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ARM MICROCONTROLLER BASED WIRELESS DATA LOGGER

ABSTRACT

In this study, a battery powered wireless data éogghich has multichannel
sensor as well as real time data monitoring supigodesigned using ARM based
STR7 (from ST semiconductor company) microcontroled which has ability to
store the data to a SD (Secure Digital) memory .cMdst data loggers use
EEPROM (Electrically Erasable Programmable ReadrOviemory) to store the
data. They need to be taken where the computdacgg in order to get stored data
from their EEPROM using special software prograiise designed data logger uses
FAT (File Allocation Table) file system on the SBrd rather than EEPROM hence

no special software is required to read the stdegd, thanks to FAT file system.

Our data logger supports five different sensors revherdinary data loggers
support one or two. Another important advantageuwfdata logger project is that it
has a PIC16F877 (from Microchip company) microcolier based battery powered
handheld receiver device which can control the tajger and get the wireless data
transmitted from the data logger in real time. Maasta loggers need a computer for
real time data monitoring but this handheld dediae monitor the data coming from
the data logger.

The data logger stores the data from the sensotthoously but doesn’t always
transmit them in order to save power. The recelwgisending special instructions to
the logger, can start data transfer, can get cudate and time, can modify the date

and time, and also change the sampling frequency.

Keywords: Data Logger, Wireless, Sensors, Battery PowerBdC&rd



ARM M IKRODENETLEY iCi TABANLI KABLOSUZ VER i KAYDED iCisi

Oz

Bu calsmada, ARM tabanli STR7 (ST firmasindan) mikrodengdti
kullanilarak, cok kanalli sensor destee gercek zamanh veri gozleme 6zgllile
birlikte verileri SD hafiza kartina depolayan pikedlemeli, kablosuz bir veri

kaydedicisi tasarlanrgtir.

Veri kaydedicilerin buyuk ggunlugu, verileri kaydetmek icin EEPROM kullanir.
Kaydedilen verileri almak icin bilgisayarin olgiwm yere goéturtlmeleri ve 6zel
programlar araciyla hafizalarinin okunmasi gerekir. Tasarlanan kaydedicisi
EEPROM yerine Uzerinde FAT dosya sistemi olan SBzhakarti kullandgi igin

kaydedilen verileri elde etmede 6zel programlatigalg duymaz.

Siradan veri kaydedicileri bir veya iki sensoéru tdkkerken, veri kaydedicimiz,
bes farkli sensort desteklemektedir. Veri kaydedi@j@mizin dger bir avantaji da
PIC16F877 (Microchip firmasindan) mikrodenetleyitabanli, verileri gercek
zamanl alip gosterebilen ve veri kaydedicisini lmtia edebilen, pil beslemeli,
kablosuz, tanabilir bir cihaza sahip olmasidir. Bir¢cok veriykkedicisi, gercek
zamanl veri gbzlemesi icin bir bilgisayara ihtiydgyarken bu tanabilir cihaz

verilerin gercek zamanli gosteriimesingka.

Veri kaydedicisi, verileri stirekli olarak kegder fakat glcten tasarruf etmek icin
onlarn devamli olarak gondermez. Alici cihaz, visiydedicisine 6zel komutlar
gondererek, veri aktarimi fatabilir, o anki tarih ve zaman bilgisini alabjlarihi

ve zamani dastirebilir ve 6rnekleme frekansini ayarlayabilir.

Anahtar Kelimeler: Veri Kaydedicisi, Kablosuz, Sensor, Pil Beslem8) Kart
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CHAPTER ONE
INTRODUCTION

1.1 Data Loggers

A data logger is an electronic measuring device tdudlects and records the
measurement data coming from sensors such as tatum@er pressure, relative

humidity, light intensity, acceleration sensorseal time.

Typically, data loggers are handheld, battery pededevices that have
microcontroller input channels, one or more comroation protocols and data
storage feature. They have RTC (Real Time Clock}hsd collected data can be
stored with time stamps. Generally data loggersehaow sampling frequency
because they measure gradually changing environparameters like humidity,
temperature, pressure etc. Having a low sampliequiency help them use their

storage unit efficiently and save power.

Most data loggers require software on a computeamnitiate the logger and view
the stored data. Especially the ones that use EBPR® internal flash memories
have to support at least one communication protwcolder to transfer their stored
data to the computer. This communication protocsl generally RS-232

(Recommended Standard 232) as it is very commoodimputers.

Data loggers are mostly battery powered hence gwirer consumption should
be as optimized as possible for longer usage.dardo use less power, most of them
are in sleep mode (low power consuming mode) itfgitime to get another sample
and store it. If the sampling frequency of a datgkr is 60 seconds, then it is better
to let it sleep for 60 seconds, wake up by intetimaér, collect the sensor data and
go to sleep mode for another 60 seconds. Sometnhégher sampling frequency is
desired to be set for a daily record of environrakparameters and in this case the

data logger may consume more power.



1.2 Data Logger Application Areas

The data loggers are used for collecting aswbnding information about any
environmental parameters, industrial parameterprotess in a production line,
experimental field tests and many more. People lcaviesity for learning what is
happening when no one is around. For example, yay wake up in the morning
and find out that sometime during the night the @otwad gone out. You may not
care when the power went out or how long it was batwever, if you have a large
cooler full of perishable food, your situation wdube quite different. You would
want to know how long the power was down and haygh ihe temperature rose and

for how long. This is where a data logger is useful

The application areas of the data loggers qui#e wide. Snow avalanche
monitoring, dam flood monitoring, meteorology, isthial process monitoring,
vehicle testing, wildlife research, road trafficunding are some of the important
application areas of data loggers. Obtained data the data loggers helps people to

create statistic graphics for forecasting.



CHAPTER TWO
DATA LOGGER

Data logger project can be considered as tifferent units or devices: Data
logger and the remote controller device. Data loggehe data logging part which
consists of different blocks and components likerogontroller part, storage block,
wireless communication module, sensor componends battery power unit. The
remote controller device is the device which camieo and control the data logger.

Data logger parts will be introduced separately.

2.1 Microcontroller

An ARM based STR7 microcontroller from STMieftectronics Inc. is used for
the control and process operations. The STR7 fawily82-bit microcontrollers
offers the best of both 16 and 32-bit words. It bomas the industry-standard
ARM7TDMI® 32-bit RISC (Reduced Instruction Set Camipg) core, featuring
high performance, very low power, and very densedecoThe STR7 family
comprises a wide range of devices fully loadedanegous packages or optimized in
low pin-count packages. STR711 pinout for LQFP (HBwefile Quad Flat Package)
is shown in Figure 2.1 (ST Microelectronics, Lt@08)

The STR7 microcontrollers are aimed to havegyoand flexibility of a 32-bit
microcontroller plus a rich set of on-chip perigddsr This family targets embedded
control applications such as industrial controlctéay automation, point-of-sale,

medical and testing equipment, as well as teleaosncansumer applications.

Main features and benefits of this microcolieraare;

- High-performance, industry standard core ARRISC 32-bit CPU for future-
proof microcontrollers that easily adapt to custonegquirements

- Extensive software and tool support with toenplete STR7 library supporting
all peripherals including USB dramatically reduckevelopment time and increases

ease-of-use



- High-endurance embedded flash with low layefor deterministic behavior in
real-time applications

- Industrial temperature range (-40°C to +85and +105°C) and choice of 3.3V
or 5.0V native devices provides flexible applicatmptions

- The largest choice of on-chip peripheralguding up to 3 CAN, USB, SPI,
12C, 4 UART, 20 timers reduces the system cost

- Flexible power and clock management allowdl ftontrol over power
consumption and performance/power tradeoffs

- 256K Bytes Program Flash

- 64K Bytes RAM (Random Access Memory)

- Real Time Clock (RTC)

- Four 12 bit ADC (Analog to Digital Converjer

- Four UARTSs (Universal Asynchronous ReceiVeahsmitter)

- Two 12Cs (Inter Integrated Circuit)

- Two SPIs (Serial Peripheral Interface)

- Five 32 bit timers
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Figure 2.1 STR711 pinout for LQFP (Low-Profile Quddat Package)



Program flash memory is large enough to stiereeloped software binary file in
the microcontroller and the RAM is also big enodighthe memory requirements of
the software. RTC is required for the time stampshe recorded sample so the
samples will have the time information when theg e¥corded to the storage unit.
ADCs are required for analog to digital conversimocess for analog sensors.
Microcontroller can only process the digital dadaa#l analog signals are supposed to

be converted into digital data.

UART is used to communicate between the mamboller and the wireless
transceiver because wireless transceiver suppolgdJART protocol. 12C is used to
communicate between the digital sensors which stippis protocol. SPI is another
communication protocol between digital integratedusts. This protocol is used for
communicating between microcontroller and the Sid.céimers are required for the
time based interrupts which are generally usegéoiodical tasks in the software.

The microcontroller is responsible for all thygerations and processes during the
data logging. These operations include readingsémsors, performing the analog to
digital conversions, storing the collected dataSin card, transmitting the sensor
measurements in real time, processing the conwaintands coming from the

remote controller device.

Once powered up, microcontroller starts tothaloaded software and initializes
other components like SD card and sensors as wels @wn blocks such as clock
frequency, GPIO (General Purpose Input/Output) ,piasd communication
protocols. GPIO pins will be configured according their usage by the
microcontroller. Some of them need to be configuaednput to carry data coming
from the sensors, and some of them need to beguwaefli as output to carry the

necessary commands and signals to the sensorgterdoarts.



2.2 Storage

In this data logger project, SD card is ussddata storage unit. This choice
provides some advantages like big storage capéepyto 4 GB) and FAT file

system support as well as easy-to-replace feature.

Unlike EEPROM storage units, SD card doesedjuire any software to get the
stored data as it supports FAT file system. A tex$ed file is opened in order to
store sensor information with time stamps and SewEmtities. Any computer that
has a card reader can read SD card and open thaated file to access the log.

2.3 Wireless Communication

The data logger has a wireless transceiveruteooh order to send real time
sensor information to the remote controller devitieis module is called Xbee Pro

from MaxStream Inc. Main features of the module are

- Up to 100 m indoor/urban range

- Up to 1500 m outdoor range

- Less than 10 pA power-down current
- UART communication protocol

- Programmable output power

The module communicates to the microcontroier UART protocol at 9600
baud rate. When microcontroller reads sensor valudgrepares the data to store on
SD card, it also sends the same data to the wereheslule via its UART port. The
wireless module gets the data and transmits theoagh the air.

The data logger will always log the sensoadait will not always send it to the
remote controller device in order to reduce the groesonsumption. The wireless
module supports pin controlled sleep mode and phs is controlled by the

microcontroller. The microcontroller pulls down tekeep mode control pin of the



module for 2 seconds and this action keeps the laaaluake for 2 seconds. After
two seconds, the microcontroller pulls up the sleemle control pin for 6 seconds
and the module is in sleep mode for 6 seconds. dlbep and wake up operation are

repeated until a wake up command is sent from remattroller device.

The remote controller device of the projechdse wake up command to the
module whenever real time data transfer is requitesends 20 consecutive wake up
commands in 8 seconds so that the command is geathto be received by the

module as it is awake only for 2 seconds in evesg@&nds.

Once the wake up command is received and gsedeby the microcontroller, the
module is no longer in sleep mode. It will stay &eas long as the remote controller
device keeps it awake by sending wake up commanevery 20 seconds. The
module will enter sleep and wake up cycle agaith& remote controller device

doesn’t send wake up command for 60 seconds.

2.4 Sensors

The data logger has five different sensorgséhare temperature, humidity, light

intensity, pressure and acceleration sensors.

2.4.1 Temperature Sensor

The temperature sensor in the project is DSIG&#N Maxim Integrated Products,
Inc. This sensor is a digital temperature sensdin @4wire communication support
and requires no external component to be able &rapp It can measure the
temperatures between -55 °C and 125 °C in 0.5 énments. This temperature

measurement range is suitable for environmentgbéeature changes in daily life.

The 3—wire bus is comprised of three signBltese are the DQ (data) signal, the
CLK (clock) signal, and the RST (reset) signal. Allta transfers are initiated by
driving the RST input high. Communication is terated by driving the RST input



low. A clock cycle is a sequence of a falling eflgiowed by a rising edge. The data

must be valid during the rising edge of the clog&le for data inputs.

Data bits are output on the falling edge @f ttock and remain valid through the
rising edge. The DQ pin goes to a high impedana& swvhile the clock is high
during the data reading from the DS1620. Taking R&% will terminate any
communication and cause the DQ pin to go to a lighedance state. Data over the

3—wire interface is communicated LSB first.

The sensor has a few simple commands whitlit tehat to do. A hex value of
AA will tell the sensor to send the last temperataonversion result and the next
nine clock cycles will output this value. EE hexueawill tell the sensor to start the
conversion in order to prepare the temperatureevadudigital format. 22 hex value
stops temperature conversion and no further dateqisired. This command may be
used to halt a DS1620 in continuous conversion méaéter issuing this command
the current temperature measurement will be comgland then the DS1620 will

remain idle until start command is issued to resthmeoperation.

The microcontroller initializes the temperatiwsensor after power up and puts it
into continuous conversion mode so that the sekessps measuring the temperature
at all times. The temperature value is read from $ensor in every sampling

frequency by the microcontroller and stored to$iecard with its time stamp.

2.4.2 Humidity Sensor

The humidity sensor is HH10D from Hope Micextonics Co., Ltd. This
relative humidity sensor module is compromised vatltapacitive type humidity
sensor, a CMOS (Complementary Metal Oxide Semicctodu capacitor to
frequency converter and an EEPROM used for holthiegcalibration factors. Due to
the characteristics of capacitor type humidity senshe system can respond to
humidity change very fast. The sensor is calibraveéde at two different accurate

humidity chambers and two unique sensor specifefficdents are stored onto the



EPPROM on the module. These two unique sensoriciegifs are used for humidity

calculations.

Sensor specific unique coefficients are reathfthe EEPROM on the module via
I2C communication protocol by the microcontroll€hese coefficients are required
to be read once as they are specific for each reaghud don’t change during the life

time of the sensor module.

Unlike most relative humidity sensors, thisns® outputs the humidity
measurement as frequency. In order to measurerélqeeincy output of the sensor
module, a timer and a counter are used in the woartooller. The counter is clocked
by frequency output of the sensor module and teguiency is calculated as a
counter value in every second by the help of tmeti The timer creates an interrupt

in every seconds and the counter value is res¢héonext measurement.

The two coefficients and the frequency value @sed in a formula to calculate

the relative humidity as follows;

Relative Humidity (%) = (Offset — Frequency Valxepensitivity / 4096

Sensitivity: Stored in the EEPROM address 10h efsnsor module
Offset coefficient: Stored in the EEPROM addreds d2the sensor module

2.4.3 Accdleration Sensor

The acceleration sensor is MMA1260KEG from Frees&dmiconductor, Inc. It
Is capable of measuring £ 1.5g with an analoguealioutput signal. The sensor
sensitivity is typically 1200 mV/g which is high @mgh to measure small

acceleration values.

In the data logger project, the acceleratiemssr is used for slope measurement

in degree format. The sensor has an offset volbd@e5V at zero g and zero g can be
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obtained by holding the sensor perpendicular togimind. The slope in degree
format can be calculated by the formula as follows;

_ CurrentOuputVoltage- OutputVolageAtMinu& ol
OutputVolageAtPlusG- OutputVolageAtMinu&

(0]

Slope

Output voltages obtained under earth grauitgifferent positions are shown in

Figure 2.2. ( Freescale Semiconductor, Inc, 2009)

STATIC ACCELERATION

|
r—.'j Direction of Earth's gravity field
\
e
+1g
our=37
—J) 1S
0g 0g
Vour =280V Vour =250V

il T
L—1)
g

Vour=13V

Figure 2.2 Output voltage of the sensor at diffepasitions in static acceleration

The microcontroller converts the analogue outs the sensor into digital format

by using its internal ADC so that it can calcultte slope.

2.4.4 Light I ntensity Sensor

The light intensity sensor is LLS05-A from $anOptical Electronic Co., Ltd.

This sensor has linear output conforming to illuamoe and built-in optical filter for
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spectral response similar to that of the human €lge. output of the light intensity
sensor can be obtained by multiplying its currerthwhe value of serial resistor
connected to it as shown in Figure 2.3 (Senba @iglectronic Co., Ltd, 2005)

Vdd +5V
Light Source \ LLE05-A

™ a

out

Fazz 10K

Figure 2.3 Photocurrent measurement circuit. Rsd®mmended to be high stable

resistor for better performance.

180

—
(=23
=

—
=
=

E 120 //
E 100 //
S /
o & /
E 60 //

40 4

oL/

20 40 60 80 100 120 140 160

INumin ance (lux)

Figure 2.4 Photo current vs. llluminance graphi¢hef sensor
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As the more light hits the sensor surface, ti@e current passes through it.
Microcontroller can not read the current of thesserdirectly but the serial resistor

will help it to read the output as voltage.

) Vout 8
[lluminance = X—
Rs: 9

The current passing through the sensor iiiyr@roportional to the illuminance
as it can be seen from Figure 2.4 (Senba Opticattéinic Co., Ltd, 2005). The
slope of the graphic is used in the formula to wale the illuminance from the

sensor current.

2.4.5 Pressure Sensor

The pressure sensor in the project is MPVZ&AUGU from Freescale
Semiconductor, Inc. It can measure the pressutegeba 0-10 kPa (kilo pascal) and
the voltage output range is 0.2V to 4.7V. Figure shows the output voltage versus

differential pressure graphic. (Freescale Semicotwiuinc, 2005)

5.0 .
Transfer Function (kPa)
Vout = Vg % (0.08 % P+ 0.04) /
40 | Vg = 5.0V = /
TEMP = 0 to 85°C //
30 1 /
E MAX / TYPICAL
g 20 )/"'" P
™ MIN
1.0 A /
%.ﬁ"
0
0 2.0 40 6.0 a0 10

Differential Pressure (KPa)

Figure 2.5 Output voltage vs. differential pressynaphic of the pressure sensor

Pressure (kPa) = [(Output Voltage/Supply Voltage)o4] / 0.09
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From the Figure 2.5, it can be seen that dutpliage is directly proportional to
the applied pressure in 0-10 kPa range. The miatoaiter reads the output voltage
in digital format by using its internal ADC and calates the pressure value

according to given formula above.

2.5 Battery

A 9V alkaline battery is used as power sotiocehe main part of the data logger.
The battery powers up the microcontroller board aadsor board together. The
microcontroller board requires 3.3V for its micratwller and SD card connector.
On the other hand, sensor board needs both 5V &\d I%cause all the sensors

require 5V except the humidity sensor and the wsgimodule which require 3.3V.

The microcontroller board has its own regulatbich can produce 3.3V from 9V
input and powers up all the components on the bddre sensor board has LM7805
voltage regulator which can produce 5V from 9V ingtor the wireless module and

the humidity sensor, 3.3V is supplied from microcoler board via two extra wires.



CHAPTER THREE
REMOTE CONTROLLER DEVICE

Remote controller device is a monitoring awdtml device of the data logger.
This device receives and monitors the transmittgd éfom the data logger. Also it
can control the data logger by sending special cands like setting the sampling
frequency, getting and setting the time informatidhe remote controller device has

a microcontroller board with keypad, display, wesd module and battery.

3.1 Microcontroller

The microcontroller of the remote controllevite is PIC16F877 from Microchip
Technology Inc. This microcontroller has UART commoation support to
communicate with wireless module, 8K flash progmamory, and more than 30
configurable 1O (input-output) pins. (Microchip Trewlogy Inc, 2001)

PDIP
H
Wevee —= 1 e/ ag[]=—= RETPGD
RADAMND - [ 2 2 [] =—= RESPGC
RA1AMT =—=[]3 28 [] =—= RES
RAZIANINVREF- -—[] 4 37 [] =—= RBE4
RAZAMIVREF: =-—=[] 5 a5 || =—= RB3PGM
RANTOICK] +—=[] 5 a5 [] =—= RBEZ
RASANASS -—=[] 7 24 [ =—= RE1
REVRD/ANS =—[T 8 E 23 [ =—e= RBOINT
RE1AWRIANE =+—=[] 8 o 22 [0 =— voo
rezicsiany =—=[J 10 b5 31 [ =— vss
VD0 — [ 11 — 20 [] =—= ROT/FPSFT
= p— I 9 20 ] =—= RDEFPSFE
OSCHCLKIN —= [T 12 o 28 [] =—= RDSPSPE
OSCHCLKOUT -— [ 14 27 [] =—= RO4PEP4
RODTIOSOTICK] =[] 15 26 [] =— RCT/ANOT
RCUTIOSHCCPZ -—e [ 18 26 [] —= RCETHICK
RCZCCP1 =[] 17 74 [] =—= RCEHSDO
RCHSCKISCL =—=[] 12 23 [ =—= RC4/SOISDA
ROMVPSPD -— [ 13 72 [] =—= RDPSP2
ROUPSP1 -—=[] 20 21 [] == RDZFPEFZ

Figure 3.1 PIC16F877 Pin Diagram for PDIP (Pladdigal Inline
Package)

14



15

The microcontroller is responsible for the ttohof everything on the remote
controller such as keypad, wireless module, anglals It controls the wireless
module to get the transmitted sensor informati@mfrdata logger and drives the
display to show the sensor information on the digplt also reads the keypad while

the user presses and decides what to do accoamgssed key.

3.2 Display

The remote controller device has a Nokia 33i@bile phone LCD (Liquid
Crystal Display) from Nokia Corp. This display hesown display controller which
is PCD8544 display controller/driver from PhilipsrBiconductors (acquired by NXP

Semiconductors).

35.5

44 30 Jl

Figure 3.2 Remote controller device display, 84xi&Is graphic LCD taken from an old
Nokia 3310 mobile phone.

This display is a monochrome graphic LCD v@#x48 pixels. It is controlled via
I2C communication protocol and requires 3.3V suplitage to operate. DDRAM
(Display Data RAM) of the display is divided intox fanks of 84 bytes (6x8x84
bits). During RAM access, data is transferred te RAM through the serial
interface. There is a direct correspondence betwerX-address and the column
output number. The columns are addressed by theesslghointer and the address

ranges are 0 to 83 for X and 0 to 5 for Y axis.
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In the horizontal addressing mode, the X asklie incremented after each byte.
After the last X address (X = 83), X wraps aroundtand Y address is incremented
to address the next row. After the very last add{@s= 83 and Y = 5), the address

pointers wrap around to address (X=0and Y = 0).
3.3 Keypad
The keypad on the remote controller devica #x3 keypad with 12 keys. This

keypad provides a user interface to the remoterclbert device and lets user enter
the commands to be sent to the data logger.

COL1 COoLz COL3

01 \_/ 40
Oz 28 [3 * 1 2 = || ROWI
O3 s 4
04 a7 3 |_ 4 c 5 || ROW2
Os as 4
Os ag [J—
O 34 [ 7 2| 9 || rROWS
Os I~ 333
e o 2[] * all#

a ROW4
E o % J%

11 — a0

O 1z O 20 0 |
O 8 =0
[ 14 il
0 15 25 [
[ 18 25 1
O 17 24 1
O 12 23 [
O 19 22 [
O zo 21 [

Figure 3.3 Keypad diagram of the remote controtlervice. Columns and rows are
connected to 7 different microcontroller 10s.

Figure 3.3 shows how the keypad is conne@adh square can be considered as
a switch which connects the horizontal wires (rowg}h the vertical wires
(columns). If the button '1' is pressed, it willhoect COL1 with ROW4, or pressing
button '9" will connect COL3 with ROW3.
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As the switches are all interconnected, wednteefind a way to differentiate
between the different keys. The rows are all cotateto the ground with a resistor
in series. In order to read which key is pressee, af the columns is set to high and
other two columns are set to low and all the rowes set to low by the resistors

connected to the ground.

If one of the keys on that column is pressled, key will connect the related row
to this column and we will be able to know that &Ry is pressed by doing an AND
operation between the number we read and 0x111bl10d0@ AND operation result
will tell us if any key is pressed or not. If thesult is O, then none of the keys is
pressed. We will set the next column to high wkiting the other two to low and
try to read again. This reading process will beeeted until we find the pressed key

or maximum three times as we have only three cotumn

Table 3.1 shows the states of the 10 pinswanigh key is pressed according to

the read value from the port pins state.

Table 3.1 Pressed key according to port pins state

State of the port pins Pressed key

0x01000100 1

0x01000010

0x01000001

0x00100100

0x00100010

0x00100001

0x00010100

0x00010010

O©| O N Of O | W N

0x00010001

*

0x00001100

0x00001010

0x00001001 #
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3.4 Wireless Communication

The remote controller device has the samelegisetransceiver module as the data
logger. The microcontroller communicates to the eleiss module via UART
protocol at 9600 baud rate. The wireless transceweeives the sensor data and
command responses from data logger and transmgtscdimmands from remote

controller device to the data logger.

The remote controller device can be activatey time but in order to receive the
sensor data, data logger must be awaken up. Theteegontroller sends 20
consecutive wake up command until one of the wakeammand is responded by
the data logger. These consecutive commands an@eddecause data logger can
only respond when it is awake during 2 secondsopestherwise it is sleeping for 6

seconds to save power.

3.5 Battery

The remote controller device is powered uphwibree AA size batteries
connected in series. The wireless module requit8¥ &nd the microcontroller
requires 5V in order to operate but these voltagyesoptimal values and supply
voltages can be little bit away from these valWesthree AA size batteries produce

4.5V when in series, this is still enough for thiemmcontroller to operate well.

The supply voltage of the wireless modulersvjaled using two diodes in series
to create 1.4V voltage drop from 4.5V and it wdl B.1V for the module. This 3.1V
value is not a problem for the module as it carrajgebetween 2.8V and 3.4V.



CHAPTER FOUR
HARDWARE DESIGN OF THE PROJECT

The hardware design of the project will beadticed in two separate parts as

there are two devices; the data logger and theteeoamtroller device.

4.1 Data Logger Hardware

The data logger has two different boards cotmtkto each other via several
wires. The microcontroller and the SD card conneate on the demo board called
STR7-P711 from Olimex Ltd. Company. This board Bhghe necessary external
components like resistors, capacitors, transisédes that microcontroller and SD

card need. Main features that this demo board teaasafollows;

- STR711 microcontroller

- Standard JTAG connector for debugging purpose

- USB connector

- Two channel RS232 interface and drivers

- SD card connector

- Two general purpose buttons

- Trimpot connected to ADC

- Two status LEDs and power supply LED (Light EmitDiode)
- Buzzer

- 2X SPI connectors

- 12C connector

- Onboard voltage regulator 3.3V with up to 800mArent

- Single power supply: 6V AC or DC required, USBtpman power the board
- Power supply filtering capacitor

- reset circuit with reset button

- 4 MHz crystal oscillator

- 32768 Hz crystal for RTC

19



20

RS232_0 RS232_1 SD CARD CONNECTOR
STRT11 MCU
~= UEXT
usB j
BUZZER|
' 3 el o iw
: ‘ . gu &
RST . = o noonoo
= - 30 QOO0 00 =]
o g elslelelele
@ § s
.
JTAG : [aoo :
STNBY
ejofelaiefe
; slolalalealels XT
N sjojojajaioin
I eleinietw) o iw
- slofalajolefofalel
., L slofeleafelefafelals
pWRJAcK slajelajajle ejola
e - elajale ale ala -
LAY L] L) L) [ elofajefefefafiafalale]
v 143 - <totel
PWR LED § e S S  TRIMPOT  PROTO AREA
] =2 @ w
- m -

Figure 4.1 STR-P711 demo board. All required conambs are included on the board as well as SD

card connector.

The demo board was very useful during softwbreelopment stage because it
has many GPIOs that can be set for testing, dicecnection to the SD card
connector, a trimpot connected to one of the AD@uts to test ADC functions, two
buttons for general purpose, a buzzer and two L&Dmdicators. Especially JTAG
(Join Test Action Group) connector is very usefoi fiebugging the developed

software and for programming the flash memory efrticrocontroller.

The second board is the sensor board thaahake sensors and the wireless
module. The sensor board is designed for supportatig necessary data
communications and providing supply voltages. Exaaysor has its own design and
required external components on the board. Thes®aoents are resistors which
are used for voltage dividing and current limitir@gpacitors which are used for
voltage regulating. The sensor board has a 5V gelt&gulator on it to provide
power for the sensors which require 5V. The powgipy for the sensor module

which requires 3.3V is provided from the demo board
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g
LM7805

e Light Intensity Sensor g = SR
egulator ; : LLS05-A ireless Module
XBEE Pro

1!

2RQAQ0RLOOQ

Temp rat !
sensor
DS1620

Acceleration Sensor /
MMA1260KEG Humidity Sensor
R H10D

Figure 4.2 Sensor board with acceleration, humjditgssure, temperature, and light intensity sensor

including wireless module and the voltage regulator

The acceleration, light intensity and the poes sensors have an output voltage
range which is higher than the microcontroller eanept to its ADC input. ADC of
the microcontroller can convert input signals ie tiange of OV to 2.5V but these
three sensors have output between 0V to 5V. Inramevercome this problem, a
very simple but effective way is to use voltageidiv. Figure 4.3 shows the simple

voltage divider used for the sensors.

Each sensor on the board has a socket exkeplight intensity sensor. The
sockets are used for replacement purposes in dafgluwe of the sensor. If any
sensor is damaged or malfunctions, it will be gastplaced without the need for
soldering. Some sensitive sensors might get ovestleand damaged during the
soldering procedure but thank to the sockets, theyt have to be soldered on the

board.



22

Sensor
Output
R1=10K
ADC
Input
R2=10K §
R2

ADC _ Sensor y __~
Input Output  R1+R2

Figure 4.3 A simple voltage divider circuit used $@&nsor output

voltage adaptation to ADC of the microcontroller.

The wires that connect two boards are planes pin female header connector to
tidy up the connection and this is also useful whepin connection needs to be
changed due to design changes.

4.1.1 PCB Design

The sensor board is a single layer PCB (Rtir@écuit Board) designed in
Proteus Design Suite program (from Labcenter Edeats Ltd.). The program helps
to place the components in such a way that the oaemis have enough room and

their connections don’t block each other’s path.

In a PCB design, one of the most importanbisais placing the components very
carefully so that they don’t occupy much room wiieping the connecting lines far
enough away from each other. First of all, we needecide how many layers our
PCB will have. The sensor board designed to belesilager in order to be printed
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and created at home without a PCB machine. Afterddeg the number of layers,
the footprint of the each component can be colteétem the component library if
they exist. The pressure sensor and the wirelestulmadon’t have a predefined
footprint in the program library so their datasheets used to get their footprint

dimensions and create a new package in the library.

Placing the components is requires extra @eno be able to create a successful
PCB. A component’s footprint might be perfectlyqdd on the design layout but it
doesn’t mean it will be perfectly soldered and pthafter the board is printed out.
The same component’s physical size also shouldhsntinto account because some
components occupy larger room than their footpiur example, wireless module
and humidity sensor occupy larger room than theatgrints and if we have placed
them close to each other according to their footpyithey would intersect on the
component side of the board.

The traces on the PCB are another importainit tleat should be considered very
well. The distance between two parallel traces hbte long enough so that the
PCB can be printed and created at home withoutguaimachine. Also through-
holes are important and will be very useful if tivaces are intersected when they
shouldn’t. In some cases, it is impossible to platethe components and make
necessary connections without intersecting theetralm such a case, through-holes
are used for creating a bridge connection on th@poment side. This bridge
connection will not exist as a trace on the PCBtiuat through-holes will be placed
so that the designer will be able to connect thedes via a wire on the component

side.

The board will need drill holes for the compats to be placed and soldered. The
drill hole for a component should be large enougHet the pins fit but narrow
enough to solder the components well. Every compibhas its own pin diameter
that will determine the drill hole and this infortitan should be obtained from its
datasheet for the accuracy. Also the copper robmaowvtill cover the drill hole should
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be large enough to provide enough soldering areahi® pins. This will help a
component to be soldered and placed well for etattconnection quality.

|1
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Figure 4.4 Sensor board PCB showing the bottom eopipe
4.1.2 PCB Creation

The sensor board and the remote controllerdoo&re created at home by using
toner transfer method. This method is very usefudreate cheap but effective PCBs
at home. The final PCB design should consist otlnd-white bitmap of the
copper bottom side of the PCB. Figure 4.4 showsfitred PCB design and if it is

printed in black-and-white, it will be ready to bsed.

The method is based on the fact that a coppdace which is covered by toner
isn't affected from the etching operation. If thesgjned PCB is transferred to the
copper covered board and then the board is et¢thedpner will protect the drawn

parts and all the remaining parts will be etched.

The designed PCB should be printed on a glpsger or on acetate and the
printer should be a laser printer because onlytaher can protect the copper from

etching.
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The next procedure is ironing the acetate fobyefor toner transfer. The
important point of the ironing is that the acetsiteuld be watched carefully in order
not to cause it to melt. The color of the toned wiilange after some time and it will
be possible to distinguish which areas still néedse ironed. The quality of the PCB
is directly proportional to the toner density ofetlprinter and the cleanness,
smoothness of the copper surface of the board.

Completing the last corrections, it is timepiepare the etching mixture. This
mixture consists of hydrochloride and the hydrogeroxide. The ratio of the each
component in the mixture is not strictly determired the best way is to add some
hydrochloride in a plastic container until the watvel can cover the whole board
and start mixing the hydrogen peroxide graduallye Doard will start being etched
as the hydrogen peroxide is being added and theureixill be completed when the
color of the mixture is greenish.

The PCB board is taken out of the mixture lgrp and is washed under water to
clean the dangerous mixture from the board andetipng process. After the board
iIs washed and dried, the toner should be cleanid) ssme acetone. If the toner is
not cleaned, it will prevent solder to stick to tegpper and the electrical connection
of the components will not be in a good qualityeTdoard may be sandpapered to

improve the quality of the soldering process.

The board is ready for drilling and a smalllélr is required. After every through-
hole is drilled, the components are placed on thard and soldered. Figure 4.5

shows the complete data logger, two boards areembed.
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Figure 4.5 Complete data logger part. Two boardsannected.
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4.2 Remote Controller Device Hardware

The remote controller device has a wirelesslutey a keypad, a LCD and a
microcontroller as well as batteries. The microcaligr requires a voltage level
between 4.5V-5.5V and the wireless module requiresveen 2.8V-3.4V. These
different voltage levels are provided by three A2esbatteries connected in series.
The three batteries connected in series can protlaéideally but for the wireless
module, we need around 3V. This problem was oveecbs using two diodes in

series to produce 1.4V voltage drop.

4LFV_ R1=35K % B'Vl'_
Tx [Rx XBee
PIC16F877 —
MCU

*"IIsIIrIIsII:I:*i
=Y
&h
<
)

}_|

Figure 4.6 UART connection between microcontroflad the wireless module. 3V-5V compatibility

problem is solved with the shown configuration.

The microcontroller and the wireless modulenownicate via UART protocol
but the problem was again the voltage level. Theragontroller is powered with
4.5V and its data pins also will be 4.5V when sethigh. This will damage the
wireless module as it can not tolerate that mudtage difference. In order to solve

this problem, a simple voltage divider was usece Vbltage divider will divide the
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voltage with a ratio of 3/2 at the transmitter mhthe microcontroller and will
produce 3V from 4.5V, connecting it to the receipir of the wireless module.

Another problem with the voltage level occumsthe transmitter part of the
wireless module. Wireless module can not supplyv4td the microcontroller’s
receiver pin but the problem was solved using ad@#nput AND gate IC, 7408.
The AND gate IC will assume 3V as a high input @amdduce 4.5V at its output.
Two inputs of the gate are short circuited to trengmitter pin of the wireless
module so AND gate is used as a buffer not asia tpage. The connection is shown
in Figure 4.6

312 MWW s

i W 0w 98 8 W P e e @ e

— |

Figure 4.7 PCB design of the remote controller cevi
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The remote controller device was first conged on a breadboard and all the
hardware design checks were completed before itdr@asn on the computer. The
PCB design of the remote controller device is shawrigure 4.7. After it is
designed on the computer, it is printed on theateeand transferred to the copper

covered board by ironing. The etched PCB is shawFigure 4.8.
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Figure 4.8 PCB of the remote controller devicés ktreated using toner transfer method and etching.

The remote controller device was placed imagegt box that's why the PCB was
designed as small as possible in order to fit ekibx. The box is useful because it
can protect the PCB and its connections, carrybtteeries and hold the LCD. The
box provides a compact appearance. Figure 4.9 anae4.10 show the open box

and closed box appearance of the remote contagace.
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Figure 4.9 Open box view of the remote controllevide

Figure 4.10 Closed box view of the remote contralevice
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CHAPTER FIVE
SOFTWARE DESIGN OF THE PROJECT

The software design of the project will beradliuced in two separate parts. The
data logger software and the remote controllerwsoft are both written in C

programming language using different compilers.

5.1 Data Logger Software

The data logger is the main part of the properd its software is designed to
make it work without any need to remote controtlevice. The data logger can read
the sensor information and store them even if #émote controller is not around.
The software is single threaded using interruptsraer to handle real time process

requirements.

The software starts with the initialization tbie microcontroller and its settings
such as clock speed and configuration, SPI speeatl amfiguration, GPIO
configuration, ADC initialization and configuratipt)ART configuration and timer
configuration. After the initialization of the mumrontroller and its settings, FAT file
system is initialized and a log file is opened. Thain body of the software will be

introduced parts by parts. The initialization segueeand the code are as follows;

Initialize(); //initialize all the MCU units and set settings
RTC Initialize(); // initialize the real time clock settings
fat_initialize(); // Initialize the FAT library.
Init_DS1620();// initialize the DS10620 temperature sensor
Start_DS1620_Convertion();/ start measuring the temperature
delay_ms(1000)// wait about 1000 ms
for (i=0;i<10; i++) // Try to open a log file 10 times until it is sessful
{

sprintf(title,"LOGX%d.txt",i);

handle = fat_openWrite(title);

31
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delay_ms(100);
if (handle >= 0) break;
}
if (handle < 0)// If we can't open a file, inform and continuehwitit logging
{
unsigned char j = 0;
for(j=0;j<=10;j++) // Turn on and off the LED 10 times
{
GPIO_BitWrite(GPIO1, 0x0009, 0)// Turn on the LED on the board
delay_ms(1000);
GPIO_BitWrite(GPI101, 0x0009, 1);// Turn off the LED on the board
delay_ms(1000);

}

if (handle >= 0)// if we opened a file successfully
{
strepy(stringBuf,"Date&Time\t\t Temperature\t\t Deg ree\t\tHumidity
Light Intensity\tPressure\r\n-------------—---=- —ommmene "
" \t---mo-e- \t--mmm e \t\t-------- \r\n"); // Prepare the log file header
stringSize = strlen(stringBuf);
fat_write(handle,(unsigned char *)stringBuf stringSize);//Write the header

This code part is run only once after bootamg then the code continues to an
endless while loop. Every operation such as reathigsensor values, responding
the remote controller device commands and writmdpg file is performed in this
loop. Also while the processes are done in thip,J@my occurrence of an interrupt
will make the program counter leave the loop andwdatever interrupt service
routine does. This is required to be able to haticketime based operations and
wireless communication because they can occuriargydt any point of the endless

while loop.
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The sensor reading and the data preparatedare by the following code;

while(1)
{

temperature = (int)Read_DS1620_Temp()Read the temperature from DS1620
humidity = Read_HH10D_Humidity();//Read the humidity from HH10D
itoa(temperature,10, TempBuf);//Convert integer temperature value to string
itoa(humidity,10,HumidityBuf); //Convert integer humidity value to string
delay_ms(200)j/Wait 200ms to decrease the sampling frequency
Voltage = Read_ADC_Voltage(ADC12_CHANNELZ2)// Measure the light
intensity sensor voltage
light_intensity = (int)(((Voltage*100*8)/9) + 05);// Calculate the light intensity
sprintf(string_light, "%d", light_intensity); //Copy the value into a buffer
string_light[3]="\0"; //End the buffer with a NULL character
if(light_intensity < 100 && light_intensity > 9) //If the value is two digits
{//Make a format like 024 if the temperature is 24°C

string_light[2] = string_light[1];

string_light[1] = string_light[O];

string_light[0] = '0";
}
else if(light_intensity < 10)/If the value is one digits
{Make a format like 004 if the temperature is 4°C

string_light[2] = string_light[O];

string_light[0] = '0";

string_light[1] ='0";
}
Voltage = Read_ADC_Voltage(ADC12_CHANNEL1)Measure the
acceleration sensor voltage
Voltage = (int)(Voltage*100);//Cast to an integer value
Voltage = (float)(Voltage/100);
temp_voltage = 2*Voltage - 2*acc_at_0_degree;
degree = (temp_voltage*180.0/2.42) + 0.5)/Calculate the degree
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sprintf(string_degree, "%d", degree);
string_degree[3]="0';

if(degree < 100 && degree > 9)

{
string_degree[2] = string_degree[1];
string_degree[1] = string_degree[0];
string_degree[0] = '0";

}

else if(degree < 10)

{
string_degree[2] = string_degree[0];
string_degree[0] = '0';
string_degree[1] = '0';

}

Voltage = Read_ADC_Voltage(ADC12_CHANNEL3)Measure the pressure

sensor voltage

pressure = (2*(Voltage/5.0) - 0.02)/0.09;pressure = (Vout/Vs - 0.04) / 0.09

if(pressure < 0Y/if the pressure Is a minus value

pressure = 123//Set it to 123 to indicate there was a measurimgre

sprintf(string_pressure, "%1.1f", pressure);
string_pressure[3]="\0";
sprintf(stringBuf,"#$%5$%s$%s$%s$%s$@ @ %%", TempBuf,H umidityBuf,

string_degree,string_pressure,string_light)//prepare data format

The commands that come from the remote coetrdiévice are handled after the
sensor reading and data preparation process. Ifcanymand is received during
sensor reading or data preparation, the commasibiied in a buffer in the interrupt
service routine and that command is processedasaodata preparation process is
finished. It is very important to get out of intept service routines as quick as
possible because another interrupt may occur amg éind that one will be missed if

we spend a lot of time in the routine.
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I LOGX0.7XT - Notepad ([=(E3]
File Edit Format View Help

Date&Time Temperature Degree Humidity Light Intensity  Pressure -
17.26.59 26.01.2011 17°C 180" <L) 045 0.4
17.27.010 26.01. 2011 17°C 179" <L) 045 0.4
17.27.03 26,01, 2011 17°C 179 50 048 0.4
17.27.05 26.01. 2011 17°C 180" <L) 051 0.4
17.27.07 26.01. 2011 17°C 179" <L) 048 0.4
17.27.09 26,01, 2011 17°C 180" <] 052 0.4
17.27.11 26.01. 2011 17°C 179" a8 052 0.4
17.27.13 26.01. 2011 17°C 180" a8 050 0.4
17.27.15 26.01. 2011 17°C 180" a8 051 0.4
17.27.17 26.01. 2011 17°C 180" a8 049 0.4
17.27.15 26,01, 2011 17°C 180" a8 048 0.4
17.27.21 26.01. 2011 17°C 180" a8 050 0.4
17.27.23 26.01. 2011 17°C 180" a8 049 0.4
17.27.25 26.01. 2011 17°C 180" a8 048 0.4
17.27.27 26.01. 2011 17°C 179" a8 051 0.4
17.27.29 26.01. 2011 17°C 180" a7 047 0.4
17.27.31 26.01. 2011 17°C 179" a7 048 0.4
17.27.33 26.01. 2011 17°C 180" a7 048 0.4
17.27.35 26.01. 2011 17°C 179" a7 049 0.4
17.27.37 26.01. 2011 17°C 179" a7 051 0.4
17.27.39 26.01. 2011 17°C 180" a7 051 0.4
17.27.41 26.01. 2011 17°C 179" a7 050 0.4
17.27.43 26,01, 2011 17°C 180" a7 050 0.4
17.27.45 26,01, 2011 17°C 179" a7 052 0.4
17.27.47 26,01, 2011 17°cC 179" a7 045 0.4
17.27.459 26,01, 2011 17°C 180" a7 050 0.4
17.27.51 26.01. 2011 17°C 179" a7 048 0.4
17.27.53 26,01, 2011 17°cC 179" a7 046 0.4
17.27.55 26.01. 2011 17°C 180" a7 048 0.4
17.27.57 26.01. 2011 17°C 179" a7 043 0.4
17.27.59 26,01, 2011 17°cC 179" a7 047 0.4
17.28.01 26.01. 2011 17°C 180" a7 047 0.5
17.28.03 26.01. 2011 17°C 179" a7 048 0.4
17.28.05 26.01. 2011 17°cC 180" a7 045 0.4
17.28.07 26.01. 2011 17°C 179" [<14] 050 0.4
17.28.009 26.01. 2011 17°C 179" [<14] 048 0.4
17.28.11 26.01. 2011 17°cC 180" 513} 048 0.4
17.28.13 26.01. 2011 17°C 179" [<14] 048 0.4
17.28.15 26.01. 2011 17°C 179" [<14] 051 0.4
17.28.17 26.01. 2011 17°cC 179" 513} 051 0.4
17.28.15 26.01. 2011 17°C 179" [<14] 048 0.4
17.28.21 26.01. 2011 17°C 179" [<14] 035 0.4
17.28.23 26.01. 2011 17°cC 179" 513} 040 0.4
17.28.25 26.01. 2011 17°C 180" a7 047 0.4
17.28.27 26.01. 2011 17°C 179" a7 047 0.4
17.28.29 26.01. 2011 17°C 175" 513} 033 0.4
17.28.31 26.01.2011 17°C 173" <14] 028 0.4
17.28.33 26.01. 2011 17°C 170 a7 029 0.4
17.28.35 26.01.2011 17°C 175" a7 016 0.4
17.28.37 26.01. 2011 17°C 179" a7 [oxivg 0.4
17.28.39 26.01. 2011 17°C 180" a7 018 0.4
17.28.41 26.01. 2011 17°C 180" a7 [oxiry 0.4
17.28.43 26.01. 2011 17°C 179" a7 ola 0.4
17.28.45 26.01. 2011 17°C 179" a7 020 0.4
17.28.47 26.01.2011 17°C 175" a7 023 0.4
17.28.459 26,01, 2011 17°C 179" a7 050 0.4
17.28.51 26.01. 2011 17°C 180" a7 048 0.4
17.28.53 26.01.2011 17°C 175" a7 044 0.4
17.28.55 26.01. 2011 17°C 173" a7 025 0.4
17.28.57 26.01. 2011 17°C 179" a7 027 0.4
17.28.59 26.01. 2011 17°C 174° a7 026 0.4
17.26.01 26.01. 2011 17°C 176" a7 031 0.4
17.28.03 26.01. 2011 17°C 176" a7 035 0.4
17.26.05 26,01, 2011 17°C 174° a7 036 0.4
17.20.07 26.01. 2011 17°C 174" a7 033 0.4
17.26.00 26,01, 2011 17°C 174" a7 034 0.4
17.26.11 26.01. 2011 17°C 174° a7 034 0.4
17.26.13 26.01. 2011 17°C 174" a7 032 0.4
17.26.15 26.01. 2011 17°C 174" [<14] 031 0.4
17.26.17 26.01. 2011 17°C 174° 513} 031 0.4
17.26.15 26,01, 2011 17°C 174" [<14] 031 0.4
17.26.21 26.01. 2011 17°C 174° <14] 031 0.4 W
Figure 5.1 An example log file that was stored with designed data logger. The log file shows the

time stamps and the values at that time with theaeidentity.
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The following code handles the commands confiogy the remote controller
device.

if(is_awake)//If the wireless module is awake, send sensor data

{
for(i=0;i<23;i++)//data format is #$12$12$123$123$123$@ @%

{
UART_ByteSend(UART3, (u8 *)&stringBuf]i]);
/* wait until the data transmission is finished */
while(!((UART_FlagStatus(UART3)) & UART_TxEmpty));

}

if(command_ready == 1)//If any command is received
{
if(UART_DataBuf[0] == '#' && UART_DataBuf[15] = ='%"' &&
UART_DataBuf[5] == '2' && UART_DataBuf[6] =="0 )
{*Date setting command, format is #16022011133705%*
ptime = malloc(sizeof(*ptime));//allocate some memory
/[Convert char values into integer to cdéta the new time setting
ptime->tm_sec = ((UART_DataBuf[13]-'0")*10+ UART_DataBuf[14]-'0");
ptime->tm_min = ((UART_DataBuf[11]-'0")*10+ UART_DataBuf[12]-'0");
ptime->tm_hour = ((UART_DataBuf[9] -'0")*10 + UART_DataBuf[10]-'0");
ptime->tm_mday = ((UART_DataBuf[1] - '0")*10 + UART_DataBuf[2]-'0");
ptime->tm_mon = ((UART_DataBuf[3] - '0")*10 + UART_DataBuf[4]-'0");
ptime->tm_mon--;
ptime->tm_year = ((UART_DataBuf[5] -'0)*1000 + (UART_DataBuf[6] —
'0)*100 + (UART_DataBuf[7] -'0")*10 + UART_DataBuf[8]-'0");
ptime->tm_year -= 1900;
RTC_Set_Time(ptime)j/Set the new time

free(ptime);//free the allocated memory
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else if(UART_DataBuf[0] == '#' && UART_DataBuf[ 15] =='%' &&

UART_DataBuf[3] == '@' && UART_DataBuf[10] ==' @")

{*sample frequency command, format is #12@ @ @ @ @ @ @ @@&»*/
sampling_freq = (UART_DataBuf[1]-'0")*10 +UART_DataBuf[2]-'0");

}

else if(UART_DataBuf[0] == '#' && UART_DataBuf[ 15] =='%' &&

UART_DataBuf[1] == '%2' && UART_DataBuf[14] ==" %%")

{*get time command, format is #Y2Y2Y2Y2Y2Y2Y2Y2Y2Y2Y2Y2Y2Y2%* |
Prep_Time_Buf(&time_buf);//Prepare time buffer
sprintf(stringBuf,"#%s.%5s.%s@%s:%s:%sxx%%", time_buf.day_buf,
time_buf.mon_buf, time_buf.year_buf, time_bf.hour_buf,
time_buf.min_buf, time_buf.sec_buf){/Convert integer values into chars
stringBuf[23]= "\0"; /End with a NULL character
i =0;
delay_ms(500);
while(stringBufi] !="\0") //Send until NULL character is reached

{
UART_ByteSend(UART3,(u8 *)&stringBuf]i]);

i++;
}
}
else if(UART_DataBuf[0] == '#' && UART_DataBuf{ 15] == '%' &&
UART_DataBuf[1] == '~' && UART_DataBuf[14] == " ~)
{*wake up command, format is #~~~~~~~~~~~~~~ %*/

auto_sleep_counter = Ojset to zero to keep wireless module awake
if(is_awake == 0}/ If wireless module is not already awake
{
sprintf(stringBuf," #$$$$$$$$$S$$S$S$BH%%"); //inform that wireless
module is awake now
stringBuf[23]= "\0';
i=0;
while(stringBuf]i] !="\0")
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UART_ByteSend(UART3,(u8 *)&stringBdli]);
i++;
}
GPIO_BitWrite(GPIOO0, 0x000E, 0)//set wireless module wake up pin low

is_awake = 1/Wireless module is awake now

Every command and the response to a commareliteaown format in order to
be distinguished from each other. Every commandsstaith “#” character, ends
with “%” character and must be totally 16 charaxtdihe data format starts with “#”
character, ends with “@@%" character set and mastotally 23 characters. The
command formats received and send from the dagelogs well as the data format

are as follows;

Data format sent to the remote controller devt$12$12$123%$123%$1233@ @%
The numbers between two consecutive “$” characterteamperature, humidity,

degree, pressure and light intensity values resabgt

Date setting command form&t6022011133705%
Date setting command format starts with the dalofeéd by month, year, hour,
minute and second. Example format shows the da@T®11 13:37:05

Sampling frequency setting form#i2@@@@@@@@@ @@ @%
Sampling frequency has to be only two digits fokmiby “@” character.

Getting time commandy2Y2Y2Y2Y2Y2Y2Y2Y5Y2Y2Y2Y2Y2%

Getting time command format consists of full “Y2"achcters.

Wake up command~~~~ ~ ~%

Wake up command format consists of full “~” charegte
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Response for wake up comma#fi$$S$S$SS$S$S$S$S$5$%
The response to a successful wake up commandnmfted with full “$” characters.

Figure 5.2 Software flowchart of the data loggelowehart shows only the main blocks of the

software.

5.2 Remote Controller Device Software

Remote controller device software is desigteedupport user interface even if it
Is a single threaded software. It initializes thienocontroller by setting its required
settings for the designed hardware, initializeslt6® and keypad, then enters in an
endless while loop. In the while loop, the softwezads the keypad to check if the
user pressed any key and also displays the seatmicdming from the data logger.
The UART communication is handled by the interrupsause it can not be handled

by polling the ports.
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The main body of the remote controller dewwoéiware is as follows;

void main (void)

{
unsigned short pressed_key = 0] define the local variables
unsigned short keep_awake_counter = 0;
GIE=1,; // set the global interrupt enable bit
PEIE=1,; // set the peripheral interrupt enable bit
RCIE=1,; // set the UART receive interrupt enable bit
PORTC = 0;// set all port C pins to low
TRISC = 0;// define all port C pins as output
Init_Keypad();// initialize the keypad
Usart_Init(); // initialize the uart
InitLCD(); // initialize the LCD
delay_ms(250)// wait for the LCD to finish the initialization
strConstCpy(string_buf,lookup[10]); / copy “Designed by” from lookup table
PutString(string_buf); // write it to the LCD
CursorXY (0,1); // go the second line of LCD
strConstCpy(string_buf,lookup[9]);//copy "Cemal Cicekdes” from lookup table
PutString(string_buf); // write it to the LCD
delay_ms(2000);/ keep whatever is written on the LCD for 2 sesond
ClearRAM(); // clear all the screen of LCD
delay_ms(200);/ wait to finish the clearing
PicturePlot();// plot the DEU EEE picture on the screen
delay_ms(3000);/ keep the picture on the screen for 3 seconds
ClearRAM(); // clear all the screen of LCD

while(1)// endless loop

{
pressed_key = Read_Keypad();yead the keypad
if(pressed_key == 12))if “*” key is pressed
{

OpenMenu()/open the user interface menu
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}

if((data_ready == 1))//if received data is valid and ready to be parsed

{
if(GBuUf[1] == '$' && GBuf[4] =="'$' && GBuf[7] =='$' && GBuf[11]
=="$' && GBuUf[15] =="'$' && GBuUf[19] =="'$' && GBuf[20] =='@"
&& GBuf[21] =='@")
{/Icheck if this data is for sensor values to bespdr
CursorXY (0,0);// go to the first line of the LCD screen
strConstCpy(string_buf,lookup[7]); //copy “Temper.=" from lookup table
PutString(string_buf); //write it to the LCD screen
GBuf[4] = 0;//define where it should stop writing (af Bharacter)
PutString(GBuf+2); //start from the % character in the buffer
strConstCpy(string_buf,lookup[13]);//copy “°C” from lookup table
PutString(string_buf); // write it to the LCD screen
CursorXY (0,1);// go to the second line of the LCD screen
strConstCpy(string_buf,lookup[18])//copy “Humidity=%" from lookup table
PutString(string_buf); //write it to the LCD screen
GBuf[7] = 0;//define where it should stop writing (&t 8haracter)
PutString(GBuf+5); //start from the B character in the buffer
CursorXY (0,2);// go to the third line of the LCD screen
strConstCpy(string_buf,lookup[19]); //copy “Degree=" from lookup table
PutString(string_buf); //write it to the LCD screen
GBuf[11] = 0;//define where it should stop writing (at™ eharacter)
PutString(GBuf+8); //start from the 8 character in the buffer
CursorXY (0,3);// go to the forth line of the LCD screen
strConstCpy(string_buf,lookup[20]); //copy “Pressure=" from lookup table
PutString(string_buf); //write it to the LCD screen
GBuUf[15] = 0;//define where it should stop writing (at"l6haracter)
PutString(GBuf+12); //start from the 1% character in the buffer
CursorXY (0,4);// go to the fifth line of the LCD screen
strConstCpy(string_buf,lookup[21]); //copy “Light(lux)="from lookup table
PutString(string_buf); //write it to the LCD screen
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GBuf[19] = 07/define where it should stop writing (at"26haracter)
PutString(GBuf+16);//start from the 1% character in the buffer
}

data_ready = Of/set data_ready flag to O as we processed the data
}
delay_ms(100);
if(wake_up_requested)/if user sent a wake up request to the data logger
{
keep_awake counter++;increase the counter for keeping the module awvak
if(keep_awake_counter >= 250)
{/lif (250*100ms) 25 second has passed, send a coohtozkeep it awake
for(pressed_key = O;pressed_key <= ldegsed_key++)
MenuBuf[pressed_key] = '~';
MenuBuf[14] = \0";
Usart_Write('#); //command start character
UART _PutString(MenuBuf);
Usart_Write('%"); //command end character

keep_awake counter = @; clear the counter

The user interface menu is opened when “#” ikgyressed and user can choose
one of four options in the menu. The available apiare getting the time, setting
the time, setting the sampling frequency and sendiake up command. Getting
time and sending wake up command require no datg and the command is sent

as soon as the user presses the corresponding namtie keypad.

Selecting the time and date menu will ask duker to enter a valid format of
setting. The user interface menu will show the farmas “ddmmyyyyhhmmss”

telling the user to follow the format rule otherevigser can not set a time or date. For
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example, if the user tries or accidentally entemsiiaber greater than 59 for seconds
setting, it won't be shown or set on the screere 3imilar rule is applicable for hour,
month and day settings. After the time and datéingeis entered in the correct
format, it is required to press “*” key on the keypin order for the data to be sent.
The same procedure is valid for the sampling fraquesetting. The user can only
enter a sampling frequency value smaller than 2Q@o digits.

<

Figure 5.3 Software flowchart of the remote conénotlevice. Flowchart shows only the main blocks
of the software.

The user interface menu and the sensor dé&baniation screen are shown in

Figure 5.4. Time setting and sampling frequencyrgla are shown in Figure 5.5.



Figure 5.4 The user interface menu and the sersariformation screen.
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Figure 5.5 Example entries for time and sampliegfiency items.
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CHAPTER SIX
CONCLUSIONS

The purpose of our study was to design an ARranontroller based wireless
data logger as well as adding extra advantageatsirés over the ordinary data
loggers. After making some research about dataelsggve noticed that most data
logger have limited, not expandable memory, reqaicennection to a computer for
retrieving and monitoring the stored data and stppwo or less sensors. The

designed data logger overcomes all these limitataord shortcomings.

Our data logger was designed in such a watyith@an work as a stand alone
without need from any device. The remote controlevice was designed as a
handheld device for monitoring and controlling pse. This device removes the
need for a computer. The support of five differseahsors added another advantage
to our data logger. SD storage unit was chosen &kemthe system storage
expandable and FAT file system support made itiptes$o read the data without
any extra software on a computer. The wireless @tipwas one of the other
advantages of our data logger. It added a realwiredess data monitoring feature to
our data logger and therefore made it possibl@introl it remotely.

In the hardware design stage, we encounterptblalem for handling devices
requiring different supply voltages and we overcdhig problem by adding voltage
dividers, using diodes to drop the voltage andgisiiogic gate as a voltage buffer.
PCBs for both data logger and remote controlleicdewere designed using Proteus
Design Suite program on a computer and they wesated at home using toner
transfer method. Making PCBs at home helped to nstaled the PCB design better

and put extra experience.

Software design was the most critical and irtgrd part of the project, to have a
robust data logger system. The software reads émsoss, stores their values,
controls all units of the system and provides usg&erface. Both softwares were

developed as a single threaded program using Garoging language.
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