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Abstract 
Most current hand-held devices today are equipped with a series of 

different sensors and built in wireless connectivities such as gyro meters 

and Bluetooth. This thesis touches the subject of adding an additional 

sensor platform to the handheld computer iPAQ H5500 while only 

being powered by the device’s battery. The Wasa Board v1.4 created by 

Prof. Mark Smith was redesigned to consume no more power than the 

iPAQ could supply. Taking advantage of the device ability to use serial 

communication without any conversion made it possible to greatly 

lessen the effect needed. A simple software that could display both 

temperature- and light sensor readings on the iPAQ was created in 

order to allow the user to interactively communicate with the board. It 

was fully able to provide enough power through its serial port to 

operate the Wasa Board at full speed while on an average not consum-

ing more than 14.01mW. This thesis also verifies that there are great 

possibilities of taking the Wasa Board to even newer devices such as 

smartphones or making additions to what sensors are put on.    
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Sammanfattning 
De flesta bärbara apparater idag är utrustade med en mängd olika 

sensorer och inbyggd trådlös kommunikation såsom gyrometrar och 

Bluetooth. Den här avhandlingen behandlar ämnet av att lägga till en 

sensorplatform till handdatorn iPAQ H5500 medans den bara blir 

strömförsedd av apparatens batteri. Wasa Boarden v1.4 som skapades 

av professor Mark Smith blev omgjord så att den skulle förbruka 

mindre ström än vad iPAQen kunde förse den med. Genom att utnyttja 

dess förmåga att använda seriell kommunikation utan någon 

konvertering möjliggjordes en sänkning utav nödvändig effekt. Ett 

enkelt program som kan visa temperatur- och ljussensormätningar på 

iPAQen skapades så att användaren interaktivt kan kommunicera med 

platformen. Den var fullt förmögen att tillgodose tillräckligt med effekt 

genom dess serieport så att Wasa Boarden kunde köras på maximal 

hastighet medan den i snitt inte konsumerade mer än 14.01mW. Den här 

uppsatsen verifierar ytterligare att det finns stor potential för tillägg av 

ytterligare sensorer eller ta Wasa Borden till nyare bärbara apparater så 

som smartphones. 
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1 Introduction  
The Wasa Board Project, developed by Prof. Mark Smith at the Royal 

Institute of Technology, serves at the time of writing as an introductio-

nary step for students as well as educators in open hardware- and 

software platform development [1]. It is an optimal workbench for 

customizing and extending features of already existing platforms, given 

the straightforward design and flexibility to adapt to the specifications 

requested by the user. Rather than solely fulfilling a purpose of its own 

in standalone applications, it serves as a medium for development and 

possibilities by allowing features not originally intended to be applied 

into an already existing device.  

In regard to what purpose the Wasa Board is to be used, its main 

components and connectors can all be customized in order to fit the 

device it’s intended to be used with, be it a personal computer (PC), 

smartphone or a personal digital assistant (PDA). Common applications 

correlated with the Wasa Board are additional sensors, accelerometer 

and gyro sensor as well as smaller radio transmitters.    

1.1 Purpose 

The purpose of this project is to be a spring board for coming students 

on how to customize the Wasa Board in regard for what task it should 

do as well as for what platform it should be an extension of. A low 

power efficient reference design based on the Wasa Board v1.4 is to be 

created to explore the concept of using a handheld device as the power 

source while affecting the battery life as little as possible. 

Seeing the market for mobile and handheld devices taking the direction 

towards smartphones and application based services, one of the only 

limitations for some uses can be seen in the devices hardware. By 

enabling developers and consumers to make an extension of their 

already owned devices, the complexity and broad possibilities for in-

depth solutions and specialized purposes escalate while keeping the 

expenses to a minimum.   

1.2 Goals 

The goals of this thesis project can be divided into three main parts. The 

first one being re-designing the original Wasa Board v1.4 by changing 
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its communicating interface, the choice of a high efficiency voltage 

regulator for power  as well as a low power efficient signal transmitter. 

Using the new low power efficient sensor board to prove that it is 

possible for an existing non-modified platform, such as a PDA, to power 

it using only its main battery when attached through the docking 

connector.  

The second was to create a hardware test board that can easily verify 

that though the Wasa Boards interface has been modified, none if its 

originally intended functions have. The above mentioned parts in the 

first goal description was tested.  

The third goal was to implement a simple graphical user interface (GUI) 

for the PDA that can use pre-existing attention commands (AT-

commands) defined to work with the original Wasa Board. In order to 

do so, a suitable programming language is to be chosen as well as 

verifying the establishing of communication with the microcontroller 

(MCU) on the board. Finally, fetching raw sensor reading data from the 

Wasa Board and display it in real time on the PDA.  
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2 Background  
Ever since Psion first defined what a PDA was back in 1980 [2], our 

mobile devices has kept on evolving with the increasing need for more 

features and functionalities in one single device. Smaller integrated 

circuits (IC) solutions and the merging of PDA’s and mobile phones 

paved way for video recording as well as built-in mp3 players, remov-

ing the necessity of another electronic device in your pocket.   

With the introduction of a Micro-Electro-Mechanical system (MEMS) 

gyro sensors in smartphones by Apple with their iPhone 4 [3] in addi-

tion to the already existing accelerometer, even more complex ways of 

interacting with the device was made possible.  

More than just singular sensors the need for better interaction between 

devices was unavoidable. From the dawn of wireless communication 

with infrared (IR) and the introduction of Bluetooth in mobile phones by 

Ericsson [4] to the world’s first integrated wireless local area network 

(WLAN) by Samsung in 2006 [5]. But apart from these mainstream 

features the possibility to turn your device into something more com-

plex and unique is where the Wasa Board has some advantage.  

2.1 The Devices of Today 

In recent years the boom for smartphones has been increasingly grow-

ing, also creating a stir amongst the makers pushing them to come up 

with unique and usable functions [6]. Based on a report from re-

search2guidance there is no signs of any stagnation in the sales of 

smartphone applications [7], as well as an ongoing development of 

additional sensors [8].  

One of many feasible areas of application would be using an extension 

of the handheld device as a measuring instrument of any sort. Given the 

possibility and processing power of smartphones, data could then easily 

be stored and logged in real time while also taking other factors into 

account e.g. date, time or place. Using the extension as an ultrasonic 

distance meter would prove to be a simple and also cost efficient sys-

tem-in-a-chip solution.  
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Other areas of interest would be in the field of health and science. Being 

able to easily measure the heart rate of a patient at any time might prove 

invaluable to a doctor [8]. 

2.2 The Wasa Board  

The Wasa Board is an ongoing project, driven by Prof. Mark Smith at the 

Royal Institute of Technology with the main focus of helping students 

creating a customized platform [1]. Giving students the leeway to make 

changes and improve the suggested design also works in a beneficiary 

way to help understand basic IC structure and inter-linking communica-

tion.  

2.2.1 The Wasa Board v1.4  

Being the simplest and most low powered version, the Wasa Board v1.4 

houses a basic setup of components that enables one to make use of the 

integrated MCU in order to obtain sensor readings. The block schematic 

portrayed in Figure 2.1 gives a more vivid understanding of how the 

onboard components communicate with one another. 

MSP430F2252

Analog Sensors

USB Client 
Controller

JTAG and Debug

Expansion 
Connectors

Wasa Board v1.4

TxD

Vcc

RxD

 

Figure 2.1: Wasa Board v1.4 Block Diagram 

All communication to the board is done via the USB interface which 

later converts the data stream to an asynchronous serial protocol that 

the MCU can understand. In order to communicate properly, the swing 

of the signal is shifted from  5 V and lowered into logic low and logic 

high between 0 and 3 V.  
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2.2.2 AT Commands 

So how does one order the MCU to do what one wants? The software 

programmed on the MCU accepts AT commands for communication 

that is based on Hayes command set [9]. Originally created to communi-

cate with modems the name itself derives from the fact that all com-

mands started with the characters “AT” followed by specific characters.  

The user uses the serial port output on the device, in this case the PDA, 

to send a text string in American Standard Code for Information Inter-

change (ASCII) to the board. The software on the MCU then interprets 

and executes in accordance to the received string a series of functions 

and sends a reply back to the serial input of the PDA. Lastly the user 

needs to read from its input in order to retrieve the message. 

Each sensor has a unique command linked to it that has to be called 

every time a reading value is wanted. In order to get more than one 

reading at a time, the commands are simply written together to which 

the following reply is in the form of line separated reading values and a 

final “OK” to make it more readable [10].  

2.3 RS-232 

The Recommended Standard-232C (RS-232) serial interface has been 

around since 1962 when it was developed by Electronic Industries 

Association (EIA) [11]. It is a standard for serial binary single-ended 

data between a Data Terminal Equipment (DTE) and a Data Circuit-

Terminating Equipment (DCE) such as a computer and a modem. The 

standard has been renewed and renamed twice to EIA-232D and lastly 

EIA-232E but is commonly referred to as RS-232.  

The standard supports two types of connectors, one being a 25-pin D-

type connector (DB-25) and the other a 9-pin D-type connector (DB-9). 

The one found on one end of the PDA’s charge cable is of the latter type, 

which made it easy to identify the pin configuration of the smaller 

docking connector by the use of a multimeter and the pin mapping 

found in reference [11]. 
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Figure 2.2: Docking Connector with Serial Wires (Left) DB-9 Female 

Connector (Right) 

Along with the serial interface comes a set of different rules that need to 

be followed when using the protocol. In Table 2.1 some of the different 

factors that need to be taken into consideration for this project are stated 

[12]. 

Specifications for RS-232 

Maximum Data Rate 20kb/s 

Driver Output Signal Level (Loaded min)  5V to  15V 

Receiver Input Voltage Range  15V 

Slew Rate (Max) 30V/   

Table 2.1: Universal RS-232 Specifications 

The default operating data rate of the Wasa Board v1.4 is set to 115200 

baud with 8 numbers of bits and one stop bit. Using 8 bits is necessary 

in order to send ASCII values greater than 127 and the stop bit to 

identify where the statement is ending [13]. The baud rate however 

signifies how many times the signal can change state in one second, in 

other words changing from logic 0 to 1 or from 1 to 0. Bit rate on the 

other hand relates to the number of data bits transmitted in one second 

and in the case of two serial devices connected together then baud rate 

and bit rate are in fact the same. Luckily the maximum rate can be 
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exceeded in practice as long as both devices are both set up to operate at 

the same rate.  

The slew rate is a fairly simple concept to comprehend. As large voltage 

swings are necessary when using RS-232 the transmitter sometimes 

faces the problem of not being able to drive the voltage to its nominal 

value at once. Instead of rising instantaneously, the voltage curve 

instead skews a bit as it rises to the top level. A too high of a bit rate will 

result in slopes on the transmitted data bit that might distort the inter-

pretation of it at the other end. Hence, precaution is also necessary when 

choosing components for the board while still making sure the least 

amount of effect is used in the process.  

2.4 The TxD and RxD Line 

The Transmitted Data (TxD) and Received Data (RxD) lines are solely 

used for transmitting data between different devices. As a standard, the 

definition of the names given the different pins is always perceived in 

the perspective of the DTE where the TxD sends and the RxD receives 

data [12]. In serial communication this is used to easier have a clear 

picture of what line is actually transmitting and receiving. As described 

in 2.5.1 the PDA is found to be a DCE and will instead of the normal 

convention of sending through the TxD, send data through the RxD and 

use its TxD for receiving information. Precaution is only to be taken off 

the board when creating the connector cable between the two devices. 

Having understood where each of these lines are going in the final 

design one must also take proper care to how the voltage swing needs to 

be altered. As the PDA produces a swing of approximately  5.64V 

(according to measurements done by Alejandro Arcos [14]) on the 

outgoing RxD it will have to be converted into voltage levels that the 

MSP430 uses. The logic levels that the MCU operates with are 3.3V 

Complementary Metal-Oxide-Semiconductor (CMOS) logics with either 

logic high or logic low, which represent a 1 or a 0. In order not to 

damage the MCU these incoming communication lines also follow strict 

rules. For the MSP430 the      is -0.3V and      is 4.4V. A safe measure 

would then be to let the logic high be set to 3.3V and logic low at 0V. 

The built in Universal Asynchronous Receiver/Transmitter (UART) of 

the MSP430 handles the RS-232 serial communication by converting the 

bits to bytes that can be interpreted. The relationship between logic- and 

voltage levels in both ends can be seen in Figure 2.3.  
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Figure 2.3: TxD MSP430 (Top) and TxD PDA (Bottom) 

As observed the logic levels are the opposite of one another and there-

fore, not only the voltage level needs to be changed, but also the logic of 

the signal.  

2.4.1 Handshake Lines 

In addition to the two pins used for transmitting and receiving data and 

the common ground there is a set of handshake lines to invoke different 

states of the DTE and DCE. Seeing that in some situations it might be 

imperative that only one station is transmitting at a time or a synchron-

ous clock line so that both ends are in sync such lines are needed [12]. 

This is most commonly done by the use of the Request To Send (RTS) 

and Clear To Send (CTS) lines. While the DTE uses the RTS to inform 

the DCE it is ready to send data, the DCE uses the CTS to verify that it is 

open for incoming communication [12].  

In this project there will be no need for any synchronous communication 

with the board due to the short bit sequence and that the transmitter 

and receiver only need to have approximately the same clock rate. 

Handshake requests with the RTS and CTS is neither needed for this 

application and will instead be used to power the Wasa Board by setting 

a constant positive and negative voltage to them. To do so, they will 

have to be invoked by a set of commands in the PDA’s software. 

 

            Time 
0s 40us 80us 100us 
V(IN) 

-5.0V 

0V 

5.0V 

-8.0V 

8.0V V(OUT) 
0V 

1.0V 

2.0V 

3.0V 

4.0V 

5.0V 

 

6.0V 

Voltage Swing Shifting from MSP430 to PDA 
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2.5 The iPAQ H5500 

For this project the PDA iPAQ H5500 was chosen as it first and foremost 

fulfills all the requirements needed, such as a serial connector, possible 

of (RS-232) communication as well as handshake lines that can power 

the Wasa Board. In addition, a large enough display that will grant the 

option of creating a GUI that is capable of displaying readings from the 

Wasa Board. Other models of PDA’s could also have been selected but 

given the accessibility to this device by Prof. G. Q. Maguire Jr. looking 

for alternatives was deemed needless. As can be seen in Figure 2.4 it is a 

great platform for creating a simple GUI that can display numeric 

sensor values. 

 

 

 

 

Figure 2.4: The iPAQ H5500 

2.5.1 Connector and Power Specifications 

Based on the thesis by Alejandro Arcos provided by Prof. G. Q. Maguire 

Jr. an estimate to how much power the iPAQ could supply was de-

scribed [14]. By the use of a multimeter set at the resolution of 2mA the 

approximate power required for the original Wasa Board could be 

calculated. The Wasa Board was found to use 60.75mW or roughly 

12.15mA based on that the USB interface is able to supply 5V. The 

original Wasa Board v1.4 can fortunately be made much more power 

efficient by stripping it of some of its original components in this project.  

The new design will take advantage of the iPAQ being able to use RS-

232 through its connector. This eliminates the need of the power con-

suming USB to serial interface chip and greatly lowers the overall power 

consumption of the board. 
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Before designing the board it’s important to know the physical limita-

tions of using the serial connector of the PDA. Having the PDA’s serial 

interface pre-determined by Prof. G. Q. Maguire Jr. to be a DCE, we then 

know what pins provide a voltage. In most cases the device is a DTE, 

which provides a voltage on the TxD, the RTS and the DTR [12]. The 

DCE (the iPAQ) on the other hand has instead the possibility to send 

with the RxD and the three handshake lines Clear To Send (CTS), Data 

Set Ready (DSR) and Data Carrier Detect (DCD) for handshaking.  

The output voltage for all these four lines was measured with the same 

multimeter to be 5.64V which is 0.64V above the minimum requirements 

according Table 2.1. The RxD fulfills the task of transmitting instructions 

to the board while the remaining three can be used to supply power to 

the Wasa Board. In Table 2.2 it shows the total amount of ampere to the 

board’s disposal according to Alejandro Arcos.  

Clear To Send 1.27mA 

Data Set Ready 1.21mA 

Data Carrier Detect 1.28mA 

Total 3.76mA 

Table 2.2: PDA’s Serial Output Current [14] 

This result in a grand total of 21.21mW which would be more than 

enough in the case of the MSP430 running at 1MHz at 2.2V although the 

method used to measure these currents can be discussed. But for this 

project the goal is to have it run at the maximum clock frequency 

16MHz at 3.3V which would require more power.  

A problem with this description was soon discovered while verifying 

these measurements in the same manner as well as the pin configuration 

on the iPAQ. It showed that there wasn’t actually three independent 

handshake lines available, but rather that the DSR and DCD were both 

the same physical wire. Real voltage and current values of these can be 

found in Appendix A and B.  
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3 Remaking the Wasa Board 
3.1 Changes to the Board 

As previously concluded the USB to serial interface chip could be 

removed from the design as the iPAQ supports RS-232. Connected 

between the new board and the PDA would only be the TxD and RxD 

for asynchronous communication and the DSR and CTS for positive and 

negative voltage supply with the use of a homemade cable. In addition 

to the USB chip all logical circuits used for Bootstrap Loader (BSL) 

programming of the MSP430 were also removed. Instead a new pin 

head connector took its place which allowed logic conversions being 

done on a separate BSL programming board. Previous sensors, capaci-

tors and resistor values has remained unchanged from the original 

design. 

Both level shifting of the voltage supply to the MCU as well as changing 

the voltage swing of the TxD and RxD was performed by the USB chip. 

These types of operations are still necessary for the board to work, but 

will have to be made differently for the new board. Instead the new 

version will be mounted with three new components which all are 

optimized to work under low powered conditions.  

The common-collector voltage (Vcc) to the MSP430 will be provided by 

the high efficiency step-down switching regulator TPS60500 that has a 

great advantage to a linear regulator. This will take the positive supply 

voltage of +6.05V [Appendix A] to 3.3V from the DSR line. The main 

reason for not using a linear regulator is that the amount of voltage 

disposed, is proportional to the effect loss, which needs to be avoided 

when creating low powered platforms with a limited power supply.  

The voltage swing for the TxD and RxD also needs shifting in accor-

dance to what is described in chapter 2.4. The standard npn-transistor 

2N3904 can use its shutdown properties to both invert and level shift the 

incoming RS-232 serial signal to the MCU. The bit sequence response 

from the MSP430 is then converted by the low power RS-232 transmitter 

MAX3188 from MAXIM to boost the voltage level response back to the 

PDA. The suggested total solution of the new board design can be seen 

in Figure 3.1. 
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Figure 3.1: Proposition to New Design 

3.2 The TI MSP430 Series 

The MCU MSP430 remains the most important part of the design. Even 

though other worthy competitors such as the PIC microcontrollers from 

Microchip exist [15] they were not chosen. Having both the old schemat-

ic along with the source code for the AT commands, the MSP430 made 

the better choice since not too great focus were to be given on imple-

menting the MCU. The MSP430F2252 used in this project specializes in 

portable measurement applications in handheld devices that require 

optimization for extended battery life [16].  

3.2.1 Power Consumption and Power Modes 

Proper usage of the built in power saving modes is essential in prolong-

ing the battery life, but not necessary for the iPAQ to be able to power 

the Wasa Board. By letting the MSP430 enter a certain level of sleep 

mode this greatly improves power consumption of the MCU. Thanks to 

the MSP430F22x2’s ultra-fast wake up from sleep mode in less than 1 s, 

measurements can quickly be resumed without diverging from sensor 

readings [16]. 

Nevertheless the clock frequency set also plays a large role on the power 

consumption. The electrical power needed for direct current devices is 

defined by Joule’s law where      . Higher clock speeds need both 

higher voltage- and current supply i.e. higher power consumption. 

Displayed in Figure 3.2, which is based on a figure from the 
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MSP430F22x2’s datasheet [16], the graph shows the relation between the 

current and Vcc for different pre-set clock speeds. 

 

Figure 3.2: Active Mode, Current vs. Vcc 

Using data from Figure 3.2 one can now easily make a rough estimation 

of the power needed for the different clock speeds. Finding a balance 

between performance and extended battery life while not exceeding the 

power available is key in making the remake of the Wasa Board v1.4. 

Only the lowest possible values have been taken into consideration for 

these calculations as it is in this projects interest of “getting the most 

bang for the buck” while using the least possible amount of power. 

Power Consumption MSP430F22x2 Active Mode 

Frequency (MHz) Ampere (mA) Voltage (V) Effect (mW) 

16 6 3.3 19.8 

12 3.5 2.7 9.45 

8 1.9 2.2 4.18 

1 0.2 1.8 0.36 

Table 3.1: Estimate to Power Consumption in Active Mode 
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Depending on the remaining components of the board, the highest 

possible clock frequency is preferred as while it computes the instruc-

tions faster also allows for it to sooner return into sleep mode.  

3.3 Voltage Regulation 

In order for the MCU to be able to operate it needs to have a steady DC 

voltage connected to its Vcc pin. For this project it is necessary to 

convert 6.05V to 3.3V as efficient as possible but when down- or up 

shifting the voltage level it always comes at a price. There are basically 

two ways of doing this. One is using a simple linear voltage regulator 

which works as a normal voltage divider or the use of a switching 

regulator.  

In solutions where the effect loss of the voltage regulation is not an issue 

a simple voltage divider is commonly used. This sort of step-down 

regulation provides a simple solution while also resulting in the smallest 

possible Printed Circuit Board (PCB) layout as long as the currents are 

low [17]. The efficiency of both linear- and switching regulators can be 

defined as 

  
    

   
 

         

       
                                                                                   (3.1) 

The only problem is that the voltage drop in this case directly correlates 

with the effect loss which is disposed of as heat and can in some solu-

tions cause overheating problems. In this case, a conversion from 6.05V 

to 3.3V would result in only a 54.5% efficiency i.e. 45.5% of the voltage 

that needs conversion is wasted. 

Switching regulators on the other hand prevents unnecessary effect loss 

by simply charging the input voltage and then releasing it through the 

output as a lower voltage. Probably the most common topology used for 

step-down conversion is called a buck converter [18]. By letting a 

transistor and a diode regulate the connection between the voltage 

source and an inductor, the energy stored can partially be discharged 

into the load.  

Another commonly used topology for both step-down and step-up 

conversion is the charge pump. Using a capacitor for energy storage 

instead this type of converters usually needs a smaller foot print while 

still retaining high efficiencies. As capacitors can’t change their voltage 
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abruptly the voltage conversion is achieved by switching it periodically 

[19].  

In Table 3.2 a comparison of the three topologies with some of their 

most noticeable differences can be seen [20]. Based on this data the 

inductorless step-down charge pump regulator TPS60500 was chosen 

for the design as the smallest possible footprint is wanted. 

 Linear Buck (Inductive) Charge Pump 

Efficiency 20-60% 90-95% 75-90% 

PCB Area Very Small, 2 

Capacitors 

Largest, Big 

inductor, 2 

capacitors 

Medium, 3-4 

Capacitors 

Noise Ripple Very low Low Moderate 

Cost Lowest Highest Medium 

Table 3.2: Comparison of Typical Values for the Three Topologies 

While the output might not have a perfectly straight DC level, but rather 

a jig-saw looking appearance, the peak-to-peak voltage ripple usually 

never exceeds a couple of mV. This ripple is what occurs as the voltage 

over the load drops while the switch is of, and then rises as the conduc-

tor is re-charged.  

3.3.1 The TI TPS60500 

Out on the market today there is a sea of different high efficiency 

regulators. Choosing one that is the most suited for a certain application 

is crucial in prolonging the battery life. The TI TPS60500 does just this, 

and it does it while being an inductorless step-down charge pump with 

minimal foot print on the board. This specific model enables the user to 

freely set the output voltage which will prove handy in finding the most 

suitable voltage level to the MSP430.  

For input voltages of up to 6.5V the conversion efficiency can peak 

somewhere around 90% depending on both output current and voltage. 

Another regulator with similar efficiency in the same range is the 

TPS62120 that needs an additional inductor that somewhat enlarges the 
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PCB area. But in return it has a slightly higher maximum efficiency rate 

of 96% [21].  

In order for the TPS60500 to maintain a high efficiency well over a wide 

input- and output voltage range it automatically selects between three 

conversion modes [22]. When converting from 6.05V to 3.3V the internal 

circuits switches are automatically set to the 2/3x conversion mode due 

to the input voltage being higher than 3/2 of the output voltage. The 

most common application circuit for the TPS60500 which will be used in 

level shifting the voltage supply for the Wasa Board can be seen in 

Figure 3.3. 

TPS60500

DC

Vin

Ci

EN

GND

PG

FB

OUT

C1F- C1F+ C2F- C2F+

C1F C2F

Co

R1

R2

Cc

Input
1.8V to 6.5V Vo

Figure 3.3: Typical Application Circuit for Adjustable Voltage [13] 

Except for the calculation of what values R1 and R2 should be from the 

formula in (3.1), no further complicated adjustments to the recommend-

ed capacitor values stated in the datasheet have to be made. 

        
     

  
                                                              (3.1) 

Using this information the closest fit to this value was found to be 

      and       for R1 and R2 respectively, which set the      

     . 

3.3.2 NPN Transistor Inverter 

For the data going to the MCU the voltage needs to be taken to 0-3.3V. 

The easiest way of doing this without having to integrate a whole new 

circuit is by using an npn-transistor and taking advantage of its shut-
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down properties. As the voltage on the base-emitter junction falls below 

the cut-off limit, the current between the collector and emitter is cut off 

in approximately 50ns for the 2N3904 used in this project [23]. Thus the 

collector follower connected to the constant voltage +3.3V applied to the 

collector gets the identical value as can be seen in Figure 3.4.  

RC=10k

NPN 2N3904
RB=100k

B

C

ERS-232

+3.3V

0-3.3V

0V

IB

IC

 

Figure 3.4: Transistor Inverter in On (Red) and Off (Blue) Mode 

The same principle applies when the base voltage goes high as current 

from the collector will be drained by the emitter and the output will be 

set to 0V. Choosing the collector current to be no higher than approx-

imately 0.3mA for this solution it is good measure that the base current 

is at least 10% of that. To ensure that the transistor is properly saturated 

when on it was set to 1.6 times that value [18] which is 0.048mA. The 

minimum base current needed for the desired collector current is 

defined by taking the quotient of the collector current and the DC 

current gain. Thus limiting how low both currents can be set in order for 

the transistor to work properly. 

3.3.3 CMOS to RS-232 

When taking the signal in the opposite direction, back to the PDA, the 

process can not be as easily reversed by using a single transistor. Now it 

is impossible for the same solution to bring the voltage swing to  5V 

from 0-3.3V as something has to pull the voltage to a negative value 

instead of just cutting it off. The simplest solution is looking for a small 

package IC that does just this one thing and nothing else. The semicon-

ductor company MAXIM has a one-package solution RS-232 transmitter 

in a SOT23-6 package that makes for a space- and cost-efficient option. 

In addition only two external capacitors are needed in order to drive the 
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signal back to RS-232 logics while only consuming less than 150 A. For 

the MAX3188 data rates of up to 250kbps while the slew rate doesn’t 

exceed 30V/   are guaranteed which with ease covers the intended baud 

rate.  

In most common applications a RS-232 transmitter/receiver is used as it 

simplifies the board to some extent while also reassuring that the data 

rate in both directions are consistent with each other.   

3.4 Low Loss Rectification 

One problem that affects every component when powering the Wasa 

Board with the PDA is the initial uncertainty of the voltage supply’s 

polarity. As the voltage level from the serial connector has to be set and 

regulated by enabling the DSR and CTS line in the PDA, there is no 

knowledge if neither the TPS60500 nor the MAX3188 is being fed the 

right voltage at the beginning. Accidently doing so would result in 

irreparable damage to the IC so that it has to be replaced.  

As this is an unwanted bi-product of powering the Wasa Board with an 

unmonitored source, a safety measure for all components has to be 

implemented in the solution. Seeing as the incoming voltage can be 

either positive or negative regardless of what is expected from the node, 

the solution will have to make sure that it shuts down in the case of it 

being wrong. The logic interpretation is visualized in Figure 3.5. 

PDA Handshake 
Lines

+5V

-5V
+5V Node

+5V

0V

+5V

-5V
-5V Node

0V

-5V

Figure 3.5: Different Power Supply Scenarios. 

One solution to do so is by simply making use of a diode in series with 

the power supply. As the forward voltage drop of a normal diode 

usually is 0.7V the use of such a component would affect the overall 

effect loss too greatly. Instead a Schottky diode is much more preferred 

thanks to its lower drop which can well go down to 0.1V for small 
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currents. For this purpose the diode RB161M-21TR from RHOM was 

chosen and added to the design.  
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4 Designing the Board  
As a starting point for the design, the original schematic found on the 

Wasa Board homepage was used [1]. By removing all previous 

components except for the MSP430 with its pin configuration, the light 

and temperature sensor as well as the external crystal, the parts from 

chapter 3 had to be implemented. It should also be noted that almost all 

values to components such as capacitors and resistors has been left 

untouched for this project. 

4.1 Basic Design 

Seeing that four wires from the iPAQ will be used without the use of a 

distinct connector, the wires going to the board will instead be soldered 

directly. By doing so it will also be possible to situate the Wasa Board to 

the back of the iPAQ.  

By using the recommended schematic provided in the datasheet for 

both the TPS60500 and the MAX3188, only the value of two resistors 

had to be changed in order to get the right voltage output to 3.3V. In the 

previous design the use of logic circuits allowed the MSP430 to be 

debugged and re-programmed while still using the USB connection to 

communicate. As these components all left a large foot print on the 

board they were replaced by a single connector that still allowed the 

user to use the BSL programming method. The logic conversion was 

instead taken off the board onto a separate programmer, and only the 

routing of the BSL pins had to be changed.  

The free software Eagle [24] allows one to easily go from schematic to 

actually creating a board design and has been used throughout the 

whole project. Also having the possibility of creating and adding non-

existing components proved to be useful as both Texas Instruments and 

MAXIM did not have any premade libraries for the TPS60500 and 

MAX3188. Both the schematic and board layout can be found in Appen-

dix D and E. 

Going from the schematic to the actual board design the main focus was 

to make the new design as small as possible while still being easy 

enough to solder by hand. Some of the components original orientation 

has been altered in order to make up for smaller room while not temper-
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ing with anything that could decrease the performance of the board. In 

Figure 4.1 is the final board which measures 75 x 39mm compared to the 

original Wasa Board v1.4 that measure 73 x 47mm. 

 

Figure 4.1: New Wasa Board for the iPAQ  

4.2 Verification with a Test Board 

While schematics and preparations might seem fine on paper it is often 

a good idea to simulate and verify the different IC components before 

putting together the final product. The test board created contained the 

TPS60500, the MAX3188 as well as the npn-transistor level shifter. The 

design was done so that it could be powered by either a normal power 

supply or the iPAQ. Final schematic and layout of the board can be 

found in Appendix F and G.  

With the aim of simulating the load of having the MSP430 also in place 

on the test board, a series of different resistors was used. Remembering 

how different clock speeds related to currents from chapter 3.2.1 the 

value of the resistor was easily found using Ohm’s Law. The test was 

done for all possible clock speeds to ensure that the iPAQ was able to 

provide enough power to all components simultaneously including the 

MSP430. During the experiment a constant DC supply of  5.6V was fed 

to the board while a signal generator simulated the signals going 

through the RxD line. For all loads applied to the output of the voltage 

converter it was able to maintain a steady 3.26V which is almost exactly 

what was expected from the results in 3.3.1. In this experiment the 

output voltage ripple was also verified to make sure no spikes in the 

voltage would damage other components as can be seen in Table 4.1. 
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                  Clock Speed (MHz)              

6800 0.5 1 5 

1000 3.0 8 5 

680 4.6 12 10 

560 6.0 16 10 

Table 4.1: Possible Clock Frequency and Voltage Ripple Verification 

with          . 

As for the communication lines to the MSP430 the only main concern 

regarding the solution chosen was how good the npn-transistor would 

be able to pull up the voltage at higher frequencies. The signal generator 

was set to simulate a symmetrically squared AC-signal with a peak-to-

peak value of 11.4V ( 5.7V) and a DC-offset of 0V. This was taken over 

a large frequency spectrum and would simulate the actual serial com-

munication that the iPAQ would perform. In Figure 4.2 followed by 

Table 4.2 the simulation as well as the extracted parameters can be seen. 

 

Figure 4.2: Generated Signal (Top), Level Shifted Signal (Bot) With 

5V/division at 50  /division 
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                               Slew Rate         

10 2.5 1.3 

50 2.5 1.3 

100 2.5 1.3 

130 3.0 1.1 

Table 3.2: Slew Rate Verification with RS-232 Voltage Level. 

The same principle was used when verifying the MAX3188. Now 

simulating the reply sent from the MSP430, the signal generator was set 

to produce a peak-to-peak value of 3.3V. With a DC-offset of 1.7V (about 

half of 3.3V) the signal instead swings between 0V and 3.3V. Increment-

ing the frequency up to par with the highest value allowed for the npn-

transistor case of 130kHz, no visible deformation of the out coming 

signal was noticed. Figure 3.3 shows this set of measurements. 

 

Figure 3.3: Generated Signal (Top), Level Shifted Signal (Bot) With 

5V/division at 50  /division 
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5 Hardware and Software 
Communication 

5.1 The Software 

The application created for the iPAQ is what allows the user to interac-

tively communicate with the Wasa Board with just a few simple clicks. 

The software was written in Visual Basic for devices running Windows 

Mobile 2003 and takes full advantage of the previously specified AT-

commands described in 2.2.2. This is possible thanks to the serial port 

library provided in the Software Development Kit (SDK) that allows the 

user to set baud rate, number of bits or what handshake lines to enable. 

The application follows the motto of the Wasa Board; not to overcompli-

cate things and focusing only on what it should do. The GUI allows the 

user to get readings from either sensor or both and to verify that the 

connection to the board has been set up right.  

 

Figure 5.1: Displaying Sensor Readings From the Wasa Board 

The 430 lines of code that the application consists of can be found in 

Appendix C, which is based on the following block diagram. Here it 

shows in what order commands are sent back and forth between the 

iPAQ and the Wasa Board. 
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Open COM 
Port

Set Voltage 
Supply Levels

Verifying 
Communication 
To Wasa Board
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Values

Start Loop 
Sleep Timer

 

Figure 5.2: Order of Tasks Executed by the Software 

Between each cycle of the performed loop where the iPAQ sends a 

string of AT commands and receives a reply, a sleep timer set to 100ms 

is used. This halts the execution of code for the desired amount of time 

and then proceeds where it was brought to a stop. Using longer pauses 

between each sensor reading would result in lower average power 

consumption and can freely be changed in the source code. At any time 

can the user choose to stop the fetching of sensor readings as well as 

change which one to get by one simple click in the GUI.  

Seeing as the values sent from the Wasa Board are mere numbers as a 

function of the voltage divider resistor connected to the sensor, a 

conversion into real temperature or lumen is desired but has been left 

undone for this project.   

5.2 Simulating the Wasa Board 

No visual confirmation could be done when first configuring the 

software on how the messages sent back and forth were actually being 

separated and the software would freeze when done wrong. Using a 

normal Wasa Board to communicate to a terminal window via a USB is 

the usual approach in understanding how commands are sent and 

responses are sent back. Both devices are set up to use a baud rate of 

115200, 8 numbers of bits, 1 top bit and no parity.  



Low Power Sensor Platform for PDA   

- Wasa Board v1.4 revisited   

Pontus Olvebrink 

Hardware and Software 

Communication 

2011-06-22 

 

Based on the Mid Sweden University template for technical reports, written by Magnus Eriksson, Kenneth Berg and Mårten Sjöström. 

33 

To match the serial port readings to be used by the software with the 

reply sent from the MSP430, a PC was used as an intermediary. By 

simultaneously having one terminal window on the PC communicating 

with an original Wasa Board and another terminal to the iPAQ using a 

USB-COM converter module, setting up the software was easily done. 

The initial AT-command sent from the iPAQ is copied and entered into 

window 2 and waits for the Wasa Board to reply. The answer is then 

copied back into terminal window 1 where the iPAQ is waiting for a 

response. After verifying that an OK message is sent at the end of each 

reading it’s then displayed on the screen. How this was done is 

illustrated in Figure 5.2. 

 

iPAQ
Terminal 

Window 1
Terminal 

Window 2
Wasa Board 

v1.5
RS-232 USB

 
 

Figure 5.2: Simulating Wasa Board Connection to iPAQ 
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6 Measurements and Results 
The Wasa Board power consumption cycle can be divided into two 

phases. One being when the MSP430 is in the sleep mode state and no 

data is being sent back and forth. The other being when it wakes up and 

both the npn-transistor as well as the transceiver consumes more power. 

By calculating both of the separate power consumptions one is therefore 

able to estimate the total average. The advantage being that in the case 

of lower overall power consumption necessity one can simply adjust the 

sleep timer mentioned in chapter 5.1 to meet the required level as long 

as it’s higher than when the MSP430 is in sleep mode. 

In order to measure the current flowing through different nodes in the 

circuit, placing a dummy resistor with a 10  value in series enables one 

to do so. The current is computed by measuring the voltage across the 

resistor and applying Ohm’s Law by the same method shown in Figure 

6.1. The voltage relative to ground is also measured for both Vin and 

Vout as it is needed when computing the change in power. 

Rdc-in
~10 Ohm 

DC 
Converter Rdc-out

~10 Ohm

+V Rin + V Rout

Vin Vout

 

Figure 6.1: Measuring Voltage Drop and Potential at Nodes 

Throughout the whole project the Hewlett Packard 54645D oscilloscope 

with a maximum 10mV/division resolution was used to do the mea-

surements. A constant base-line noise level of  3mV from the oscillos-

cope cable used was added to the measurements but has not been 

considered for the calculations. All oscilloscopes exhibit this undesirable 

feature which is especially noticeable at low signal measurements. The 

measurements while in active mode has been set to fetch both the 

temperature and light readings simultaneously as this would result in 

the highest possible power consumption and longest active time.  
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Places of interest when trying to compute the power consumption 

would be both of the power supply lines coming directly from the 

iPAQ, the in and out nodes to the DC converter as well as the Vcc to the 

MSP430. From this it is possible to calculate the board’s total power 

consumption, the efficiency of the DC converter as well as the variation 

in current to the MSP430 between both modes. A simplified board 

layout with all five dummy resistors as well as the nodes (labeled A to 

E) of interested where measurements were taken can be seen in Figure 

6.2. 

TPS60500

MSP430F2252NPN-Transistor

MAX3189

Wasa Board

Analog Sensors

Expansion 
Connectors

JTAG and BSL

Rmsp430
~10 Ohm

Rdc-out
~10 Ohm

Rdc-in
~10 Ohm

Rsupply+
~10 Ohm

Rsupply-
~10 Ohm

DSR/DCD

CTS

RxD

TxD

GND

A

B

C D

E

Figure 6.2: The Five Measuring Points for Power Calculations 

Experimentally obtained values for the five chosen nodes on the board 

can all be found in Appendix A and B. In retrospective, the implementa-

tion of dummy resistors ought to have been implemented in the original 

board design with large soldering pads. The reason being that the Wasa 

Board easily gets shorted while doing the measurements, causing the 

iPAQ software to freeze. 

6.1 Power Consumption in Sleep Mode  

The importance of fully taking advantage of the MSP430’s sleep mode 

has previously been discussed. It is set up to enter it automatically with 

the original software created for the Wasa Board after a response has 

been sent. In order to get an estimate of the board’s total consumption 

while the MSP430 isn’t performing any tasks, both power lines current 

and voltage was measured and calculated.  

By integration of the voltage over time and dividing by the total time of 

the time frame examined, an approximation to the voltage across the 
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resistor and the current flowing through it can be defined. When mea-

suring the DC converters efficiency it’s important to use the average 

current as it will neither be constant nor sinusoidal as seen in Figure 6.3 

[25].   

 

Figure 6.3: Average Input Current to DC Converter    

The easiest way of describing the average current is by imagining that if 

the area A were to be placed in area B, a straight line would instead 

form on top. The efficiency     of the regulator is defined by comparing 

the effect coming in and going out of the chip as: 

  
     

   
                                                                                                         (6.1) 

First the total power consumption of the converter has to be measured 

by taking the average input current times the DC voltage level at that 

node. Applying the same method for the output current and level 

shifted voltage, the internal effect losses of the DC converter defines the 

final efficiency of the device. 

                                                                                   (6.2) 

Allowing high enough resolution and short time frames while making 

use of the oscilloscopes built in function of calculating the average DC 

signal by the same method described in Figure 6.1, measurement data 

for the converter in Appendix A was used to establish the efficiency. 

Observing the voltage spikes for the voltage across       , which strictly 

is proportional to the current going through it, from Figure 6.4 it is easy 

to conclude that taking the average is necessary. The strong change in 

current is due to the internal switching of the capacitors, charging them 

(the input current peaks) and then closing the input until the charge has 

been released. 
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Figure 6.4: DC Converter Input Current Peaks Every       With 

20mV/divsion at 50  /division  

From Appendix A the mean efficiency from 10 randomly taken values 

while in sleep mode is computed to: 

   
    

   
 

      

      
            .                                                          (6.3) 

Looking over the datasheet for the TPS60500 [22], this degree of efficien-

cy seems to be in good correlation with the load of approximately 

0.89mA that the MSP430 contributes with. Unfortunately the MSP430 is 

not supposed to consume more than a few    during this period which 

would be the result of it not entering the least power consuming sleep 

mode. 

Taking the mean value sum of both power supply handshake lines to 

compute the boards total power consumption it is found to be: 

                                                           (6.4) 

Where  

                                                                          (6.5) 

The effect loss in the regulator as well as the power consumption of the 

MSP430 in sleep mode only contribute about 4.44mW of the total 

6.24mW coming from the positive supply. Based on this, the remaining 

1.8mW is to large extents dissipated from the current running through 

the sensors though a small portion also will go through the emitter 
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resistor of the transistor and the MAX3188. Seeing as the negative 

supply draws more power from the iPAQ though only the Vee pin of 

the MAX3188 is connected to it would suggest that everything is wasted 

as heat due to no signals being converted.  

6.2 Power Consumption in Active Mode 

When doing the measurements while sending AT-commands back and 

forth to the board it is of great importance to widen the time interval of 

the signal that’s being studied. The AT command loop is set to be 

performed by the application every 100ms, therefore setting the time 

division on the oscilloscope to at least 50ms would guarantee visible 

changes in the voltage pattern. Looking at the increase in current from 

the positive power supply node A one can just see by looking that the 

cycle is repeated every 120ms. 

 

Figure 6.5: Increased Current Flow Through Node A every 120ms With 

50mV/division at 50ms/division  

Simultaneously as the current surge peaked, the voltage at the same 

node (node A) dipped by a couple of hundred mV. Although the total 

change in power consumption is positive, this would imply that the 

iPAQ was not able to maintain a steady DC voltage supply during these 

periods as seen in Figure 6.6. 
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Figure 6.6: Voltage Drops During Active Mode at Node A With 

2V/division at 50ms/division 

Studying how this would affect the behavior of the DC converter it was 

concluded that rather than having increased maximum values with the 

same wave form as in Figure 6.4 the peak density rose. Meaning that 

rather than seldom high peaks, higher numbers of lower peaks in the 

same interval was found i.e. the frequency with which the peaks ap-

peared increased. This altogether led to a higher average input current 

during this time frame. Viewing the plot from Figure 6.7 it can be seen 

that some of the higher peaks during the sleep mode are also super 

positioned during the active mode. 

 

Figure 6.7: DC Converter Input Current Density in Active Mode With 

500mV/division at 500  /division 
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Using equation (6.1) the mean efficiency of the TPS60500 during active 

mode was found to be  

  
    

   
 

       

       
                                                                      (6.6) 

Which is an 8.4% unit gain compared to when asleep. Although per-

forming approximately 3% units below what the promised value in the 

datasheet for this current load was, the result has to be considered 

satisfactory. It is worth noticing that a maximum efficiency of 93.4% was 

found during the minimum power consumption while active. 

Being able to study the on time of the MSP430 through its increase in 

power consumption, it gives the possibility to calculate the time distri-

bution of all phases when in active mode. The first being receiving a 

command, performing it and sending the reply back as in Figure 6.8. 

 

Figure 6.8: AT Command Sent (Top), Sensor Reading Reply (Bot) With 

5V/division at 500  /division, Total Time 2.5ms 

Only knowing that the time difference between the sleep timer and the 

actually occurring current peaks is 20ms (120ms-100ms), one cannot 

conclude that the MSP430 needs all that time to perform its tasks. 

Judging from Figure 6.9 it was concluded that the increase in current 

only lasted for 2.2ms even thought it took the message 2.5ms to get back 

forth. The remaining 17.8ms was the time needed for the iPAQ to 

execute the instructions in the software and restart the loop. Notice that 
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these values will not be the same in the case of just fetching one of the 

sensor values. 

 

Figure 6.9: MSP430 Current Increase While Active With 

50mV/division at 500  /division, Total Time 2.2ms 

From the data in Appendix B one sees that the mean operating state of 

the MSP430 while active is with a voltage supply of 3.18V at a 6.01mA 

current. Looking back at Figure 3.2 it would suggest that we’re able to 

run the MSP430 at 16MHz though being 0.69mW short on an average 

compared to the requirements.  

While in active mode it is clear that the power distribution of the supply 

nodes has also drastically shifted as can be seen when calculating the 

boards total power consumption. 

                                                        (6.7) 

As odd as this may seem, the MAX3188 decreases its mean negative 

supply current from -1.32mA to -0.34mA in active mode while the 

positive supply current increases from 0.1mA to 1.99mA. These values 

comes from taking the differential between the current going through 

node A and into the DC converter. An increase in power consumption 

from 7.90mW during sleep mode to 11.90mW while active would 

support the theory of the radical shifting in power distribution between 

handshake lines and modes. 

Now knowing the power consumption of the Wasa Board in both states 

and the duration which they last it is now possible to calculate the 

averaging power consumption by using the same method as in Figure 
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6.2. The previously described time lengths that add up to one loop cycle 

are now used to describe how long each power mode is taking place. 

Using the approximation that the change in power consumption is 

square-like it can be calculated with the following formula: 

         
                                             

                    
                           (6.8) 

Where 

                                                             (6.9)     

Going over the initial measurements by Alejandro Arcos provided by 

Prof. G. Q. Maguire Jr. that the iPAQ only was able to supply 21.21mW 

has thus been proven wrong. Largely to do with that is the real inability 

to actually measure how much current can be drawn from the hand-

shake lines. Simply placing a resistor in series followed by ground will 

only at a best give a rough estimate of what actually is disposable. 

Finding a maximum for how much power can be drawn from the iPAQ 

would probably prove a lot more complicated, and is one of the ques-

tions still unanswered. The only sure thing that can be said is that is that 

it’s able to supply at least 39.14mW for short time intervals. 
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7 Areas to Explore Further 
7.1 Replacing the Connector 

As the simple solution of connecting the board using the serial cables 

found on the docking station was used, some space was created be-

tween the board and the iPAQ. The original male connector designed 

for the iPAQ could be used in order to turn it into more of a plug-in 

module. The only problem one might face doing so is the physical 

installment of it to the board itself as the pitch between its pins might 

prove too small for some to solder. Other benefits using a direct connec-

tion would be if a gyro sensor or accelerometer were implemented to the 

board design, as one would then get one common axis between both 

devices. Thus making it possible to create movement based software for 

the iPAQ. 

7.2 Casing the Board 

One might also consider the use of a plastic casing around the board, 

both for practical and aesthetical reasons. It would serve as a cover 

against wear and tear, and if made transparent even the light sensor 

would be able to do readings. As there still are great possibilities to 

shrink the board to at least half of its current size if both layers are used 

properly and some of the expansion connectors removed. The final 

product would then not have to be much larger than a couple of square 

centimeters. Meaning, it would not only be really low powered but also 

look the part.  

7.3 Going Mainstream 

In order to take the Wasa Board to the next level, an interesting and 

most plausible suggestion would be to see if it can be implemented with 

a bit more current device, such as a smartphone. As almost all smart-

phones are able to use USB for communication, the same power profile 

as the original Wasa Board v1.4 might be a plausible setup. Having the 

advantage of more processing power and better display than the iPAQ, 

more advanced and purpose defined measurement tools could be 

created. As smartphones also has the possibility to locate the device and 

sending information on the fly, samples of measurements extracted 

from different spots could then be stored and analyzed on either a 

server or directly on the phone. End users would ultimately gain from 
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this as it would be easier to bring one device which a couple of small 

plug-in sensor boards are centered around, rather than bringing a whole 

set of different measurement tools. 

7.4 Converting Sensor Values 

The sensor values being displayed in the iPAQ are mere numbers based 

on the resistivity measured. As they fulfill no usable meaning to the user 

other than the visual rectification that the board works, converting them 

into something relatable might seem proper. Taking measurements at 

different known temperatures or light intensities would provide a mean 

to calibrate the numbers into some common physical quantity.  
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8 Conclusion 
The premise of this thesis was based on a series of measurements done 

to both the Wasa Board and the iPAQ made separately. The bar was set 

high with hopes of being able to run it at 16MHz as the original board 

while using the same baud rate. The iPAQ was able to sufficiently 

provide the board with the necessary power even during long runs and 

at low battery levels. As this version of the MSP430 has no possibility of 

reaching higher clock speeds the only thing that could speed up the 

board would be by raising the baud rates which the commands are sent 

with. This concludes that the iPAQ can and will without problem power 

the version of the Wasa Board discussed in this thesis.  

Being a low powered platform with voltage drops in the range of mV 

some uncertainties using an oscilloscope with the resolution of 

10mv/div has most likely affected the outcome of the measurements. But 

through large amounts of readings for different battery levels both 

numbers and theory adds up in a satisfactory way. Ensuring that the 

MSP430 is taken into a proper sleep mode would guarantee and even 

lower power consumption as the values measured seemed to diverge to 

greatly from what was promised in the datasheet. 

This project has been able to answer all questions about whether or not 

the Wasa Board could go mobile and opened up a whole new area to be 

discovered. By taking advantage of the unused RS-232 handshake lines 

the iPAQ proved worthy of being a reliable power source. The same 

method can be applied to other devices where power harvesting is 

possible. Also a more elegant board design solution with fewer expan-

sion connectors and more onboard features is preferable as it would 

increase the user experience.  

Using Visual Basic to create the GUI if no previous programming 

experience exists might be a good choice, but it is widely known not to 

be optimal when dealing with handheld devices or microprocessors. A 

better choice would be Visual C++ as it would result in faster execution 

speeds while also consuming minimal resources [26].  
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Appendix A: 
 Voltage Measurements in Sleep Mode  

 

 

Rsupply+ = 10.06 Ohm 

 

Rsupply- = 10.03 Ohm 

 

V-across [mV] 

 

V-node [V] 

 

V-across [mV] 

 

V-node [V] 

 

10.61 

 

6.055 

 

-13.21 

 

-5.542 

 

10.22 

 

6.054 

 

-13.26 

 

-5.531 

 

9.352 

 

6.055 

 

-13.26 

 

-5.523 

 

9.322 

 

6.074 

 

-13.17 

 

-5.530 

 

8.589 

 

6.053 

 

-13.22 

 

-5.524 

 

8.480 

 

6.056 

 

-13.30 

 

-5.536 

 

9.839 

 

6.054 

 

-13.40 

 

-5.528 

 

12.90 

 

6.051 

 

-13.34 

 

-5.545 

 

12.38 

 

6.050 

 

-13.23 

 

-5.537 

 

11.74 

 

6.053 

 

-13.26 

 

-5.539 

        Mean 10.34 

 

6.055 

 

-13.26 

 

-5.533 

Median 10.03 

 

6.054 

 

-13.26 

 

-5.533 

Maximum 12.90 

 

6.074 

 

-13.40 

 

-5.545 

Minimum 8.480 

 

6.050 

 

-13.17 

 

-5.523 

        Imean [mA] 1.03 

 

-1.32 

Imedian [mA] 1.00 

 

-1.32 

Imax [mA] 1.28 

 

-1.34 

Imin [mA] 0.84 

 

-1.31 

        Pmean [mW] 6.24 

 

7.30 

Pmedian [mW] 6.05 

 

7.30 

Pmax [mW] 7.77 

 

7.43 

Pmin [mW] 5.08 

 

7.24 
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 Rdc-in = 9.97 Ohm 

 

Rdc-out = 9.96 Ohm 

 
V-across [mV] 

 

V-node [V] 

 

V-across [mV] 

 

V-node [V] 

 
10.03 

 

5.974 

 

12.25 

 

3.278 

 
9.289 

 

5.958 

 

12.44 

 

3.278 

 
9.336 

 

5.978 

 

12.02 

 

3.277 

 
8.641 

 

5.960 

 

12.31 

 

3.277 

 
9.031 

 

5.979 

 

12.09 

 

3.278 

 
8.453 

 

5.977 

 

12.46 

 

3.278 

 
8.539 

 

5.964 

 

12.94 

 

3.278 

 
10.34 

 

5.967 

 

11.89 

 

3.278 

 
9.140 

 

5.972 

 

12.23 

 

3.278 

 
10.02 

 

5.958 

 

12.11 

 

3.277 

        Mean 9.282 

 

5.969 

 

12.27 

 

3.278 

Median 9.214 

 

5.969 

 

12.24 

 

3.278 

Maximum 10.34 

 

5.979 

 

12.94 

 

3.278 

Minimum 8.453 

 

5.958 

 

11.89 

 

3.277 

        Imean [mA] 0.93 

 

1.23 

Imedian [mA] 0.92 

 

1.23 

Imax [mA] 1.04 

 

1.30 

Imin [mA] 0.85 

 

1.19 

        Pmean [mW] 5.55 

 

4.03 

Pmedian [mW] 5.49 

 

4.03 

Pmax [mW] 6.22 

 

4.26 

Pmin [mW] 5.06 

 

3.90 
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 Rmsp430 = 9.98 Ohm 

 
V-across [mV] 

 

V-node [V] 

 
8.698 

 

3.276 

 
9.502 

 

3.279 

 
9.550 

 

3.277 

 
8.379 

 

3.278 

 
8.984 

 

3.275 

 
8.802 

 

3.276 

 
8.438 

 

3.276 

 
9.115 

 

3.277 

 
8.568 

 

3.278 

 
8.724 

 

3.277 

    Mean 8.876 

 

3.277 

Median 8.763 

 

3.277 

Maximum 9.550 

 

3.279 

Minimum 8.379 

 

3.275 

    Imean [mA] 0.89 

Imedian [mA] 0.88 

Imax [mA] 0.96 

Imin [mA] 0.84 

    Pmean [mW] 2.92 

Pmedian [mW] 2.88 

Pmax [mW] 3.15 

Pmin [mW] 2.751 
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Appendix B:  
 Voltage Measurements in Active Mode 

 

 

 Rsupply+ = 10.06 Ohm 

 

Rsupply- = 10.03 Ohm 

 

V-across [mV] 

 

V-node [V] 

 

V-across [mV] 

 

V-node [V] 

 

76.44 

 

5.334 

 

-6.562 

 

-5.577 

 

74.55 

 

5.316 

 

-2.537 

 

-5.561 

 

68.56 

 

5.332 

 

-2.676 

 

-5.571 

 

71.52 

 

5.306 

 

-2.905 

 

-5.568 

 

67.99 

 

5.335 

 

-2.656 

 

-5.576 

 

70.03 

 

5.306 

 

-3.257 

 

-5.578 

 

67.31 

 

5.338 

 

-2.623 

 

-5.557 

 

70.46 

 

5.280 

 

-3.121 

 

-5.576 

 

67.61 

 

5.284 

 

-3.553 

 

-5.577 

 

71.13 

 

5.312 

 

-4.008 

 

-5.573 

        Mean 70.56 

 

5.314 

 

-3.390 

 

-5.571 

Median 70.24 

 

5.314 

 

-3.013 

 

-5.574 

Maximum 76.44 

 

5.338 

 

-6.562 

 

-5.578 

Minimum 67.31 

 

5.280 

 

-2.537 

 

-5.557 

        Imean [mA] 7.01 

 

-0.34 

Imedian [mA] 6.98 

 

-0.30 

Imax [mA] 7.60 

 

-0.65 

Imin [mA] 6.69 

 

-0.25 

        Pmean [mW] 37.25 

 

1.89 

Pmedian [mW] 37.09 

 

1.67 

Pmax [mW] 40.57 

 

3.63 

Pmin [mW] 35.32 

 

1.39 
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 Rdc-in = 9.97 Ohm 

 

Rdc-out = 9.96 Ohm 

 
V-across [mV] 

 

V-node [V] 

 

V-across [mV] 

 

V-node [V] 

 
51.10 

 

5.017 

 

63.63 

 

3.239 

 
42.36 

 

5.054 

 

63.03 

 

3.239 

 
45.92 

 

5.030 

 

61.15 

 

3.241 

 
54.62 

 

5.008 

 

62.94 

 

3.240 

 
45.65 

 

5.025 

 

63.67 

 

3.243 

 
56.82 

 

5.038 

 

62.97 

 

3.237 

 
47.71 

 

5.045 

 

63.31 

 

3.239 

 
55.61 

 

5.037 

 

63.37 

 

3.241 

 
48.30 

 

5.018 

 

62.17 

 

3.242 

 
52.37 

 

5.032 

 

62.21 

 

3.241 

        Mean 50.05 

 

5.030 

 

62.84 

 

3.240 

Median 49.70 

 

5.031 

 

63.00 

 

3.240 

Maximum 56.82 

 

5.054 

 

63.67 

 

3.243 

Minimum 42.36 

 

5.008 

 

61.15 

 

3.237 

        Imean [mA] 5.02 

 

6.31 

Imedian [mA] 4.98 

 

6.33 

Imax [mA] 5.70 

 

6.39 

Imin [mA] 4.25 

 

6.14 

        Pmean [mW] 25.25 

 

20.44 

Pmedian [mW] 25.05 

 

20.51 

Pmax [mW] 28.81 

 

20.72 

Pmin [mW] 21.28 

 

19.88 
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 Rmsp430 = 9.98 Ohm 

 
V-across [mV] 

 

V-node [V] 

 
61.56 

 

3.183 

 
59.41 

 

3.181 

 
56.56 

 

3.175 

 
59.01 

 

3.180 

 
59.27 

 

3.182 

 
58.74 

 

3.181 

 
60.84 

 

3.182 

 
61.59 

 

3.179 

 
60.67 

 

3.183 

 
62.04 

 

3.182 

    Mean 59.97 

 

3.181 

Median 60.04 

 

3.181 

Maximum 62.04 

 

3.183 

Minimum 56.56 

 

3.175 

    Imean [mA] 6.01 

Imedian [mA] 6.02 

Imax [mA] 6.22 

Imin [mA] 5.67 

    Pmean [mW] 19.12 

Pmedian [mW] 19.15 

Pmax [mW] 19.80 

Pmin [mW] 18.00 
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Appendix C:  
 iPAQ Software Source Code 

 

Imports System.IO.Ports.SerialPort 

Imports System.Math 

 

Public Class Form1 

 

    Public response As String = "" 

    Public reading1 As String = "" 

    Public reading2 As String = "" 

    Public reading3 As String = "" 

    Dim temperature As String 

    Dim abortSensor As Long = 0 

    Dim sComparer As StringComparer = 

StringComparer.OrdinalIgnoreCase 

 

    'Resets all different constants and values 

 

 

    Private Sub Form1_Load(ByVal sender As System.Object, ByVal 

e As System.EventArgs) Handles MyBase.Load 

 

    End Sub 

 

    Private Sub Form1_Unload() 

 

        Application.Exit() 

 

    End Sub 

 

    Private Declare Sub Sleep Lib "coredll" (ByVal 

dwMilliseconds As Long) 

 

    Private Sub openPortButton_Click(ByVal sender As Object, 

ByVal e As System.EventArgs) Handles openPortButton.Click 

        If openPortButton.Text = "Open Port" Then 

            'Opens the serial port irregardless of what it 

previously was. 

            Try 

                If SerialPort1.IsOpen = False Then 

 

                    SerialPort1.Open() 

                    msgLabel2.Text = "Open" 

                    openPortButton.Text = "Check" 

                Else 

                    SerialPort1.Close() 

                    Sleep(200) 

                    SerialPort1.Open() 

                    msgLabel2.Text = "Open" 

                    openPortButton.Text = "Check" 

                End If 

                msgLabel2.Text = "" 
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                'Setting the proper voltage levels to the DSR, 

CTS and DCD 

 

                SerialPort1.DtrEnable = True    'Sets DSR and 

DCD line to +6.1V 

                SerialPort1.RtsEnable = False   'Sets CTS line 

to -6.1V 

 

            Catch ex As InvalidOperationException 

                MessageBox.Show(ex.Message) 

            Catch ex As UnauthorizedAccessException 

                MessageBox.Show(ex.Message) 

            Catch ex As System.IO.IOException 

                MessageBox.Show(ex.Message) 

            End Try 

 

            'Changes the state of the button and now allows it 

to verify that 

            'the Wasa Board is ready for communication 

        ElseIf openPortButton.Text = "Check" Then 

 

            Try 

                'Does a verification from the Wasa Board that it 

is ready for communication 

                SerialPort1.WriteLine("AT" & vbCr) 

                retrieveReply1() 

                msgLabel.Text = response 

 

                If sComparer.Equals("OK" & vbCr, response) Then 

                    msgLabel2.Text = "Check OK!" 

                ElseIf sComparer.Equals("ERROR" & vbCr, 

response) Then 

                    msgLabel2.Text = "Check Failed!" & vbCr & 

"Port Closed" 

                    SerialPort1.Close() 

                Else 

                    msgLabel2.Text = "Something else is wrong!" 

                End If 

 

                SerialPort1.WriteLine("AT+GMM+GMR" & vbCr) 

                retrieveReply2() 

                msgLabel.Text = "Board Version: " & reading1 & 

vbCr & "Software Revision: " & reading2 

                Application.DoEvents() 

 

            Catch ex As TimeoutException 

                MessageBox.Show(ex.Message) 

 

            Catch ex As InvalidOperationException 

                MessageBox.Show(ex.Message) 

 

            Catch ex As UnauthorizedAccessException 

                MessageBox.Show(ex.Message) 

 

            End Try 

 

        End If 

    End Sub 
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    Private Sub stopPortButton_Click(ByVal sender As Object, 

ByVal e As System.EventArgs) Handles stopPortButton.Click 

        Try 

            If SerialPort1.IsOpen = True Then 

 

                SerialPort1.Close() 

                msgLabel2.Text = "Closed" 

            Else 

                SerialPort1.Open() 

                Sleep(200) 

                SerialPort1.Close() 

                msgLabel2.Text = "Closed" 

            End If 

        Catch ex As Exception 

        End Try 

        openPortButton.Text = "Open Port" 

        msgLabel2.Text = "" 

    End Sub 

 

    Private Sub startButton_Click(ByVal sender As Object, ByVal 

e As System.EventArgs) Handles startButton.Click 

        abortSensor = 0 

        If startButton.Text = "Start" Then 

            startButton.Text = "Stop" 

            dataRead(tempCheck.Checked, lightCheck.Checked) 

 

            'Setts the text for the button to return to normal 

if stopped 

        ElseIf startButton.Text = "Stop" Then 

 

            startButton.Text = "Start" 

            abortSensor = 1 

        End If 

 

    End Sub 

    'Method for retrieving reply to see if the port is 

functioning. 

    Public Sub retrieveReply1() 

        Dim status1 As Boolean = False 

        Dim break4 As String = "" 

        Do Until status1 = True 

            break4 = SerialPort1.ReadLine 

            response = SerialPort1.ReadLine 

 

            If response <> "" Then 

                status1 = True 

            End If 

        Loop 

 

    End Sub 

    'Method for getting the sensor reading values with one 

response for the reading 

    'and another for the confirmation reply afterwards 

    Public Sub retrieveReply2() 

        Dim status2 As Boolean = False 

        Dim break1 As String = "" 

        Dim break2 As String = "" 

        Dim break3 As String = "" 

        Do Until status2 = True 
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            break1 = SerialPort1.ReadLine 

            reading1 = SerialPort1.ReadLine 

            break2 = SerialPort1.ReadLine 

            reading2 = SerialPort1.ReadLine 

 

            If sComparer.Equals("OK" & vbCr, reading2) Or 

sComparer.Equals("Error" & vbCr, reading2) Then 

                status2 = True 

            ElseIf reading2 <> "" Then 

                break3 = SerialPort1.ReadLine 

                reading3 = SerialPort1.ReadLine 

                status2 = True 

            End If 

        Loop 

    End Sub 

 

    Public Sub dataRead(ByVal temp As Boolean, ByVal light As 

Boolean) 

 

        'Loop in case only the temperature value is wanted 

        If temp = True And light = False Then 

 

            Do Until abortSensor = 1 

                SerialPort1.WriteLine("ATS200?" & vbCr) 

                retrieveReply2() 

 

                If sComparer.Equals("OK" & vbCr, reading2) Then 

                    msgLabel2.Text = "Data OK!" 

                    tempVal.Text = reading1 

                    Sleep(100) 

                    Application.DoEvents() 

                Else 

                    tempVal.Text = "Check Failed!" 

                    Application.DoEvents() 

                End If 

 

                Application.DoEvents() 

                reading1 = "" 

                reading2 = "" 

                tempVal.Text = "" 

            Loop 

            Application.DoEvents() 

 

            'Loop in the case only the light value is wanted 

        ElseIf light = True And temp = False Then 

 

            Do Until abortSensor = 1 

                SerialPort1.WriteLine("ATS201?" & vbCr) 

                retrieveReply2() 

 

                If sComparer.Equals("OK" & vbCr, reading2) Then 

                    msgLabel2.Text = "Data OK!" 

                    lightVal.Text = reading1 

                    Sleep(100) 

                    Application.DoEvents() 

                Else 

                    lightVal.Text = "Check Failed!" 

                    Application.DoEvents() 
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                End If 

                reading1 = "" 

                reading2 = "" 

                lightVal.Text = "" 

            Loop 

            Application.DoEvents() 

 

            'Loop in case both the temperature and the light 

value is wanted 

        ElseIf temp AndAlso light = True Then 

 

            Do Until abortSensor = 1 

                SerialPort1.WriteLine("ATS200?S201?" & vbCr) 

                retrieveReply2() 

 

                If sComparer.Equals("OK" & vbCr, reading3) Then 

                    msgLabel2.Text = "Data OK!" 

                    tempVal.Text = reading1 

                    lightVal.Text = reading2 

                    Sleep(100) 

                    Application.DoEvents() 

                Else 

                    tempVal.Text = "Check Failed" 

                    lightVal.Text = "Check Failed" 

                    Application.DoEvents() 

                End If 

                reading1 = "" 

                reading2 = "" 

                reading3 = "" 

                tempVal.Text = "" 

                lightVal.Text = "" 

            Loop 

            Application.DoEvents() 

        End If 

    End Sub 

    Private Sub clearButton_Click(ByVal sender As Object, ByVal 

e As System.EventArgs) Handles clearButton.Click 

        msgLabel.Text = "" 

        msgLabel2.Text = "" 

    End Sub 

 

End Class 
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<Global.Microsoft.VisualBasic.CompilerServices.DesignerGenerated

()> _ 

Partial Public Class Form1 

    Inherits System.Windows.Forms.Form 

 

    'Form overrides dispose to clean up the component list. 

    <System.Diagnostics.DebuggerNonUserCode()> _ 

    Protected Overrides Sub Dispose(ByVal disposing As Boolean) 

        If disposing AndAlso components IsNot Nothing Then 

            components.Dispose() 

        End If 

        MyBase.Dispose(disposing) 

    End Sub 

 

    'Required by the Windows Form Designer 

    Private components As System.ComponentModel.IContainer 

    Private mainMenu1 As System.Windows.Forms.MainMenu 

 

    'NOTE: The following procedure is required by the Windows 

Form Designer 

    'It can be modified using the Windows Form Designer.   

    'Do not modify it using the code editor. 

    <System.Diagnostics.DebuggerStepThrough()> _ 

    Private Sub InitializeComponent() 

        Me.components = New System.ComponentModel.Container 

        Me.mainMenu1 = New System.Windows.Forms.MainMenu 

        Me.lightLabel = New System.Windows.Forms.Label 

        Me.tempLabel = New System.Windows.Forms.Label 

        Me.SerialPort1 = New 

System.IO.Ports.SerialPort(Me.components) 

        Me.tempVal = New System.Windows.Forms.Label 

        Me.lightVal = New System.Windows.Forms.Label 

        Me.tempCheck = New System.Windows.Forms.CheckBox 

        Me.lightCheck = New System.Windows.Forms.CheckBox 

        Me.startButton = New System.Windows.Forms.Button 

        Me.openPortButton = New System.Windows.Forms.Button 

        Me.stopPortButton = New System.Windows.Forms.Button 

        Me.msgLabel = New System.Windows.Forms.Label 

        Me.Label1 = New System.Windows.Forms.Label 

        Me.msgLabel2 = New System.Windows.Forms.Label 

        Me.clearButton = New System.Windows.Forms.Button 

        Me.SuspendLayout() 

        ' 

        'lightLabel 

        ' 

        Me.lightLabel.Location = New System.Drawing.Point(166, 

11) 

        Me.lightLabel.Name = "lightLabel" 

        Me.lightLabel.Size = New System.Drawing.Size(60, 25) 

        Me.lightLabel.Text = "Light" 

        ' 

        'tempLabel 

        ' 

        Me.tempLabel.Location = New System.Drawing.Point(14, 11) 

        Me.tempLabel.Name = "tempLabel" 

        Me.tempLabel.Size = New System.Drawing.Size(54, 23) 

        Me.tempLabel.Text = "Temp" 

        ' 

        'SerialPort1 
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        ' 

        Me.SerialPort1.BaudRate = 115200 

        Me.SerialPort1.DtrEnable = True 

        Me.SerialPort1.RtsEnable = True 

        ' 

        'tempVal 

        ' 

        Me.tempVal.Font = New System.Drawing.Font("Tahoma", 

12.0!, System.Drawing.FontStyle.Bold) 

        Me.tempVal.Location = New System.Drawing.Point(16, 36) 

        Me.tempVal.Name = "tempVal" 

        Me.tempVal.Size = New System.Drawing.Size(52, 27) 

        ' 

        'lightVal 

        ' 

        Me.lightVal.Font = New System.Drawing.Font("Tahoma", 

12.0!, System.Drawing.FontStyle.Bold) 

        Me.lightVal.Location = New System.Drawing.Point(166, 36) 

        Me.lightVal.Name = "lightVal" 

        Me.lightVal.Size = New System.Drawing.Size(60, 27) 

        ' 

        'tempCheck 

        ' 

        Me.tempCheck.Location = New System.Drawing.Point(0, 86) 

        Me.tempCheck.Name = "tempCheck" 

        Me.tempCheck.Size = New System.Drawing.Size(100, 20) 

        Me.tempCheck.TabIndex = 4 

        Me.tempCheck.Text = "Temp Check" 

        ' 

        'lightCheck 

        ' 

        Me.lightCheck.Location = New System.Drawing.Point(0, 

112) 

        Me.lightCheck.Name = "lightCheck" 

        Me.lightCheck.Size = New System.Drawing.Size(100, 20) 

        Me.lightCheck.TabIndex = 5 

        Me.lightCheck.Text = "Light Check" 

        ' 

        'startButton 

        ' 

        Me.startButton.Location = New System.Drawing.Point(6, 

202) 

        Me.startButton.Name = "startButton" 

        Me.startButton.Size = New System.Drawing.Size(73, 27) 

        Me.startButton.TabIndex = 12 

        Me.startButton.Text = "Start" 

        ' 

        'openPortButton 

        ' 

        Me.openPortButton.Location = New 

System.Drawing.Point(85, 202) 

        Me.openPortButton.Name = "openPortButton" 

        Me.openPortButton.Size = New System.Drawing.Size(73, 27) 

        Me.openPortButton.TabIndex = 14 

        Me.openPortButton.Text = "Open Port" 

        ' 

        'stopPortButton 

        ' 
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        Me.stopPortButton.Location = New 

System.Drawing.Point(85, 235) 

        Me.stopPortButton.Name = "stopPortButton" 

        Me.stopPortButton.Size = New System.Drawing.Size(73, 27) 

        Me.stopPortButton.TabIndex = 23 

        Me.stopPortButton.Text = "Stop Port" 

        ' 

        'msgLabel 

        ' 

        Me.msgLabel.Location = New System.Drawing.Point(128, 97) 

        Me.msgLabel.Name = "msgLabel" 

        Me.msgLabel.Size = New System.Drawing.Size(111, 87) 

        ' 

        'Label1 

        ' 

        Me.Label1.Location = New System.Drawing.Point(128, 74) 

        Me.Label1.Name = "Label1" 

        Me.Label1.Size = New System.Drawing.Size(83, 23) 

        Me.Label1.Text = "AT Response" 

        ' 

        'msgLabel2 

        ' 

        Me.msgLabel2.Location = New System.Drawing.Point(0, 135) 

        Me.msgLabel2.Name = "msgLabel2" 

        Me.msgLabel2.Size = New System.Drawing.Size(100, 64) 

        ' 

        'clearButton 

        ' 

        Me.clearButton.Location = New System.Drawing.Point(6, 

235) 

        Me.clearButton.Name = "clearButton" 

        Me.clearButton.Size = New System.Drawing.Size(73, 27) 

        Me.clearButton.TabIndex = 29 

        Me.clearButton.Text = "Clear" 

        ' 

        'Form1 

        ' 

        Me.AutoScaleDimensions = New System.Drawing.SizeF(96.0!, 

96.0!) 

        Me.AutoScaleMode = 

System.Windows.Forms.AutoScaleMode.Dpi 

        Me.AutoScroll = True 

        Me.ClientSize = New System.Drawing.Size(240, 268) 

        Me.Controls.Add(Me.clearButton) 

        Me.Controls.Add(Me.msgLabel2) 

        Me.Controls.Add(Me.Label1) 

        Me.Controls.Add(Me.msgLabel) 

        Me.Controls.Add(Me.stopPortButton) 

        Me.Controls.Add(Me.openPortButton) 

        Me.Controls.Add(Me.startButton) 

        Me.Controls.Add(Me.lightCheck) 

        Me.Controls.Add(Me.tempCheck) 

        Me.Controls.Add(Me.lightVal) 

        Me.Controls.Add(Me.tempVal) 

        Me.Controls.Add(Me.tempLabel) 

        Me.Controls.Add(Me.lightLabel) 

        Me.KeyPreview = True 

        Me.Menu = Me.mainMenu1 

        Me.MinimizeBox = False 
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        Me.Name = "Form1" 

        Me.ResumeLayout(False) 

 

    End Sub 

    Friend WithEvents lightLabel As System.Windows.Forms.Label 

    Friend WithEvents tempLabel As System.Windows.Forms.Label 

    Friend WithEvents SerialPort1 As System.IO.Ports.SerialPort 

    Friend WithEvents tempVal As System.Windows.Forms.Label 

    Friend WithEvents lightVal As System.Windows.Forms.Label 

    Friend WithEvents tempCheck As System.Windows.Forms.CheckBox 

    Friend WithEvents lightCheck As 

System.Windows.Forms.CheckBox 

    Friend WithEvents startButton As System.Windows.Forms.Button 

    Friend WithEvents openPortButton As 

System.Windows.Forms.Button 

    Friend WithEvents stopPortButton As 

System.Windows.Forms.Button 

    Friend WithEvents msgLabel As System.Windows.Forms.Label 

    Friend WithEvents Label1 As System.Windows.Forms.Label 

    Friend WithEvents msgLabel2 As System.Windows.Forms.Label 

    Friend WithEvents clearButton As System.Windows.Forms.Button 

 

End Class 
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Based on the Mid Sweden University template for technical reports, written by Magnus Eriksson, Kenneth Berg and Mårten Sjöström. 
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Appendix D:  
 New Wasa Board Schematic 
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Based on the Mid Sweden University template for technical reports, written by Magnus Eriksson, Kenneth Berg and Mårten Sjöström. 
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Appendix E:  
 New Wasa Board Layout 
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Based on the Mid Sweden University template for technical reports, written by Magnus Eriksson, Kenneth Berg and Mårten Sjöström. 
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Appendix F:  
 Test Board Schematic 
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Based on the Mid Sweden University template for technical reports, written by Magnus Eriksson, Kenneth Berg and Mårten Sjöström. 
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Appendix G:  
 Test Board Layout 
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