireless module and the voltage regulation worked fine, however the module could not establish communication with the camera. After investigating the issue it was noticed that a transformer was needed with a biasing of 1.8 volts in order to boost the signal strength. After further investigation it was also decided that a termination circuit should be added to the Ethernet lines as seen in Figure 9.3. The full extent of the solutions that was added external to the custom made PCB is listed below and can be seen in Figure 9.2: 1. A transformer (MS1023CNL). 2. A LDO regulator stepping 3.3 volts to 1.8 volts. 3. Termination to the Ethernet lines. In order to save time the solutions were implemented on the pre-existing PCB and a new one was not ordered as the lead time would break the current time schedule. The schematic was altered in order to reflect the changes that were made and can be studied in appendix D.2. The functioning assembled electronics can be seen in Figure 9.4. 71
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Figure 9.2- Shows the PCB and the extra components added.



Figure 9.3 – Termination added to Ethernet lines.



Figure 9.4 – The final functioning assembled electronics.
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Mechanical Bottom plate The 3D-printed bottom plate is shown in Figure 9.5.



Figure 9.5 - The 3D-printed bottom plate. Main chassis The 3D-printed main chassis is shown in Figure 9.6.



Figure 9.6 - The 3D-printed main chassis.
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Connector The 3D-printed connector with the guidance pin removed in Figure 9.7.



Figure 9.7 - The 3D-printed connector part. Camera holder The 3D-printed camera holder.



Figure 9.8 - The 3D-printed camera holder.
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Camera holder and connector assembled The camera holder and connector assembled together shown in Figure 9.9. The guidance pin is removed from the connector.



Figure 9.9 - The assembled connector and camera holder parts Door The 3D-printed door.



Figure 9.10 - The 3D-printed door of the docking station.
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Battery holder The 3D-printed battery holder.



Figure 9.11 - The 3D-printed battery holder. Docking station The final assembled docking station.



Figure 9.12-Shows the assembled docking station without electrical components. Overall the docking station turned out as expected. The finger slots on the side of the docking station makes it easy to pick up. The camera holder slides smoothly back and forth to connect to the camera. The docking station also feels nice to hold when the camera is in place. Docking station performance When integrating the electrical concept with the mechanical concept the connections to the camera did not fit as intended. The design of the connector outlet for the Ethernet and DC cable were designed to be able to fit a wide range of connectors. The cable heads chosen were not optimal for the overall design. The finished result after modifying the connector part due to that the connectors ended up in the wrong place can be seen in Figure 9.13.
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Figure 9.13 – The connector part with mounted cables.



Figure 9.14 - The battery mounted on the bottom plate with battery holders.
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Figure 9.15 - The electronics assembled in the docking station.



Figure 9.16 – The entire setup, red lights means client connected to camera.
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The complete setup was tested for battery longevity several times and the results can be seen in Table 9.1. A single test was performed powering only the camera with the battery to get a reference run time and to get an estimation of the control logic and Wi-Fi modules power consumption. The battery lasted approximately 7 hours powering only the camera. Table 9.1 – Battery run time tests Run 1



Notes Only camera connected, and video stream over cable.



Run time hh:mm 07:10



2



Camera + docking station, stream stutter at end time, hot, battery power still left.



02:30



3



Camera + docking station, stream stutter at end time, hot, battery power still left.



02:50



4



5



6



Camera + docking station, stream stutter at end time, hot, battery power still left. Camera + docking station, stream stutter at end time, hot, battery power still left. Camera + docking station, stutter fixed, battery depleted



05:10



2:00



8:05



The tests performed powering both the camera and the docking station initially gave inconclusive results due to stream stutter. The video stream and connection to the camera consistently became unstable after around 3 hours of run time. Turning the camera power on and off did not help with the stream stutter. After re-soldering a few bad connections the camera lasted a total of 8 hours and 5 minutes.
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10 Future Work During the development several features and design proposals were documented as good ideas to implement, however the time table did not allow for them to be part of the prototype. A collection of these ideas are described in this section. Camera in place switch Since the docking station is powered by its own battery source, it is critical that the power consumption is reduced to a minimum. Issues with power being drained from the battery while the docking station is turned on but does not have a camera connected to it needs to be addressed. A simple solution to this problem would be to have a second on/off switch in the form of a tactile push button. The pushbutton would be placed beneath the camera and pushed down to close the circuit on the PCB card by the camera’s own weight. A description of the circuit and placement of the button can be seen in Figure 10.1.



Figure 10.1 – Layout of intended switch in relation to on/off switch and battery power and ground. The tactile button would be placed at the base of the camera footprint on the docking station. The marked spot in Figure 10.2 is already situated straight above the PCB card which would allow for implementation with very minor modifications.
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Figure 10.2 – Location of hole for the tactile button. With this implementation the docking station can never be on unless the camera is docked. Reset, WPS, on/off buttons There are two sets of jumper pins in the prototype which can be connected in order to activate the module’s WPS function as well as resetting the module. These jumper connections should be replaced by tactile switches as only a short temporary connection is required to trigger the function. For a final product the reset switch would probably be entirely internal for debugging purposes or removed. The WPS button should be covered with a suitable design. The On/Off switch should be moved out to the side of the chassis for easy access. Integrating battery management bus information During discharge of the battery in the docking station the battery management system contains information about battery temperature, state of charge and so on. If the internal structure of the V5915 could be accessed the battery information could potentially be integrated with the camera video stream. This information could also be used to regulate the power consumption of the camera in order to ensure an optimal discharge of the battery. The current prototype is restricted to either supplying the camera with power or not supplying it, this means that the usage of the PTZ motors and video stream cannot be altered based on battery status information. Integrating the Wi-Fi module into the camera Most of the components on the PCB ensure that the Wi-Fi module card is supplied with the correct voltage and that the signals are transferred correctly. If the Wi-Fi functionality could be built directly into the camera the overall power consumption would drop. The camera itself already has an internal voltage step down to the necessary 3.3V required to drive a wireless module. Moving the functionality inside 82
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the V5915 would remove the need for an Ethernet connection and also remove unnecessary conversions between PHY, and MAC layers of the data architecture. The purpose of the docking station would then be reduced to relaying power and battery status information. A method of turning off the docking station and camera via software would also be a nice feature to implement. Integrated charging circuit The first prototype requires the batteries to be removed and charged in an external charging station. To make it easier to charge the batteries, the charging circuit could be integrated into the docking station. This would require a circuit for charge control which would marginally increase the power consumption of the unit. Ideally the unit would take the same 12V DC input as the camera does and step it to the required charging voltage and current. Power priority circuit The docking station should be able to run off external power via a cable that can be connected to the docking station. Connecting the external power should automatically switch the power source to the cable rather than draining the batteries. This can be achieved via a power priority circuit and an extra power connector on the PCB. A challenge would be to make it completely isolated from the battery power line as the battery could be damaged if the two connect. Battery status LEDs By keeping a simple analogue circuit that checks the voltage level of the battery supply line a decent estimation of remaining capacity could be calculated. The information could be delivered to the user by a ‘power estimation button’ that would light up an appropriate amount of LEDs reflecting the current voltage and thus state of charge estimation of the battery. Swappable battery cassettes During the early parts of the projects there were plans to have a second prototype built using two identical batteries that were drained and charged separately. This would allow the camera to continue to operate while switching one of the cassettes for charging. Since two lithium batteries of different charge levels and thus different voltages can’t be connected to the same power line at the same time, a way of ensuring that would be required. A microprocessor deciding which battery to draw power from, as well as which battery that needs to be charged would be needed. A capacitor large enough to drive the camera and Wi-Fi circuit when switching the power supply from one battery to the other would also be required. This solution would require some extra work if it is decided that the docking station should contain a charging unit as well since the two batteries won’t be able to charge at the same time. The swappable cassettes would have to be encased in some sort of stiff plastic which then would slide into one of two specific slots in the docking station. It would be important to consult the safety regulation standards concerning 83
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design indoors SS EN 60950-1-2006 [11] or the equivalent updated version while designing these cassettes. The existing battery holder is designed for the prototype and does what it is designed for at this stage. If the concept reaches production the battery holder is not satisfactory and hence should be re-worked to a more durable solution even if the cassettes are not implemented. Connection over mobile network A good feature to have would be to be able to connect to the device over the mobile phone network, considering the amounts of data that have to be transferred preferably the 3G or 4G network would be used. Ideally the camera itself would be able to connect to cell phone’s hotspot via Wi-Fi in order to use the telephone’s connections to allow global access. In order for this work a software would have to be developed that allows connections between different units connected to the phone network. In prototype one the Wi-Fi module used is able to connect to a hotspot opened by the telephone. A communication schematic can be seen in Figure 10.3.



Figure 10.3 – Communication schematic of connection via cell phone network. Door alternatives Many thoughts regarding the door has been discussed and are illustrated in Figure 10.4. 1. Pull the door out: A design where an arm is attached to the door and the center of rotation is located at the tip of the arm to give the door some space to rotate. 2. Slide the door: The concept is to construct the doors in a flexible material that could be rolled up into the side of the camera holder. This is a flexible solution that allows for different degrees of openness. 3. Screw mounted door: A door screwed to the camera holder to keep it in place. If the user wants to get to the connectors on the camera he or she will need to unscrew the door. To not lose the door when unscrewed it could be attached to the docking station by a string. Reflections concerning if it is better to lose a component than breaking it. 84
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Easily breakable component: Here the component is attached to the camera holder all the time and if handled wrong it could break, if it does the user will most likely have some negative feelings about the product. Component not attached: in this case it is considered that the user doesn't feel the same negative feeling about losing the door as breaking the door due to a design flaw. When losing the component the user will most likely blame themselves and buy a new one rather than blame the company that made it.



Figure 10.4 – Sketches of back door alternatives. Handles Ideas are shown in Figure 10.5, and are: 1. Handles on the side: The idea is that if the handles on the sides are adjustable, this would provide greater flexibility. The handles could be developed in a way that allows the docking station to be mounted in various situations. 2. Handle on the front: The idea is not to use the handle when the camera is docked into the docking station but rather to have an easy way of carrying it around. 3. Handle on top: The handle is integrated into the body of the docking station, and when it is supposed to be used it is folded up 90 degrees. The handle needs to be of a telescopic design to guarantee that the handle will end up above the camera when in the carrying position. Hopefully this design will let the user carry the camera in a way that is pleasant.
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Figure 10.5 – Sketches of handle alternatives. Securing the camera A secure way of attaching the camera to the docking station should be developed. If the camera is subjected to shocks or is dropped while attached to the docking station, the connectors will have to absorb the brunt of the force. This can be achieved by strong magnets since these will attract the bottom of the camera. Another alternatives include incorporating a tripod screw and a way of driving it into the camera. Ideas on how to fixate the camera to the docking station are shown in Figure 10.6. These are:
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1. Screwing the camera in place: Using a bevel gear to drive the tripod screw into the camera. Screwing the camera in place offers a strong connection that prevents the camera from falling off. A bevel gear is the only reasonable alternative so far that ensures that the screw does not interfere with the battery. 2. Magnets keeping the camera in place: The idea is to hold the camera with magnets since the bottom of the camera responds to magnetism. The benefits of using magnets instead of screws is that it is a much faster, and easier process. The force needed to keep the camera in place to a satisfactory level has not yet been researched, thus the necessary magnet strength has not been quantified. 3. Guidance pins: The guidance pins are placed on the docking station oriented after the holes in the camera's bottom. These would help in keeping the camera in the right position.



Figure 10.6 – Sketches illustrating alternatives of holding the camera in place.



The camera positioning In the prototype the camera is lowered about 5 mm into the docking station, whether it should stay lowered or be raised 2-3 mm has to be investigated. Raising the camera would reduce the heat development and give easier access to the sound interface on the back. A negative aspect is that the camera’s docking would be less robust.
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11 Reflections This chapter goes through thoughts and reflections that have come up throughout the thesis work. What has gone well Studies on batteries Early on in the project a study on batteries was made in order to make the process of selecting a battery easier. By doing this research early we had a better understanding for the critical parameters of the batteries and what to think about when selecting different battery technologies. What has not gone as planned Lead times During the master thesis samples and components needed to be ordered to build the docking station. Even if it was known which components were needed it took a long time before they arrived. An example of what the process could look like is shown in Figure 11.1, the process is initialized with the identification of the need of a component and is ended when the component arrives at the office. The steps that are identified are:     



Need of component is identified Decide which component is needed Order Transport Arrival
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All of the listed steps are defined in the process as the lead time.



Figure 11.1 - Flowchart of the lead time. When the “Need of component is identified” has occurred the process quickly moves to the “Decide which component is needed” where an identification of how much knowledge is needed to be able to select a good component. This stage of the process includes learning more about the component in order to select one with the correct specifications. When the knowledge is satisfactory a market evaluation is done in order to select the most appropriate component. The “Order” stage does not usually take a long time. The “Transport” step takes a long time if the supplier does not have the product in stock. The “Arrival” part of the process could take time if the component ends up at the wrong office. The entire process could take ten to fifteen weeks or even more depending on the “Decide which component is needed” and “Transport” which are the time consuming stages. For instance, we realized we would need a battery very early in the development, but we did not have a battery to test with until around 14 weeks into the project. Design concept selection Concept E has a lower score but only with a 0.06 margin. The result of the selection process is a slightly bad representation in terms of the scaling. The circular battery configuration would bring about very large costs compared to the other alternatives, however the scale only ranges from 1 – 5 making the expected price difference between the alternatives poorly reflected. Concept E is a power pack which after discussions with our supervisors was considered to not fulfill the requirements of the assignment which is building a complete docking station. Power bank One of the ideas that came up during product development was to make the ‘powerbrick’. The product would then be less of a docking station and more of a power bank which also allows the camera access to wireless communication. Essentially it would be the docking station except with a minimalistic design. The design could be significantly smaller than the developed concept with the same technical performance, it would however not resemble a docking station in the conventional meaning. If the concept of the docking station is altered to a model with focus on the functional aspects, the power connectors and step down voltages could be chosen so that the Wi-Fi power brick fits several different camera models. If a wider market is appealed to, there are a lot of advantages in an economy of scale. 90
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Reflections on the prototype and its components Reflections on the Wi-Fi unit The module we chose to utilize for the prototype docking station was the WIZ630WI module. Due to the time restrictions of the project the wireless unit had to be as simple and easy to implement as possible, criteria which were fulfilled by the selected module. The module is designed to be very flexible in its application which means that there is a lot of room for slimming the functionality down, and thus also the final price. With that in mind there are two ways of advancing the wireless part of the docking station. 1. Move the Wi-Fi unit to inside the camera. 2. Strip down, build or switch Wi-Fi modules. By identifying the necessary components on the wireless communication board it could be made significantly smaller and become cheaper for Axis to purchase. Alternatively an entirely different wireless unit could be used. Fully incorporating the wireless functionality to within the camera rather than placing it in the external docking station would be the best way to go. As mentioned in the future work section, the camera already has most of the internal components necessary to implement this solution. Using “off the shelf” or custom made batteries The battery choice should reflect the projected production quantity in such a way as to reduce the overall price, while keeping the functionality and safety aspects. How many of the customers whom buy the V5915 will buy the docking station as well is hard to estimate and will depend on the final price and functionality of the product. Without accurate information about the final quantities it is hard to give a proper recommendation of which way to go. It is however unreasonable to suggest that a custom made battery should be developed and purchased at the prototyping stage due to the large onetime costs. The major advantage of custom ordering a battery is the flexibility that it offers. The battery specifications can continually change at the cost of money and development time. Ideas and features that are discovered or considered necessary can be accommodated by alterations to the battery.
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The RRC2024 battery or any other off-the-shelf battery has the advantage of a final price tag, the two batteries used for prototype testing came at €120 each. The price may be reduced if larger order quantities are achieved, or if contact with the retailer can be bypassed and a direct link to the manufacturer is established. The battery performance The RRC2024 battery from Power Solutions lasted over eight hours when powering both the camera and the docking station during the best case scenario of very little movement. No abnormalities were noticed in the video stream which was performed with H.264 encoding. In theory the battery should be able to power only the camera for just shy of 8 hours. Powering both the camera and the Wi-Fi for more than 8 hours has to be attributed to battery variance. The battery used during this run came straight from the charger which is the best case scenario since the Lithium Ion technology loses as much capacity due to self-discharge during the first 24 hours as it does during the next month. Self-designed step-down and power consumption A lot of time and design effort was put into the choice and design of the buck converter circuitry for the LTC3646-1. Since the device will be battery operated it is critical to reduce the power consumption. There are several different voltage regulation modules that will achieve the regulation, we did however decide to design the circuit ourselves to get full control and understanding of the voltage regulation chosen. Ordering a finished module would have reduced the design time by approximately 2-3 weeks including component lead time. If the voltage regulation solution is used in further development of the product will decide whether the effort put into it is justified. The connections to the camera It was noticed that the camera was hard to dock in the docking station as mentioned in chapter 9.3 docking station performance. A solution to this would have been if we would have selected the RJ-45 and DC power connector that was supposed to sit in the connector part and designed the openings after these connectors. Dimension of screws While assembling the docking station it was noticed that the threads made for the screws were too small for convenience. The size used is smaller than the smallest size usually used by Axis and should thus have been made larger.
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Reflections on how the goals were met in the project plan. The expected results from the project plan was: 1. Have a fully functioning prototype: A prototype was delivered and had the desired functions that was asked for hence this goal is considered to be fulfilled. 2. The prototype will have a designed chassis capable of encompassing at least the electronic circuitry and connections: The chassis was designed and 3D-printied and is capable of containing all the components including the battery, hence this goal is considered fulfilled. 3. Depending on progress and battery manufacturer capabilities and delivery times the chassis may also be able to house a battery pack: See point 2. 4. A lithium-Ion battery selection model will be developed to aid future developers with the choice of lithium-Ion batteries. This model will also explain basic reasoning and things to consider when working with lithiumIon: The battery selection model that was generated during the master thesis treats more battery chemistries than just lithium Ion. The model is most suitable for educational purposes, and not for determining specific battery characteristics.
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Appendix A A.1 The Atom All materials are built up by small building block called an atom, this building block consist of even smaller building blocks which are named, proton, neutron and the electron. In the nucleus of the atom the positively charged protons are located with the neutral neutrons, the protons and neutrons are orbited by negatively charged electrons shown in Figure A.1.



Figure A.1 – A graphic model of the atom [3, p. 5]. The electrons orbit the nucleus in different shells where each shell can hold a specific number of electrons according to Figure A.2 The further away the shell is from the nucleus the more electrons it can hold as illustrated in Figure A.2. The shell that is the furthest away from the nucleus is called the valence shell, this shell determines the properties of the atom depending on how many electrons it holds. Atoms that do not have either a full or empty valence shell will try to either give away or receive electrons. By doing so they strive to either fill or empty their valence shell. Atoms with an almost full valence shell take electrons while the atoms with an almost empty valence shell will give away electrons.
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Figure A.2 – The number of electron in each shell of an atom [3, p. 6]. A.2 The Cell On its most basic level a cell contains four main parts: the negatively charged electrode called the anode, the positively charged electrode called the cathode, a conductive medium electrolyte, and a separator. In addition the cell needs to be encapsulated in a cell container. The component setup is illustrated in Figure A.3. Anode The anode is a negatively charged electrode that during discharge goes through a reaction called oxidation reaction during which it releases electrons. A good anode material has a small number of valence electrons making it inclined to release them. Cathode A good cathode instead has many electrons in its valence shell and is inclined to absorb electrons in the discharge procedure. The reaction of the positively charge cathode is called reduction reaction. Electrolyte The electrolyte is often but not necessarily a liquid medium. The electrolyte allows charged ions to form and easily flow through it. Separator In order to use the electrons as current, the electron flow through the electrolyte needs to be discouraged. This is achieved by the use of a separator. The separator allows the 100
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passing of ions through it but provides no electrical connection between the anode and cathode sides.



Figure A.3 – Electron flow in a battery during discharge [3, p. 8]. Electrical energy is generated from the reduction in the cathode and the oxidation in the anode. As electrons flow through the external connection from the anode to the cathode, charged ions are formed on the surface of the electrodes. In order to maintain charge balance on either side of the separator these ions flow through the electrolyte and the separator to create new compounds. During this process the anode and cathodes are consumed. It is important to note that the redox reaction only occurs on the surface of the electrodes. If the cell is a secondary cell meaning it is rechargeable this process can be reversed by applying a direct current to the battery from an external power source. The electrons and ions then flow in the opposite direction and the anode and cathode materials are restored.



Figure A.4 – Electron flow in a battery during recharge [3, p. 8]. The previously described setup is known as a cell. A battery is a package of one or more cells together with appropriate security features such as ventilation valves and protection circuits, and can be bought over the count



101



Appendix A



A.3 Modes of discharge Batteries are marked with a capacity measured in Ampere hours (Ah) which gives the total amount of current the battery is able to supply before reaching its cutoff voltage. The capacity is accompanied with a voltage level which together with the current marking gives the total amount of power the battery can supply given in Watt hours (Wh). Depending on the current drained the lifetime of the battery will vary in accordance with the power rate drawn from it. There are three basic modes of discharge that are used which all have different effects on the battery lifetime. They are discharge over constant resistance, constant current, and constant power. Batteries from producers are marked based on tests performed under a certain mode of discharge which makes it important to consider the battery lifetime in relation to the mode it is tested with. A battery will during different modes of discharge in the same circuit with the same variables provide the same number of ampere hours. However the current supplied from the battery may vary depending on the mode of discharge as resistances are varied in order to keep either current, power or discharge time constant. For example the constant power discharge method will require a continually reducing circuit resistance in order to compensate for the declining battery voltage during the discharge period. The constant power discharge method will yield a shorter battery service time compared to the constant resistance discharge method since the average power consumption is higher. Battery capacity will vary depending on the average discharge current, this phenomenon has been described by Peukert’s equation. [4, p. 84] The effective total capacity of a battery is lower if the average discharge current is high. Short duration spikes in discharge current does not noticeably affect the total capacity of the battery. The discharge rate at which the capacity of the batteries are marked usually accompanied by a discharge rate and a temperature. The C-rate is defined as the fraction of the total battery capacity that is drained per hour. For example a battery marked C/5 @ 25 degrees centigrade has the marked capacity when one fifth of its total capacity is drained per hour at 25 degrees ambient temperature. A C-rate of 30C means the battery entire is discharged in 2 minutes which is not uncommon in lithium polymer batteries which will be mentioned later. A.4 Battery safety A battery is a chemical storage of energy, as such it should be treated with the utmost care and consideration. An overheated or over pressurized battery can malfunction resulting in leakage of dangerous substances, fires or even explosions. Due to the dangers of having large amounts of energy stored in a limited physical space, big emphasis during production and manufacturing of batteries is put on safety features of different kinds.
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The most common causes of battery failure according to the Handbook of batteries [4, p. 120] is: 1. 2. 3. 4. 5.



Short-circuiting the terminals of the battery. Charging or discharging the battery too fast. Voltage reversal. (Charging the battery below 0 V). Charging primary batteries. Lacking charge control when charging secondary batteries.



A.5 Short circuiting A product that utilizes batteries should be designed in such a way as to introduce minimum risk of consumer mistakes. For instance if the product makes use of replaceable batteries, the physical battery slot should be designed in such a way that batteries can’t be inserted the wrong way around as this may cause short circuiting. Alternatively, if they can be inserted the wrong way around there should be physical safety features like the one described in Figure A.5 [4, p. 126].



Figure A.5 – Examples of physical safety mechanisms for battery fitting. Erroneous insertion of batteries in series can cause several batteries to charge a single battery, in some cases this leads to buildup of heat which can cause ruptures or worse. A.6 Protection circuits To ensure safety when using batteries it is important that the appropriate safety circuits are in place. A small battery powering a number of memory cells between charges is usually of low capacity and current output, which makes it important to not let it get charged by the main power supply. This is achieved by connecting a diode that blocks backward voltage to the battery but allows the battery to power the memory circuit. An illustration from the handbook of batteries [4, p. 124] can be seen in Figure A.6.
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Figure A.6 – Double blocking diode to prevent charging of battery. Similar situations can occur with batteries connected in parallel. If one of the battery series shown in Figure A.7 contains a defect battery or a battery of a different capacity the voltage output from one of the branches will be lower than the other. This could cause voltage reversal as discussed earlier. In order to reduce the risks involved, each parallel connecting can be complemented with a blocking diode.



Figure A.7 – Proper placement of blocking diode for series connection (left). Circuit without diode protection (a) and proper placement of diode in parallel circuit (b) [4, p. 120]. As seen on the right in the figure the correct diode placement is one at the end of each branch rather than one after the branches meet.
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Appendix B: Investigated Wi-Fi modules B.1 Micrel (KSZ8692MPB) The Micrel solution is based around the KSZ8692MPB system-on-chip with several interfaces and capabilities. The chip contains an ARM 922T processing unit, 10/100 Ethernet MAC as well as SDIO interface to connect to a Wi-Fi unit at a high bit rate. A brief layout of how the solution would be implemented can be seen in Figure B.1.



Figure B.1 – Solution layout for the KSZ8692MPB chip. The Micrel solution requires a three port LDO to regulate the three levels of required voltage supplies. It also needs an external PHY unit, oscillator and ROM to initialize 105



Appendix B the components. A Wi-Fi module with reasonable bandwidth capacity that is compatible with the Wi-Fi chip such as the AR6003 module will also be needed. The process of configuring the KSZ8692MPB chip will require seemingly substantial research. We do not have any previous experience working with the Micrel chip and we suspect that the implementation process will become unreasonably long. The chip itself costs $29, for faster progress there is an evaluation board, however the price tag is considered very high at approximately $1,200. B.2 Silex Technology (SX-570/580) The SX-570/580 belongs to the complete module category. It requires a 5V input supply and takes care of necessary voltage steps on-module with a multiport LDO. It houses a Wi-Fi unit as well as an antenna and PHY unit.



Figure B.2 – Solution layout for the SX-570/580 module. The SX-580 is very similar to the 570 version except it can also handle Bluetooth which at this stage is excessive. The price for the module is around $140 and together with an evaluation board $545. Silex supplies a configuration software to ease the configuration of the SX-570 which is free to download. The implementation seems reasonably easy. 106



Appendix B B.3 ConnectOne (Nano WiReach SMT-G2) The Nano WiReach module needs an external PHY unit as well as an external LDO to manage the voltage supply. The module contains a Wi-Fi chip but a separate antenna will be required. The price for the module is $44 and the evaluation card is $172. The implementation seems to be relatively straightforward as it comes preprogrammed with several configuration options accessible from an internal webpage interface.



Figure B.3 – Solution layout for the Nano WiReach SMT-G2 module.



107



Appendix C: DC-DC simulation setup LT1375



Figure C.1 - Simulation setup for the LT1375 device with a disturbance at the output. [16] LT3570



Figure C.2 - The LT3570 device setup with the SMPS and LDO post regulation.[15] 109
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Figure C.3 - Shows the simulation setup in LTspice IV for LT1963-3.3.



LTC3646-1 and LT1963A-3.3



Figure C.4 - Simulation setup of the LTC3646-1 with post regulation by LT1963A3.3. To increase the efficiency of the LDO the output to input voltage ratio needs to be minimized, by first stepping down the voltage with a SMPS this can be achieved with a high efficiency. Another way at looking at it is that the LDO post regulates the voltage output of the SMPS, the two components work together to get the advantages from one another. The SMPS and the LDO will have a lower efficiency than a single SMPS but a higher efficiency than a single LDO device.
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Appendix D D.1 The PCB that was produced



112



Appendix D



113



Appendix D



114



Appendix D



115



Appendix D D.2 Changes Made
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Appendix E: Interview summary E.1 -Interview with concept owner of V5915 Took place: 13:30 - 14:00, Thursday 12 Mars 2015 Interviewers: Erik Bertilsson, Nils Sjöholm Interviewees: Senior project manager, Product manager Background for interview The information we have been told and the few lines of text written about the target consumer group of the V5915 has been mainly centered on remote conference calls. The other usages of the camera has been quite vague with lines and phrases indicating that nobody is sure of the exact applications in which the camera will be used. Being told that the camera mainly will be used in conference calls raised questions about the applications of the thesis work. The main questions we were seeking an answer to going into the interview was: 1. Under what circumstances will a conference be held using this camera that requires it to be wireless in both communication and power supply? 2. We sensed a big insecurity in the potential fields of use for the V5915 and wanted to clarify what basis Axis had for saying that ‘consumers will use the camera for a variety of things we don’t know.’ 3. Any and all other applications intended and discussed for the V5915 as well as potential customers and specific fields of use. We wanted to take in as much as possible about the usage of the utility cam and specifically single out the fields of use that would require it to be, or benefit from it being wireless. The interview Confidential - Approvals pending. What we learned After the interview it became clear that the key word for the product should no longer be ‘conference’ but rather ‘flexibility’. Adding portability in the shape of wireless power supply and communication is a clear step in that direction. A suitable battery life time also came into question, is it really necessary to aim for an eight hour life span or is it sufficient to shoot for four? 119



Appendix E E.2 -Interview with Professor Olaf Diegel Took place: 13:30 - 14:00, Monday 11 May 2015 Interviewers: Erik Bertilsson, Nils Sjöholm Interviewees: Olaf Diegel Background for interview We had asked Professor Olaf about where one could 3D-print the docking stations bigger parts in an entire part. Olaf came with some really good options where this could be done but also some really good feedback on how the parts could be redesigned to become more injection moldable, as written in an email “But, before you print, I think you still have quite a bit of work to do on the design to make it either 3D printable or, more importantly, injection moldable, which is the production method that, I am guessing, Axis would eventually want to use. On the attached picture of your docking station main part, for example, there are 2 really thick lumps of plastic that will make it almost impossible to mold well (and add a few $ to the 3D printing price)” [28]. Due to the lack of experience we arranged a meeting with professor Diegel to learn from his experiences with injection molding and his recommendations for the design changes. The interview Professor Diegel, told us a lot of good information when it comes to injection molding like try to keep an even wall thickness, it’s better to let an wall go the entire way to next geometric surface if this is possible. It could be beneficial to produce the docking station with 3D-printing techniques if the production volumes are small, especially with the more complex details. He also recommended:         
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That the main chassis would have an opening for letting power into the chassis, even if it was not going to be done in the first prototype. Give the bottom a designated sticker place and rubber feet holders. Put key hole mounting holes on the bottom. Change the clips to screws for durability. Change the gripper housing on the main chassis. Redesign the door in the back of the camera holder. Let the guidance pin on the connector extend all the way to the next surface. Assemble the connector with screws. Put rounds around the screw towers.



Appendix E What we learned We learned how a product could become more producible with some simple design guidelines like:   



Try to keep an even wall thickness to not build in strains. Better to extend surfaces to the next surface if possible, which reduces tool cost. Sometimes the ease of assembling is not the crucial part of a design, you could make the design less complex to the price of harder assembling if the complexity is of benefit to the end product.
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Appendix F: Scoring Motivation Here follows a brief motivation of the score assigned to each parameter in the scoring process. Size  Concept B2 was given a 4 because its’ design has a smaller volume than the reference.  Concept E was given a 5 since it only contains circuitry and batteries which is an optimization of the volume. Flexible  Concept B2 was given a 3 because it was considered to have the same flexibility as the reference.  Concept E was given a 2, it is considered to not be as flexible as the reference which has a more robust design with more possibilities to add extra features. Environmental  Concept B2 was given a 3, same as the reference.  Concept E was given a 5 because it is thought that a small and simple design would result in a smaller impact on the environment than the reference. Price  Concept B2 is considered to be much more expensive to produce than the reference due to the more complex battery design which is why it is given a rating of 1.  Concept E is considered to be easy to manufacture and at the same time it has a simple battery design which gives it a rating of 5. Ease of use  Concept B2 is considered to be harder to use than the reference since some parts of it could block the view of the camera and also that it could be hard to get the camera in place, this results in a rating of 2.  Concept E is considered to be as easy to use as the reference since it is easy to plug in to the camera and this gives it a rating of 3.
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Appendix F Ease of handling  Concept B2 is considered to be as easy to handle as the reference and is given a rating of 3.  Concept E is considered to be harder to handle when the camera is not mounted to it and hence harder to move around, this gave the concept a rating of 1. Ease of manufacture  Concept B2 is considered to be as hard to manufacture due to the similar design as concept B1 and is hence given a rating of 3.  Concept E is considered to be easy to manufacture and with almost only the battery and some circuitry in the power pack it is given a rating of 5. Intuitive  Concept B2 is considered to be as intuitive as B1 and is given a rating of 3.  Concept E is considered to be as intuitive as B1 it is given a rating of 3. Safe  Concept B2 is considered to be as safe as concept B1 because it has protective casing around the batteries and it is hard to get a short circuit and is given a rating of 3.  Concept E is considered to not protect the battery as well as concept B1 and it also has a greater risk of getting short circuited due to the unprotected connector and is given a rating of 1. Portable  Concept B2 is considered to not differ much from the design in B1 and is given a rating of 3.  Concept E is considered to be substantially different in design than the reference. But even so it is more portable when there is no camera plugged in to it, but less portable with the camera plugged in to it and is given a rating of 3. Durable  Concept B2 is considered to have the same durability as the reference as they both have protective casing and is given a rating of 3.  Concept E is considered to be less durable than the reference because it plugs into the camera with a cable which is a weak part of the concept. It is also thought that the batteries are not as well protected in this prototype as in the reference. This is why concept E is only given a rating of 2.
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Appendix F Weight  Concept B2 is more weight optimized than the reference and is hence given a rating of 4.  Concept E is potentially lighter than the reference as it only consists of the battery, logic and a cable which gives it a light weight and concept E gets a rating of 5. Keeps camera in place  Concept B2 holds the camera better in place than the reference since it grips around the entire camera and it is given a rating of 5.  Concept E does not even hold the camera and gets of that reason a rating of 1. Battery life  Concept B2 has smaller possibilities in the next stage of concept to optimize the battery and divide the battery into smaller replaceable batteries for continuous use. This gives concept B2 a rating of 2.  Concept E has small possibilities to change the battery when the camera is running and hence the battery life could be questionable, this gives the concept E a rating of 2.
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G: Cost Summary
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Appendix G



G.1 Projected cost of producing the battery holder.



Appendix G.1 – Cost summary of producing the Battery holder part, with the help of the excel model created by Ulf Bruder [25].
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Appendix G G.2 Projected cost of producing the bottom part.



Appendix G.2 – Cost summary of producing the bottom part, with the help of the excel model created by Ulf Bruder [25].
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Appendix G G.3 Projected cost of producing the connector.



Appendix G.3 – Cost summary of producing the Connector part, with the help of the excel model created by Ulf Bruder [25].
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Appendix G G.4 Projected cost of producing the door.



Appendix G.4 – Cost summary of producing the door part, with the help of the excel model created by Ulf Bruder [25].
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Appendix G G.5 Projected cost of producing the camera holder.



Appendix G.5 – Cost summary of producing the Camera holder part, with the help of the excel model created by Ulf Bruder [25].
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Appendix G G.6 Projected cost of producing the main chassis.



Appendix G.6 – Cost summary of producing the main chassis, with the help of the excel model created by Ulf Bruder [25].
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Appendix G G.7 Cost of plastic materials.



Appendix G.7-Plastic price from Plasticker [26] 134



Appendix G G.8 3D-printing cost at Shapeways



Appendix G.8- Price info from Shapeways for 3D-printing [27].
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Appendix H H.1 Division of labor The working load throughout the project has been evenly distributed. When the work was carried out in parallel, Nils has been in charge of the mechanical design and analysis of production costs, while Erik designed the electrical schematics. Contacts with various suppliers and supervisors at Axis has been divided evenly.
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Appendix H



H.2 Original Gantt Schedule



Calender week Work week Report Research Battery Camera Saftey Charge/discharge Concept generation Concept score Design Mechanical Electrical Choice of components Build Implement Test



7 8 9 10 11 12 13 16 17 18 19 20 21 22 23 24 25 26 27 28 29 Number dependency 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 1 2 3 4 5 3 6 3,4 7 8 3,5,6,7 9 3,7 10 3,5,6,7 11 3,5,6,7 12 10,11 13 12 14 12 15 12 138



Appendix H H.3 Actual Gantt schedule



Calender week Work week Report Research Battery Camera Saftey Charge/discharge Concept generation Concept score Design Mechanical Electrical Choice of components Build Implement Test



7 1



8 2



9 10 11 12 13 16 17 18 19 20 21 22 23 24 25 26 27 28 29 Number dependency 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 1 2 3 4 5 3 6 3,4 7 8 3,5,6,7 9 3,7 10 3,5,6,7 11 3,5,6,7 12 10,11 13 12 14 12 15 12 139
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