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OVERVIEW

This document describes the development of Cytron
Technologies DIY (Do It Yourself) Project PR21. $hi
project is using PIC18F452 microcontroller together
with the ADXL330 accelerometer to measure the
gravity force and DS-LCD-TG12864E-03 Graphical
LCD (GLCD) for display. Combination of these
devices can be used for the gaming purposes. TiYis D
project will demonstrate how to make a simple game
with these devices. The corresponding schematic and
source code for the microcontroller will be prowde

FEATURES

PIC18F452 Microcontroller
- 8-bit microcontroller with 33 1/0O
- Operate with 5V supply
- Operating speed up to 40MHz
ADXL 330 Accelerometer
- Sensor range: +/-3g
- Operate with 3.3V supply
GLCD 128x64 (DS-L CD-TG12864E-03)
- 128x64 Graphical LCD display
- Blue backlight
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SYSTEM OVERVIEW

e, Seif test

«——

\ 4

ADC

X\Y,Z
analog voltag

Push
Button
WETANPF —e W —
GENERAL DESCRIPTION Vrcae — 02 pd - -0
, o FAZANBVREF- <o E 4 bl ey
Accelerometer can be used in so many applications RAGIANGVRER: < [ 5 a8 [1 ~— Rs3CCRR
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This powerful (100 ns instruction cycle) yet easy-t ADUPSPT - ] 20 T moarem
program (only 75 single word instructions) CMOS
FLASH-based 8-bit microcontroller packs Microchip's Figure 1

powerful PIC® architecture into a 40 or 44-pin
package and is backward compatible with the
PIC16C5X,  PIC12CXXX, PIC16FXXX  and
PIC16C7X devices. Features of this device are:
e C compiler optimized architecture/instruction
sets
- Source code compatible with the PIC16 and
PIC17 instruction sets
e 256 bytes of EEPROM data memory
e Self programming
e ICD (in circuit debugging function)
e 2 Comparators
e 8 channels of 10-bit Analog-to-Digital (A/D)
converter
e 2 capture/compare/PWM functions
e Synchronous serial port can be configured as
either 3-wire Serial Peripheral Interface
(SPI™) or the 2-wire Inter-Integrated Circuit
(12C™) bus
e Universal Asynchronous Receiver Transmitter
(UART).

These features make it an ideal device for advanced
A/D applications in automotive, industrial, applias
and consumer applications.

Figure 1 shows the pin diagram of the PIC18F452. Fo
more information about the PIC microcontroller,gse
refer to the datasheet. The datasheet can be
downloaded from the Microchip web site at
http://www.microchip.com

ADXL 330 Accelerometer

] - -

Figure 2

Figure 2 is the breakout board for the ADXL330
accelerometer from Analog Devices. The ADXL330 is
a triple axis accelerometer with extremely low Bois
and power consumption which is only 320uA! It has
the measurement range of +/-3g. The board comes
fully assembled and tested with external components
installed.Features of this device are:
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e 3-axis acceleration sensing

¢ Small and low-profile package

e 4mmx4mmx 1.45 mm LFCSP

e 200 pAat\L=2.0V (typical)

e Single-supply operation
(20Vto3.6V)

e 10,000 g shock survival

e Excellent temperature stability

« BW adjustment with a single capacitor per
axis

« ROHS/WEEE lead-free compliant

Data sheet can be downloaded from
http://www.sparkfun.com/datasheets/Components/AD

XL330_0.pdf

GLCD 128X64 (DS-L CD-TG12864E-03)

Figure3

e 128x64 graphical LCD display

*  With blue backlight

e Chinese character input (DS-LCD-
TG12864E-03)

HARDWARE

This project requires the following hardwares:
1 x PIC18F452

1 x PR21 Printed Circuit Board (PCB)
1 x ADXL330 breakout board

1 x GLCD (DS-LCD-TG12864E-03)
Related electronic components

Po0oT®

Please refer to Appendix A for the PCB layout oPRR
The PCB layout is provided free; therefore Cytron
Technologies will not be responsible for any furthe
modification or improvement.

Interfacethe ADXL 330 with PIC18F452

The ADXL330 is a complete 3-axis acceleration
measurement system on a single monolithic IC. The
output signals are analog voltages that are prigparit

to the measured accelerations. The A/D converter in
the PIC18F452 can be used to convert these analog
voltages.

&1 £z —Lcu c £ls
C cap C cap C cap ¢ cap C Cap
100pF 100pF 100pF 100pF 100pF
AD¥L330 33y ]
[} == PIC
3 < < 3
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Figure 4

Figure 4 shows how the ADXL330 is connected to the
PIC18F452. Since the ADXL330 is powered by 3.3V,
we need to use 3.3V as +Vref to maximize the A/D
converter resolution. The ADCON1 register of the
PIC18F452 should be configured to use the AN3 as
+Vref as well. Capacitors are connected to theanal
pins to reduce the measurement noise.

Interface the GLCD 128x64 with

PI1C18F452

The connection is similar with the LCD 16x2 except
that it has extra four pins (2 x NC, Reset and PSB)

LEDK
R2 Q1
E IN2222

Resistor

GLCD

Figure 5
Pin | Name | Pin function Connection
1 VSS Ground GND
Positive supply | 5V(for GLCD
2 VDD for GLCD only)
Connected to a
3 VO Brightness adjust| preset to adjust
brightness
Select recstel
4 RS (Instruction or RC5
data register)
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5 | RW Select read or RC6 For more details please refer to the datasheet at
write http://www.cytron.com.my/datasheet/TG12864E.pdf
6 | E Start data read or RC7
write The diagram below shows the relationship between th
7 | DBO Data bus pi RDO display pixel and the CGRAM.
8 | DB1 | Data bus pi RD1 : ——
9 | DB2 Data bus pi RD2
10 | DB3 Data bus pi RD3
11 | DB4 | Data bus pi RDA4
12 | DB5 | Data bus pi RD5
13 | DB6 Data bus pi RD6
14 | DB7 | Data bus pi RD7
15 | PSE Parallel or Serii | RC3
16 | NC Not connecte
17 | /IRST | Rese RC4
18 | NC Not connecte
18 | LEDK _Backhght positive RC2t_hrougr
input Transistor
19 | LEDA Backll'ght. 5V(for GLCD
negative input only)
Figure 6
/ GDRAM ]-%oﬁzcmtal address (XD /
0 / 1 [ [ e | 7
1 T -
2
a
4
5
£
£ ]
i f
12 /
13
14
15
i7 f
cY | 18
S| 2
=2k :
g 24
| 28
27 ]
g 28 II
=
el - |
= 8 /™9 15
] [ A -
54 2! ]
—~ 13 f
—
— | %
2 ]
2 a
11
12
13
i3 f
i '
18
19 Ji
20 I
21 ]
= [ .
24
25
28 i
27 I
28 I
23
20
31
p=_~ W N N —
[015[b14]b13] e [bo|
Figure 7

Created by Cytron Technologies Sdn. Bhd. — All Rights Reserved 4



C ytron ROBOT . HEAD to TOE

Technologie. PR21 — Gaming with Accelerometer

Fastlcd can be used to convert a graphic into itharjp 4. Select “T6963c” as the type of graphic
code for the GLCD. It can be downloaded form controller and “0 (8 bits, font 8x8)” as the font
www.fastavr.com/Downloads_act.htm select pin.

Stepsto usethe Fastlcd:

1. Run the Fastlcd and click “new”.

Tupe of Graphic controler

Fr - LHO . Nokia:
CD% o B o x| [EE | ==ty o o4 “N Kia3310
i e

Font Select pin

" 1[G bits, font Gx8)

Save az

" Image
" Image Array
" Font

Optimizing

(¢t = [W0 [ERxKE

%
<
X
=t

w2ze Y224 ax128 dv-6e

Figure 8

e e B

2. Change the image size to 128x64.
FHf FastLCD - Size

Cancel ‘ oK ‘

Figure 11
Image Size
5. Save the bas table.

width Height(Ge)

Sausine [() My Documents =] o
Grid Size = | Dovininads
LD (oo TakReceived Fis
My Fiecent My Designs

i a8 DD_E:TE”IS Zhmy Music
B iy Pickres
|

|2ty Recsived Files

Desklon e Folder
|3 Mew Folder (2)
sy ) Updaters
|
Cancel iy sharing Felers
My Documents |

3}1;

My Computer

Figure 9
. « | :
3. Draw the picture and generate the bas table by e 5 Sm

click “BUS". e Cancel

DER =

oxETEE ==t ay

Save as lype:

Figure 12

6. Open the saved file with notepad.

B cytron - Notepad FEKX

Fle Edt Format Uiew Help
i R L -~
veron = 16, 64, "“Iinage Table wame, Xbyres, W of Lines, 1026 bytes
00, &h00, 8100, 2100, &K00, &R00; &MO0, &h0o, &h00, Sh0, &h00, &h00, &ROW, &R0, &HOO, &h0o,
00, 6h00, &h00, &h00, &ha0; &h00, &hDO, &0, &h00, &h0; &h00; &h00, &h0G, &R0, &HOO, &0,
00, 6h00, &h00, &h00, &ha0; &h00, &hDO, &0, &h00, &h0; &h00; &h00, &h0G, &R0, &HOO, &0,
00, 6h00, &h00, &h00, &ha0; &h00, &hDO, &0, &h00, &h0; &h00; &h00, &h0G, &R0, &HOO, &0,
00, 6h00, &h00, &h00, &ha0; &h00, &hDO, &0, &h00, &h0; &h00; &h00, &h0G, &R0, &HOO, &0,
00, 6h00, &h00, &h00, &ha0; &h00, &hDO, &0, &h00, &h0; &h00; &h00, &h0G, &R0, &HOO, &0,
00, 6h00, &h00, &h00, &ha0; &h00, &hDO, &0, &h00, &h0; &h00; &h00, &h0G, &R0, &HOO, &0,
00, 6h00, &h00, &h00, &ha0; &h00, &hDO, &0, &h00, &h0; &h00; &h00, &h0G, &R0, &HOO, &0,
00, £h00, 8100, &h00, &ha0,; &h100, &h0O, &0, &h00, &h0; &h00; &h00, &h0G, &R0, &HOO, &h0O;
00, £h00, &h00, &h00, &h0,; &h100, &hDO, &0, &h00, &h0; &h00; &h00, &h0a, &R0, &HOO, &0,
00, £h00, &h00, &h00, &h0,; &h100, &hDO, &0, &h00, &h0; &h00; &h00, &h0a, &R0, &HOO, &0,
00, £h00, &h00, &h00, &h0,; &h100, &hDO, &0, &h00, &h0; &h00; &h00, &h0a, &R0, &HOO, &0,
00, £h00, &h00, &h00, &h0,; &h100, &hDO, &0, &h00, &h0; &h00; &h00, &h0a, &R0, &HOO, &0,
00, £h00, &h00, &h00, &h0,; &h100, &hDO, &0, &h00, &h0; &h00; &h00, &h0a, &R0, &HOO, &0,
00, £h00, &h00, &h00, &h0,; &h100, &hDO, &0, &h00, &h0; &h00; &h00, &h0a, &R0, &HOO, &0,
00, £h00, &h00, &h00, &h0,; &h100, &hDO, &0, &h00, &ho0, &h00; &h00, &h0a, &R0, &HOO, &0
00, &h00, 8h00; &h00, &h00, &R0, &R0, &hdO, &h0; &h00, £h0d, &h00, &h00, &h1d,
00, £h00, 8100, &h00, &h0, &h00, &hDO, &0, &h00, &h0, &h00; &h00, &h0a, &R0, &HOO, &0,
00, £h00, 8100, &h00, &h0, &h00, &hDO, &0, &h00, &h0, &h00; &h00, &h0a, &R0, &HOO, &0,
00, £h00, 8100, &h00, &h0, &h00, &hDO, &0, &h00, &h0, &h00; &h00, &h0a, &R0, &HOO, &0,
00, £h00, 8100, &h00, &h0, &h00, &hDO, &0, &h00, &h0, &h00; &h00, &h0a, &R0, &HOO, &0,
00, £h00, &h00, &h00, &ha0,; &h00, &h0O, &0, &h00, &ho0, &h00; &h00, &h0a, &R0, &HOO, &0,
00, &h0a, &h00, &h00, &h0d; &h100, &h00, &hoo, &hol, Shee ) &h00; &h00, &h0a, &100, &HOO, &hoo,
00, &h0a, &h00, &h00, &h0d; &h100, &h0 0, &hoo; &h00, &ho3 , &hFE, &h00, &h0a, &h100, &0, &hoo,
00, &h0a, &h00, &h00, &had; &h100, &ho0, &hoo, &h00, &had, &h3F, &hCO, &h0a, &h00, &0, &hoo,
00, &h0a, &h00, &h00, &h7F, &80, &ho1, &0, &h00, &ho, &h03; &hFE, &h0a, &R00, &0, &hoo,
00, &h0a, &h00, &h00, &h7F, &hB0, &h03 , &0, &h00, &h0, &h0L; &hFF, &h0a, &R00, &HOO, &hoo,
00, &h0a, &h00, &h00, &HF3 ; &hB0, &hO7, &hoo, &h00, &ho, &h00; &h3C, &hd @, &h00, &0, &hoo,
00, &h0a, &h00, &h01, &HC3 | &NBS, JhFF , GhEF, &h3E, &hlF, &hCO; &hOE, &h0a, &R00, &0, &hoo,
00, £h0a, &h00, &h01, &hB0, &h120, &hDF , &hBE, &hFE, &h3F, &hC0; £h07, £h80, &R00, &HOO, &hoo,
00, £h0a, &h00, &h01, &h80, &h120, &hDF , &hBE, &hFE, &h3F, &hC0; £h03, £h80, &R100, &HOO, &hoo,
00, £h0a, £h00, £h03 , &h80, &h128, &HOE, &hT1, &hc2, &h30, &hC0; &h0L, £h8(, &h00, &HOO, &hoo,
00, &hoa, £h00, £h02 , &h3d | &N2F, &ROC, &hél }&h35] &hco; &ho1, &hca, &h00, &h00, &hod,
00, &hoo, &h00, £h03 , &h8F, &h12E, &h3C, &hEL, &h&6, &hT2, &hB0, £h01, £hCa, &R0, &HOO, &hoo, ~

[ D¢ [= [0 |21 X Q[T

x

o v 43 X0 Y0 X2128 Y264 @128 dves

Figurel0
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7. Select “Edit >> Replace”.

B cytron - Notepad
File B8 Format  Wiew Help

£ ey
C%‘E Imac=
&ho &hO0, &hO0, &F
&hl &hO0, &hO0, &F
&hh &hQ0, &h00, &F
&hh &hO0, &h00, &F
&ho &hQ0, &h00, &F
&h0 &h00, &h00, &F
&HO Find...  Chrl+F &Eoo, &EOD’ &F
&ht| & &h00, &h00, &
Rh0)| g nd et 3 &h00, &h0o, &F

f&ho Replace... Chrl+H &hoo , &hoo . &b
&hol GoTo..  Chi+G &hoo, &hoo, &
&ho &hoo, &h0o, &
&ho Select Al Chrl+a &hao, &h0o, &
&ho Time/Date FS &hoo, &hoo, &F
&hil &hao, &hoo, &
&haa, &hod, &hod, &Koo, &hoo, &hoo, &F
&!"IOD, &_hOO, &-_hOCI, &!"IOO, &!“IDO, &-_hOD, &.f’

Figure 14
8. Replace all the “&h” with “0x”.

Replace
Find what: kh | Fird Mext
Replace with: \ 04 |
=g — —
C| Replace Al

[ Match case

Figure 15
9. Copy the replaced table data.

B cytron - Notepad
File Edit Format Wiew Help

/o ey ~
< e -

Delete

Select Al

Figure 16

10. Paste the copied data at the “rom char
graphic” section in the source code which
comes together with the project.

Picture Data

es har graphicl](1024]
68 #Add Fiter-in Trace
63 Add Fiter-out Trace

- W et Mode
1 el

Output Properties...

Figure 17

5V Power Supply for the Circuit

Diode LN4007
2

Power Connector U3 LM7305 vee

ouT

D:
57 3 1 3
2 w
1 2~ ” g
1 RI3
o—— 5]
2210502 Slide Switch teu c2 *ciz 1330
C7 N

100uF B5V 0.1uF

A~ 2 =

Adaptor Socket ——

Figure 18

User can choose either the AC to DC adaptor (not
included in the DIY project set) or 9V-12V batténot
included in the DIY project set) to power the citcu
Higher input voltage will produce more heat at
LM7805 voltage regulator. Typical voltage is 12V.
Anyhow, LM7805 will still generate some heat at 12V
There are two type of power connector for the dfrcu
DC plug (J1) and 2510-02 (Power Connector).
Normally AC to DC adaptor can be plugged to J1 type
connector.

Refer to Figure 18, the D2 is use to protect thmeudi
from wrong polarity supply. C7 and C11 is use to
stabilize the voltage at the input side of the LNIZ8
voltage regulator, while the C8 and C12 is use to
stabilize the voltage at the output side of the 805
voltage supply. LED is a green LED to indicate the
power status of the circuit. R13 is resistor tot@co
LED from over current that will burn the LED.

Created by Cytron Technologies Sdn. Bhd. — All Rights Reserved 6
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voltage programming. The programmer (UICO0A) is

3.3V Power Supply for the ADXL330
not included in this DIY project set since it camused

i 5 B3y ) i several time for different project set. User casoal
" H_—f I M %OUT s 1 choose other type of PIC programmer to load the
IE Cap small | CCAP © CCAP ECap s R esistor program
_25V47U _D.luF LM20101- 3.3 D.luF_ 25V47U_ 330
: ! l ! : For the instruction of using PIC programmer, please
h AN . ,
= NWED3mm refer to the particular PIC programmer user’'s maata
o http://www.cytron.com.my/listProductCategory.asp?ci
= d=81
Figure 19

PCB circuit board
A 3.3V regulator is needed to supply the powerhi t
ADXL303. The 3.3V regulator used in this DIY prdjec
set is 2910-3.3V. Input for the 2910-3.3V is the
regulated 5V from LM7805. Basically the connection
is almost the same with LM7805 except that the pin

number is different. Pin 1 is GND, pin 2 is outjpund
pin 3 is input.

Push Button as Input for the PIC
Microcontroller
vee
:RG
4.7K
(RAL >—4

Buttonl
SW-PB
o

—
o

Figure 20

One I/O pin is needed for one push button as imput
PIC microcontroller. The connection of the pushtdmut
to the /O pin is shown in Figure 20. The I/O pin
should be pulled up to 5V using a resistor (withuea
range 1K-10K) and this configuration will result an
active-low input. When the button is pressed, megdi
of 1/0 pin will be in logic 0, when the button i
pressed, reading of that I/0O pin will be logic 1.

ICSP for Programming the PIC
Microcontroller

IP3 ——
N < RE3

YT
e L e il

RE7 o—— 7 8 |— = cl
L ==l s 10K

—_— 8 10—
Header 532 —
Figure 21

MCLR, RB6 and RB7 need to be connected to the

USB In Circuit Programmer (UICOOA) to program the
PIC microcontroller. At the same time, RB3 needd¢o
pulled low to GND to disable low voltage

programming because the programmer is using high

Figure 22

Component:

1. Slide switch (to ON or OFF the circuit).

2. AC-DC adaptor socket (to use power supply
from AC-DC adaptor).

3. 2510-02 connector, (to use either 9V battery
or 12V battery).

4. LM7805 (voltage regulator, supply 5V for

PIC).

5. LM7805 (voltage regulator, supply 5V for
GLCD).

6. 2910-3.3V (voltage regulator, supply 3.3V for
ADXL330).

7. Capacitors (to stabilize the output voltage of
the 7805 voltage regulator).

8. PIC18F452 (the main brain of the system).

9. Push button.

10. ICSP box header (to connect to PIC
programmer to program the microcontroller).

11. Crystal (20MHz).

12. ADXL330 (measure accelerations in 3 axis).

13. Preset for GLCD contrast.

14. GLCD (for display).

Created by Cytron Technologies Sdn. Bhd. — All Rights Reserved 7
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SOFTWARE GETTING START
Flow Chart: User can obtain the hardware set for this proje&21)

either by online purchasingvivw.cytron.com.my or

purchase it in Cytron Technologies Shop.
1. Once user has the hardware set, soldering
process can be started. Please solder the

¢ electronic components one by one according

Initialize PIC the symbols or overlays on the Printed Circuit

and GLCL Board (PCB). Ensure the component value

and polarity is correctly soldered. Please refer

to PCB Layout in Appendix A.

v

1Make sure all the connectors (2510) are
soldered in proper side. Those electronic
l components have polarity such as capacitor,

diode, PIC, LM7805, 2910-3.3V and LED
should be soldered in right polarity or it may
cause the circuit board fail to work.

Calibrate |

Button 1
pressed?

WarningBefore the battery (Power) is plugged in,
make sure the polarity is correct to prevent the
explosion. Wrong polarity of capacitor also
may cause explosion.

Button 1
pressed?

Increase M ode 2. Please download the necessary files and

document from Cytron Technologies website.
These included documentation, sample source
code, schematic, component list and software.

3. The next step is to install MPLAB IDE and
Microchip C18 Compiler into a computer. The
MPLAB IDE and C18 Compiler can be
downloaded fronwww.cytron.com.myPlease
refer document to install MPLAB software
andC18 compiler software.

Button 2

ressed?
No P

Start Game, measure
acceleration and display ) )
to GLCD 4. After the installation complete, open the

project file provided using MPLAB IDE.
Please refernstallation of C18 compiler
and open project_18F document to open

<
4

out of NO | Sense accelerometer project.
Range? and calculate
’ position, display to . L
GLCD 5. Plug in power supply for the circuit. User can

Ve choose to use battery or AC to DC adaptor.
AC to DC Adaptor:

For more information about the software for this
system, please refer to the source code provided. T
explanation of each instruction is provided in the
source code as the comment of each line.

The source code is provided free and Cytron
Technologies will not be responsible for any furthe
modification or improvement.

Figure 23 (not included in DIY project set)

Created by Cytron Technologies Sdn. Bhd. — All Rights Reserved 8



Cytron >

Technologie

ROBOT . HEAD to TOE
PR21 — Gaming with Accelerometer

9V Battery Connector:

WARRANTY

No warranty will be provided as this is DIY project
Thus, user is advice to check the polarity of each
electronic component before soldering it to board.

Figure 24 (not included in DIY project set)

Connection to the PCB Board:

Fiure 25

6. Build the project and load the hex file into the
PIC microcontroller using the USB In Circuit
Programmer (UICO0OA). When user build the
project, MPLAB IDE will generate hex file.
The hex file generated from MPLAB IDE will
be named according to project name, not C
file name. Cytron Technologies also provide
hex file for user. Do not forget to switch ON
the power. The programmer is not included in
the hardware set but it can be found at Cytron
website. (User manual is provided at website).

7. Run and Play the Program.
8. Modify the program.

9. Have fun!

Test Method

1. Switch ON the power, the LED for 5V,
5V(GLCD) and 3.3V will turn ON.

2. After PIC has been programmed, the GLCD
will display Cytron logo and ask for
calibration.

3. Put the board on the flat surface and press
SW1 to calibrate.

4. After that, the GLCD will display the menu
for choosing the game “Freespace” or
“Friction”. Press SW1 to change the selected
game. Press SW2 to start the selected game.
In “Freespace”, the speed of ball will not
decrease if no net force is acting against it.
While in “Friction”, the speed of ball will
decrease even thought there is not any net
force acting against it.

5. Enjoy!
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Appendix A

PCB Layout:
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* Cytron Technologiesreserved theright to replace the component in thelist with component of the same functionality
without prior notice.

*2910-3.3V isreplaced with LM 1117T- 3.3V.

*Left Preset (R9) and C Cap (C11) without solder the component.

Prepared by
Cytron Technologies Sdn. Bhd.
19, Jalan Kebudayaan 1A,
Taman Universiti,
81300 Skudai,
Johor, Malaysia.

Tel: +607-521 3178
Fax: +607-521 1861

URL: www.cytron.com.my
Email: support@cytron.com.my
sal es@cytron.com.my
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