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Abstract
Sensors are light-weight, low powered devices that measure some aspect of a physical or virtual
environment and transmit this information in some format. This thesis describes how to integrate a
sensor onto devices to enable network connectivity.
The phrase “internet of things” suggests that within a few years many devices will be connected
to an internet. Devices, including common household appliances, will transmit and receive data over a
network. The CEO of Ericsson has stated that there will be more than 50 billion connected devices by
2020[1]. These devices could be microwaves, fridges, lights, or temperature sensors. Devices that are
usually not associated with internet connectivity will be integrated into networks and play a larger role
in providing information and controlling other devices. Sensors will have a major role in “the internet
of things”. These small computers could be integrated in any appliances and transmit data over the
network. The sensors’ low power and low cost, as well as their light weight, makes them very
attractive to integrate them into many devices. The goal of this thesis project is to build upon this
trend toward “The internet of things” by integrating a sensor into a bathroom scale thus enabling the
scale to have networking connectivity. The sensor will be low cost and simple. It should wirelessly or
via USB transmit the current weight that it measures to a receiver (specifically a gateway). This
gateway will forward the message over the network to a website or mobile phone for visual
presentation of the data. This thesis describes different techniques and approaches toward developing
this sensor. The thesis also evaluates these different choices in order to select one technique that will
be implemented. This solution will be evaluated in terms of its cost and ease of integration into an
existing commercially produced scale.
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Sammanfattning
Sensorer är små, energieffektiva apparater som upptäcker variationer i förhållande till någon
stimulans och skickar informationen i ett godtyckligt format. Den här uppsatsen beskriver hur man
kan integrera en sensor med en apparat för att möjliggöra nätverksuppkoppling.
Uttrycket ”The Internet of things”, översatt på svenska som ”Internet av saker”, konstaterar att
inom några år så kommer den mesta av vardaglig elektronik vara uppkopplad mot Internet.
Hemelektroniken kommer att skicka och ta emot data över ett nätverk. Ericsson tror att det kommer
att vara över 50 miljarder uppkopplade apparater år 2020[1]. Sådana apparater kan vara
mikrovågsugnar, frysar, lampor eller termometrar. Apparater som vanligtvis inte förväntas vara
uppkopplade mot ett nätverk kommer att bli uppkopplade för att tillföra eller kontrollera information
och andra apparater. Sensorer har en viktig roll i denna utveckling. De är små datorer som kan
kopplas upp mot flertalet elektroniska apparater och förse dem med en nätverksuppkoppling för att
skicka betydelsefull data över ett nätverk. Energieffektiviteten och de låga kostnaderna, så väl som
deras små storlekar, gör dem dessutom väldigt attraktiva. Målet med den här uppsatsen är att påbygga
”The Internet of things” genom att tillförse en personvåg med en sensor för att möjliggöra
nätverksuppkoppling. Sensor ska vara enkel och billig. Den kommer att trådlöst eller via USB skicka
vikter till en mottagare som sedan skickar vidare informationen över nätverket till en hemsida eller
mobiltelefon för en grafisk presentation av informationen. Den här rapporten beskriver dem olika
teknikerna och approachen mot utvecklingen av sensorn.
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1 Introduction
The purpose of this bachelor’s project is as the title suggests, “more than downloading”; to upload
data to the internet. This was suggested by Prof. Gerald Q. Maguire Jr. who described the topic as
follows:
“Today many networks are optimized for downloading (i.e., a transfer through
the networking infrastructure to a host). Examples include web browsing, audio
and video streaming from traditional media providers, etc. One of the coming
trends is increasing generation of content (even if it is only a sensor saying "the
temperature in the basement has fallen below 8°C"). This will result in
increasing amounts of traffic in the uplink direction. [2]”
As I had no or very little hardware experience, but have a large interest in hardware development
and networking I found this topic to be very interesting for my thesis project. Working with hardware
widens my knowledge, although it is a challenge as to how to adapt my software knowledge to the
hardware part of computer science.
Many different sensors were considered (these are covered in Chapter 4) and a bathroom scale
sensor was selected. The reason for choosing a bathroom scale is because of my interest in health and
fitness. I believe that such a sensor would not only be fun to developed, but very useful as well. I am
very confident that network connected bathroom scale at a low cost have a great market demand. This
enables a wide range of possibilities for future work.
There are scales currently on the market that wirelessly connect to a network; these are discussed
in Chapter 13. However there is an issue with these scales; they are expensive. The main goal with the
sensor-project is to develop a low-end bathroom scale with connectivity possibilities. The costing of
the scale has to be a minimal with no or little effect on quality. Another important goal is simplicity.
The design and implementation have to very simple with no or very little requirement for user
interaction. The user should only need to stand on the scale and a few moments later view the data on
their mobile phone or a website. To achieve this in a realistic situation the purchaser should receive a
gateway with the scale which has a built-in sensor and transmitter, or a wired solution via USB. From
a sensor point of view the user should not have to do any configuration, however some configuration
may have to be done for the gateway. Energy consumption is yet another important consideration. The
sensor has to be low powered and synchronized with the scale’s power consumption. The sensor’s
power should not be exhausted before the scale’s power and both should have a similar averaged
lifetime. Changing the power source should be inexpensive and simple, ideally not needed at all, for
instance if piezoelectricity is sufficient to power the system (see Section 6.2).
My thesis project will consist of developing the sensor alone. It will used together with the
gateway developed by Francisco Javier Sánchez and Albert López, described in section 2.3. The
visual presentation and the application interface will be developed by Ivan Bremstedt Pedersen and
Alfred Andersson for their thesis project which is described in Section 2.4. Figure 1-1 illustrates an
overview of the system.
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Figure 1-1: System Overview
O

1.1 L
Limitation
ns of this
s thesis project
The initial idea of this project is to deveelop a simplee scale senso
or that transm
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T sensor will
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mple frame with
w an identtification fielld and the weeight and
measureement unit ass data, no oth
her informattion will be included.
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Such informatiion could be date and
time, tem
mperature, the
t number of clothing or other faactors that might
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be inteeresting in regard
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to
weight. The sensor will also diisregard the user, it willl not be posssible to disttinguish betw
ween the
people uusing the scaale. It is assum
med that thee scale will have
h
a uniquee user. It willl also not bee possible
to conneect the scale to any netw
work and sendd data through it in the case
c
it is a w
wireless soluttion. The
sensor w
would be deppendent on one gatewayy. Furthermo
ore, the userr will not haave the optio
on to not
include a weight (unnless they tu
urn off the seensor or gateeway), every
y weight willl be transmittted. The
sensor w
will also mosst likely be time
t
sensitivve, for instan
nce it will bee required off the user to stand on
the scale until the weight
w
meassurement haas stabilized.. If the userr steps on aand off the scale the
transmittted weight will
w be incorrrect. In this project the sensor
s
will not
n be built iin to the scalle, it will
be an exxternal devicee.

1.2 T
Thesis sttructure
Folllowing this introduction, Chapter 2 will describ
be related and similar w
work done by
b other.
Chapter 3 introducess the Wasa board used inn this project and Chapterr 4 will descrribe differentt types of
sensors that might be used. Chapter
C
5 deescribes som
me of the wireless
w
phyysical and liink layer
technoloogies that might
m
be used to connecct the sensorrs to a gateway, while Chapter 6 describes
d
experim
ments that I have
h
made to
t augment a scale, enaabling it to be a networrk connected
d sensor.
Descripttions of the MSP430
M
miccrocontrollerr and a brieff programmin
ng guide aree provided in
n Chapter
7. Chapter 8 describbes the initiaal experimennts with the Wasa board
d. Chapter 9 describes th
he “Hello
World” software im
mplemented on
o the MSP
P430 and chaapter 10 discusses the fi
first weight decoding
algorithm
m. A secondd algorithm with
w the use of AT comm
mands is described in Chhapter 11. Ch
hapter 12
describees the prograam that saves the weightts locally to a file. A maarket researcch looking in
nto other
scales onn the markett as well as the cost of tthis thesis prroject is disccussed in Chhapter 13. Ch
hapter 14
discussees future worrk, while Ch
hapter 15 annd Chapter 16 discuss th
he results andd conclusion
ns of this
thesis prroject.
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2 Related work
After some research on the internet I found that other people had done similar work with a
bathroom scale. Jorge Pinto connected sensors to a couple of different scales and used the data for
different purposes. One scale wrote data to an SD card, while another transmitted the weight via a
Bluetooth link to a computer. Jorge Pinto’s projects [3] are described in more detail in section 2.1.
Another similar project by Micah Elizabeth Scott [4] is described in section 2.2. Her project is very
interesting as she reads the analogue signals directly from the sensors ignoring the microcontroller
and the LCD screen.
Section 2.3 describes Francisco Javier Sánchez and Albert López thesis project where they built
the gateway which I may be using. Furthermore describes section 2.4 the application interface that
will be developed by Ivan Bremstedt Pedersen and Alfred Andersson for their thesis project.

2.1 Jorge Pinto – SD card
Jorge Pinto has done 3 different projects with different scales. He started out with the Fagor
BB-90 scale, a cheap and simple scale where he snooped the data from the scale’s LCD screen. The
goal of his project was to store the data on an SD card and further add more advanced features to the
scale. He did so by removing the original LCD screen and then added his own LCD screen and a
microcontroller (LPC2103) which he could easily control. The microcontroller fetched data from the
SD card and did multiple calculations before outputting it on the LCD screen. The new features were
time and date, increase or decrease in weight, and multiuser support. This scale was further developed
to give it Bluetooth connectivity. The scale communicated with his Android mobile phone via a
Bluetooth link. He uses the Android application Smart Weight Chart to show the data as a graph [5].
His second project was similar to the first one, but with a different scale (Jata Hogar 490). This
project is very interesting as the LCD screen works similarly to the LCD screen on my scale (see
Chapter 6). Understanding his project was of great help when decoding my own scale.
Thirdly, he manipulated the Beurer BG 16 scale which measures weight, percentage of fat,
percentage of water, and percentage of muscle. He made the same modifications as with the other
scales.

2.2 Micah Elizabeth Scott – hacking a digital scale
Micah Elizabeth Scott’s project is very interesting as she does not fetch the data from the LCD
screen, but instead connected directly to the sensors. Beth traced where the signals from the sensors
went and figured out the analogue front-end then simply connected to it and passed these signals to a
microcontroller (Propeller). This decreased the number of required pins on the microcontroller as only
two I/O pins were required. She samples the weight signal by keeping an integration capacitor
balanced around a comparator threshold. By measuring the amount of time it takes to charge the
capacitor the weight upon the scale is calculated. Her work could be very interesting for another
student to improve upon my work.

2.3 Sánchez and López (Master thesis project)
A gateway is needed to relay the information received via a radio signal to a computer connected
to a network. This gateway contains a radio receiver that listens to a radio channel at a specific
frequency. The gateway sends the information to a local computer via USB or via an Ethernet
controller. In this thesis project I might use the gateway developed by Sánchez and López [6].
Francisco Javier Sánchez and Albert López have during the winter/spring 2012 developed a
gateway that uses the 868 MHz band to snoop sensor data and send this data to a computer via an
Ethernet interface. Their gateway uses a MSP430 microcontroller and a TI CC1101 wireless
transceiver to communicate with different types of sensors. This gateway requires very low power and
3

is able to operate on power over Ethernet (PoE) or from an external power supply. Their gateway
contains only low cost components. See their thesis report for a detailed description [6].

2.4 Pedersen and Andersson (Bachelor’s thesis project)
Ivan Bremstedt Pedersen and Alfred Andersson are developing the application interface for
viewing sensor data. Their goal is to modify the gateway developed by Francisco and Albert to send
data securely to a web-server for visual representation on a website. Another goal is to implement a
TCP/IP-stack in the gateway to be able to communicate with the web-sever without requiring an
additional computer.
A web interface was developed. This interface consists of a webpage running HTML5 and
JavaScript code, together with Ruby on Rails in the background for authorization and login (in order
to control who can view data collected from a sensor). Many different possibilities have been
discussed, for instance mashing up with Facebook, either for logging in or possibly show a chart of
the weights in Facebook.
A mobile application has also been discussed, similar to the project by Pinto described in section
2.1. A web application would serve the same purpose as a website, but could add mobility to the
application interface. See their thesis report for a detailed description of their application interface [7].
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3 W
Wasa Board
B
For this thesis project I ussed the Wassa controllerr board. Thee Wasa boaard was desiigned by
Professoor Mark T. Smith
S
to enaable studentss to easily add
a sensors to
t existing ccomputing platforms,
such as a laptop or PDA. The Wasa boardd contains a MSP430F26
618 microcoontroller, a FT232RL
F
USB cliient controller, a temperrature sensorr, a light sen
nsor, and a 3-axis accellerometer. Details
D
of
these seensors are deescribed in Chapter
C
4 annd summarizzed in Table 3-1. The innitial softwarre on the
WASA board uses AT-comman
nds for com
mmunication,, hence the Wasa boardd accepts co
ommands
starting with 'AT'. Itt's possible to
o directly coommunicate with
w the Waasa board usiing command
d-prompt
terminalls via serial ports.
p
The front and baacksides of the
t Wasa boaard (version 1.7) are shown in Figuree 3-1 and Figure 3-2.
Togetheer with Alfrred Anderssson and Ivaan Bremsted
dt Pedersen have we used the board for
experim
ments to gain an understan
nding about these differeent sensors. The Wasa bboard also en
nabled us
to protottype our ideeas of several possible seensor and actuator scenarrios withoutt having to build
b
new
hardwarre. A numberr of experimeents with thee Wasa board
d are describeed in Chapteer 8.
Table 3-1
1: Summary o f Wasa board version 1.7 com
mponents

Part
MSP4
430F2618
FT
T232RL
Therm
mistor NTC
0K 5%
10
MP
PY20C48
MMA7660FC I2C.

Vendor
TI
Futture Techno
ology
Device
es Internatio
onal Ltd.
Vishaay BC Compponents

Descrip
ption
Microconntroller
USB
U
client ccontroller

Silicon
S
Sensoors
Freescale
e

Light senssor, and
3-axis
3
acceleerometer

Temperatur
T
re sensor

Figure 3-1: One sid
de of the Wasa
a board (version 1.7)

Figure 3-2: Other siide of the Wasa board (versio
on 1.7)
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4 Sensors
A general goal of sensors is to collect as much information as possible in order to extend a
system’s functionality. With sensors for light level, air temperature, humidity, accelerometer, or
motion sensors a system would have endless uses. There are a many different sensors that could be of
interest. This chapter describes the different sensors that were considered during the literature study.

4.1 Light sensors
The Wasa board, described in Chapter 3, has a light sensor MPY20C48, produced by Silicon
Sensors. The initial tests with the light sensor on the Wasa board were successful. These tests are
described in section 8 (starting on page 23). I was able to see a difference in the sensor’s value by
simply placing a hand over the light sensor.

4.2 3-axis accelerometers
The Wasa board also has an accelerometer, a Freescale MMA7660FC I2C. The initial tests
showed that I was able to read three values from the accelerometer. Each output consists of three
values for X, Y, and Z. The test I conducted is described further in section 8 (starting on page 23).

4.3 Air sensors
Sensors that collect data about the air could be useful for homes. With data from these sensors
users could start the air conditioner, turn up or down the thermostat, open or close the window blinds,
and so forth. These functions are often mentioned when people talk about the “smart home”.
Additionally, this data could be used together to lower their electricity bills and help reduce the user’s
carbon footprint.
The two sensors described below could easily be incorporated because they are so closely related.
Placing them in the same device will save money because only one transmitter and microcontroller is
needed for the two sensors.

4.3.1 Temperature sensors
The Wasa board uses a temperature sensor that I have been able to take readings from. The test
method and results are shown in section 8 (starting on page 23).

4.3.2 Humidity sensors
Humidity sensors could also be used with the Wasa board. I have at this time not conducted any
experiments on how to use these sensors. An example project that utilizes a humidity sensor can be
found on page 105 in Thomas Petruzzelli’s book “Electronic Sensors for the Evil Genius” [8].

4.3.3 Possible usage scenarios
These different types of sensors could be placed in each room of a home in order to enable the
user to monitor each room and in turn control the local environment with potentially individual
settings (not only as a function of the date and time, but also whether people were in the room or not).
They could also be placed in a garage or basement where the air’s humidity could be of concern to the
user. For example, an increase in water vapor in the air might be a sign of a leak, if the humidity has
not also increased outside of the home.
If the device is placed in a waterproof case, then an outdoor installation is also possible. The lab’s
3D printer could print such a case.
Another possible usage scenario is a sauna where the electrical power or water supply to the
heater could be controlled by the system via sensors placed in the sauna. Due to extreme temperature
and humidity in a sauna special care needs to be taken to insure that the components function
correctly.
6

4.4 Weight sensor
A weight sensor that collects data about the weight of a person would allow the user to monitor
her/his weight. A scale (Coline RTC3010) has been purchased from Clas Ohlson (SKU: 34-5062)
and initial tests describing how to read data from this scale are in section 6.3 (starting on page 11).
The scale sensor will communicate with the gateway developed by Sánchez and López as
explained earlier or send data via USB. In the case a wireless solution is implemented, it will transmit
in the 868 Mhz band, most likely at 868.26Mhz, the same frequency as the temperature sensor they
are currently working with. Ideally the sensor would transmit using the ZigBee protocol because the
signals will be transmitted using CSMA techniques which are highly desired. Also as the ZigBee
offers a payload of 104 bytes it would be more than enough to transmit a weight in a single packet.
However the ZigBee stack is closed and requires a license. Therefore the packets could be transmitted
using a proprietary protocol, the SimpliciTI. The data will be transmitted multiple times for the
duration the scale stays active to minimize the risk of undelivered packages. The frame will most
likely be very simple with only an identifier and data fields. If there is time a cyclic redundancy check
(CRC) code will be included as well. The weight will be binary-coded decimals (BCD) and the signal
will be Frequency shift keying (FSK) modulated. ZigBee, SimpliciTI, and other wireless transmission
techniques are covered in Chapter 5.
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5 Wireless transmission technologies
One of the main goals of this project is to communicate wirelessly between different devices. This
wireless communication has to follow conventions and rules that are determined by international and
national regulations (CEPT and ETSI). There are restrictions on which bands that can be used without
a license. These bands are ISM-bands and one of the frequency bands that can be used in Europe
(Sweden) is the 868MHz band. The 868MHz frequency is especially interesting since I may be using
the gateway built by Francisco Javier Sánchez and Albert López as described in section 2.3, which
operates in the 868MHz band.
Section 5.1 describes the different IEEE 802.15 wireless transmission technologies as well as the
SimpliciTI protocol. Section 5.2 briefly describes the radio transmitters that have been discussed.

5.1 IEEE 802.15 and SimpliciTI
There are many different wireless transmission technologies each suitable for a particular need
depending on data rates, communication range, security, and power consumption among other factors.
Local area networks, wide area networks, metropolitan area networks, cellular wireless networks, and
satellite communications each serve a purpose depending on the factors mentioned above. For this
thesis project Wireless Personal Area Networks (WPAN) are of most interest. WPANs are wireless
local networks for short range devices operating in the ISM-bands. The IEEE 802.15 Working Group
for WPANs was formed to developed standards for short range wireless communication [9]. The first
standard that was developed was IEEE 802.15.1 which was based on Bluetooth technology.
Following the IEEE 802.15.1 standard the working group deployed further task groups. One of the
task groups IEEE 802.15.3 was interested in developing standards for devices that are low cost and
low power but with higher data rates than IEEE 802.15.1. The IEEE 802.15.4 working group is less
concerned with data rates and thus develops standards for devices that are low cost and low power but
with data rates lower than 802.15.1. My main concern lies with low power and low cost and as the
packet sent from the scale sensor will most likely be small therefore a high data rate is not needed;
hence the IEEE 802.15.4 standard is very interesting. Table 5-1 summarizes these standards in terms
of power, operating frequency, range, and data rates.
ZigBee is a protocol that runs on top of IEEE 802.15.4. The ZigBee protocol is widely used in
many different communication systems because of its ease of implementation. Because it operates on
top of the IEEE 802.15.4 standard the ZigBee protocol can keep low power consumption. The
purpose of the ZigBee protocol is to provide a standardized base set of solutions for sensors and
control systems. However, since the ZigBee protocol stack must be licensed, other proprietary
protocols have been considered. One of these protocols is SimpliciTI [10]. SimpliciTI is a simple lowpower radio frequency (RF) protocol for small RF networks developed by Texas Instruments (TI). It
is suitable for devices that require long battery life, low data rates, and low duty cycle. The scale
sensor is such a device. It was designed for easy implementation on platforms such as the MSP430
microcontroller and the CC1101 radio transceiver. SimpliciTI will most likely be used for
transmitting the weights to the gateway.
Table 5-1: Summary of 802.15 network technologies

Bluetooth

UWB

ZigBee

Standard

IEEE 802.15.1

IEEE 802.15.3

IEEE 802.15.4

Transmit Power

Low

Low

Very Low

RF Band
Range
Peak Data Rate

2.4 GHz
10m
1Mbps

3.1-10.6 GHz
30m
1.6Gbps

868/915Mhz, 2.4GHz
30m
250kbps
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5.2 Radio transmitter or transceiver
In order to be able to send information wirelessly from each sensor to a central receiver or
receivers, a transmitter or a transceiver is needed. A transceiver is simply a combined receiver and
transmitter. Using a transceiver would allow full duplex communication with sensors or actuators. I
have considered two low cost radios. These are described in the following two subsections.

5.2.1 RFM02 - transmitter
The Hope Microelectronics Co., Ltd. RFM02 is a low power, single chip radio transmitter. It is
capable of transmitting in the 433, 868, and 915 MHz ISM bands. Details of this transmitter module
are available at http://www.hoperf.com/rf_fsk/fsk/19.htm.

5.2.2 Texas Instruments CC1101 - transceiver
Francisco Javier Sánchez and Albert López have used the TI CC 1101 [29] in their master's thesis
[3] in order to receive and transmit in the 868 MHz band. I can more easily build upon their work if I
use the same components. Because this device is a transceiver it can be used to both receive and
transmit, providing great flexibility and supporting many possible usage scenarios.
The CC1101 operates at sub 1 GHz frequencies1 and is used for very low-power applications. The
circuit also has a low-cost. It has high sensitivity (-112 dBm) at 1.2kBaud (868MHz), low current
consumption (14.7mA) while receiving, and a programmable data rate from 0.6 to 600 kbps.

1

Typically in the 315, 433, 868, and 915 MHz ISM bands; often the ranges: 300-348 MHz, 387-464 MHz and
779-928 MHz. For further details see http://www.ti.com/product/cc1101.
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6 Scale
My main focus is a bathroom scale (i.e., a weight sensor) that would collect weight data and
wirelessly transmit it to a gateway or via USB. The information would pass over to a server and could
be accessed through a web browser or mobile phone. A visualization of the data in form of charts
(weight over time) could be shown.
The inner working of a scale is described in section 6.1 and section 6.2 discusses the different
power sources that have been considered during the project. Section 6.3 describes the number of
different approaches to understand and read data from the scale.

6.1 Inside a digital scale
To be able to read data from the scale a general understanding of a scale’s inner working was
necessary. A low cost digital scale makes use of strain gauge technology, i.e., the measurement of
strain due to the weight of an object. The electrical resistance of this strain gauge changes as the
weight of the object deforms the strain gauge.[11] In the case of a scale the object that stretches
causes an increase in electrical resistance. In a scale the bending objects are load cells usually in the
form of a bar. Load cells in a scale are transducers that convert the force to analog signals. In a welldesigned scale the weight is evenly distributed over one or two load cells. The weight is applied to
one end of the load cell causing a change in the electrical resistance. The strain gauge sensors utilize
the change in electrical resistance to calculate the applied force. This force is then converted to an
analogue signal that is passed through an ADC and calculations are done in the microcontroller and
the weight is displayed on an LCD screen.

6.2 Sensor Power
The sensor will most likely be powered over USB at first; however, there is a question of how the
sensor should be powered at a later stage, especially considering if it has to power a wireless
transmitter. Table 6-1 shows the three different options that have been considered. Perhaps is a
combination of two different power sources the ideal solution.
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Table 6-1: Option to power the microcontroller and radio transmitter

External
AA
battery
pack
Scale’s
batteries

The sensor could be powered by an external battery pack with AA batteries.
This would provide independent power, sufficient for a long operating time.
However, it will increase the cost of the device and clumsiness. The battery
pack would require space, which is not always available within the scale. If
there is space, then the battery pack would be installed inside the scale, but it
still will be an increase in cost.
Instead of using an external battery pack the sensor could make use of the
scale’s internal batteries. The disadvantage of this approach is that the sensor
will drain the scale’s batteries much quicker than normal. However, some
analysis of the cost efficiency and battery lifetime has to done to conclude
whether this approach could be beneficial regardless its disadvantages.

The scale that will be used is the Coline RTC3010 that uses one CR2023
battery. The CR2023 battery is a coin cell lithium battery for low power
applications. During testing that consisted of connecting the LCD screen pins to
an oscilloscope for a couple of hours, the battery was drained. This suggests that
using the scale’s battery is not a feasible means to power the system.
The system might possibly be powered through harvested energy using
Energy
harvesting piezoelectricity. Piezoelectricity is electrical energy produced from mechanical
pressure. [12] It is quite similar to the strain gauge technology. Electrical energy
would be produced when the scale is stepped on. The scale could be outfitted
with piezoelectric discs and each time pressure is applied to the scale the
mechanical pressure would be converted into an electrical charge by the
piezoelectric discs and stored (most likely in capacitors) and used as a power
source. The question is how much energy is produced and how much energy the
system needs.

6.3 Reading weight data
There are different approaches to get the data from the scale. One approach is to snoop the
calculated data going to the LCD screen. Another approach would be snooping the voltages from the
scale’s sensors and independently calculating the weight. However, each of these approaches raises
questions. Is the Wasa board’s ADC accurate enough? Will snooping the data to the LCD screen
interfere with the LCD screen’s display? The LCD screen is most likely in different states at different
times, at what point should the data be snooped? Or should multiple samples be taken? This section
describes a number of initial tests of reading the weight data that were made with a Coline RTC3010
scale.
The RTC3010 is Clas Ohlson’s lower end, digital, simple scale (SKU: 34-5062). It is made out
one glass brick and four rubber feet with a compartment at the header of the glass brick for the LCD
screen and the electronics. The scale has no advanced features other than the selection of different
measurement units: kilogram (kg), pound (lb), or stone (st). Thus this scale does not include features
such as inputting and displaying the user’s name or storage of previous weights. The simplicity of the
scale enables it to be low power and thus it has only one CR2023 battery. The front and back of this
scale are shown in Figure 6-1 and Figure 6-2 (respectively).
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Figure 6-11: Front view of
o the scale

Figure 6-22: Back view of
o the scale

o larger loadd cells the sccale has a sim
mple design with four sm
mall load
Insteead of havinng one or two
cells, onne at each fooot (See Fig
gure 6-3). Eaach load cell uses strain
n gauge senssors connecteed to the
printed ccircuit boardd (PCB). The force caussed by the user standing on the scalee causes a change
c
in
electricaal resistance and this chaange is convverted into an
n analogue signal.
s
The ssignals from the load
cells aree combined and
a converted
d into a weigght that is dissplayed on th
he LCD screeen.

Figure 6--3: Electronicss overview

6.3.1 Different Approach
A
hes to sno
oop the data
In thhis subsection I describe my attemptss to snoop thee data from the
t scale’s exxisting electrronics to
the LCD
D screen.
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6.3.1.1 Voltage sensing
The first approacch was to snoop the voltaages directly
y from the sen
nsors. This rrequires som
me reverse
engineerring of the scale
s
and callibration to m
map the diffeerent voltagee levels to diifferent weig
ghts. The
first stepp was to soldder additional wires to thee connection
ns from the seensors to thee PCB. The additional
a
wires were connecteed to an osciilloscope to look for thee differences in output foor a small nu
umber of
differentt weights thhat I applieed to the sccale. These readings co
ould enable us to calcu
ulate the
correspoonding weighht. Howeverr, this approaach did not work as thee readings diid not chang
ge; I saw
only noiise regardlesss of the force applied too the scale. A different method thatt might havee given a
better reesult would have
h
been to solder the addditional wirres straight to
o the sensorss. In this apprroach the
sensors could be dirrectly read. However,
H
duee to the scale’s design, each
e
sensor iis covered by
y a metal
bar, hennce it was nott possible to reach the apppropriate po
oints on the sensors
s
witho
hout having to make a
major chhange to the physical scale.
6.3.1.2 LCD screen
Forttunately the scale’s
s
desig
gn provided oother possibilities. The LCD
L
screen’ s pins were available
on both sides of thee PCB. This made it posssible to reaad the data going
g
to the LCD screen
n without
interferinng with the screen itselff. A front annd a back view of the PC
CB are show
wn in Figuree 6-4 and
Figure 66-5 respectiveely.

Figure 6-4: F
Front view of the
t scale PCB

Figure 6-5: B
Back view of the scale PCB
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Figurre 6-6: soldered pins

The initial idea was
w to snoop
p the signals going to thee LCD screen
n. There are 13 pins in to
otal going
to the LC
CD screen, thhus a wire was
w soldered onto each piin, see Figuree 6-6. The piins were num
mbered in
a zigzagg fashion wheere the first pin
p was the rrightmost pin
n (as shown in
i Figure 6-55).
Afteer some research on th
he LCD scrreen I was able to und
derstand thaat each num
mber was
represennted as a seveen-segment digit,
d
as show
wn in Figuree 6-7. The LC
CD screen coonsists of four digits,
one deciimal point (D
DP), and threee measurem
ment units

Figure 6-77: Seven-segmeent digit [4]

The first attemptt of reading the
t weight ddata was to fiind out which
h pins controol which segments. A
reading was done onn each pin at an applied w
weight of 0.0
0 kg. This waas done by obbserving the different
signal ppatterns (seee Figure 6-8
8 and Figurre 6-9) at each pin and
d in order ffigure out how
h
they
correspoond to each other
o
and thee seven-segm
ment digit. This
T had me believe that the analogu
ue signals
were connstructed as bit patterns where
w
each cchange in ph
hase in the signal correspponded to a bit,
b 1 or 0
that deteermined the segment’s state.
s
Withouut much und
derstanding of
o the patterrns themselv
ves I was
still ablee to map diffferent pattern
ns to differennt digits and
d segments. Each
E
pin wass later on recursively
tested foor different digits.
d
Throough extensiive testing an
nd observatiion was I able to come to
t the concluusion that eaach pin is
responsiible for 4 seggments, thus 2 pins were responsible for a digit. I also came tto the conclu
usion that
the firstt pin (rightm
most pin in Figure 6-5)) was responsible for th
he measurem
ment unit. The
T least
significaant pin for a digit was ressponsible forr the x-c-b-a (x being thee decimal poiint) segmentts and the
most siggnificant pin was responssible for the dd-e-f-g segm
ments, see Fig
gure 6-7. How
wever, I wass not able
to underrstand the puurpose of the last 4 pins ass they conneected no segm
ments on the LCD screen
n.
Therre was still some confussion after thee initial attem
mpt of undeerstanding thhe scale. For instance
the purppose of the laast 4 pins waas unclear annd the bit ord
der was not understood.
u
FFurthermore I did not
understaand the patterrns and how and why theey changed as
a they did, see
s Figure 6--8 and Figuree 6-9. As
a result some extenssive research
h was carrieed out and a second attempt to undeerstand the scale
s
was
made. T
The second atttempt is described in secction 6.3.2.
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Fiigure 6-8: Osciilloscope readiings of the 1st pin
p

Fig
gure 6-9: Oscillloscope readin
ngs of the 2nd pin

6.3.2 Second Test
T
An L
LCD is driveen as a matriix of signalss and so is th
he scale’s LC
CD display. E
Each signal as
a shown
in the firrst test is by itself meaniingless. How
wever the inteersection of two
t signals ddetermines whether
w
a
segmentt is on or offf. Every LCD
D is driven bby one or maany backplan
ne signals, ass explained in section
6.3.2.1. An LCD haas also severaal segment ssignals, each
h signal could represent m
multiple seg
gments or
there coould be dedicated signal for each seegment. Thee backplane signals are eeither the veertical or
horizonttal lines in the matrix and
a the segm
ment signals are the lin
nes oppositee in the mattrix. The
intersecttion of a bacckplane signaal and a segm
ment signal determines
d
whether
w
that particular seegment is
on/off, iillustrated in Figure 6-10
0. A segmentt is illuminatted when botth a vertical and a horizo
ontal line
are suitaably conneccted to poweer and grounnd. The sign
nals are con
ntinuous andd driven at a certain
frequenccy which to the eyes seeems like all the segmentts (for a partticular digit)) are always ON, but
technicaally only the segments in
ntersecting w
with the activ
ve backplane are ON, whhen there are multiple
backplannes. Any direect current (D
DC) damagees the display
y [13].

Figurre 6-10: How aan LCD is consstructed as a matrix
m

6.3.2.1 Types of LCDs
L
Therre are two tyypes of LCD
D screens: staatic LCDs and multiplex
xed LCDs. T
They are described in
the folloowing sectionns.
6.3.2.1.1
1

Static LC
CD

Statiic LCDs havve one backp
plane line (pinn) and a ded
dicated line fo
or each segm
ment of the LCD.
L
The
LCD is driven throuugh the inputt of a square wave. To tu
urn a segmen
nt ‘on’ the coorresponding
g line has
to be in opposition too the backplaane signal. T
To turn a seg
gment ‘off’ th
he segment ssignal has to be of the
15

b
sig
gnal, as show
wn in Figuree 6-11. The difference
d
beetween the signals
s
at
same phhase as the backplane
each phaase determinnes then if th
he segment iss on or off. If
I the differen
nce is 0v, thhen the segment is off
while if the differencce is non-zerro voltage, foor instance 3v the segmen
nt is on. Thiss design is siimple but
as each segment reqquires a dediccated pin, a llarger number of pins an
nd connectionns as well ass a larger
PCB aree required. Thhe microcontroller also nneeds more output/input
o
pins.
p

Figu
ure 6-11: static LCD

6.3.2.1.2
2

Multiplex
xed LCD

A m
multiplexed LCD
L
has several backpllane signals and a singlle segment ppin is shared among
multiplee segments. To
T turn ‘on’ a segment thhe responsib
ble signal is driven
d
in oppposition to the active
backplanne signal whhile the remaaining backpplane signalss are idle durring that parrticular duty cycle as
illustrateed in Figuree 6-12. A du
uty cycle iss the period one backplane stays acctive, the nu
umber of
backplannes determinnes the numb
ber of duty cyycles during one frame. A wave is a continuous sequence
of framees. For a seegment to bee visible thee difference between thee driven seggment signall and the
backplanne signal hass to above a threshold vvoltage which
h is usually ~2.3V. If thhe difference between
the voltaages is abovve the thresho
old the segm
ment is turned on, otherw
wise it is off.
f. To have an
n average
zero DC
C bias (mean value of a siignal) the diffference betw
ween a backp
plane signal and a segmeent signal
during a frame has to total outt to zero volltage as sho
own in Figurre 6-13[14]. Thus the backplane
b
signals iidle at mid-vvoltage, see Figure
F
6-12.

Figure 6-112: Multiplexed
d LCD [13]
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Figure 6-13: Z
Zero DC bias within
w
a framee

6.3.2.2 The scale
e’s LCD scre
een
The scale’s LCD
D screen is a multiplexedd LCD with 4 backplane signals. Eacch backplane signal is
responsiible for 2 seggments as sh
hown in Figuure 6-14. Ass previously found in thee initial test 2 signals
(pins) hoold each diggit; that is each signal is responsible for 4 segmen
nts (see Figuure 6-15). On
ne signal
drives thhe x-c-b-a seegments and
d the other siignal drives the d-e-g-f segments. T
Table 6-2 sho
ows what
segmentt each interseection betweeen a backpllane line and
d a segment line is respoonsible for. I came to
these coonclusions inn the first test, but to cconfirm thesse conclusio
ons with a llot more bacckground
knowleddge in the seccond test I reead two signnals at once, one backplane and one ssegment sign
nal. If the
segmentt intersected between thee backplane signal and the segment signal is on then the two signals
should bbe opposite (ppower and ground) durinng that phasee. This is illustrated in Figgure 6-16.

Figure 6-14: H
Horizontal bacckplane signalss

Figure 6-155: Vertical segm
ment signals

Table 6-2:
6 Segments at each interseection between
n a backplane line and a segm
ment line

Backplane 0
B
B
Backplane
1
B
Backplane
2
B
Backplane
3

S
Segment lin
ne 0
DP
c
b
a

Segment lin
ne 1
d
e
g
f
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Figure 6-16:
6
2nd pin an
nd backplane signals
s
at the value
v
of 0

Figuure 6-16 illusstrates the least significannt digit pin which
w
holds 4 segments ((x-c-b-a) at the
t value
0. As deescribed in section
s
8.4.2
2.1.2 each seegment is illu
uminated du
uring one duuty cycle. Att the first
phase (rred) the signaals are not in
n oppositionn (power resp
p. ground), thus that segm
ment is off. The first
backplanne signal and the least significant
s
diigit pin interrsects at the segment x, see Figure 6-14 and
Figure 66-15. The seccond-fourth backplane
b
siignals interseect with the segment
s
signnal at the seg
gments cb-a and as the segm
ment signal iss in oppositiion to each backplane
b
att each corressponding phaase those
segmentts are on.
The same observvations weree done for ddifferent digitts of the LC
CD display. A
At the intersection of
two signnals that segm
ment is on iff the signals are in opposition, hencee connected tto power and ground
respectivvely.
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7 Understanding MSP430
Having figured out the technical details of the scale it was time to familiarize myself with the
hardware that is going be used in this project, the Wasa board and the MSP430 microcontroller. The
Wasa board is discussed in more detail in Chapter 8, while this chapter covers the MSP430
microcontroller. A brief description of the MSP430 is provided in section 7.1. Section 7.2 focuses on
programming. There are courses covering MSP430 programming as it is a broad topic, thus only the
relevant parts of programming this chip, such as the ADC, will be briefly discussed in this chapter.

7.1 Texas Instruments MSP430
Prof. Maguire recommended the MSP430 microcontroller as it has been used in several other
recent thesis, including the bachelor thesis of Thor Hådén [15]. The TI MSP430 is a low voltage and
low power microcontroller that can be used to collect data from sensors, control an actuator, and send
and receive data via a radio. It’s a 16-bit RISC microcontroller, where the “16-bit” means that all
registers hold 16 bits. The reduced instruction set computer (RISC) acronym means that the controller
has a reduced number of core instructions – in this case “only” 27 of them. The MSP430 is a family of
controllers including the one used by Hådén: the MSP430F2618. This particular microcontroller is
also used on the Wasa board (described in Chapter 3) that I have been experimenting with. The
MSP430 operates on a low supply voltage ranging between 1.8 V and 3.6 V. It features a built in
8 channel, 12 bit analogue-to-digital (ADC) and two digital-to-analogue (D/A) converters.The
specific MSP430 that I have used is the MSP430F2618. This version of the chip contains 116KB +
256B of Flash Memory and 8KB of random access memory (RAM).

7.2 Programming the MSP430
Understanding the programming syntax of the MSP430 is the most crucial part of this project.
This is also where most of the time was spent. A microcontroller is a small computer with a processor,
memory and I/O meaning that as a programmer I need to consider all of these aspects. Programming
at a low level, for embedded systems could be more difficult than traditional high level programming
as many more things needs to be considering, such as I/O, interrupts and clocks. This section
describes the steps taken from the very basic understanding of binary to the more complicated
understanding of the analogue-digital converter (ADC) and registers. This may be of great help to
future students.

7.2.1 Data types and registers
The MSP430 is as most other computers a binary computer. Meaning they operate on ‘1’ and ‘0’.
Luckily enough as a programmer I do not need to concern myself with binaries as it may get a bit
tricky, the reason is that the compiler sorts out the chosen numeric presentation to binary. The most
used numeric presentations are binary, hexadecimal and decimal, in most cases hexadecimal;
therefore a clear understanding of hexadecimals is required. Hexadecimal uses 16 symbols to
represent numbers, 0-9 followed by A-F, whereof F equals 15 in decimal or 1111 in binary as shown
in Table 7-1. Using hexadecimal decreases the number of symbols needed to represent a number.
Each symbol in hexadecimal represents 4 bits, enabling one symbol to represent 16 decimal numbers
and two symbols to represent 256 decimal numbers. Hexadecimals numbers are denoted with 0x
followed by a number of symbols.
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Table 7-11: Numeric preesentations

It iss very important to und
derstand thatt even thoug
gh hexadecim
mal notationn is used, th
he actual
arithmettic takes plaace in binarry. MSP4300 programm
ming relies heavily
h
on rregisters and binary
most frequen
operatioons. Thus a good
g
understaanding of bittwise operations is very handy. The m
ntly used
bitwise ooperations arre AND, OR
R, NOT, and X
XOR, see Taable 7-2 for their
t
truth tabbles.
Onee very comm
mon MSP430 programminng example is the blinkin
ng of a LED
D, to achievee this, the
LED’s vvalue (GPIO
O output) willl XOR itsellf continuoussly, shifting from 1 andd 0 (on and off).
o
The
followinng pseudo coode gives a brrief clarificattion;

Listing 7-1: B
Blinking led – XOR
X
example

The LED is turrned on and off in a conntinuous loo
op every second. I assum
me that LED
D_Port is
p I also asssume that the LED is
associateed with a reggister with 8 bits conneccted to 8 pinss, 1 bit per pin.
connecteed to the firsst pin (pin 0)). Setting thiis bit to 1 turns the pin to
t high, hencce 0x01 (000
00 0001).
As show
wn in Table 7-2 XOR 1 with 1 returrn 0 and XO
OR 1 with 0 returns 1 ressulting in turrning the
LED on and off by XOR
X
the sam
me value withh the current contents of the
t register.
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Table 7-2:: Logical Operrations – OR, AND,
A
NOT and
d XOR [16]

(a) OR, |=

(b) A
AND, &=

(c) NOT
T, !=

(d) XO
OR, ^=

Havving refresheed my memo
ory on bitwiise operation
ns it was tim
me to undersstand the maany, very
importannt registers in
i the MSP4
430. The reggisters that were
w
of interrest are the m
module regissters that
control II/O. These reegisters coulld be 8 or 166 bits in widtth. Setting a bit of a regisster is done using
u
the
bitwise ooperations diiscussed abo
ove.
An interesting and
a importan
nt register inn this projecct is the ADC control reegister ADC12CTL0.
Figure 77-1, found inn the Texas In
nstruments, ‘MSP430x2x
xx Family - User Guide’’ [17], showss each bit
in the reegister. For innstance settin
ng bit 0 of A
ADC12SC to
o 1 starts the ADC converrsion, while setting it
to 0 stopps the converrsion. See th
his User Guidde for further detailed ex
xplanations oof the different bits of
this regiister and the many other registers. Too simplify prrogramming the differentt bits can be set using
their asssigned namess, as an exam
mple:
ADC
C12CTL0 |= ADC12SC;
is the sam
me as startinng the converrsion by sayiing:
ADC
C12CTL0 |= 0x0001;

Fig
gure 7-1: ADC
C control registter - ADC12CT
TL0

7.2.2 ADC and GPIO
The most importtant aspect of
o this projecct is the ADC
C. The analog
gue signals ffrom the scalle’s LCD
display are to be inputs
i
to th
he ADC. Thhe ADC willl sample th
hese signals and return a value
represennting the volltage at the sampling
s
tim
me. Convertiing the analo
ogue voltagee to a speciffic digital
value is known as Quantization
Q
and the retuurned value is based upon
n a quantizattion level. Each level
represennts a specificc voltage thrreshold. Thee ADC’s ressolution deteermines how
w many levells can be
used to represent a signal; thus dictating thee lowest diffference in in
nput voltage we can diffferentiate
[16], thee more levelss, the higher the accuracyy of the samp
pling. The MSP430F216
M
68 used in thiis project
12
has an A
ADC resolutiion of 12-bitss, thus the nuumber of quaantization lev
vels are 2 = 4096.
In thhe scale’s caase the referrence voltagges are poweer and groun
nd, 0V and 3V, hence 3V
3 has a
quantizaation level off 4095 (4096
6-1) and 0V has a quantization level of 0. A geneeral equation
n is given
below foor calculatingg the decimaal value (quanntization lev
vel) representting a voltagee [16]:

N ADDC = (2 Re soluution − 1) ×

Vini − V R −
VR + − V R −

Vin = Input voltaage and VR + ,VR − = Uppeer and lower reference vooltages.
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The General Purpose Input Output (GPIO) pins are digital input/output pins that can be used to
determine whether a signal at a certain point in time is higher or lower than a set voltage threshold. If
the voltage is higher than the threshold the GPIO register returns a logical ‘1’ or if lower it returns a
logical ‘0’. Note that this assumes that the relevant GPIO register’s bit is set as input. In the example
shown in Listing 7-1 the GPIO is set as output therefore setting a bit in the register as ‘1’ or ‘0’
determines the output of the associated GPIO pin (as high or low). There are 8 GPIO pins on the
Wasa board used in this project. They are controlled by port 5. Each port has a number of control
registers. The most interesting registers in our case are:
P5DIR

This selects whether a pin is output or input. A logical ‘1’ sets the pin as
output.

P5SEL

This sets whether a pin is GPIO or an internal module.

P5IN

This holds the logical value at the input pin

7.2.2.1 Sampling
Sampling frequency is the rate at which the signal is captured, assuming that the signal is
continuously sampled. The ADC allows different sampling modes. One of these modes is chosen by
setting the second and first bits in the ADC control register ADC12CTL1as shown below.
ADC12CTL1 |= CONSEQx
The available modes are:
CONSEQ0

Single Channel sampled once (0x00)

CONSEQ_1

Sequence of Channels sampled once (0x01)

CONSEQ_2

Single Channel sampled continuously (0x02)

CONSEQ_3

Sequence of Channels sampled continuously (0x03)
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8 Initial experiments
The experiments described in this section were conducted (2012-03-28) at the Department of
Communication Systems (CoS) in the laboratory of Professors Smith and Maguire, in the Electrum
building, located in Kista, Stockholm, Sweden. The lab provided all the tools and equipment used in
the experiments.

8.1.1 Purpose
The purposes of these experiments were to gain some experience, to get an overview of the
hardware used on the Wasa board, and to understand the potential uses of a device similar to the Wasa
board. As we had very little experience in hardware, all of the experience from these experiments was
of great help in planning what we would do for the rest of our thesis project. We especially wanted to
see how the MSP430 worked and how it could be used. We also wanted to examine the use of sensors
and to understand how this sensor data could be sent and displayed on a computer.

8.1.2 Approach
We started by investigating the Wasa board and its components. The components that were most
interesting for us were the MSP430 microcontroller, FT232RL USB client controller, and the different
sensors. We looked at how these components were connected and how additional sensors could be
easily added to the board.
We read Prof. Mark T. Smith’s description of the Wasa board version 1.7 [18] to gain an
understanding of how we could read and display sensor data on our laptop computers. We
downloaded the virtual COM port (VCP) driver suggested by Prof. Smith, installed a terminal to
handle the message passing, and connected the Wasa board to the computer via a USB cable. It turned
out that the VCP driver was actually unnecessary, as the Windows 7 operating system automatically
downloaded the correct driver (v2.8.14.0) and installed it.

8.1.3 Communication
A computer can talk to the Wasa board via a USB interface. The board uses the FT232RL USB
client controller and the drivers are available online for multiple platforms [19]. For our initial
experiments we used a Windows 7 computer with the “Tera term terminal emulator” [20] installed.
Prof. Mark T. Smith has an excellent guide [18] on his webpage that helped us with the setup.
We tested some of the commands that Prof. Mark T. Smith lists on his website. [21] It should be
noted that all of these commands take the form of an “AT” command, such as one might use with a
modem, but in this case these commands are interpreted by the software that was installed by Prof.
Smith in the Wasa board.
8.1.3.1 Accelerometer
The accelerometer was tested by simply reading a value when the board was lying on the table
and then reading another value when the board was held at an angle. This measurement measures the
gravitational force as a vector, relative to the 3D accelerometer’s axes. The command to get the
accelerometer’s current value is: AT+OAW? The command and its corresponding output for these
two measurements were:
>AT+OAW?
+OAW: -2,-2,20
OK
>AT+OAW?
+OAW: -1,-21,-3
OK
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We note the large change in the values of the Y and Z axes between these two measurements.
8.1.3.2 Temperature sensor
The temperature sensor was tested by first reading a control value and then rubbing a finger
gently on the surface of the sensor to increase the sensor’s temperature. The command to read the
temperature sensor’s value and its output for these two cases were:
>ATS204?
1946
OK
>ATS204?
1673
OK
Note that the resistance of the thermal sensor decreased, hence the voltage drop across the sensor
(which determines the value read from this sensor) also decreased when the sensor was warmed.
Given the specifics of this negative temperature coefficient sensor it is possible to translated the value
to a temperature in degrees centigrade
8.1.3.3 Light sensor
We took several measurements with the light sensor on the Wasa board. First we took a control
value, this value was given by just exposing the sensor to the normal light in the lab. We later covered
the sensor with a finger and another value was output from sensor. These commands and their
respective output values were:
>ATS203?
522
OK
>ATS203?
3853
OK
In this case the resistance of the light sensor increases when there was less light. If one use the
specific characteristics of this sensor one could calibrate the sensor’s output and get a light level in
lux.
8.1.3.4 Wasa Board info
There is a command that returns information about the Wasa board. The “GMM” command
returns the hardware version number and the “GMR” returns the software version number. These
commands and their respective outputs were:
>AT+GMM?
+GMM: Wasa_1.7
OK
>AT+GMR?
+GMR: 12.25.2011
OK

8.1.4 Code
We took a quick look at the software written by Prof. Smith to gain some insight into how to
program the MSP430. The software was written in C and included an MSP430x26x header file that
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contains standardized identifiers and functions to program the MSP430. The code is available from
Prof. Smith’s homepage [22].

8.1.5 Results
These experiments gave us a basic understanding of how we could communicate with the Wasa
board and the MSP430 to collect data. We also got a clearer picture of the components and the
complexity of the Wasa board, which was useful to help us plan the next phase of our thesis project.
This experiment also provides some basic knowledge about the tools we needed to use to
communicate, program, and monitor the Wasa board and the MSP430. This experience also gave us
greater confidence regarding our project and future work, which we needed.

8.1 Software experiments
We conducted several software experiments on 2012-03-30. These experiments are described in
further detail in this section.

8.1.1 Purpose
Our goal was to investigate the software used in the Wasa board version 1.7. Prof. Smith provides
both the source of the software [22] and a guide [23] about how to set up the programming
environment and what tools are used to program the MSP430 microcontroller used on the Wasa
board. Our main goal was to be able to load a modified version of the original software onto the board
and to have this modified software operate as we expected.

8.1.2 Approach
By reading the guide that Prof. Smith provides on his website [23] and the “Users guide” that
Texas Instruments provides on their website [24] we were able to modify the software to alter the
output of a command. We decided to modify a simple string to see if we could successfully compile
and install the modified software. The string we decided to change was the one that was displayed
when reading the accelerometer. The function which outputs a string has the form: mts_puts(string).
Thus we replaced mts_puts("+OAW: ");withmts_puts("+OAW (TEST): ").
As described by Prof. Smith, we had to download TI’s Code Composer Essentials (CCE) to
compile and generate a TI-TXT file to be loaded into the microcontroller. When searching for CCE at
TI’s homepage we found that they also referred to another program called Code Composer Studio
(CCS). The CCS software is an updated and extended version of the CCE software, so we decided to
download and use the CCS software instead. We modified the original software and made the proper
settings (i.e., selecting the right microcontroller: MSP430F2618, and set the proper output format:
TI-TXT format). We built the project to generate a TI-TXT output file. In order to load the modified
code into the microcontroller we had to download a BSL scripter and write a script file to instruct the
BSL scripter. We used the script proposed by Prof. Smith in his user guide [23] and only modified the
name of the file that was to be loaded into the microcontroller. We ran the Biological Scripting
Language (BSL) scripter together with the script file and (eventually) successfully loaded the
modified program into the microcontroller.

8.1.3 Problems
We encountered several problems while conducting this experiment. The first problem that we ran
into was a problem with the compiler version. We imported the original project written by Prof.
Smith, which had been compiled by a different version of the CCS or CCE software than what we had
on our computer. Because of this we could not build the project. We searched the Internet to find a
solution to this problem, but found nothing. We eventually looked at the different options and settings
of the CCS software and discovered the compiler version option and changed it from version 3.0.1 to
version 4.1.0.B1, which solved the problem.
Another problem that we encountered was due to multiple connections to the Wasa board.
Because we were already connected to the Wasa board by a terminal program, a new connection
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could not be established. This became a problem when we tried to use the BSL scripter to load the
modified software into the microcontroller. We looked at the errors that we got and thought it had
something to do with the script file that we had written. We modified the script to try to solve the
problem, but instead of solving the problem we introduced a new problem. Because we had modified
the script to load the modified software into the microcontroller, this script aborted after a short period
of time. To solve this problem we again stepped through all the instructions that were given by Prof.
Smith and by TI and noticed that the script file was not correct. We modified the script, which solved
the problem. The correct modified script is included as Appendix I.

8.1.4 Results
This experiment gave us a lot of new knowledge regarding the microcontroller and how we could
program it. We learned how to build and load new software into the microcontroller by using CCS
and BSL scripter. We also gained some experience about how new software for the microcontroller
should be written.
The modified version of the microcontroller software ran as intended and displayed the expected
modified output, as shown below:
Input:
>AT+OAW?
Result:
+OAW (TEST): 0,-2,22
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9 H
Hello World
W
Afteer gaining soome understaanding of thhe MSP430 and Wasa board I decidded to write my own
softwaree. As a comm
mon first pro
ogram I wrotee a “Hello World”
W
program. The aim
m was to conttinuously
output ““Hello Worldd” to a termin
nal. The soft
ftware was lo
oaded into th
he microcontrroller as exp
plained in
section 8.1. The firrst step wass to setup thhe UART and Wasa bo
oard’s initiattion function
ns, these
functionns were avaiilable in the software prrovided by Prof.
P
Smith (as mentionned in sectio
on 8.1). I
wrote a write() functtion that is called by the main() functtion to copy the desired sstring to the UART’s
output bbuffer. After reading the MSP430 U
User Guide [1
17] this operration appear
ared to be qu
uite easy.
The dataa that is to be written is
i sent to a U
UART‘s output buffer (specifically
(
UCA0TXB
BUF) that
transferss it to the hosst that is con
nnected to thiis serial port.. The buffer processes
p
onne character at
a a time,
thus to ssend a word or a sequencce of data wee have to loo
op over the characters
c
inn the buffer. To avoid
overwritting the bufffer’s contentt a check is made to seee whether thee buffer emppty flag is set before
writing tto the buffer. Listing 9-1 shows the ppseudo code for
f this progrram.

Listing 9--1: Hello World software

9.1 R
Results
Havving used Proof. Smith’s in
nitiation funcctions this task turned ou
ut to be very ssimple. How
wever, if I
were to write my ow
wn initiation functions it w
would immeediately be a lot more diffficult as man
ny things
bols/second),, selection of
o UART
need to be considerred, such as CPU clock rates, baud rates (symb
clock, annd choice off and configu
uration of I/O
O pins.
As a result of writing
w
this first
fi program
m, I decided to
t use Prof. Smith’s outpput functions in later
program
ms as he hass already im
mplemented ffunctions forr outputting one charactter or a seq
quence of
characteers. His functtions also haandle the varriable length
h of the string efficientlyy as he check
ks for the
end-of-ddata ‘\0’ rathher than usin
ng an externnal C functio
on. However,, writing myy own functiion made
many thhings about writing
w
progrrams for this processor much
m
more understandablle. The next step was
a first aattempt at wrriting a com
mplete prograam to fetch the weight from the scaale; this is described
d
further iin Chapter 100.
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10 F
First prrogram
m for re
eading data sent to tthe LC
CD
Afteer familiariziing myself with
w the ADC
C, quantizatio
on levels, an
nd the inner w
workings of the scale
I made m
my first attem
mpt at decod
ding the weigght displayed
d by the LCD
D. My initial thought wass to make
use of thhe quantizattion levels and
a based onn that calculating a correesponding ddigit. As disccussed in
section 66.3.2.1.2, if the
t differencce between a backplane signal
s
and a segment
s
signnal is above a voltage
threshold then that segment is on
n. This was m
my starting point
p
when writing
w
my prrogram. As a segment
line andd a backplanee line interseect at only oone segment the difference between tthem can bee above a
threshold only once per frame. If that segmeent is on; as shown
s
in Fig
gure 10-1, thhen my appro
oach was
to samplle the lines 8 times (i.e., during 8 phaases), calculaate the total of
o the observved values in
n terms of
decimal values (i.e., based on thee quantizatioon levels) and
d compute th
he differencee between theem. If the
differencce in values exceeds a giiven thresholld, then that segment is on.
o In this caase I wrote a function
that retuurns a logicall ‘1’ otherwise a logical ‘‘0’ based upon this calcu
ulation. The ssegment linees’ values
mparisons arre done for each
are com
mpared for eaach backplan
ne, thus 4 com
e
segmennt line. In total 8 bits
are returrned per diggit (2 segmeent lines perr digit) resulting in a value which is used to map
m to a
correspoonding digit. Listing 9-1 summarizes the pseudo code
c
for the algorithm.
a
I needed to know
w what orderr the segmennts are with reference
r
to the backplannes to be ablle to map
the valuues to the coorresponding digits. To ffind out the bit order I carried
c
out a number off tests by
connectiing the pinss, specifically
y one backpplane and on
ne segment to an oscillloscope and checked
whetherr they were in opposition for a know
wn digit at a given phaase (see Figuure 10-1). This same
process was repeated for each of
o digit. Baseed on these measuremen
nts, I came too the conclu
usion that
the segm
ments are orddered as deg
gfxcba (see T
Table 10-1). That is the bit
b order givven when sam
mpling at
the begiinning of a frame.
f
By kn
nowing this I could easily calculated
d what valuee is used to represent
r
each diggit. Table 10--1 summarizes the differeent values an
nd digits.

Figure 100-1: Differencee between a seggment- and a backplane
b
line with a threshoold of 2.3V
Table 1 0-1: Bit encod
ded digits
Digit
0
1
2
3
4
5
6
7
8
9

ncoding - deg
gfxcba
Bit en
11010111
00000110
11100011
10100111
00111001
10110101
11110101
00000111
11110111
10110111
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Value
215
6
235
167
54
181
245
7
247
183

Listing 10-1: Weight decod
ding algorithm

10.1 R
Results
Therre were a few
w problems with
w this appproach. The biggest prob
blem being thhat there are 13 lines,
but the m
microcontrolller has only 8 ADC channnels, of whiich only 6 aree available oon the Wasa board
b
(as
two are already usedd by the temp
perature and light sensorr). This mean
nt that all of the signals cannot
c
be
sampledd this way. Prof.
P
Maguirre recommennded taking a look at th
he GPIO pinns and possib
bly using
them as substitutes. However,
H
ass the algorithhm depends heavily
h
on th
he quantizatioon levels thiss was not
possiblee. Furthermorre, sometimees the differrence betweeen two signaals was negat
ative and as the
t ADC
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returns an unsigned integer it returned meaningless values. However, I kept on trying to solve these
problems by converting the quantization values to bits by comparing them to yet another threshold to
be able to use them with the GPIO pins. At that point it was time to implement timers and interrupts;
as at this point the ADC sampled the signals immediately one after another. This caused further
problems. Each time an interrupt was enabled the UART returned gibberish characters. It appears that
the UART echos characters within the character stream causing problems. Having limited knowledge
of interrupts I stopped and decided to make another attempt at decoding the weights by using the
interrupt routines and AT commands written by Prof. Smith [22]. This second attempt is described in
Chapter 11.
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11 A
AT Com
mmand
ds
Befoore implemeenting my own
o
AT com
mmand I neeeded a new strategy onn how to deecode the
weights as I cannot rely
r
solely on
o the ADC. After some further reseaarch on the L
LCD screen I came to
the concclusion that I may not neeed the backpplane signalss at all and thus only neeed 9 pins, 8 of which
could bee GPIO pinss (for the seg
gment lines)). The reason
n is that the backplane llines are theere to tell
whetherr a specific segment
s
is on;
o however,, this may no
ot be needed
d if I were aable to map different
GPIO ouutputs to a raange of know
wn digits. Thhe segments are
a only on when
w
these seegment liness are high
within a certain dutyy cycle, thus I need only llook at whetther a segmen
nt is high at the sampled time. To
be able to do so seleecting the co
orrect sampliing rate is crritical. The segment liness have to be sampled
simultanneously at sppecific pointss in time. As explained in
n section 6.3.2.2 each seggment line reepresents
four seggments. A seggment line has
h 8 phases of which on
ne duty cycle is 2 phases.. A segment’’s state is
determinned during one of the fou
ur duty cyclees (1 segment / duty cyclee). That meaans that I only
y need to
sample a segment liine 4 times, during the ssecond phasse of a duty cycle. Havinng the segm
ment lines
connecteed to the GP
PIO pins the output woulld be a logiccal ‘1’ and a logical ‘0’ at the samplling time
dependinng on a threeshold. If it returns
r
‘1’ thhat means th
hat a segmen
nt is on at thhat time or ‘0
0’ would
mean thhat a segmennt is off at th
hat time. Havving 4 bits returned
r
per pin and 2 ppins per digitt I would
have a cconcatenatedd byte (8 bitss). That bytee would be used
u
to map to different digits as done in the
first atteempt explaineed in Chapteer 10. Figure 11-1 furtherr clarifies thee discussed sttrategy.

F
Figure
11-1: 4--sampling algoorithm – least significant
s
linees for the digit 2

Seg00 (xcba) : t = 1, 2t = 0, 3tt = 1, 4t= 0
Seg1 (degf) : t = 0, 2t = 1, 3tt = 1, 4t = 1
D (least signiificant digit):: 01111010
LSD
Posssible Bit encoding: fdegaaxbc
Figuure 10-1 shows the two least
l
significcant segmentt lines for th
he digit 2. Thhe segments lines are
sampledd 4 times simultaneously at the sppecific poin
nts when thee backplanee lines would be in
opposition. The specific points in time coulld be calculaated by calcculating the fframe frequeency and
t
is how long each bacckplane line is connected
d to ground. The starting
g point to
dividingg it by 4, as that
achieve the correct bit
b encoding is of less im
mportance if all the segm
ments are sam
mpled simultaaneously.
For insttance, as discussed in Chapter 10 I know that the
t actual biit encoding iis degfxcba, then as
shown iin Table 10--1 the corressponding vaalue for the digit ‘2’ is 11100011, bbut in Figurre 10-1 a
possiblee bit encodinng is fdegaxb
bc. The correect bit encod
ding can be determined
d
w
when more digits
d
are
mapped.. If all the segment
s
linees were samp
mpled simultaaneously they would all follow the same bit
pattern, thus the origginal bit enco
oding and baackplanes aree of less impo
ortance.
mplemented my own AT
T command to
t carry out this strategy
y. Section
Baseed upon this strategy I im
11.1 givves a detailedd description of this.
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11.1 A
AT comm
mand imp
plementa
ation
I staarted by addiing a function
n ‘W’ (W foor weight) to the Wasa bo
oard’s main sswitch-case function,
that calls a getWeighht() function which in turrn returns a weight.
w
The function getW
Weight() implements
the algoorithm discusssed above. A segment lline is samplled 4 times, once every duty cycle (once
(
for
every baackplane). Thhe segment lines
l
are connnected to thee GPIO pins which meanns that each sample
s
is
either ‘00’ or ‘1’ corresponding to
o off or on. E
Each segmen
nt line is responsible for 4 segments, thus
t
each
sample ccorresponds to one segm
ment and 8 saamples (2 paaired segmen
nt lines) corrrespond to a digit on
the LCD
D display.
As ddiscussed aboove the algorithm relies hheavily on tiiming and acccuracy. All tthe segment lines are
sampledd simultaneouusly which gives
g
a certaiin bit order, which correesponds to a value and iss mapped
to a digiit as shown in Table 10-1
1. However, as the samplling needs to
o be done speecifically at the
t times
when thhe segment liines are in opposition
o
too the backplane lines I needed
n
to knnow the freq
quency at
which thhe lines werre driven. To
T determinee the frequeency of the signals I coonnected a pin
p to an
oscillosccope and dettermined thee period it toook the sign
nal to compleete one fram
me. The duraation of a
frame iss ~20msec. That
T
means that
t
the frequ
quency is 1/0
0.02 which iss 50Hz, thuss I decided to
o sample
the signaal at a frequeency of 100H
Hz. Each bacckplane line is
i connected
d to ground fo
for duration of
o 5msec,
meaningg that to sam
mple at a 10
00Hz I need to sample every
e
2.5msec. Instead oof using Tim
mers and
interruptts, I started by
b using thee function ‘___delay_cyclles()’. This function
f
occuupies the CP
PU doing
nothing for a given number
n
of CPU
C
cycles. T
The Wasa bo
oard is config
gured to run at 16 MHz, thus one
CPU cyccle is 62.5μss and 2.5msecc is 40000 cyycles.
Havving determinned the samp
pling frequenncy I needed
d to define the
t samplingg start time. The start
time hass to be consiistent; otherw
wise the bit order would
d be differen
nt each time the AT com
mmand is
executedd. For futuree work the microcontrolle
m
er should no
ot wait for an
n AT commaand to get thee weight,
but ratheer run the fuunction as soo
on as the scaale is turned on. In that case
c
the samppling start tim
me could
be fixedd. However, when using AT commannds it is impossible to deetermine befforehand wheen a user
will execcute the com
mmand, thus a fixed start time before sampling is not
n ideal. Thhe sampling start
s
time
has to bee triggered by
b some even
nt. The first bbackplane sig
gnal is used to
t trigger thee sampling. When
W
the
first bacckplane line is
i connected to ground thhe sampling should be beegin. To deteermine when
n the first
backplanne line is connnected to grround we conntinuously saample it usin
ng the ADC aand when a sample
s
is
above a certain valuue the other sampling
s
is eexecuted, seee Figure 11-2
2. As the bacckplane line is above
the given threshold only
o
once du
uring a framee, the triggerr occurs at th
he same timee no matter when
w
the
AT com
mmand is executed.

Figu
ure 11-2: Backp
plane samplingg trigger. It triiggers when th
he line is at its ppeak.

Duee to overheadd of the execution code iss not ideal to
o start sampling immediaately after the trigger.
The reaason is that I need to sample at thee times wheen the segm
ment line is in oppositio
on to the
backplanne lines, as explained
e
above. Therefoore a fixed offset
o
time is used after th
the trigger to
o start the
samplingg time at a point
p
where the
t segment line is in op
pposition to the
t backplanne lines. The segment
line is thhen sampled four times every 2.5mse c. See Figuree 11-3 for fu
urther clarificcation.

Figuree 11-3: Samplin
ng time
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To ddetermine the time offsett I created a table with all
a the possible outcomess (a nibble off the four
samples) from the thhird pin for the digit ‘0 ’, as shown in Table 11-1 and Figuure 11-4. If I were to
sample iimmediatelyy after the trigger the resuult from the third pin forr the digit ‘00’ is 0000. As
A seen in
Table 111-1 there are four different start samppling points that
t returns that
t result. B
By adding an offset of
2.5msecc the result was
w ‘1101’, hence
h
sampliing immediaately after thee trigger the sampling staarts at T5 ,
thus the overhead haas duration of
o 15msec. I decided to have a time offset of 7.55msec to pro
oduce the
bit orderr shown in Table
T
10-1, deegfxcba.

Figgure 11-4: Possible sampling
g start times fo r the segment line for the thiird segment linne for the digitt ‘0’
T
Table
11-1: Po
ossible outcomees for the third
d segment line for the digit ‘00’

T
0
1
2
3
4
5
6
7

Bit ou
utcome
10
011
00
000
01
111
00
000
11
110
00
000
11
101
00
000

ytes (and
Havving a desireed bit order and samplinng function I could easiily map the different by
correspoonding valuees) to a digiit, as shown in Table 10
0-1. This waas done in tthe same waay as the
algorithm
m discussed in Chapter 10.
1

11.2 M
Measurem
ment unit
The measuremeent unit (MU
U) was handdled similarly
y to the weight; howevver the MU line was
connecteed to an AD
DC pin. The MU line is ddriven in op
pposition to one
o backplanne line depending on
which uunit is chosenn, stones (st)), kilograms (kg), or pou
unds (lb). Iff ‘st’ is chossen the MU line is in
opposition to the first backplanee line, ‘kg’ iss in oppositio
on to the seccond backplaane line and ‘lb’ is in
opposition to the thhird backplan
ne line, as seeen in Figurre 11-5. Theerefore the M
MU line willl be high
during oonly one dutyy cycle. Whaat measuremeent unit is ch
hosen can bee calculated aas I have don
ne for the
weight. Sampling thhe MU line is
i done in a similar way
y as sampling the segmeent lines. A trigger
t
is
triggeredd by the firstt backplane and
a an offsett time of 7.5
5msec due to
o overhead iss used. At thaat point I
check thhe first duty cycle
c
(t) whiich would bee in oppositio
on to the firsst backplane line if ‘st’ iss chosen,
by compparing it to a threshold, the
t same wayy I check forr a trigger. Iff the first sam
mple is not above
a
the
threshold then ‘st’ has not beeen chosen annd I check the second duty cycle ((2t) after a delay of
2.5msecc, the same way
w the weig
ghts are calcculated. If ‘k
kg’ is chosen
n the samplee would be above
a
the
threshold and ‘kg’ iss returned, otherwise thee third duty cycle
c
(3t) is sampled
s
the same way an
nd ‘lb’ is
returnedd. The forth duty
d
cycle ho
olds no unit and is thereffore ignored. Consideringg that a measurement
unit has to chosen, one
o of the phaases will alw
ways be high..
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Figurre 11-5: Measu
urement unit line. The line is HIGH during
g different duty
y cycles dependding on which unit is
chosen.
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12 Send to local host
The code to derive the weight from the scale’s LCD display is now complete. The next stage is to
send the data to a receiver for further processing. Throughout this project I have discussed the
different options to send the data wirelessly. However, before doing so I have decided to pass the
weights via USB to an attached host. The reason was that it might not be possible to integrate a
transceiver and send the data wirelessly within the given time frame of this thesis project, but it is still
desirable to connect the sensor to a network. Therefore, I have decided to make use of the existing
USB connection on the Wasa board to transfer the data to an attached computer for further processing.
Up until this point I had been using the terminal program ‘Tera Term’ to communicate with the
Wasa board. However, I need to be able to receive the weights and do something useful with them, for
instance saving the data locally to a file or perhaps entering it in a spreadsheet. The program could
also be passed on to Andersson and Pedersen to send the data further to a server or a database.
The program that will run on the attached computer is written in C. The reason for choosing C is
due to its great handling of hardware. The language provides many possibilities for easily
communicating with serial ports and most importantly it provides portability to other operating
systems. Nevertheless, writing the program in C makes it easier to integrate a similar program into the
gateway built by López and Sánchez. The program uses the ‘teuniz RS-232’ library [25]. This is a
highly recommended library for simple serial port communication. It is open source and
multiplatform. It handles USB serial port emulating very well and is very easy to understand and use.
Furthermore, it can be used with the gcc compiler tool chain on linux and MinGW on Windows
without any changes. I wrote the program in Notepad++ and compiled it with MinGW. It is important
to note that one must include the library’s header file and source file in the compilation and make sure
to disconnect the jumper from the 2 pin header to take the Wasa board out of BSL mode (if you
previously used the BSL method to program the Wasa board). Another important note is that I have
specifically wrote this program for Windows. To run this program on Linux you should change the
include file ‘Windows.h’ to ‘unistd.h’ and the function ‘Sleep()’ should be replaced with ‘usleep()’.
This of course could be done by adding the appropriate conditional compilation directives to the file,
but this is left to future work.
The program is quite simple. It starts out by settings up the serial communication. The code by
default uses 8 data bits, no parity, and 1 stopbit; this can be changed in the library’s header file
(‘rs232.h’). The program is set to communicate with COM4 (/dev/ttyS3 on linux) which is the port the
Wasa board is connected to on my computer. The Wasa board is initially set to a baud rate of 115200
which is sufficient for my program. After setting the various settings the serial port is opened. A
check is done to see whether opening the serial port was successful, otherwise an error message is
returned. Upon successfully connecting to the Wasa board the program waits for the user to press the
key ‘w’ (lower- case) to send the AT command ‘atw’ to the Wasa board, which calls the getWeight()
function. It also creates or opens a text file to which the data will be written. An important note here is
that I use the function getch() to get keyboard input. getch() is part of the conio.h library which is not
a standard C library. This library is included in MinGW, but may cause some problems with gcc on
linux or Cygwin on Windows. The recommended solution is to change getch() to getchar() or use
ncurses [26]. The reason I did not initially use getchar() is that it requires the user to press ‘ENTER’
after each input, which I found undesirable. Receiving data from the serial port is done through
polling. The program polls every 100msec until the number of characters in the input buffer exceeds
zero. The received data is stored in a buffer, as well as written to the opened file. The received
‘OK<CR><LF>’ is stripped off the data (this string is returned at the end of every AT command). As
a result only the weights are output, making it easy to parse the data for entry into a spreadsheet or
another program. Andersson and Pedersen could send the data from the file or the buffer to a server
with little modification to the program.
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13 Market research
One of the main goals of this thesis project was to develop a scale with connectivity at a low cost.
I have therefore decided to do research into the cost of the scale, the potentials for a connected scale,
and comparisons to what is already available on the market today. The research is discussed in the
following subsections.

13.1 Other scales available on the market
I searched the internet for different wireless scale solutions and was amazed at the wide range of
devices that are already available. Most wireless scales that I found connect to a network through
Bluetooth or Wi-Fi. One scale which I found to be interesting (as it is similar to my project) is the
LifeSource UC-324THW [27]. The LifeSource scale records both weight and BMI and is connected
wirelessly through a USB receiver that needs to be plugged to a computer. Their solution is very
similar to the one I have considered. My scale is currently connected through wired USB, but if it had
a wireless link it would depend on a unique gateway. In the case of the LifeSource scale, the USB
receiver implements the gateway. Included in the purchase of the LifeSource scale is a 30-day trial for
using their website based services for tracking and visual presentation of the data. Unfortunately, their
website requires logging in to see their payment plans. I could not find a description of their payment
plans elsewhere. This scale also requires a unique user, thus it is not multiuser friendly. Otherwise this
scale is very similar in many ways to my solution and was the closest match I could find to my own
solution. The LifeSource UC-324THW retails at €79 ($99.99) (as of 22 May 2012).
Other type of solution is the variety of Bluetooth connected scales. They ones I found to be the
most interesting are the BC-590BT [28] and the iHealth HS3 [29]. The BC-590BT is the most
expensive out of these two, retailing at €197.8 ($249.99) (as of 22 May 2012). The BC-590BT comes
with a Bluetooth adapter allowing personal computer connectivity. Whereas the iHealth was
developed solely for use with a device running Apple’s iOS (i.e., a iPhone, iPod Touch, or iPad). In
contrast, the BC-590BT could be connected to any Bluetooth capable device, including Android
smartphones which provides the possibility to develop your own application. The BC-590BT uses
Microsoft HealthValult to store its measurements. The iHealth comes with its own free application
that can be downloaded from the AppStore, providing sharing possibilities as well. While both
products are multiuser friendly, the iHealth is much less expensive and retails at €48.5 ($61.34) (as of
22 May 2012).
I personally believe that the best solutions are Wi-Fi connected scales. They are independent of
customized gateways and devices and are always connected. They also provide the most reliable
connection and are suitable for homes and larger facilities as Wi-Fi offers a much longer
communication range. The Fitbit Aria [30] and the Withings [31] scales are the Wi-Fi scales which I
found to be most interesting. The Fitbit Aria retails at €102.8 ($129.95) (as of 22 May 2012) and
records weight, body fat, lean mass, and BMI and displays these values in neat graphs on their
website or via a free iPhone, Android, or Windows phone application. The Fitbit Aria provides many
different useful services. The user can set their goals, for example by making a calorie plan, as well as
communicating these values to others. It is a very good looking scale. The applications provided are
also very good looking. On the other hand the Withings scale has Android and iPhone support, as well
a dedicated web service. The Withings scale records the weight, fat mass, lean mass, and BMI. It also
provides many different features for generating different graphs and medical records showing height,
growth, and other useful body measurements. The Withings scale integrates with Facebook and
twitter allowing users to share their graphs with other people. It also offers a weekly email report.
Both scales are multiuser friendly and support up to 8 users. The Withings scale retails at €129
(approx. $162). Table 13-1 summarizes the scales that have been discussed above in terms of
communication range, features, multiuser friendliness, device support, and price.
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Table 13-1: Scales summary

BC-590BT

iHealth
HS3

Fitbit Aria

Withings

Bluetooth

Bluetooth

WIFI b/g

WIFI b/g

Range

LifeSource
UC324THW
Personal
access point USB
15m

30m

30m

50m indoor

50m indoor

Included
services

30 days trial
web service.

Bluetooth
adapter.
Microsoft
HealthVault

Free iOS
application.

Free smartphones
application. Wide
range of website
services.

Multiple
users
Device
support

No
None

Yes – device
dependent
Bluetooth
enabled
devices

Yes - device
dependent
iPhone,
iPod,
Touch, iPad

€79

€197.8

€48.5

Free
smartphones
application.
Wide range
of website
services.
Yes – 8
users
iPhone,
Android and
Windows
phone
€102.8

Technology

Price

Yes – 8 users
iPhone, Android

€129

13.2 The cost of this thesis project
The initial cost of the solution examined in this project is the Coline RTC3010 scale which has a
retail price of €22 (199 SEK) at Chlas Ohlson (SKU: 34-5062). To this we have to add the cost of
the sensor itself. Since I am using the Wasa board (version 1.7) I have to consider the cost of the
additional features and sensors on the board. The resistors and non-polarized capacitors have cost
the department of Communication Systems approximately €0.003 cents and the polarized
capacitors cost on average €0.15. The light and temperature sensors on the Wasa board cost
approximately €0.35 depending on manufacturer and volume. The accelerometer which is the
most expensive sensor on the Wasa board costs approximately €1. The microcontroller
(MSP430F2618) cost €10 and the USB controller €3. The PCB is a double sided copper blank board
with a cost of approximately €0.02 cents/ cm 2 and a total cost of approximately €1.30 (based upon a
board size of 10 cm x 6.5 cm). Additionally there is the cost of the transceiver (TI CC1101) starting at
€1.30 for quantity one. Crystals, connectors, and headers are an additional cost of roughly €1. That
gives an approximate total cost of this project (including a transceiver) of approximately €40 which is
still cheaper than the cheapest scale discussed above. However, this does not include production cost
or application and service development and maintenance, nor does it include profit. However, many
of the parts have been bought in low volume and the scale was purchased at retail price. Prof. Smith
suggests that the USB controller will be included in the microcontroller in future builds of the Wasa
board which would decrease the total cost of the project. The additional sensors are also unnecessary
for this project. Removing the light, temperature, and accelerometer sensors would result in a saving
of approximately €1.70. The Wasa board was developed for learning purposes and is therefore quite
large. Prof. Smith suggests that the same board could be developed in the size of two 5 kronor coins. I
believe that this could be reduced to the size of one 5 kronor coin if the additional sensors were
removed.
Integrating a sensor into the scale during production would significantly decrease the cost of the
scale (in comparison to adding it later). The additional cost for manufacturing is the parts of the
sensor as well as the production cost of the sensor. Potentially the scale could be sold at €22 + sensor
cost, a retail price of approximately less than €38. Profit (manufacture and Clas Ohlson), production
cost, salaries, material cost, transportation, and other costs related to the process of selling the scale
would be included in the original €22. Furthermore, as the scale now has a very useful feature the
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value is increased and the price could slightly increase resulting in greater profit. However, there is
also the cost of the gateway and application development and maintenance. I would expect that the
gateway has a similar cost to the sensor of approximately €15.60 (with a PCB the size of one 5 kronor
coin). Furthermore, I expect that the cost of developing and maintain a web service and/or a mobile
application would be the salary of two developers (based on what Andersson and Pedersen are able to
do during their parallel project) working full time during one year for every ten thousand units sold. I
believe that setting a goal of selling ten thousand scales within a year nationwide is reasonable. An
average programmer’s salary in Sweden is €3,454 (31,101 SEK) per month (€41,448 per year) [32].
Including employee fees (at 31.42%) this would lead to a total cost of €108,942 for personnel,
resulting in a cost of €10.9 per scale. A web host would cost on average €36 per year and €0.0036 per
scale [33]. All in all the approximate total cost of a complete system with a scale, wireless transmitter,
gateway, and a web service would be less than €64.5. This is €16 more expensive than the iHealth and
€14.5 cheaper than the similar solution LifeSource UC-324THW. Table 13-2 summarizes the
discussed costs.
Table 13-2: Total cost of developing a wireless scale
(a)

Part

(b)

Cost (€)

Cost of this project
Coline RTC3010 scale

22 (199 SEK)

Resistors and non0.003
polarized capacitors
Polarized capacitors
0.15
Light and
0.35
temperature sensors
1
Accelerometer
10
Microcontroller
(MSP430F2618)
USB controller
3
Double sided copper
1.30
blank board
(10 x 6.5 cm)
Transceiver (TI
1.30
CC1101)
Crystals, connectors
1
and headers
Total: 40.00 €

Part

Cost (€)

Production cost of a wireless scale with an
external sensor
Coline RTC3010 scale
22 (199 SEK)

Resistors and nonpolarized capacitors
Polarized capacitors
Microcontroller
(MSP430F2618)
USB controller
Double sided copper
blank board
(the size of a 5 SEK
coin – 6.47 cm 2 )
Transceiver (TI
CC1101)
Crystals, connectors
and headers
Gateway
Web host
Personal
Total: 64 €

0.003
0.15
10
3
0.13

1.30
1
15.6
0.0036
10.9

So far it is assumed that the sensor is externally built separated from the scale’s PCB and
microcontroller. In such case it appears that to have a complete solution with quality services and
products it is difficult to keep the prices lower than what is already on the market. However, if the
sensor would to be integrated into the scale’s PCB and microcontroller the cost would significantly
decrease. An algorithm for fetching the weight would be implemented into the scale’s
microcontroller, removing the need of the GPIO pins and connections to the LCD display, hence
completely removing the need of an additional PCB. This would also eliminate the cost of all the
other parts such as crystals, headers and USB controller. The only additional part to the scale would
be the transceiver. Furthermore, the cost of the gateway, personnel and web host remains. The
integration of the sensor into the scale’s PCB and microcontroller would decrease the cost to €38.4,
making this solution interesting and the scale a good competitor to the other scale already available on
the market.
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13.3 Market potentials
Network connected scales do have a significant potential market place, not only for personal
bathroom scales but in the scientific and business sector as well. The many different scales work quite
similarly and the same approach to fetch data is not much different. A major potential for network
connected scales could be in retailing. A new legislation was introduced in Sweden 1 January 2010
that requires all retailers to obtain a certified cash register that is connected to a control unit [34]. The
control unit reads all the registrations and outputs a control code that is controlled by the tax
authorities. A network connected scale could significantly improve this process by transmitting the
weight and cost of weight dependent items as well. Network connected scales could have a significant
impact in the scientific and research sector as well. The different measurements could be transferred
over a network or to a host for processing and visualization; this could significantly improve and
simplify researchers’ work. Floor scales are widely used in industries dealing with food products,
measuring the amount of food produced or shipped. Network connected scale could for instance
provide possibilities to control food production without being present in the factory. This could also
be automated if the weights were uploaded to a control device that controls the amount of food.
Network connected counting scales could be of great interest to businesses dealing without a cash
register. The majority of amusement parks do not have cash registers in their staffed games, having to
count the income by hand every night. For larger parks it would be highly interesting to be able to
upload this data immediately and compute the daily income or other similar calculations. There is a
big potential market for this type of scale and there are many opportunities in a wide range of fields
that use scales.
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14

Futurre work
k

Therre are many aspects of my
m work thaat can be imp
proved or fu
urther develooped. I have not been
may take it further
able to iimplement alll of my ideaas nor improvvements due to time consstraints, but m
f
in
the futurre during myy Master’s th
hesis project. The timing can be improved by usinng timer mod
dules and
decreased. I have not beeen able to inntegrate a traansceiver
the pow
wer consumpttion can be significantly
s
into my solution whhich would be
b highly deesirable. Thiss is certainly
y something that a futuree student
may wannt to implem
ment. The folllowing subssections desccribe some suggested imp
mprovements and give
further ddetails of futuure potentiall developmennts that should be consideered.

14.1 W
Wireless transmis
ssion
Onee of the mainn goals of thiis project waas to make th
he sensor wirreless, but duue to time co
onstraints
this wass not possible. The transcceivers that w
were considered are the TI CC1101 and the TI CC1101Q1 (low
w cost)2. Thee same transcceiver is useed in Sáncheez’s and Lóp
pez’s gateway
ay. The data could be
transmittted in the 8668 MHZ ISM
M-band usingg a proprietaary protocol. A highly reccommended protocol
is SimplliciTI. The frrame could include an iddentifier, the weight, and the measureement unit; as
a well as
a hash vvalue or CRC
C code for errror detectioon. The data can be transsmitted in ma
many ways; however
h
I
would reecommend bursting
b
dataa every 10mssec for durattion of 1sec,, hence burstting out the data 100
times. T
The reason is to minim
mize the riskk of undeliv
vered data. The modulaation should
d also be
Frequenncy shift keyiing (FSK). The
T receiver could catch as many of the transmisssions as possible and
save eacch frame inn an array. The
T first fraame (array element)
e
sho
ould be cheecked using an error
detectionn algorithm. If no errorss were foundd, then the data
d
will be extracted annd sent to a server or
databasee and the array emptied. If errors werre found, theen the receiv
ver should chheck the seco
ond array
element and so forthh until one traansmission iss found that has no errorss.

14.2 T
Timer mo
odules
I havve been usinng the functio
on ‘__delay__cycles()’ to control the timing.
t
How
wever, this maay not be
the ideall solution as it is depend
dent on the C
CPU clock, th
hus it is not portable
p
to oother systemss without
modificaations, as weell as being power
p
consuuming. The ideal solution
n is to use thhe ‘Timer_A’ module
and go iinto low pow
wer mode durring each deelay. At the end
e of the tim
me an interruupt will be caalled and
the relevvant code will
w be execu
uted. Going iinto low pow
wer mode saaves a lot off power. Fig
gure 14-1
illustratees how muchh power can be
b saved by going into th
he different low power m
modes.

Figure 14-1: Low Pow
wer mode currrent consumpttion [17]

2

Contactt Prof. Maguirre for more information, as some transceivers were bou
ught for this pproject.
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‘Timer_A’ uses the ACLK low-frequency clock which is enabled during low power mode 3
(LMP3), while all the other clocks are disabled; hence it is possible to significantly decrease power
consumption by going from active mode to LPM3.
One time consuming mistake I made while attempting to use ‘Timer_A’ was to run in up mode.
Up mode should only be used if you want continuous events independent of the execution of main, for
instance blinking a LED every 1sec. It should not be used to programmatically trigger a delay.
Another mistake I made was to never clear the CCIE (Capture/compare interrupt enable) bit inside the
interrupt service routine causing periodic interrupts. TAR (Timer_A register) needs to be reset as
well.

14.3 Power source
Studies into power consumption and power sources are important factors to consider in any future
design. Most of the scales discussed in Chapter 13 uses 4 AA batteries, suggesting that wireless
transmission and sensing are too power consuming for a CR2023 battery, hence the scale would need
an additional power source. Piezoelectricity is quite interesting as a power source, but it might
significantly increase the cost. Different power sources are discussed in Table 6-1.

14.4 Wi-Fi
The Wi-Fi solution is the most ideal wireless communication link. It offers high availability and a
much longer range. It is also device independent and a very large number of homes already have WiFi access points. A future development could be to integrate the gateway into the sensor, thus
implementing an IP/TCP stack inside the sensor. Since the sensor would most likely use a transceiver
the communication could occur in both direction which means that such a device could communicate
via a Wi-Fi access point.
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15 Results
The main focus of this thesis project has been to understand the analogue signals from the scale,
in order to decode the weight measured by the scale. A sensor was developed that connects to the
scale’s LCD display and snoops the signals to decode the indicated weight. There are a total of 10
connections to the LCD display, 9 connections to the LCD’s segment lines, one of which is
responsible for the measurement unit, and 1 connection to a backplane line for timing purposes. The
backplane and the measurement unit connections are connected to the microcontroller’s ADC while
the segment lines are connected to GPIO pins. The backplane line triggers a sampling of the GPIO
pins after a set delay for calibration purposes. All the segments are sampled simultaneously 4 times at
an interval of 2.5 msec. This solution can be used on any scale that has a multiplexed LCD display
independent of the multiplexing ratio (number of backplanes) or bias ratio (number of voltage levels).
The decoded weight is sent via serial (USB) to a program that saves the data in a buffer and a text
file. It is possible, without much modification of the code, to save the data in a spreadsheet in order to
generate a graph locally. The program is portable to a different operating system with a small
modification of the choice of header files. The program could easily be developed to send the data to a
server or database for visualization on a website or a mobile phone. However, the system is limited to
one unique user and can not distinguish between multiple users. Throughout this process I have
documented tips, mistakes, and ideas to make it easier for future students to build upon my system.
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16 Conclusions
I started out by looking into different sensors and hardware. A scale was the most interesting
target and it seemed to be a reasonably easy device to work it. As I had very little hardware
knowledge I started off looking into inappropriate solutions. I spent almost a week trying to decode
the analogue signals as bit patterns, which turned out to be a huge misunderstanding. I did however
learn many things throughout that week, such as using the different measurement apparatus available
in the lab (specifically a multi meter and an oscilloscope) and also learned about the construction of a
PCB. When I finally understood the inner working of the scale and its multiplexed LCD, I made my
first attempt at decoding the lines. My main focus was the ADC, but as the ADC on the Wasa board
only has 8 inputs, 2 of which were unavailable, it became quite difficult to find a solution using the
ADC. Having looked at several other similar projects it appeared that the only possible solution was
to use another microcontroller with a 16-channel ADC or use a multiplexer. When considering the
GPIO pins, I found it difficult to understand how I could handle the mid-voltages which could return a
logical value of ‘1’ when I expected a ‘0’. I came to the conclusion that I needed to control the
sampling with precise timing and skip the mid-voltage cycles. However, since I had no knowledge of
embedded programming it turned out to be more difficult than anticipated to handle timers, clocks,
and interrupts. In the end I decided to use a delay function and complete my solution before dealing
with improvements that would use timers and interrupts. Unfortunately, I was never able to return to
program the timers and interrupts due to time constraints.
One of my main goals was to enable wireless connectivity. However, decoding the scale took
much longer time than I anticipated. Nevertheless, I still wanted to connect the scale to a network and
thus decided to utilize a wired solution. I wrote a program in C that sends an AT command over the
serial port that returns the weights at the time of the AT command execution. As of now the program
saves the weights in a file and a buffer, but could easily be used to send the data over the internet to a
server or a database.
Throughout this project I have tried and implemented many different ideas, many of which did
not work. It appeared that working alone has its disadvantages as I had no one to consult with,
meaning that I followed up on my ideas until the end. It was a good learning procedure to work until
discovering my own mistakes, but it is very time consuming. I also believe that a better scale would
have made the work much easier. A scale with an internal memory, allowing multiple users and a
scale that records more than just a weight would have been a better scale to work it. Instead of dealing
with snooping the LCD display I would fetch already formatted data directly from the scale’s
memory. By doing so I would most likely have had time to focus on the transceiver, rather than the
scale itself. On the other hand, the path that I took proved to be a useful learning experience.
This thesis project has been very educational and has allowed me to explore a new field in
computer science. I believe that the newly acquired knowledge will prove itself to be very useful for
my Master’s degree in the field of communication systems.

16.1 Required reflections
There are many aspects to be considered when developing a network connected scale. The society
and a user could be impacted in many ways. The economics of businesses could be improved with
higher accuracy and decreased wastage. A network connected scale could help in gathering statistics
and be a great tool for researchers and schools. Wastage, especially in the food industry could be
significantly reduced using network connected scales. Schools could also decrease food wastage using
this type of scales and the services with it by monitoring and adapting to the amount of food being
eaten and wasted. This would improve upon the economics of the schools and society as a whole. It
would also have a significant impact on the environment with less wastage. These types of scales
could be of use to the tax authorities preventing fraud and cheating, as well as simplifying the control
of wider range of items.
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As weights could be sensitive information the data should be encrypted already at the transmitter.
Since the transmitter would most likely use the 868 MHz band it is possible for anyone to sniff the
data without much difficulty, this further emphasizes the need of encryption. The weights, especially
for a personal bathroom scale, should be respected and only shared with the user’s consent. Any
visualization of the weights should be within the user’s control and any personal information should
not be sold or shared to third parties.
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Appendix I
The modified download script
case'W':
if(action != '?') {
ret_value = 0;
break;
}
do {
select_and_read_I2C_B0_256( 0, accel_data, 3 );
} while ( (accel_data[0] & 0x40) || (accel_data[1] & 0x40) ||
(accel_data[2] & 0x40) );
if (accel_data[0] & 0x20) accel_data[0] |= 0xc0;
if (accel_data[1] & 0x20) accel_data[1] |= 0xc0;
if (accel_data[2] & 0x20) accel_data[2] |= 0xc0;
mts_byte2str((signedchar) accel_data[0], working_buffer);
if( basic_at_command_flags&flag_v ) mts_puts("\r\n");
mts_puts("+OAW: (TEST)");// changed from mts_puts(“+OAW: “);
mts_puts(working_buffer);
mts_byte2str((signedchar) accel_data[1], working_buffer);
mts_puts(",");
mts_puts(working_buffer);
mts_byte2str((signedchar) accel_data[2], working_buffer);
mts_puts(",");
mts_puts(working_buffer);
mts_puts("\r\n");
break;
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Appendix II
Hello World
void write(char * str)
{
int i = 0;
for(i = 0; i < strlen(str); i++)
{
while (!(IFG2&UCA0TXIFG)); // USART0 TX buffer ready?
UCA0TXBUF = str[i];
}
}
volatile unsigned int i;
void main(void) {
WDTCTL = WDTPW+WDTHOLD;
/* Found in the code provided by Prof. Smith*/
init_wasa_board();
set_up_UART_A0();
for (;;)
{
i = 500000; // Delay
do (i--);
while (i != 0);
write("Hello World\n");
}
}
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Appendix III
First weight decoding software
#define

Num_of_Results

8

unsigned int i;
unsigned int results[Num_of_Results];
unsigned int segv_total(int io_number){
unsigned int seg_total = 0;
switch (io_number)
{
case 0:
for(i =0; i<8;i++){
results[i] = ADC12MEM0;
seg_total += results[i];
}
break;
case 1:
for(i =0; i<8;i++){
results[i] = ADC12MEM1;
seg_total += results[i];
}
break;
case 2:
for(i =0; i<8;i++){
results[i] = ADC12MEM2;
seg_total += results[i];
}
break;
case 3:
for(i =0; i<8;i++){
results[i] = ADC12MEM3;
seg_total += results[i];
}
break;
case 4:
for(i =0; i<8;i++){
results[i] = ADC12MEM4;
seg_total += results[i];
}
break;
case 5:
for(i =0; i<8;i++){
results[i] = ADC12MEM5;
seg_total += results[i];
}
break;
case 6:
for(i =0; i<8;i++){
results[i] = ADC12MEM6;
seg_total += results[i];
}
break;
case 7:
for(i =0; i<8;i++){
results[i] = ADC12MEM7;
seg_total += results[i];
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// Move results

// Move results

// Move results

// Move results

// Move results

// Move results

// Move results

// Move results

}
break;
}
return seg_total;
}
unsigned int segv_difference(int io_number, int io2_number){
return segv_total(io_number) - segv_total(io2_number);
}
unsigned char seg_bit(int io_number,int io2_number)
{
if (segv_difference(io_number,io2_number) > 1884)
return 1;
else
return 0;
}
char number_to_digit (unsigned char *number, unsigned char *digit)
{
switch (*number)
{
case 0:
*digit = 0;
break;
case 215:
*digit = 0;
break;
case 6:
*digit = 1;
break;
case 235:
*digit = 2;
break;
case 167:
*digit = 3;
break;
case 54:
*digit = 4;
break;
case 181:
*digit = 5;
break;
case 245:
*digit = 6;
break;
case 7:
*digit = 7;
break;
case 247:
*digit = 8;
break;
case 183:
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*digit = 9;
break;
default:
return 1;
}
return 0;
}
void digit ()
{
unsigned char
lcd_input_digit_0;
unsigned char
digit;
float *weight;
lcd_input_digit_0 = ((seg_bit(9,0)) << 0);
lcd_input_digit_0 |= ((seg_bit(10,0)) << 1);
lcd_input_digit_0 |= ((seg_bit(11,0)) << 2);
lcd_input_digit_0 |= ((seg_bit(12,0)) << 3);
lcd_input_digit_0 |= ((seg_bit(9,1)) << 4);
lcd_input_digit_0 |= ((seg_bit(10,1)) << 5);
lcd_input_digit_0 |= ((seg_bit(11,1)) << 6);
lcd_input_digit_0 |= ((seg_bit(12,1)) << 7);
if (number_to_digit (&lcd_input_digit_0, &digit))
{
*weight = weight_bck;
return 1;
}

}

*weight += digit * 0.1;
//Write function found in the code provided by Prof. Smith.
mts_puts(weight);

void main(void)
{
WDTCTL = WDTPW+WDTHOLD;
// Stop watchdog timer
init_wasa_board();
set_up_UART_A0();
P6DIR = 0x00;
// Be sure all are inputs
P6SEL = 0xff;
// and all are ADC channel inputs
ADC12CTL0 = ADC12ON+SHT0_8+MSC;
// Turn on ADC12, set
sampling time
ADC12CTL1 = SHP+CONSEQ_3;
// Use sampling timer, set
mode
ADC12IE = 0x01;
// Enable ADC12IFG.0
ADC12CTL0 |= ENC;
// Enable conversions
ADC12CTL0 |= ADC12SC;
// Start conversion
digit ();
}
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Appendix IV
Second weight decoding software – AT command
volatile int i;
volatile unsigned short Samples[10];
void timer_a(){
}

1:0);

__delay_cycles(80000);

unsigned char pin_state(int i, int GPIO_pin_number){
char bit_value;
bit_value = ((Samples[i] & (1 << GPIO_pin_number)) ?
return bit_value;
}
char number_to_digit (unsigned char *number,unsigned char

*digit)

{

switch (*number)
{
case 215:
*digit = 0;
break;
case 6:
*digit = 1;
break;
case 235:
*digit = 2;
break;
case 167:
*digit = 3;
break;
case 54:
*digit = 4;
break;
case 181:
*digit = 5;
break;
case 245:
*digit = 6;
break;
case 7:
*digit = 7;
break;
case 247:
*digit = 8;
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break;
case 183:
*digit = 9;
break;
default:
return 1;
}
return 0;
}
int getWeight(void){
P6DIR = 0x00;
// Be sure all are inputs
P6SEL |= 0x01;
// and all are ADC channel
inputs
ADC12CTL0 = SHT0_2 + ADC12ON+MSC; // Sampling time, turn on
ADC12
ADC12CTL1 = SHP + CONSEQ_2;
ADC12CTL0 |= ENC;
// Enable
conversions
ADC12CTL0 |= ADC12SC;
// Start conversion
P5SEL = 0;
P5DIR &= ~0xFF;
char working_buffer[10];
while(1){
if(ADC12MEM0 > 3200){
__delay_cycles(120000);
for (i = 0; i < 4; i++) {
Samples[i]=P5IN;
timer_a();
}
break;
}
__delay_cycles(40000);
}
unsigned char
lcd_digit_0, lcd_digit_1, lcd_digit_2,
lcd_digit_3;
unsigned char
digit;
float weight = 0.0;
lcd_digit_0
lcd_digit_0
lcd_digit_0
lcd_digit_0
lcd_digit_0
lcd_digit_0
lcd_digit_0
lcd_digit_0

= ((pin_state(0,1)) << 0);
|= ((pin_state(1,1)) << 1);
|= ((pin_state(2,1)) << 2);
|= ((pin_state(3,1)) << 3);
|= ((pin_state(0,3)) << 4);
|= ((pin_state(1,3)) << 5);
|= ((pin_state(2,3)) << 6);
|= ((pin_state(3,3)) << 7);

lcd_digit_1
lcd_digit_1
lcd_digit_1
lcd_digit_1
lcd_digit_1
lcd_digit_1
lcd_digit_1
lcd_digit_1

= ((pin_state(0,1)) << 0);
|= ((pin_state(1,1)) << 1);
|= ((pin_state(2,1)) << 2);
|= ((pin_state(3,1)) << 3);
|= ((pin_state(0,3)) << 4);
|= ((pin_state(1,3)) << 5);
|= ((pin_state(2,3)) << 6);
|= ((pin_state(3,3)) << 7);
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lcd_digit_2
lcd_digit_2
lcd_digit_2
lcd_digit_2
lcd_digit_2
lcd_digit_2
lcd_digit_2
lcd_digit_2

= ((pin_state(0,1)) << 0);
|= ((pin_state(1,1)) << 1);
|= ((pin_state(2,1)) << 2);
|= ((pin_state(3,1)) << 3);
|= ((pin_state(0,3)) << 4);
|= ((pin_state(1,3)) << 5);
|= ((pin_state(2,3)) << 6);
|= ((pin_state(3,3)) << 7);

lcd_digit_3
lcd_digit_3
lcd_digit_3
lcd_digit_3
lcd_digit_3
lcd_digit_3
lcd_digit_3
lcd_digit_3

= ((pin_state(0,1)) << 0);
|= ((pin_state(1,1)) << 1);
|= ((pin_state(2,1)) << 2);
|= ((pin_state(3,1)) << 3);
|= ((pin_state(0,3)) << 4);
|= ((pin_state(1,3)) << 5);
|= ((pin_state(2,3)) << 6);
|= ((pin_state(3,3)) << 7);

if (!(number_to_digit (&lcd_digit_0,
{
weight += digit * 0.1;
}
if (!(number_to_digit (&lcd_digit_1,
{
weight += digit * 1;
}
if (!(number_to_digit (&lcd_digit_2,
{
weight += digit * 10;
}
if (!(number_to_digit (&lcd_digit_3,
{
weight += digit * 100;
}
snprintf(working_buffer, 9, "%3.1f",
mts_puts(working_buffer);
measurement_unit(working_buffer);
mts_puts(working_buffer);

&digit)))

&digit)))

&digit)))

&digit)))

weight);

return 1;
}

’W’ function in the main switch-case statement
case 'W':
cmd_ok = getWeight();
break;
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Appendix V
Measurement unit source code
char measurement_unit(char *unit){
while(1){
if(ADC12MEM0 > 3200){
__delay_cycles(120000);
if(ADC12MEM1 > 3200){
unit = "st";
break;
}
timer_a();
if(ADC12MEM1 > 3200){
unit = "kg";
break;
}
timer_a();
if(ADC12MEM1 > 3200)
unit = "lb";
break;
}
__delay_cycles(40000);
}
return 0;
}
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Appendix VI
Local host program
#include
#include
#include
#include
#include

<stdlib.h>
<stdio.h>
<Windows.h>
<conio.h>
"rs232.h"

int main()
{
int i, n,
port_nr=3,
bdrate=115200;

/* COM4 on windows */
/* 115200 baud */

unsigned char working_buffer[512];
unsigned char path[] = "e:\\kexjobb\\scale_c\\weights.txt";
FILE *file_pointer;
if(OpenComport(port_nr, bdrate))
{
printf("Unable to open comport\n");
return(0);
}
//wait for keypress 'w' before opening file and send AT command
char ch = getch();
while (ch != 'w'){
ch=getch();
}
file_pointer=fopen(path, "a"); // open file
cprintf(port_nr, "atw\r\0"); // send AT command to serial port
while(1)
{
n = PollComport(port_nr, working_buffer, 511); //read data by polling
every 100msec
if(n > 0)
{
working_buffer[n] = 0;
/* null-terminated */
strtok(working_buffer, "OK\r\n");
fprintf(file_pointer, "%s\n",(char *)working_buffer); /* write to
file */
printf("Weight saved!");
fclose(file_pointer);
CloseComport(port_nr);
break;
}
Sleep(100);
}
return(0);
}
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