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Abstract

This thesis presents study case and design of balancing driving system. This
balancing driving system which in this thesis is the system that main focus at the basic
principle of invert pendulum control system. It was the one of the interested system of
control engineers because of it non-linearity and unstablility attributes

The design and the study case of this balancing driving system was based on
the basic principle of invert pendulum control system that was use in the one of
famous Two-Wheel transporter , Segway Human Transporter. In this balancing driving
system is the simple control method by acceleration sensor and the principle method of

electronic part combine together. Concluding design control system by microcontroller.
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#include<16F877A.h>

#device ADC=10

#fuses HS, NOWDT,NOPROTECT,NOLVP
#use delay(clock=20000000)

#define use_portb_Icd

#include <LCD.c>

#define SETPOINT 516

void PI();
unsigned int int_count = 0, dir = 0x00;

int i;
int16 x[10];

int16 error,feedback,Pterm,Iterm,Dterm,sum,error_old,Iterm_old;

//correction = kp * error + kd * (error - prevError) + kI * (sum of errors)
//PID controller constants

int kp = 100; // position multiplier (gain)

int ki = 15; // Intergral multiplier (gain)

int kd = 20; // Intergral multiplier (gain)

#INT TIMERO
void clock _sir()
{
// static char flag;
disable_interrupts(INT TIMERO);
// if(int_count++>5)
{
PI();
/1 if(flag==0)
{
// output_high(PIN_C0);
// flag=1;
}
/1 else if(flag==1)
{
// output_low(PIN_CO0);
/l flag=0;
Y
//int_count=0;
}
enable_interrupts(INT_TIMERO);

}

void main()

{



enable_interrupts(GLOBAL);
enable_interrupts(INT_TIMERO);

setup_timer O(RTCC_INTERNALI|RTCC DIV _128); ///128
set_timer0(0);

setup_port_a(ALL_ANALOG);
setup_adc(ADC_CLOCK _DIV_32);
setup_timer_2(T2_DIV_BY_16,255,1);
set_timer2(0);

setup_ccpl(CCP_PWM); //setup CCP Module
set_adc_channel(5);

set_pwml_duty(0);

set_tris_c(0x00);

led_init();

while(TRUE)

{

led_command(0x80);
printf(lcd_putc"A/D:%lu ",feedback);

/Nled_command(0xCO0);
led_gotoxy(1,2);
printf(led_putc"err:%lu ",error );

//lcd_command(0xC0);
led _gotoxy(9,2);
printf(led_putc"%lu ",sum );

delay ms(200);

}
}

void PI()
{

for(i=0; i<10; i++)

{

x[i] =read adc();

feedback = (x[0]+x[1]+x[2]+x[3]+x[4]-+x[5]+x[6]+x[7]+x[8]+x[9])/10;
x[i+1] = x[i];

}

if(feedback > SETPOINT)

{
error = feedback - SETPOINT;
dir = 0x08;

}

else if(feedback < SETPOINT)



{
error = SETPOINT - feedback;

dir = 0x04;
}
else
{
error = (;
dir = 0x00;
}

Pterm = error;

Iterm =((error + error_o1d)*0.00325) + Iterm_old;
Dterm = (error - error_old)/(0.0065) ;///error - error_old;
sum = kp*Pterm + ki*Iterm + kd*Dterm;

Iterm_old = Iterm;

error_old = error;

if(sum>1023)
{

sum = 1023;
)

set pwml_duty((unsigned int)sum);
output_d(dir);
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Precision 1.7 g
Single/Dual Axis Accelerometer

ADXL103/ADXL203

FEATURES

High performance, single/dual axis accelerometer ona
single IC chip

5 mm X 5 mm x 2 mm LCC package

1 mg resolution at 60 Hz

Low power: 700 pA at Vs =5V (typical)

High zero g bias stability

High sensitivity accuracy

-40°C to +125°C temperature range

X and Y axes aligned to within 0.1° (typical)

BW adjustment with a single capacitor

Single-supply operation

3500 g shock survival

APPLICATIONS

Vehicle Dynamic Control (VDC)/Electronic Stability Program
(ESP) systems

Electronic chassis control

Electronic braking

Platform stabilization/leveling

Navigation

Alarms and motion detectors.

High accuracy, 2-axis tilt sensing

GENERAL DESCRIPTION

The ADXL103/ADXL203 are high precision, low power,
complete single and dual axis accelerometers with signal
conditioned voltage outputs, all on a single monolithic IC. The
ADXL103/ADXL203 measures acceleration with a full-scale
range of +1.7 g . The ADXL103/ADXL203 can measure both
dynamic acceleration (e.g., vibration) and static acceleration

(e.g., gravity).

The typical noise floor is 110 pg/VHz, allowing signals below
1 mg (0.06° of inclination) to be resolved in tilt sensing
applications using narrow bandwidths (<60 Hz).

The user selects the bandwidth of the accelerometer using
capacitors Cx and Cy at the Xour and Your pins. Bandwidths of
0.5 Hz to 2.5 kHz may be selected to suit the application.

The ADXL103 and ADXL203 are available in 5 mm x 5 mm X
2 mm, 8-pad hermetic LCC packages.

FUNCTIONAL BLOCK DIAGRAM

Coc ==

+5V

Vs

ADXL203 "ﬁl
LIil [ ] AC [T nemop [ OUTPUT| | OUTPUT
_I

AMP AMP AMP
SENSOR ’
|—l ReiLr i ReLr §
32k 32k0 &
COoM TR ST, IYOUT Xout ;

gcv ;;cx

Figure 1. ADXL103/ADXL203 Functional Block Diagram

+5V
Vs
ADXL103
Cpc== Ijl.l_'—- AC [ — outPUT
| AmP DEMOR AMP
SENSOR
ReiLr
32k
COM 28T Xout
7
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Information furnished by Analog Devices is believed to be accurate and reliable.
H , no responsibility is d by Analog Devices for its use, nor for any

infringements of patents or other rights of third parties that may result from its use.
Specifications subject to change without notice. No license is granted by implication
or otherwise under any patent or patent rights of Analog Devices. Trademarks and
registered trademarks are the property of their respective owners.

One Technology Way, P.0. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781.329.4700 www.analog.com
Fax:781.326.8703 ©2004 Analog Devices, Inc. All rights reserved.
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L293D
L293DD

PUSH-PULL FOUR CHANNEL DRIVER WITH DIODES

600mA OUTPUT CURRENT CAPABILITY
PER CHANNEL

1.2A PEAK OUTPUT CURRENT (non repeti
tive) PER CHANNEL

m ENABLE FACILITY

s OVERTEMPERATURE PROTECTION

s LOGICAL "0” INPUT VOLTAGE UP TO 1.5V
(HIGH NOISE IMMUNITY)

INTERNAL CLAMP DIODES

DESCRIPTION

The Device is a monolithic integrated high volt-
age, high current four channel driver designed to
accept standard DTL or TTL logic levels and drive
inductive loads (such as relays solenoides, DC
and stepping motors) and switching power tran-
sistors.

To simplify use as two bridges each pair of chan-
nels is equipped with an enable input. A separate
supply input is provided for the logic, allowing op-
eration at a lower voltage and internal clamp di-
odes are included.

This device is suitable for use in switching appli-
cations at frequencies up to 5 kHz.

SO(12+4+4) Powerdip (12+2+2)
ORDERING NUMBERS:

L293DD L293D

The L293D is assembled in a 16 lead plastic
packaage which has 4 center pins connected to-
getherand used for heatsinking

The L293DD is assembled in a 20 lead surface
mount which has 8 center pins connected to-
gether and used for heatsinking.

BLOCK DIAGRAM
Us OUT1 0OUT3 Uss
e 7~ ~ 44
W et 9T 2 28
Nt o2 i * =] .
1
g Us 5 ENABLE2
i ég ) IN4
4'5.6.?
gl 1g| 14.15.16.17
n92L29901-91 OUTZ2 0OUT4 i

June 1996
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PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

» PIC16F873
* PIC16F874

» PIC16F876
+ PIC16F877

Microcontroller Core Features:

High performance RISC CPU
Only 35 single word instructions to learn

All single cycle instructions except for program
branches which are two cycle
Operating speed: DC - 20 MHz clock input

DC - 200 ns instruction cycle

Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM Data Memory

Pinout compatible to the PIC16C73B/74B/76/77
Interrupt capability (up to 14 sources)

Eight level deep hardware stack

Direct, indirect and relative addressing modes
Power-on Reset (POR)

Power-up Timer (PWRT) and
Oscillator Start-up Timer (OST)

Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

Programmable code protection
Power saving SLEEP mode
Selectable oscillator options

Low power, high speed CMOS FLASH/EEPROM
technology

Fully static design

In-Circuit Serial Programming™ (ICSP) via two
pins

Single 5V In-Circuit Serial Programming capability
In-Circuit Debugging via two pins

Processor read/write access to program memory
Wide operating voltage range: 2.0V to 5.5V

High Sink/Source Current: 25 mA

Commercial, Industrial and Extended temperature
ranges

Low-power consumption:

- < 0.6 mA typical @ 3V, 4 MHz
- 20 pA typical @ 3V, 32 kHz

- <1 pA typical standby current

Pin Diagram
PDIP
MCLR/VPp —[] 1 U 40 [1 <=—> RB7/PGD
RAO/ANO <—[] 2 39 [] <—= RB6/PGC
RA1/AN1 =—[] 3 38 [] =— RB5
RA2/AN2/VREF- <[] 4 37 [] =— RB4
RA3/AN3/VREF+ -—[| 5 36 [] =— RB3/PGM
RA4/TOCKI =—»[] 6 35 [] =—s RB2
RA5/AN4/SS <—[] 7 . # [1 <— RB1
REO/RD/ANS <—[] 8 N 33[]<— RBOINT
RE1AWR/ANS <—[] 9 P HO<—v
RE2/CS/IAN7 <—[] 10 ',: 31 [] =— Vss
Voo — [ 11 E 30 [] =<—= RD7/PSP7
Vss —» [] 12 © 29 [1 =—> RD6/PSP6
OSC1/CLKIN —[] 13 5 28 [] =—» RD5/PSP5
OSC2/CLKOUT <+——[] 14 o 27 [J~— RD4PSP4
RCOT10SO/T1CKI =—[] 15 26 [] =— RC7/RX/DT
RC1/T10Sl/CCP2 <[] 16 25 [[] =—»= RCB/TX/CK
RC2/CCP1 <[] 17 24 [[] =—» RC5/SDO
RC3/SCK/SCL <—[] 18 23 [] <—> RC4/SDI/SDA
RDO/PSPO <—»[] 19 22 [] =——» RD3/PSP3
RD1/PSP1 <—[] 20 21 [ <— RD2/PSP2

Peripheral Features:

* TimerQ: 8-bit timer/counter with 8-bit prescaler

Timer1: 16-bit timer/counter with prescaler,
can be incremented during SLEEP via external
crystal/clock

= Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

* Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit

* 10-bit multi-channel Analog-to-Digital converter
» Synchronous Serial Port (SSP) with SPI™ (Master

mode) and I12C™ (Master/Slave)

» Universal Synchronous Asynchronous Receiver

Transmitter (USART/SCI) with 9-bit address
detection

« Parallel Slave Port (PSP) 8-bits wide, with

external RD, WR and CS controls (40/44-pin only)

= Brown-out detection circuitry for

Brown-out Reset (BOR)

© 2001 Microchip Technology Inc.
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KE SEMICONDUCTOR KIA7805AP~KIA7824AP

TECHNICAL DATA BIPOLAR LINEAR INTEGRATED CIRCUIT

THREE TERMINAL POSITIVE VOLTAGE REGULATORS
5V, 6V, 7V, 8Y, 9V, 10V, 12V, 15V, 18V, 20V, 24V.

FEATURES

- Internal Thermal Overload Protection.

MILLIMETERS
9.9+02
15.95 MAX
1.3+0.1/-0.05
0.8+0.1
g 3.6+0.2
2.8%01
37
0.5+0.1/-0.05
#15
13.08£0.3
1.46
1.4£0.1
1.27£0.1
2.54+02
4.5+0.2
2.4%02
9.2+02

- Internal Short Circuit Current Limiting.
- Output Current up to 1.5A.

- Satisfies IEC-65 Specification. (International Electronical Commission).
- Package is TO-220AB

LINE-UP
ITEM OUTPUT VOLTAGE (Typ.) UNIT

o-voZer-_mo—nmcom>§

KIA7805AP

KIA7806AP

1.INPUT
2.GND
3.OUTPUT

KIA7807AP

KIA7808AP

O (0| ]| | W

KIA7809AP TO-220AB

KIA7810AP 10 v

KIA7812AP 12

KIA7815AP 15

KIA7818AP 18

KIA7820AP 20

KIA7824AP 24

MAXIMUM RATINGS (Ta=257C)

CHARACTERISTIC SYMBOL | RATING | UNIT

KIA7805 ~ 35
KIA7815

Input Voltage ViN Y,
KIA7818 ~ 40

KIA7824

Power Dissipation-1
(No Heatsink)
Power Dissipation-2
(Infinite Heatsink)

AP Ppo 1.9

AP Ppo 30

Operating Junction Temperature Tj -40 ~150

Storage Temperature Tstg -55 ~150 @

Maximum Junction Tamperature Tj(max) 150 C

2010.5.19 Revision No : 1 KEE 1/20
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1. General description

SC162A, a dot-matrix character LCD module, design for displaying 2 line 16 row characters. Character font
is 5X7 dots with cursor. The SC162A provides two types of interfaces to MPU: 4-bit and 8-bit interfaces.
SC162A can includes EL or LED backlight for custom design. The custom can design for color of EL or LED
backlight, viewing angle and LCD type.

2. Maximum absolute limit

Characteristics Symbol Ratings Remark
Operating Voltage VDD -0.3Vto +7.0V
Driver Supply Voltage |VLCD VDD - 12V to VDD + 0.3V
Input Voltage Range VIN -0.3Vto VDD + 0.3V

: TA1 -10°C to+60°C Normal temperature LCM
Operating Temperature

Ta2 -20°C to+60°C Wide temperature LCM

Storage Temperature TsTO -25°C to+70°C

Note: Stresses beyond those given in the Absolute Maximum Rating table may cause operational errors or
damage to the device.

3. Mechanical characteristics

a) Physical data

ITEM Standard value Unit Remark
Number of characters 16%2

Module size 80.0x 36.0x 14.0 mm

Viewing area 64.50%13.80 mm

Active area 56.2x11.50 mm

Character size 5.55%2.95 mm

Character pith 5.95% 3.55 mm

Approx. weight g

Drive method 1/5bias 1/16 duty

b) External dimensions

o
P2.54X15=38.10———+] /-R0.5016PL i
i

8.00— § -
qz S I g e R B e B Z I_d) * _;j
i 7
e | (R T stk ||
ST EEL | | DHOOOOOOOEE | =557 11
I |1U|§|oo —|-_. EEaD L__“r _E;I
18 ,ﬁ' 56.20 I j
R1.25 4PL/ ol 9.00_—._1 :;)
e
80.00
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ﬂ SC162A

4. Electrical characteristics

a) DC characteristics
a.1) DC CHARACTERISTICS (TA =25 °C, VDD = 2.7 to 4.5V)

Characteristics Symbol |Limit Unit Test Condition
Min. Typ. |Max.
Input High Voltage Vim 0.7vDD |- VDD \
Input Low Voltage ViL -0.3 0.55 \%
Input High Current Iin -1.0 1.0 uA VDD = 3.0V
Input Low Current I -5.0 -15 -30 uA
Output High Voltage | Voh 0.75VDD|- - \ IoH= - 0.1mA Pins: DB7-0
Output Low Voltage VoL - - 0.2VvDD (v |oL= 0.1mA Pins: DB7-0
LCD Voltage Vicd 3 45v (13 \
Operating Current ldd 1.0 mA
Note: VDD = 3V
a.2) DC CHARACTERISTICS (1A = 25°C, VDD = 4.5 to 5.5V)
Characteristics Symbol |Limit Unit Test Condition
Min. Typ. |Max.
Input High Voltage Vim 2.2 VDD \
Input Low Voltage ViL -0.3 0.6 V
Input High Current lih -2.0 2.0 uA VDD = 5.0V
Input Low Current I -20 -50 -100 uA
Output High Voltage Voh 24 - VDD \ IoH= - 0.1mA Pins: DB7-0
Output Low Voltage VoL - - 0.4 \ loL="0.1mA Pins: DB7-0
LCD Voltage Vicd 3 4.5 13 V
Operating Current lad 1.0 mA
Note: VDD = 5V

b) AC characteristics
b.1) AC CHARACTERISTICS (TA=25°C, VDD = 2.7 to 4.5V)
Write Mode (Writing data from MPU to LCD module)

Characteristics Symbol Limit Unit Test Condition
Min. Typ. Max.

E Cycle Time tc 1000 ns PinE

E Pulse Width tpw 450 - - ns PinE

E Rise/Fall Time tR,tF - - 25 ns PinE

Address Setup Time tsp-i 60 ns Pins: RS, R'W, E

Address Hold Time tHD1 20 ns Pins: RS, R/\W, E

Data Setup Time tsP2 195 ns Pins: DB7-0

Data Hold Time tHD2 10 - - ns Pins: DB7-0

AKIHABARA INC. www.akiba-tech.com Page 4 of 17





