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ABSTRACT 

This project is to design and develop the prototype of stair climbing robot. The 

robot body frame will be design based on the shape of the human legs and has the 

abilities to climbing as the autonomous robot. There were three major part in 

constructing this robot; mechanical design, electronic circuit design and firmware 

design. In the mechanical part, robot chassis, servo bracket and servo connector of the 

robot will be constructed step by step. This robot has three legs which has two joint for 

every legs. Servo motor is place at every leg joint and used as the machine in robot 

movement. Microcontroller PIC18F4550 will be the main processor for the robot and 

PBasic language will be the programming language to communicate between 

microcontroller and servo motor. The microcontroller will send the instruction directly 

to the servo motor and the robot will start climbing the stair. 
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ABSTRAK 

Projek ini bertujuan untuk mereka bentuk dan menghasilkan prototaip robot 

menaiki tangga. Rangka badan robot ini akan direkabentuk berdasarkan kaki manusia 

dan mempunyai kemampuan menaiki tangga sebagai robot autonomi. Projek ini 

terbahagi kepada tiga bahagian besar, iaitu rekabentuk mekanika~ litar elektronik dan 

perisian. Dalam rekabentuk mekanikal, rangka robot, pemegang servo dan penyambung 

pemegang akan dibina langkah demi langkah. Robot ini mempunyai tiga kaki dan 

mempunyai dua sendi pada setiap kaki. Servo motor akan diletakkan pada setiap sendi 

kaki dan berfungsi sebagai mesin dalam pergerakan robot. Micropengawal PIC18F4550 

akan menjadi pemproses utama robot dan bahasa PBasic akan menjadi bahasa aturan 

kod untuk komunikasi antara micropengawal dan servo motor. Micropengawal 

menghantar isyarat aturan kod secara terns ke servo motor dan robot akan mula menaiki 

tangga 
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CHAPTER! 

INTRODUCTION 

1.1 Background 

Robotic technologies nowadays growth rapidly by human had created the 

robot to implement the technology with their expert skill. One of the objectives is 

to create a robot as the human support equipment. The support equipment needed 

as the assistance in doing the work that usually done by human capability. From 

this situation the idea comes to design the Stair Climbing Robot. 

This project is to develop the stair climbing robot. Climbing robot is the 

prototype that can climb as the autonomous robot. Stairs are chosen as the 

obstacle for the robot to climb. It is one of the most common and challenging 

situations ofhuman environments. Besides, research and development in the area 

of stair climbing robot has become popular in recent years. 

A stair climbing robot consist three elements, which is structure part, 

moving part and firmware part. Structure part is the main important mechanism 

to make robot success on climbing the stair. Moving part is the motion method of 
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the robot movement. Firmware part is the brain of the robot where all the 

instruction of the robot movement is come from this part. Those three elements is 

the core component because it will cooperatively operate with each other while 

robot runs. 

A stair climbing robot consist three elements, which is structure part, 

moving part and firmware part. Structure part is the main important mechanism 

to make robot success on climbing the stair. Moving part is the motion method of 

the robot movement. Finnware part is the brain of the robot where all the 

instruction of the robot movement is come from this part. Those three elements is 

the core component because it will cooperatively operate with each other while 

robot runs. 

1.2 Objective 

The objective of this project is to: 

a) To developed climbing robot hardware 

• Structure and moving part were involve in developed the robot hardware. 

Structure robot were consists body part and materials that used, while 

moving part consist the motor which is as the muscle of the motion. 

b) To developed climbing robot firmware 

• Robot will move as the autonomous system where all the movement 

instruction was constructed in programming language. 



1.3 Scope of the Project 

The project scope is: 

a) Design the climbing robot structure 

• Construct the light weight, low cost and compact robot. 

b) Implemented the servo motor in developing the climbing robot 

• Use the characteristic of servo motor as the muscle of the robot motion. 

c) Develop the PIC18F4550 and PBasic Language as the robot brain and 

program language 

• Implement the PIC chip as the engine of the robot and using the PBasic 

Language to write the instruction program. 

3 
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CHAPTER2 

LITERATURE REVIEW 

2.1 Principles of Robot Locomotion 

2.1.1 Reducing the Weight 

In build up the robot structure a certain thing must be consider 

include size, weight and motion method. The weight is one of the 

important factors affecting the mobility of a robot. For reducing the 

weight it divides into 3 categories that are battery, drive motor and frame 

(structure). Battery is the main power supply to run the robot. Every 

battery has different capacity. Normally low capacity less weight and 

cheaper than high capacity battery. For reducing the weight, the less 

weight battery but middle capacity was chosen. If I 0% reduces the 

battery weight, it will reduce 50% on overall robot weight and if 10% 

robot component increase were effect the overall robot increase to 50%. 

If the robot needs to use the long use-time battery, we need to make the 

replaceable battery system where use more than one short use-time 
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battery. When the battery charge down while run the robot, replace the 

other fully charge battery and the empty battery is charge again. These 

systems were rotate so that the robot breaks the supply while running. 

The short use-time battery is too cheap and can probably buy two or three 

batteries for the price of single long-time battery. 

Driver motor is chosen by availability and cost. Normally the 

robot is designed around the specification of driver motor. Motor were 

selected first and then built up the robot frame. In chosen drive motor, the 

several factors must be considered which are the user must avoid the 

obviously overpowered and grossly oversized that make unnecessary 

weight and require larger battery to operate. 

Third category is regarding to robot frame or robot structure. 

Wood, metal and plastic is example of frame material. Wood frame is 

sufficient strength and quality but wood much heavier than others 

materials. Consider ways to lighten the weight but without sacrificing the 

strength. The frame must strength because to patch the battery, driver 

motor with electronic circuit board and component. The solution is select 

the different material for every part of body frame such as aluminum is 

use for make the frame crossbar and acrylic plastic is use for make 

surface to mount the battery and circuit board. Aluminum and acrylic 

plastic have different weight. Using acrylic plastic as the surface was 

reducing the weight compare use the aluminum as the surface. 

2.1.2 Construct robot with multiple deck 

By additional the multiple decks will provide the rigidity but 

lower possible weight. It also provides the extra space for battery and 
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circuit board. The best less weight material for deck must be selected to 

avoid effect on robot weight. The column is the pole to hold the upper 

deck. Circular robot base has 3 columns and square robot base has 4 

columns. The stability of upper deck is depending on rigidity of column. 

2.1.3 Frame sagging caused by weight 

The normally problem on build the frame robot is frame sag at 

middle because of excessive weight. The problem will cause the 

'negative camber' where the robot wheel not in perpendicular to the 

ground. The wheels become unstable and no longer consistent and veer 

off to left or right while moving. Three solutions to fix this problem are 

reducing the weight, strengthen the frame and add crossbar. Strengthen 

the frame will cause the weight increase, so reduce the weight before 

strengthen the frame. 

(Gordon McComb and Myke Predko, 2006) 

2.2 Working with Servo Motor 

Servo motor is closed feedback systems. In general, it can be seen in 

flyable airplane model and car racing model usage. Servo has four type 

categories and every type has a standard size while different manufacturer. Servo 

motor operates in constant de voltage ( 4.8V & 6.0V). 



7 

Inside the servo motor has gear (to reduce motor speed), control board 

and potentiometer. Motor and potentiometer are connected with circuit board. 

Potentiometer shaft are indicates the position of output shaft. When 

potentiometer reaches the desired position, circuit board will shut down the 

motor. Servo motor been used because to achieve accurate rotational positioning. 

Servo motor has limitation rotational. This is the main characteristic of 

servo compare with de motor and stepper motor which has continuous rotational. 

Normally servo rotational limit from 0° to 180° but nowadays the manufacturer 

has designed 360° rotational servo. In servo has mechanism internal stop that 

will stop the motor when rotate over natural limit. While using servo keep avoid 

pushing it beyond their limit because it will cause damage. 

Servo shaft positioning by receives the digital input signal. The input 

signal is Pulse Width Modulation (PWM). The width of the pulse will establish 

the positioning of shaft. Servo need continuous digital pulse every 20ms to make 

shaft static at reach position. If supply off, the shaft were turn to neutral position. 

Four types of servo are: 

I) Quarter scale 

2) Mini micro 

: Double size from standard size, more 

powerful, for large model airplanes and 

perfect power motor. 

: smaller and half size from standard size, 

design for tight space and not too strong 

motor. 

3) Sail winch : maximum strength servo and design for 

jib & mainsail sheets 

4) Landing-gear retraction : design to retract landing gear of medium 

and large size model airplanes and 

exceeding 360° of motion. 

(Gordon McComb and Myke Predko, 2006) 
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2.3 What a Servo: A Quick Tutorial 

0 I 1.50 ms: Neutral 
? !" !" !" 
8 

..., 

i ~ 

iit ~ a 

0 n 1.25 ms: 0 degrees 
? !" !" !" 
8 ..., 

i ;)! 

~ ~ a 

0 I I 1.75 ms: 180 degrees 
? !" !" !" 
8 

..., 
~ :;( 

iit ~ "' ~ 

Figure 2.1: Rotational Shaft of Servo Motor 

Picture above imagine the rotational of shaft by using pulse width 

modulation (PWM). Servo need continuous pulse every 20ms to make shaft 

static at reach position. For example, when supply 1.5ms pulse signal, the shaft 

were position at neutral position that assume as 90°. So when supply 1.25ms 

pulse the shaft were tum position at oo and when supply 1.75ms pulse the shaft 

were tum position to 180°.The width of the pulse will determine how far the 

shaft to rotational. If the shaft need to tum large rotational position, the motor 

run at full speed and if shaft need to rotate small tum the motor run at slower 

speed. This is called proportional control. 

(Seattle Robotics Society, 2007) 
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CHAPTER3 

METHODOLOGY 

3.1 Introduction 

This chapter discusses all the hardware and firmware development. For 

hardware development it divides into two part; mechanical part and electronic 

part. For firmware development, it will describe about the robot programming. 
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No 

Figure 3.1: Flow Chart ofProject Progress 

Figure 3.2: Block Diagram of Interface between Input, Processing and Output 
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3.2 Component Description 

3.2.1 Microchip's PIC18F4550 microcontroller 

The microcontroller is the most popular chip because there are 

large amount of electronics needed for certain applications can be 

eliminated. Normally are uses in construct the mobile robot and other 

application where computing power is needed. The microcontroller 

internal structure contain central processing unit (CPU), read-only 

memory (ROM), random-access memory (RAM),arithmetic logic unit, 

input and output lines, timers, serial and parallel ports, digital-to-analog 

converter (DAC) and analog-to-digital converters (ADC). 

Peripheral Interface Controller (PIC) chip is the microcontroller 

family that made by Microchip Technology. PIC chip are popular 

because of their low cost, big memory size, wide availability, large user 

base, extensive collection of application notes, availability of low cost or 

free development tools, and serial programming (and re-programming 

with flash memory) capability. PIC chip model PIC 18F4550 is chosen 

because it needs simple circuit to configured, built in ADCs, timers, and 

have five digital input and output. 

Figure 3.3: PIC18F4550 



40-Pin PDIP 

~
RA4/I'DQUtC10UTJRCV -

RASI~VDINIC20UT -
REaAHSICK1SPP -
RE11AN6ICICZSPP -
PE2/NfTIOESPP -

RCM10SOfT13CJ<J -
RC1/T10SIICCP2(11AXiE -

RC21CCP11P1A -
'o\r.:e-

RDOISPPO-
RD1.1SPP1 -- .__ ____ _, 

- RB711C813/PGD 
-~ 
- RBS11<1!111PGM 
- RB41AN11.«BBCSSPP 
-R83t~INPO 
- RB21ANBIINT'2NUO 
- R811.AH1011HT1/SCKISCL 
- R80r.AH12ANTDIA..TOISDIISOA 
--VDD 
-vss 
- RD71SPP7~0 
- RD81SflP6.P1C 
- RDSISPP5P18 
-RD41SPP4 
- RC7IRXIDTISDO 
- RC6f1'XICK 
-~ 
- ftC4ID.J\/M 
-R031SPP3 

- RD2ISJlP2 

Figure 3.4: Block Diagram ofPIC18F4550 

3.2.2 Servo Motor 

12 

This robot needs the motor that can stop at the certain position 

with its own capability. Servo motor is the best way solution because of it 

muscle of motion. The characteristic of servo motor with rotate in angle 

is needed in robot legs motion. The main characteristic of servo motor is 

limitation rotational. Servo motor that been used have limit range from 0° 

to 180°. The torque and speed of it can rotate with weight 7.0 kg/em and 

speed 0.16 s/60° respectively. Besides that, it can support the hold robot 

weight to climb the stair. The driver for servo motor is using the 

integrated drivers that already build in the servo motor. 
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Figure 3.5: Servo Motor 
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Figure 3.6: Schematic Diagram of Servo Motor 
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Figure 3.7: Dimension of Servo Motor 
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Torqu. (Ka.cm) 

Sipal To Control Aqle TILPWM 

PWM At Min Anp (ms) 0.54 

PWMAtMax 2.40 

4.8-6.0 

50.0 

0-180 

Wirina (Black/Brown Wire) 

4.8-6.0 

PWMsignal 

- 40.2xl9.8x36 

38.0 

~ar matrrial 

Sel"VO Standard 

Figure 3.8: Specification of Servo Motor 

3.3 Hardware Development 

3.3.1 Mechanical Construction 

In mechanical construction this robot was divided into two parts 

that is chassis and legs. It was constructed like a human body but it only 
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has waist and three legs. Decision to build the robot with three legs is 

because to make it stable while climbing the stair. 

3.3.1.1 Construction ofLegs 

First step in mechanical construction is creating the robot 

legs. After done with research, construct the robot with three 

legs is more advantage than robot with has two legs like human. 

Robot with Three legs are more stable and steady while 

climbing the stair and don't need the accelerator sensor as the 

stabilizer. Servo motor was chosen as the muscle of the motion 

where it was place at every joint of the robot legs. Every servo 

motor was mounting at the servo bracket and it becomes the 

housing of the servo motor. One robot legs have two servo 

motor, four servo bracket and one foot. Six servo motor was use 

for this three robot legs. Two types of servo bracket were made 

by using light weight steel plate. Both it have different shape 

and measurement. One is a place for mounting the servo motor 

and the other one is as the connecter between two servo motor. 

Robot foot is made by straight plate steel that have dimension 

3.5 em x 7.5 em. It will function as human foot. 
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Figure 3.9: Schematic of Servo Bracket 

5.!5 
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Figure 3.10: Schematic of Connector Bracket 

3.3.1.2 Construction of Chassis 

Construct the robot chassis is the second step after done 

with robot legs. Light weight robot is considered to equal with 

servo motor strength. Simple robot chassis was created with 

place the straight plate steel as the waist of this robot with 

dimension 25.5 em x 3.5 em which is same material with the 

robot foot. It will be the place to mounting the robot legs. 
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Battery was place at the middle of the cha sis. The weights of 

the battery were function as the robot balancer. 

Figure 3.11: Robot Chassis 

3.3.1.3 Assembling of Robot 

The assembling is begun with mounting the servo motor at 

servo bracket. Every bracket have same dimension which is 

created by follow the servo motor dimension. Then screw the 

connecter bracket at motor gear. This part will be the leg joint. 

Only one connecter bracket have different dimension while the 

other five have same dimension. After that servo motor were 

couples for every leg with mounting the below connector 

bracket with above servo bracket. Leg foot is mounting at below 

servo bracket. The both site legs foot position is forward which 

is like human foot. The foot becomes the robot supporter to 

avoid the robot fa11s to front. The middle foot position is 

horizontal with function as main base to lift the both site leg to 
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next stair. The last process of robot assembling is mounting 

every leg to robot chassis. Robot chassis were place horizontal 

to make every leg in straight line position. Second floor of the 

robot chassis is as the electronic board base. This part is the 

heart of the robot and it become easy to troubleshoot when place 

at the above position. The middle between first floor and second 

floor robot chassis is the place for power source. 12V Lithium 

polymer battery with dimension 2.2 em x 3.3 em x 10.3 em is 

chosen as the robot source. 

Figure 3.12: Material for Mechanical Construction 
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Figure 3.13: Mounting Servo Motor at the Servo Bracket 

Figure 3.14: Connect the Connector Bracket with Servo Bracket 
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Figure 3.15: Construct the Robot Legs 

Figure 3.16: Mounting Robot Legs with Chassis 
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Figure 3.17: Prototype of Stair Climbing Robot 

3.3.2 Electronic Development 

This part is the heart of the robot. The electronic board will trigger 

the output signal and send to the servo motor as the output component. 

Microchip' s PIC18F4550 microcontroller is chosen as the heart of this 

robot. The simple circuit and modern technology is the reason why it 

been chosen. 
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Figure 3.18: Components for Circuit Development 

3.3.2.1 Regulator Circuit 

Two type of regulator circuit was developed for this robot 

which is 5 volts output regulator and 6 volts output regulator. 5 

volts regulator circuit as the source for PIC microcontroller 

circuit and 6 volts regulator circuit as the source servo motor. 

First circuit part is the protection circuit. The 12 volts 

source from battery will through the diode 1N4001, 2A fuse and 

light emitting diode (LED) as the source input indicator light. 

Both diode and fuse is to avoid the high-current spikes and 

backward source produce by the battery source. 

Second part is regulator switch circuit. The 12 volts source 

will separate into two paths and has own on-off switch. One 

path will send source to 5 volts regulator circuit and other one to 

6 volts regulator circuit. 
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In regulator circuits, diode 1 N400 1 functions as the 

protection component. 6 volts and 5 v It r gulator circuit use 

LM7806 and LM7805 as a regulat r which i produce the 6 

volts and 5 volts output ource re p ctiv ly. w ha 

connected to both regulator circuits a the indicat r li ht. 

C1 
10uF 

0 z 
<.9 

OUT 

Figure 3.19: 6 Volts Voltage Regulator Circuit 

C1 
10uF 

U2 
LM7805 

0 z 
<.9 

Figure 3.20: 5 Volts Voltage Regulator Circuit 

3.3.2.2 PIC Microcontroller Circuit 

6V 
9 

C2 
10uF 

C2 
10uF 

The circuit is designed around Microchip's PIC18F4550 

microcontroller. 5 volts source is needed to run this circuit. 

Incoming source will through the diode 1N4148 as the voltage 
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guard before enter the PIC chip. The 20.00 MHz crystal 

oscillator is use to provide a stable clock signal for PIC chip. 

U1 
1Kohm 

L..-. _ _.!__.lf-~--"V"V'----~ MCLRNPP~3 RB7.4<BI3.4>GD ~-~~ 
RB6.4<Eli2PGC I-*- ---'-"-RAO/ANJ 

RA1/AN1 
RA2/AN2NREF -A:YREF 
RA3/AN3NREF+ 
RA4/T()O(OC1 OUT IRCV 
RA5JSS/AN4H. VDIIIOC20UT 
REOIANS.a<1 SPP 
Rf1/ANsx:K2SPP 
Rf2/AN7 K>ESPP 

L..-.---------~ YOO 
~--------------~v~ 

.---------:-o:-~,OSC1.U.KN 

~--~~~OSC2UKOUTIRA6 
RCOIT10SOIT13CKI_ 
RC11T10SVCCP~1~ 
RC2.(:CP1 .4>1 A 
VI..ISB 
RDOJSPPO 
RD1JSPP1 

RB5.4<BI1,4)GIIII 
RB41AN11.4<EJOK:SSPP 
RB3/AN9~1)NPO 
R82/~T2NMO 

RB1/AN1 OMT1.oSO<JSCL 
RBO/AN1211NTOfl TOJSOIISOA 

YOO f-¥.---___. 
vss r-:-:------. 

RD71SPP7.4>1D 
R06.oSPP!)A)1 c 
ROSJSPP5.4>1B 

RD4JSPP4 
RC7 .oRX.OT ISOO 

RCSITX.Q( 
RC5.0+NP 
RC4.0..NM 
RD3!SPP3 
RD21SPP2 

PIC18F4550 

Figure 3.21: Circuit Diagram ofPIC18F4550 

3.3.2.3 Servo Motor Circuit 

Servo motor has three wire connections which is positive 

source (6 volts), negative source (ground) and input signal came 

from PIC chip. Six ports at PIC chip is needed to produce the 

output signal to servo motor. Port D was chosen as the output 

port source. RD2(pin 21 ), RD3(pin 22), RD4(pin 27), RD5(pin 

28), RD6(pin 29) and RD7(pin 30) was connected to servo 

motor 1,2,3,4,5 and 6 respectively. 
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U1 
5V 1Kohm 

'-----'----f---'"--- R-'es"'•s"'r"'o-R----;f-1 ~~P~E3 ==~:~ ~~:nJC 
RA1/AH1 RIICIII<81111'GW 
RA2/AH2/VREF·/CVREF RIMIAH1111<BIOICIIPP 
RA3/AtGIVREF+ R f13/IUIQ/CCP2(1Y\IPO 
RNI/l.ll.CKIIC1 OUT ~CV Rll2/ANII/1NT2NWO 
RA5/SS/AH41HLVOINIC20UT R81/AH10/INT1/SCKISCL 
REO/AH5/CK1SPP RBOIAN12/INTOIFLTO/SOI/SDA 
RE1/AHM:I<2SPP VOO 

'----------+.H ~~.AH7/0ESPP RD7/SPP7;;:~~ ~c==~;~ 
.-----------*'i VSS ROG/SPPM'1C ~~----., 

.---------l~OSC1/CU<IN ROG/SPPM'18 ~..:!f---. 
.--------i;;-t OSC2/CLKOUTIRAII RI>4/SPP4 '--- ---' 

=~~g~:ifc~~e RC7~~~ L:===~---~~l==l 
RC2/CCP111'1A RCl!.II»NP 
VUS8 RC<II1)./VW 
ROO/SPPO RD31SPP3 ~~---, 
RD1/SPP1 RD2/SPP2 

C1 
10u 

PIC18F45e0 

U2 

C2 
10u 

Figure 3.22: Connection between Servo Motor and PIC18F4550 Circuit Diagram 

3.4 Firmware Development 

Two types software application was used in writing and burning the 

program to PIC chip. MicroCode Studio is software for writing the 

programming. PBasic Language is chosen because it easier programming 

language to write and suitable for beginner. PICkit is used for burning the 

program into PIC chip. 
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3.4.1 MicroCode Studio 

Before start writing the program, it need to et th PI type . 1t 

important because there was an error during burning the program when 

the setting PIC types are not same with PIC chip that used. After done 

with writing the program, the file must be assembled to check an error. 

The assembled process will produce four format type file; LST, ASM, 

HEX and PBP. HEX file is used to bum into PIC chip. 

. - : ~-

Code Explorer 

lncidos 
DefYles 
Const.rts 

Voriablos 
Alas ondMDII'iors 

• 5yrilols 

Labels 

· a i!I LWIIed 

'"' Name : UNTITLED. BJIS 
'* Jlu~bor : [selec~ VIEll • •• EDITOR OPTIONS] 

'* Notice : Copyrigh~ (c) 2009 [selec~ VIEIO ••. EDITOR OPTIONS] * 
: JllJ Righ~s Reserved 

'"' Da~e : 10/18/2009 

'* Version : l. 0 

Lnii:Coll 

Figure 3.23: MicroCode Studio 
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3.4.2 PICkit 

Cytron USB PIC Programmer i th burn r pr gram. oftware 

that used is PICkit. When plug the burner with PI chip to computer the 

PICkit will detect it. Then import the HEX file from Micro ode Studio 

into PICkit and the PICkit will bum the HEX file into PIC chip. 

Figure 3.24: USB Programmer 
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Figure 3.25: PIC kit Programmer 
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3.5 Simulation and Diagram 

Figure 3.26: imulation of Robot Movement 

LJ LJ 
Above 

Front Side 

Figure 3.27: Diagram of Stair Climbing Prototype 
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CHAPT R4 

RESULT & DISCUSSION 

4.1 Introduction 

This chapter discusses all about the results and discussion obtained from 

the project. After development the prototype of this project, the strength and 

weaknesses of the robot was identified. The result will analyzed to ensure the 

objective achieve the goal. 

4.2 Robot Assemble 

This is the result for the hardware development. There is the assembled of 

the robot structure consists robot body (chassis) and robot legs. 
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Figure 4.1: A prototype of Stair Climbing Robot 

4.3 The Movement of the Robot 

The first step in the analysis process is to identify the functionality of the 

robot. The analysis is conducted based on the objectives of the project which is 

the ability to climbing the stair. Servo motor was programmed by periodic 

programming because it needs to move simultaneously and slowly. The speed of 

the servo motor affect the robot movement and it responsibility to make sure the 

robot move smoothly. 
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4.4 Circuit Application 

Six output ports from the PIC18 4550 wer u d t c nn t with ervo 

motor. Port D2 till port D7 was chosen. Voltage upply for thi circuit i parate 

into two different value of voltage. It i to avoid the PIC 18F4550 from received 

the overload voltage because the servo m tor needs 6V to operate. 

Figure 4.2: Circuit Connection between PIC18F4550 with Servo Motor 

4.5 Servo Motor 

Servo motor are using Pulse Width Modulation (PWM) signal to move. It 

will expect to receive signal every 20ms. The length of the pulse will indicate 

how far the motor tum. The standard length pulse that servo motor can receive is 

from 0.5ms to 2.5ms which is 0.5ms, 1.5ms and 2.5ms will make the motor tum 
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0°, 90° and 180° position respectively. However, every servo motor has different 

range value after doing the calibration. 

Figure 4.3: Protractor (Angle Indicator) 

4.5.1 Servo Motor 1 

0.455rra 2.20C)ns 

n~,____ _n...___----~~,;----, r...____ 
IE 20rra 20rra :;.I 

Figure 4.4: Motor Position for Servo Motor 1 

Table 4.1: Calibration for Servo Motor 1 

Angle oo 90° 180° 

Pulse 0.455ms 1.150ms 2.200ms 
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4.5.2 Servo Motor 2 

0 . .45511:5 1.15Ckn5 2.20Qns 

~ IE-- ~ .,....__ ~ I'E--

n _ ____.nL---_.JI..------.1.____ 
20ma ~I 

Figure 4.5: Motor Position for Servo Motor 2 

Table 4.2: Calibration for Servo Motor 2 

Angle oo 90° 180° 

Pulse 0.455ms 1.150ms 2.200ms 

4.5.3 Servo Motor 3 

2.38Ckn5 1.socm 0.610ns 

~ IE-- ~ 1-E-- ~ ~ 

I I n n 
IE 201111 20ns 201111 ~I 

Figure 4.6: Motor Position for Servo Motor 3 
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Table 4.3: Calibration for Servo Motor 3 

Angle oo 90° 180° 

Pulse 2.380ms 1.500ms 0.610ms 

4.5.4 Servo Motor 4 

0..466nw 1.270Q 2.370/IS 

---;.of IE-- ---;.of IE-- ---;.of IE--

n n I I 
IE 20ns :lliiE 201R 20ns 

""' 
Figure 4. 7: Motor Position for Servo Motor 4 

Table 4.4: Calibration for Servo Motor 4 

Angle oo 90° 180° 

Pulse 0.468ms 1.270ms 2.370ms 
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4.5.5 Servo Motor 5 

2.3BOnl 1.500nl 0.61 Qna 

~ IE-- ~ IE-- ~ IE--

1.------.1 L-------ln'--------lnl--_ 
1-EIE'--- 20rr5 ,., 

Figure 4.8: Motor Position for Servo Motor 5 

Table 4.5: Calibration for Servo Motor 5 

Angle oo 90° 180° 

Pulse 2.380ms 1.500ms 0.610ms 

4.5.6 Servo Motor 6 

0 . .455n-. 1.200ms 2.146'"' 

~......_ ~ ~ ~ ~ 

n.______n._____l;..----; ..____I _ 
201111 l'l 

Figure 4.9: Motor Position for Servo Motor 6 
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Table 4.6: Calibration for Servo Motor 6 

Angle oo 90° 180° 

Pulse 0.455ms 1.200ms 2.148ms 

4.6 Robot Abilities 

Once the robot characteristics have been identified, the next step is to 

analysis and to identify the strengths and weaknesses of robot. Robot is tested to 

climb by using wood stair. From the experiments conducted, robot was able to 

climb the stair. The robot movement must move slowly to avoid robot from fall. 

However, the problem occurred when the robot climb the robot body have 

unsteady stand. It was inhibit the robot to climb faster. 

4. 7 Project Evaluation 

Throughout the development of this robot, some problems and obstacles 

are encountered involving electronic and mechanical parts. The problems are: 
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4.7.1 Mechanical Structure 

a) It took a long time to decide the structure of the robot body. The 

weight of body robot must be considered to so that the robot body 

becomes small and light weight 

b) Where to place the servo motor was the second problem. In reduced 

the material for the robot body, decision was make to design the 

bracket for servo motor and the bracket become the legs of the robot. 

c) The gear of servo motor was broke while doing the calibration 

because the gear material is plastic. Too easy to broke if the 

calibration is out of range. 

4.7.2 Firmware Development 

a) Periodic and repeated method programming was using as the 

instruction to move the servo motor. Need to adjust the speed of servo 

motor by programming because servo motor speed is constant. 

4.8 Summary 

In this chapter, it is obvious that the ability of the robot can be added by 

doing some modifications. Even the project was completed successfully and the 
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objective achieved, there are several problems, which should be improved in the 

future. The improvement needed to make sure the weaknesses can be overcome. 
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CHAPTERS 

CONCLUSION 

5.1 Conclusion 

This thesis discusses about the development of Stair Climbing Robot 

actuated by six servo motor. This project is implemented using PIC18F4550 

which was programmed using the PBasic Language to control the robot. The 

robot was successfully built and tested as specified by the objective. 

Through the development of the project, many skills have been acquired. 

The skills are designing a mechanical structure, circuit design and interfacing 

hardware and firmware in computer. 

The ability of Stair Climbing Robot to climb the stair shows the 

successful of the project. It should be noted that the project is carried out with 

limited resources and funding. Therefore, this robot is not appropriate to be 

marketed or commercialized. It is a hope that the next robot development, 

resources could be added so that the robot's ability can be improved. 
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As a conclusion, this project has been successfully designed, 

implemented and tested. It is hoped this robot can be redeveloped and modified 

to improve the abilities and to provide benefits in future. 

5.2 Recommendation 

Although Stair Climbing Robot was successfully developed and met the 

objectives, however it is found that this robot still can be improved by 

implementing some modifications. 

One of it is to use Polyvinyl Chloride (PVC) as the main material to build 

the body frame. PVC is cheaper and light weight compare with steel. 

Another one is use servo motor where the gear made from metal. This 

will resolve the problem of broken gear. By using the metal gear the torque of 

the motor will increase. 

Lastly is adding the sensor at robot leg to detect the stair. The robot 

movement will upgrade where it can walk normally as mobile robot and 

climbing when meet the stair. 
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5.3 Costing and Commercialization 

NO 

This project is developed involving the cost about RM493.74. This total 

cost is including the cost of hardware components such as purchasing the servos 

and others. Therefore, this project is designed to be very affordable and can 

function properly. 

Furthermore, these projects have the value of commercialization because 

it using the few interesting elements likes PIC microcontroller and using the 

servos. Moreover, when this project through a few modifications, this project can 

extend it capabilities and of course it becomes more valuable on the market. 

Table 5.1: Components Price List for Commercialization Purpose 

COMPONENTS PRICE/UNIT (RM) QUANTITY PRICE(RM) 

PIC Circuit 

1 PIC18F4550 45.00 1 45.00 

2 Oscillator Crystal (20Mhz) 1.50 1 1.50 

3 Diode (D1N4148) 0.10 1 0.10 

4 Resistor (10kn) 0.04 1 0.04 

5 ZifSocket 20.00 1 20.00 

6 Strip Board 3.00 1 3.00 

7 Headers 0.50 4 2.00 

8 Battery (12V) 90.00 1 90.00 

Voltage Regulator Circuit 

9 Voltage Regulator (LM7805) 1.00 1 1.00 

10 Voltage Regulator (LM7806) 1.00 I 1.00 

11 Capacitor ( 1 OuF) 0.10 4 0.10 

Servo Motor 

12 Servo Motor 55.00 6 330.00 

TOTAL 493.74 
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APPENDIX A 

SOURCE CODE 

'Stair Climbing Robot' 



'******'*************** ........ •************************************* 
•• Name : Stair Oimblng Robot • 

• 
• 
* 

•• Author : Syazwan Kamaruzzaman 
'* Notice :Copyright (c) 2009 [select VIEW-EDITOR OPTIONS] 
•• : All Rigfrts tomm-ed 
'* Date : 11/15/2009 
'* Version: 1.0 
'* Nates : 
'* 

define OSC 20 

SER1 var 1'0RT0.2 
SER2 var PORTD.3 
SER3 var PORT0.4 
SER4 var PORTD.5 
SER5 vor PORTD.6 
SER6 var PORTD.7 

IVARWORD 
J var word 

TRIS0.2=0 
TRISD.3=0 
TRISD.4=0 
TRJSD.S=O 
TRISD.6=0 
TRISDJ=O 

MAIN: 

FOR 1=0 TO 149 

high se..-1 
pauseus 1150 
low serl 
pauseus 1 350 

high ser2 
pauseus 11 50 
low ser2 
pOUSl!US i 350 

high ser3 
pauseus J 770 
low ser3 
pauseus730 

high ser4 
pauseus 1638 
low ser4 
pauseus 862 

high serS 
pauseus 1500 
lowserS 
pauseus l 000 

high ser6 
pauseus 1200 
low ser6 
pouseus 1 300 

pauseus 5000 

next I 

; oscillator 20mhz 

; port 02 os servo motor 1 
; port 03 os servo motor 2 
; port 04 os servo motor 3 
; port 05 as servo motor 4 
; port 06 os servo motor 5 
; port 07 as servo motor 6 

; I os word [0-255] 

; port "02 us output 
; port 03 os output 
i port 04 OS output 
; port DS as output 
; port 06 os output 
; port 07 as output 

; Initial 

; high servo 1 
; pause J. ISms 
; low servo 1 

* 
* 
* 

; pa~ L35ms (l.l5ms+l.35ms=2.5ms) 

; high servo 2 
; pause l.lSms 
; low servo 2 
; -pause t.3Sms (t. f5ms+t .351m=2.Sms} 

; high servo 3 
; pause 1.77ms 
; low servo 3 
; pause DJ3ms (1.77ms+OJ3ms=2.5ms) 

; high servo 4 
; pause 1.638ms 
; low servo 4 
; pause 0.862ms (1.638ms+0.862ms=2.5ms) 

; high servo 5 
; pause 1.5ms 
; low servo5 
; pause l .Oms (1.Sms+1.0ms:;::2.5ms) 

; high servo 6 
; pause 1.2ms 
; ~ow -servo 6 
; pause 1.3ms ( 1.2ms+ 1 .3ms=2.5ms) 

; pause 5.0ms ([2.5msxb=l5ms]+Sms=20ms) 

44 
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FORI=OT04 l lst FORI=OT04 l 1st FORI=OT04 ; 1st FORI=OT04 ; ht 

high ser1 high serl high serl high aerl 
pauseus 1 150 paU$eus 1 150 pauseus 11 50 poUieus II 50 
low sed lowu:rl lowserl lowserl 
pauseus I 350 pauseus I 350 pauseus 1350 pOUifJUI 1350 

high ser2 high ser2 high ser2 high sar2 
pauseus 1150 pauseus 1150 pauseus 11 50 pauseus 11 50 
lowser2 low ser2 Jow ser2 low ser2 
pauseus 1 350 pauseus 1 350 pauseus 1350 pouseus 1350 

high ser3 high ser3 high ser3 high ser3 
pauseus 17 52 pauseus 171 6 pcwseus 1680 pouseus I 644 
lowser3 lowser3 lowser3 lowser3 
pouseus 748 pauseus 784 pauseus 820 pauseus 856 

high ser4 high ser4 high ser4 high ser4 
pauseus 1638 .pauseu.s 1.638 pausel.l$ 1.615 pauseus 1.569 
lowser4 low ser4 low ser4 lowser4 
pauseus 862 pauseus 862 pauseus 885 pauseus 931 

high ser5 high ser5 high ser5 high ser5 
pauseus 1 500 pauseus 1 500 pauseus 1500 pousalS 1500 
law ser5 lowser5 low ser5 lowser5 
pauseus 1 000 pauseus I 000 pauseus 1 000 pauseus 1000 

high ser6 high ser6 high ser6 high ser6 
pauseus 1200 pauseus 1200 pauseus 1200 pauseus 1200 
low ser6 low ser6 low ser6 low ser6 
pauseus 1 300 pouseus 1300 pouseus 1 300 pauseus 1300 

pauseus 5000 pOU$etiS 5000 pauseus 5000 pauseus .5000 

next I next I next I next I 

FOR I=OT04 ; 1st FORI=Ol04 ; 1st FORI=OT04 ; 1st FORI=OT04 ; 1st 

high ser1 high serl high serl high ser I 
pauseus 1150 pauseus 1150 pauseus 11 50 pouseus 1 1 50 
low serl low serl low serl low serl 
pauseus I 350 pauseus 1350 pauseus I 350 pauseus 1350 

high ser2 htgh ser2 high ser2 high ser2 
pauseus 1150 pauseus 1150 pauseus 11 50 pouseus 11 50 
lowser2 lowser2 low ser2 low ser2 
pouseus 1 350 pOU$etJS 1 350 pauseus 1350 pauseus 1350 

high ser3 high ser3 high ser3 high ser3 
pauseus T 734 pauseus 1698 POU$etJS 1662 pauseus 1626 
lowser3 lowser3 lowser3 lowser3 
paU$eus 766 pauseus 802 pauseus 838 pauseus 874 

high ser4 high ser4 high ser4 high ser4 
pauseus 1638 pouseus 1638 pauseus 1592 pauseus 1546 
low ser4 lowser4 lowser4 lowser4 
pcuseus 8.62 pauseus 862 pauseiJ$ 908 pauseus 954 

high ser5 high ser5 high ser5 high ser5 
pauseus 1500 pauseus 1500 pouseus 1500 pauseus 1500 
low ser5 lowser5 lowser5 lowser5 
pOU$8U$ 1000 pau$8U$ 1000 poUS8U$ I 000 pausetn 1000 

high ser6 high ser6 high ser6 high ser6 
pouseus 1200 pauseus 1200 pauseus 1200 pauseus 1200 
low ser6 low ser6 lowser6 lowser6 
pouseus 1300 pouseus 1300 pauseus 1300 pouseus 1300 

pOU$eus 5000 pouseus 5000 PQU$etJ$" 5000 pauseus .5000 

next I next I next I next I 



46 

FORI=O TO 4 ; ht FOR 1=0 T04 i 1st FOR 1=0 TO 4 ; 1st FORI=OT04 i 1st 

high serl high serl high serl high ser1 
pauseus 11 50 pameus 1150 pauseus 11 50 pouseus 11 50 
low n!l'l low~! lawn!r1 lowcer1 
pauseus 1 350 pauseus 1350 pauseus 1350 pauseua 1350 

high ser2 high ser2 high ser2 high .. r2 
pauseus 1150 pauseus 1150 pauseus 1150 pauseua 11.50 
low ser2 lowser2 lowser2 low aer2 
pauseus 1350 pauseus 1350 pauseus 1 350 pauseus 1350 

high ser3 high ser3 high ser3 high ser3 
pauseus 1608 pauseus 1572 pauseus 1572 pauseus 15n 
lowser3 low ser3 low ser3 low ser3 
pauseus 892 pauseus 928 pauseus 928 pauseus 928 

high ser4 high ser4 high ser4 higbser4 
pauseus 1523 pauseus 1477 pauseus 1431 pauseus 1385 
low ser4 low ser4 low ser4 lowser4 
pauseus 977 pauseus 1023 pauseus 1069 pauseus 11 15 

high _ser5 high ser5 high ser5 high ser5 
pauseos 1500 pooseos 1500 patJSl!OS i 500 patm!I1S 1500 
lowser5 low ser5 low ser5 lowser5 
pouseus 1 000 pauseus 1 000 pauseus 1 000 pauseus 1 000 

high ser6 high ser6 high ser6 high ser6 
pauseus 1200 pauseus 1200 pauseus 1200 pauseus 1200 
low ser6 lowser6 low ser6 low ser6 
pauseus 1 300 pauseus 1 300 pauseus 1300 pauseus 1300 

pouseus 5000 pauseus 5000 pauseus 5000 pauseus 5000 

next I next I next I next I 

FORI=OT04 i 1st FORI=OT04 i 1st FOR1=0T04 i 1st FOR1=0T04 i 1st 

high serl hid'! serl high serl high ser1 
pauseus 1 150 pauseus 1 150 pauseus 1 ISO pauseus II 50 
low serl lowserl low serl low serl 
pauseus 1350 pauseus 1350 pauseus 1350 pause\JS 1350 

high ser2 high ser2 high ser2 high ser2 
pouseus 1150 pouseus 1 150 pauseus 11 50 pauseus 1150 
lowser2 low ser2 low ser2 lowser2 
pouseus 1 350 pouseus 1 350 pauseus 13.50 pauseus 1350 

high ser3 high ser3 high ser3 high ser3 
pauseus 1590 pauseus 1572 pauseus 1572 pauseus 1572 
low ser3 !owser3 lowser3 low ser3 
pauseus 910 pauseus 928 pauseus 928 pauseus 928 

high ser4 high ser4 high ser4 highser4 
pauseus 1500 pauseus 1454 pauseus 1408 pauseus 1362 
low ser4 low ser4 lowser4 lowser4 
pouseus J 000 pausaJS. 1 046 pauseus l 092 pcwseus ll 38 

high ser5 high ser5 high ser5 high ser5 
pouseus 1500 pauseus 1500 pauseus 1500 pouseus 1500 
low ser5 lowser5 lowser5 lowser5 
pauseus 1000 pausen tooo pouseus 1000 pauseus 1000 

high ser6 high ser6 high ser6 high ser6 
pouseus 1200 pouseus 1200 pauseus 12 00 pauseus 1200 
low ser6 low ser6 low ser6 low ser6 
pouseus 1 300 pauseus 1300 pouseus 1300 pouseus. 1300 

pouseus 5000 pauseus 5000 pauseus 5000 pauseus 5000 

next I next I next I next I 
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FORI=OT04 ; ht FORI=OT04 ; 1st FORI=OT04 12nd FORI=OTO 4 ; 2nd 

hi~ serl high serl high serl high serl 
pauseus 1 I 50 pauseus 1 150 pouaeus 1 020 pauaeus760 
low serl lowserl law serl law serl 
pauseus 1 350 pauseus 1 350 pouaeut 1480 pouaiUI 17 40 

high ser2 high ser2 hi~ ser2 high ser2 
pauseus 1150 pauseus 1150 pouseus 11 50 pauaeus 11 SO 
lowser2 lowser2 lowser2 low ser2 
pouseus 1 350 pouseus 1350 pauaeua 1350 pauaeua 1350 

high ser3 hi~ ser3 hldlser3 hlghser3 
pouseus 1554 pouseus 151 8 pauaeu~ 1500 pauaeu~ 1500 
lowser3 low ser3 lowser3 low ser3 
pouseus 946 pouseus 982 pauseus I 000 pauaeus 1 000 

high ser4 high ser4 hi~ ser4 high ser4 
pauseus 1339 pauseus 1293 pwaaJS 1270 pauseus 1270 
low ser4 lowser4 low ser4 low ser4 
pouseus 1 16 1 pouseus 1207 pouaeus 1230 pouseus 1230 

hi~ ser5 high ser5 high ser5 high ser5 
pauseus 1500 patm!OS l500 pauseos lMO p<roseus t920 
low ser5 low ser5 low ser5 low ser5 
pouseus 1 000 pouseus I 000 pouseus 860 pauseus 580 

high ser6 high ser6 high ser6 high ser6 
pauseus 1200 pouseus 1200 pauseus 1200 pauseus 1200 
lowser6 low ser6 low ser6 low ser6 
pauseus. 1300 pauseus 1 300 pouseus 1 300 pouseus 1300 

pouseus 5000 pouseus 5000 pouseus 5000 pauseus 5000 

next I next I next I next I 

FORI=OT04 ; 1st FORI=OT049 ; 1st FORI=OT04 ; 2nd FORI=OT04 ;2nd 

high serl high serl high ser 1 high ser1 
pauseus 1150 pauseus 1150 pouseus 890 pauseus 630 
low serl low ser1 low serl low serl 
pouseus I 350 pauseus I 350 pouseus 161 0 pouseus 1870 

high ser2 hi~ ser2 high ser2 high ser2 
pauseus 1 1 50 pauseus 1150 pouseus 1 I 50 pauseus 11 50 
lowser2 lowser2 low ser2 low ser2 
pauseus 1 350 pauseus I 350 pauseus 1350 pouseus 1350 

high ser3 high ser3 high ser3 high ser3 
pauseus 1536 pauseus 1500 pauseus 1500 pouseus 1500 
low ser3 lowser3 low ser3 lowser3 
pauseus 946 pauseus 1 000 pauseus 1 000 pauseus I 000 

high ser4 high ser4 high ser4 high ser4 
pauseus 1 31 6 pauseus 1270 pouseus 1270 pouseus 1270 
low ser4 l.owser4 lowser4 low ser4 
paus.eus 1 184 ~1230 pausetiS 1230 pauseus 12 30 

high ser5 high ser5 hi~ ser5 highser5 
pauseus 1500 pauseus 1500 pauseus 1780 pouseus 2060 
lowser5 low ser5 low ser5 lowser5 
pauseus l 000 ~1000 pauseus720 pausevs440 

high ser6 high ser6 high ser6 high ser6 
pauseus 1200 pauseus 1200 pauseus 1200 pauseus 1200 
lowser6 lowser6 low ser6 low ser6 
pauseus 1300 pauseus 1300 pauseus 1'300 pauseus 1300 

pouseus 5000 pouseus 5000 pauseus 5000 pouseus 5000 

next I next I next I next! 



48 

FOR 1=0 TO 49 ; 2nd FORI=OT04 ; 3rd FORI=OT04 ; 3rd FORI=O T049 ; 3rd 

high serl high serl high serl high s•r 1 
pauseus 500 pauseus 500 pauseus500 paustM SOO 
low-serl towserl lowser1 fowserl 
pauseus 2000 pauseus 2000 pauseus 2000 pausoua 2000 

high ser2 high ser2 high ser2 high aet2 
pauseus 1 150 pauseus 1150 pauseus 1 1 50 pauaeus \ 150 
low ser2 lowser2 low ser2 lowser2 
pauseus 1 350 pauseus 1350 pauseus 1350 pauseus 1350 

high ser3 high ser3 high ser3 hlghser3 
pauseus 1500 pauseus 1560 pauseus 1620 pauseus 1680 
low ser3 low ser3 lowser3 low ser3 
pauseus 1 000 pauseus 850 pauseus 850 pauseus 820 

high ser4 high ser4 high ser4 highser4 
pauseus 1270 pauseus 1402 pauseus 1534 pauseus 1660 
low ser4 low ser4 low ser4 low ser4 
pauseus 1230 pauseus 900 pauseus 900 pauseus 840 

high ser5 high ser5 high ser5 high ser5 
pauseus 2200 pauseus 2200 pauseus 2200 pauseus 2200 
low ser5 low ser5 lowser5 lowser5 
pauseus 300 pauseus 300 pauseus 300 pauseus 300 

high ser6 high ser6 high ser6 high ser6 
pauseus 1200 pauseus 1200 pauseus T 200 pauseus T 200 
lowser6 law ser6 lowser6 low ser6 
pauseus 1 300 pauseus 1300 pauseus 1 300 pauseus 1300 

pauseus 5000 pauseus 5000 pauseus 5000 pauseus 5000 

next I next I next I next I 

FOR:I=OT04 ; 3rd FORI=OT04 ; 3rd FOR:I=OT04 ; 3rd FORI=OT04 ;4th 

high serl high serl high serl high serl 
pauseus 500 pauseus 500 pauseus 500 pauseus 500 
lowser1 lowser1 lowser1 low serl 
pauseus 2000 pauseus 2000 pauseus 2000 pauseus 2000 

high ser2 high ser2 high ser2 high ser2 
pouseus 1150 pauseus 1150 pause14 11 50 pauseus 1225 
low ser2 lowser2 low ser2 lowser2 
pauseus 1 350 pauseus 1 350 pauseus 1 350 pauseus 1275 

high ser3 high ser3 high ser3 high ser3 
pauseus 1530 pauseus 1590 pauseus 1 650 pauseus 1680 
low ser3 low s-er3 low"Ser3 1owser3 
pauseus 850 pauseus 850 pauseus 850 pauseus 820 

high ser4 high ser4 high ser4 highser4 
pauseus 1 336 pauseus 1 468 pauseus 1 600 pauseus 1660 
lowser4 low ser4 low ser4 lowser4 
pauseus 900 pauseus 900 pauseus 900 pauseus 840 

high ser5 high ser5 high serS high ser.S 
pauseus 2200 pauseus 2200 pauseus 2200 pauseus 2200 
low ser5 low ser5 low ser5 low ser5 
pauseus 300 pauseus 300 pauseus 300 pauseus 300 

high ser6 high ser6 high ser6 high ser6 
pauseus 1200 pauseus 1 200 pauseus 1200 pouseus 1260 
lowser6 low ser6 lowser6 low ser6 
pauseus 1 300 pauseus T 300 pauseus T300 pauseus 1240 

pauseus 5000 pauseus 5000 pauseus 5000 pouseus 5000 

next I next I next I next I 



49 

FORI=O TO 4 ;4th FORI=OT04 ;4th FORI=OTO 4 ;4th FORI=OT04 ;4th 

high serl high serl ligh serl high serl 
pauseus 500 pauseus500 pauseus500 paus8U1500 
low serl lowserl lowserl low aerl 
pauseus 2000 pauseus 2000 pauseus 2000 pauseus 2000 

high ser2 high ser2 high ser2 high ser2 
pauseus 1300 pauseus 1450 pauseus 1600 pauseus 17 50 
lowser2 Jowser2 lowser2 low ser2 
pauseus 1200 pauseus 1 050 pauceus 900 pouc11U1 750 

high ser3 high ser3 ligh ser3 highser3 
pauseus 1 680 pauseus 1680 pauseus 1 680 pauseus 1680 
low ser3 low ser3 lowser3 low ser3 
pauseus 820 pauseus 820 pauseus 820 pauseus 820 

high ser4 htgh ser4 high ser4 high ser4 
pauseus 1660 pauseus 1660 .pauseus 1660 pauseus 1660 
lowser4 low ser4 low ser4 lowser4 
pauseus 840 pauseus 840 pauseus 840 pauseus 840 

high ser5 high ser5 ligh ser5 lighser5 
pauseus 2200 pauseos 2200 patlSeUS 2200 patlSeUS 2200 
lowser5 lowser5 lowser5 low ser5 
pauseus 300 pauseus 300 pauseus 300 pauseus 300 

high ser6 high ser6 high ser6 high ser6 
pauseus 1320 pauseus 1440 pauseus 1560 pauseus 1680 
lowser6 low ser6 low ser6 lowser6 
pouseus 11 80 pauseus 1 060 pauseus940 pauseus 820 

pauseus 5000 pauseus 5000 pauseus 5000 pauseus 5000 

next! next I next I next! 

FORI=OT04 ;4th FORI=OT04 ; 4th FORI=OT04 ;4th FORI=OT04 ; 4th 

high serl high serl high serl high serl 
pauseus500 pauseus500 pauseus 500 pauseus500 
low serl low serl lowserl low sed 
pauseus 2000 pauseus 2000 pauseus 2000 pauseus 2000 

high ser2 high ser2 high ser2 high ser2 
pauseus 137 5 pauseus 1 525 pauseus 1675 pauseus 1825 
low ser2 lowser2 lowser2 lowser2 
pauseus 1125 pauseus 975 pauseus 825 pauseus 675 

high ser3 high ser3 high ser3 high ser3 
pauseus 1680 pouseus 1680 pauseus 1680 pauseus 1680 
low ser3 lowser3 lowser3 lowser3 
pauseus 820 pauseus 820 pauseus 820 pauseus 820 

high ser4 high ser4 high ser4 high ser4 
pauseus I 660 pauseus 1660 pauseus 1 660 pauseus 1660 
lowser4 lowser4 low ser4 low ser4 
pauseus 840 pauseusB40 pauseus 840 pauseus 840 

high ser5 high ser5 high ser5 high ser5 
pauseus 2200 pauseus 2200 pauseus 2200 pauseus 2200 
lowser5 lowser5 lowser5 lowser5 
pauseus 300 pausen300 pauseus 300 pausetlS" 300 

high ser6 high ser6 high ser6 high ser6 
pauseus 1 380 pauseus 1500 pauseus 1620 pauseus 17 40 
lowser6 lowser6 low ser6 low ser6 
pauseus 1120 pauseus 1000 pauseus 880 pauseus 760 

pauseus 5000 pauseus 5000 pauseus 5000 pauseus 5000 

next I next I next I next I 



so 

FORI=OTO 49 ;4th FORI=OT04 ;5th FOR 1=0 TO 4 ; 5th FOR 1=0 T04 ;5th 

high serl high serl high serl high serl 
pauseus 500 pauseus 500 pauseus 500 paUieus 500 
low serl lowserl low~erl low serl 
pauseus 2000 pauseus 2000 pauseus 2000 paUieus 2000 

high ser2 high ser2 high ser2 hlgh18r2 
pauseus 1900 pauseus 1820 pauseus 17 40 paU141U1 1 660 
low ser2 lowser2 low ser2 low ser2 
pauseus 600 pOU$e\JS 680 pauseus 760 pauseus 840 

high ser3 high ser3 high~3 high ser3 
pauseus 1680 pauseus 1 644 pauseus 1608 pauseus 1 572 
lowser3 lowser3 low ser3 low ser3 
pauseus 820 pauseus 856 pauseus 892 pauseus 928 

high ser4 high ser4 high ser4 high ser4 
pauseus 1 660 pauseus 1516 pause!$1372 pauseus 1228 
low ser4 low ser4 lowser4 low ser4 
pauseus 840 pauseus 984 pauseus 1128 pauseus 1272 

high ser5 high ser5 high ser5 high ser5 
pauseus 2200 pauseus 2200 pauseus 2200 pauseus 2200 
lowser5 lowser5 lowser5 low serS 
pauseus 300 pauseus 300 pauseus 300 pausetiS 300 

high ser6 high ser6 high ser6 highser6 
pauseus 1 800 pauseus 1730 pauseus T 660 pauset15 T 590 
lowser6 low ser6 lowser6 low ser6 
pauseus 700 pauseus 770 pauseus 840 pauseus 910 

pauseus 5000 pauseus 5000 pauseus 5000 pauseus 5000 

next I next I next I next I 

FOR I=OT04 ; 5th FORI=OT04 ; 5th FORI=OT04 ;5th FORI=OT04 ;5th 

high serl high ser1 high serl high ser1 
pauseus 500 pauseus 500 pauseus 500 pauseus 500 
low serl low serl low serl low serl 
pauseus 2000 pauseus 2000 pauseus 2000 pauseus 2000 

high ser2 high ser2 high ser2 high ser2 
pauseus 1860 pauseus 1780 pauseus 1700 pauseus 1620 
lowser2 lowser2 low ser2 lowser2 
pauseus 640 pauseus 720 pauseus 800 pauseus880 

high ser3 high ser3 high ser3 high ser3 
pauseus 1662 pauseus 1 626 pauseus 1590 pauseus 1554 
low ser3 lowser3 lowser3 low ser3 
pauseus 838 pauseus 874 pauseus 910 pauseus 946 

high ser4 high ser4 high ser4 high ser4 
pauseus 1 588 pouseus 1444 pauseus 1300 pouseus 11 56 
low ser4 low ser4 low ser4 low ser4 
pauseus 912 PCUJS.eU£ 10.50 pauseus 12.00 pauseus 1344 

high ser5 high serS high ser5 high ser5 
pauseus 2200 pauseus 2200 pouseus 2200 pauseus 2200 
low serS low ser5 lowserS low ser5 
pauseus 300 pauseus 300 pcwseus 300 pouseus 300 

high ser6 high ser6 high ser6 high ser6 
pouseus 1765 pouseus 1 695 pauseus 1625 pauseus 1555 
lowser6 lowser6 low ser6 low ser6 
pauseus735 pauseus 805 pouseus fJ75 pauseus 945 

pauseus 5000 pauseus 5000 pauseus 5000 pauseus 5000 

next I next I next I next I 



51 

FORI=OT04 ;5th FORI=OT049 ; 5th FORI=OT04 ;6th FOR 1=0 T04 ;6th 

high serl high serl high serl high .. ,, 
pauseus 500 pauseus500 pauseus560 pa~aus620 
low serl lowrerl lowserl low nr1 
pauseus 2000 pauseus 2000 pauseus 1940 paUIGUI 1880 

high ser2 high ser2 high ser2 high ser2 
pauseus 1580 paUlieus 1500 pauseus 1500 pauaeus 1500 
low ser2 low ser2 low ser2 lowaer2 
pauseus 920 pauseus 1 000 pauseus I 000 pouseus I 000 

high ser3 h!gh ser3 high ser3 high ser3 
pauseus 1536 pouseus 1500 pauseus 1500 pauseus 1500 
low ser3 low ser3 lowser3 lowser3 
paUlieus 964 pauseus 1 000 pauseus 1 000 pauseus 1 000 

high ser4 high ser4 high ser4 high ser4 
pauseus l 084 pauseus 940 pa'-"8.1$ l OOb pauseus 1072 
low ser4 lowser4 lowser4 low ser4 
paUlieus 14 16 pauseus 1560 pauseus 1494 pauseus 1428 

high ser5 high ser5 high ser5 high ser5 
paoseus 2200 pauseus 2200 pc!U$eUS 21 l6 pauseus 2032 
low ser5 lowser5 lowser5 lowser5 
pouseus 300 pouseus 300 pouseus 384 pouseus 468 

high ser6 high ser6 high ser6 high ser6 
pauseus 1520 pauseus 1450 pouseus 1450 pauseus 1450 
low ser6 low ser6 low ser6 lowser6 
pauseus 980 pauseus 1050 pauseus 1 050 pouseus 1050 

pouseus 5000 pauseus 5000 pauseus 5000 pauseus 5000 

next I next I next I next I 

FORI=OT04 ; .5th FO'RI=OT04 ;6th FO'RI=OT04 ;6th FORl=OT04 ;6th 

high serl high serl high serl high serl 
pauseus 500 pouseus 530 pauseus 590 pauseus 650 
low serl low serl low ser1 low serl 
pauseus 2000 pauseus 1 970 pauseus 1 91 0 pauseus 1850 

high ser2 high ser2 high ser2 high ser2 
pauseus 1540 pauseus 1 500 pauseus 1500 pauseus 1500 
lowser2 low.ser2 lowser2 low ser2 
pauseus 960 pauseus 1 000 pouseus 1 000 pauseus 1 000 

high ser3 high ser3 high ser3 high ser3 
pauseus 151 8 pauseus 1 500 pouseus 1500 pauseus 1500 
lowser3 low ser3 low ser3 lowser3 
pauseus 982 pauseus 1 000 pauseus I 000 pauseus lOOO 

high ser4 high ser4 high ser4 high ser4 
pauseus I 0 12 pauseus 973 pauseus 1039 pauseus I 1 05 
low ser4 lowser4 low ser4 low ser4 
paus~s 1488 pauseus 1527 pauseus 1461 pauseus 1395 

high ser5 high ser5 high ser5 high ser5 
pauseus 2200 pauseus 2158 pouseus 2074 pauseus 1990 
lowser5 lowser5 low ser5 low ser5 
pauseus300 ~342 patJSaJS 426 pavseus510 

high ser6 high ser6 high ser6 high ser6 
pauseus 1485 pauseus 1450 pauseus 1450 pauseus 1450 
low ser6 low ser6 lowser6 low ser6 
pauseus 1 015 pauseus 1 050 pauseus 1 050 pauseus 1 050 

pauseus 5000 pauseus 5000 pauseus 5000 pouseus 5000 

next I next I next I next I 



52 

FORI=O T04 ; 6th FORI=OTO 4 ;6th FORI=OT049 ;6th FORI=O T04 ;7th 

hig, serl hlg, ser1 high serl high aor1 
pauseus 680 pauseus740 pauseus 800 paUIIIUI 800 
low serl low serl lowserl low ••rl 
pauseus 1 820 pauseus 1760 pauseus 1700 paUIIIUI 1700 

high ser2 high ser2 high ser2 high .. r:.z 
pauseus 1500 pauseus 1 500 pauseus 1500 pauaeua 1660 
low ser2 low ser2 low ser2 low181'2 
pauseus 1 000 pauseus 1 000 paUI:etlS I 000 pauc- 840 

high ser3 high ser3 high ser3 high ser3 
pauseus 1500 pauseus 1500 pauseus 1500 pauseus 1500 
low ser3 lowser3 low ser3 low ser3 
pauseus 1 000 pouseus 1 000 pouseus 1 000 pauseus 1 000 

high ser4 high ser4 high ser4 high ser4 
pauseus 1 138 paUSeu5 1204 ~1270 pauseus 1430 
lowser4 low ser4 low ser4 low ser4 
pouseus 1362 pauseus 1296 pauseus 1230 pouseus 1070 

high ser5 high ser5 high ser5 1-Ngh ser5 
pauseus 1948 pauseus 1 864 pauseus 1780 pauseus 1780 
lowser5 low ser5 low ser5 low ser5 
pauseus 552 pauseus 636 pauseus 720 pauseus 720 

high ser6 high ser6 high ser6 high ser6 
pauseus 1450 pauseus 1450 pauseus 1450 pauseus T 61 0 
low ser6 low ser6 low ser6 low ser6 
pauseus I 050 pauseus 1 050 pauseus 1050 pauseus 890 

pauseus 5000 pauseus 5000 pauseus 5000 pauseus 5000 

next I next l next I next I 

FOR I=OT04 ; 6th FORI=OT04 ; 6th FORI=OT04 ;7th FORI=OT04 ;7th 

high serl high serl high ser1 high serl 
pauseus 710 pauseus 770 pauseus 800 pauseus 800 
low serl lowser1 lowserl low serl 
pauseus 1790 pauseus 1730 pauseus 1700 pauseus 1700 

high ser2 high ser2 high ser2 high ser2 
pauseus 1500 pauseus 1500 pouseus 1580 pauseus 17 40 
lowser2 lowser2 low ser2 low ser2 
pauseus 1 000 pauseus I 000 pauseus 920 pauseus760 

high ser3 high ser3 high ser3 high ser3 
pauseus 1500 pauseus 1500 pauseus 1500 pauseus 1500 
lowser3 lowser3 low ser3 lowser3 
pauseus I 000 pauseus 1 000 pauseus 1 000 pauseus 1000 

high ser4 high ser4 high ser4 high ser4 
pauseus 1171 pauseus 1237 pauseus l 350 pauseus 1510 
lowser4 low ser4 low ser4 low ser4 
pauseus I 329 pauseus J 263. poLISelJS 1150 pousetiS 990 

high ser5 high ser5 high ser5 high ser5 
pouseus I 906 pauseus I 822 paus:eus 1780 pauseus 1780 
lowser5 lowser5 lowser5 low ser5 
pouseus 594 po~neus 676 po~neus 720 pouseus 720 

high ser6 high ser6 high ser6 high ser6 
pauseus 1450 pauseus 1450 pauseus 1530 pauseus 1690 
low ser6 low ser6 low ser6 low ser6 
pauseus T 050 pauseus T 050 pouseus 970 pauseus 6TO 

pouseus 5000 pauseus 5000 pauseus 5000 pauseus 5000 

next I next I next I next I 



53 

FORI=OT04 ; 7th FORI=OT04 ; 8th FORI=O T04 ; 8th FOR 1=0 TO o4 ,8th 

high ser1 hig, serl high ser1 high .. ,, 
pouseus 800 pouseus872 pouseus 10 l4 pauc.,. 11 &> 
low serl lowserl lowserl low..,., 
pouseus 1700 pouseus 1 628 pouseus 1486 poua.,. 13-'0 

hlg, ser2 hig, se.r2 hig, ser2 high ser2 
pouseus 1820 pauseus 1 900 pauseus 1820 pauseus 1700 
lowser2 low ser2 low ser2 low ser2 
pauseus 680 pauseus 600 pauseus 680 pauseus800 

high ser3 high ser3 high ser3 high ser3 
pauseus 1500 pouseus 1588 pouseus 17 64 pouseus 1940 
low ser3 lowser3 lowser3 low ser3 
pouseus I 000 pouseus 912 pauseus 736 pouseus 560 

high ser4 high ser4 high ser4 high ser4 
pauseus 1590 pouseus 1670 pouseus 1670 pouseus 1670 
low ser4 lowser4 lowser4 low ser4 
pauseus 910 pouseus 830 pouseus 830 pauseus 830 

high ser5 high ser5 high ser5 hrgh ser5 
pauseus 1 780 pauseus 1724 pouseos 1612 pouseus 1500 
lowser5 lowser5 low ser5 low serS 
pauseus 720 pauseus 776 pauseus 888 pauseus 1 000 

high ser6 high ser6 high ser6 high ser6 
pouseus 1770 pauseus 1850 pauseus 1770 pauseus 1650 
lowser6 lowser6 lowser6 lowser6 
pauseus730 pauseus 650 pauseus730 pouseus850 

pauseus 5000 pauseus 5000 pauseus 5000 pouseus 5000 

next I next I next I next I 

FORI=OT049 ;7th FORI=OT04 ;8th FORI=OT04 ;8th FORI=OT04 ; 8th 

high serl high ser1 high ser1 high serl 
pauseus 800 pauseus 944 pauseus 1 082 pauseus 1014 
low serl lowserl low ser1 lowser1 
pauseus 1700 pauseus 1 556 pauseus 1418 pauseus 1486 

high ser2 high ser2 hi!~! ser2 high ser2 
pauseus 1 900 pauseus 1 860 pausan 1 7 40 pauseus 1700 
low ser2 low ser2 lowser2 low ser2 
pouseus 600 pauseus 640 pauseus760 pauseus 800 

high ser3 high ser3 high ser3 high ser3 
pouseus 1500 pauseus 167 6 pauseus 1852 pauseus 1940 
lowser3 lowser3 low ser3 lowser3 
pauseus 1 000 pouseus 824 pouseus 648 pouseus 560 

high ser4 high ser4 high ser4 high ser4 
pouseus I 670 pouseus 1 670 pauseus 1670 pouseus 1670 
low ser4 lowser4 .lowser4 low ser4 
pouseus830 pauseus 830 poliSeUS 830 pouseus 830 

high ser5 high ser5 high ser5 high ser5 
pouseus 1780 pouseus 1 668 pauseus 1556 pauseus 1612 
low ser5 lowser5 lowser5 low ser5 
pauseos720 pauseos832 pauseus944 pauseus 888 

high ser6 high ser6 high ser6 high ser6 
pauseus 1850 pauseus 1810 pauseus 1 690 pouseus 1650 
lowser6 low ser6 lowser6 lowser6 
pauseus 650 pauseus 690 pauseus 810 pauseus 850 

pouseus 5000 pauseus 5000 pauseus 5000 pouseus 5000 

next I next I next I next I 



54 

FORI=OT04 ;8th FORI=OT04 ;8th FORI=OT04 ;9th FORI=O TO o4 ,9th 

high serl high serl high serl hlgfuerl 
pauseus 1 048 pauseus 1116 pauseus 11 50 poUICIUI 11 .5() 
low serl fuwsert fowserl fowserl 
pauseus 1452 pauseus 1 384 pauseus 1 350 pauaeua 13!0 

high ser2 high ser2 high ser2 high .. r2 
pauseus 1700 pauseus 1700 pauseus 1700 paUietl$ 1.:53.5 
low ser2 low ser2 low ser2 low aer2 
pauseus 800 pauseus 800 pauseus800 paus41U1 96.5 

high ser3 high ser3 high ser3 high ser3 
pauseus 1940 pauseus 1940 pauseus 1940 pauseus 2072 
lowser3 lowser3 lowser3 lowser3 
pauseus 560 pauseus 560 pauseus 560 pauseus 428 

high ser4 high ser4 high ser4 high ser4 
pouseus 1 670 pause&J$ 1670 paUSEU$- 1670 pauseus 1619 
low ser4 lowser4 lowser4 low ser4 
pauseus 830 pauseus 830 pouseus 830 pauseus 881 

high ser5 high ser5 high ser5 high ser5 
pauseus 1584 patm!US 1528 paUieUS 1500 pauseus 1500 
low ser5 lowser5 lowser5 low ser5 
pouseus 916 pauseus 972 pouseus 1 000 pauseus 1 000 

high ser6 high ser6 high ser6 high ser6 
pauseus 1650 pauseus 1 650 pauseus 1 650 pouseus 1499 
lowser6 lowser6 low ser6 low ser6 
pauseus 850 pauseus 850 pauseus 850 pauseus 1 001 

pauseus 5000 pauseus 5000 pauseus 5000 pouseus 5000 

next I next I next I next I 

FOR I=OT04 ; 8th FORI=OT049 ;Bfh FORJ=OT04 ; 9th FORI=OT04 ;9th 

high serl high serl high serl high serl 
pouseus 1082 pauseus 1150 pauseus I 150 pauseus 11 50 
low serl lowser1 low ser1 low serl 
pauseus 141 8 pauseus 1350 pauseus 1350 pauseus 1350 

high ser2 high ser2 high ser2 high ser2 
pouseus I 700 pouseus I 700 pauseus 1590 pauseus 1480 
low ser2 lowser2 lowser2 lowser2 
pauseus 800 pauseus 800 pauseus 910 pauseus 1020 

high ser3 high ser3 high ser3 high ser3 
pauseus 1940 pauseus 1940 pouseus 2028 pauseus 2 I 16 
low ser3 lowser3 lowser3 low ser3 
pauseus 560 pauseus 560 pouseus 384 pauseus 384 

high ser4 high ser4 high ser4 hlghser4 
pauseus 1670 pouseus I 670 pouseus 1636 pouseus 1602 
lowser4 low ser4 lowser4 lowser4 
pauseus 830 pauseus 830 pauseus 864 pauseus 898 

high ser5 high ser5 high ser5 high ser5 
pauseus 1 556 pauseus 1 500 pauseus I 500 pauseus 1500 
low ser5 lowser5 low ser5 lowser5 
pauset:1i944 pauseus 1000 pavseus l 000 pavseus 1000 

high ser6 high ser6 high ser6 high ser6 
pauseus 1 650 pauseus 1650 pauseus 1541 pauseus 1457 
lowser6 low ser6 lowser6 low ser6 
pauseus 850 pauseus 850 pouseus 959 pouseus 1043 

pauseus 5000 pauseus 5000 pauseus 5000 pouseus 5000 

next I next I next I next I 

-·-- - - - - ----------------- ------- ------ -
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FORI=OT04 ;9th FOR I=OT04 ; 9th FORI=OTO 4 ;9th FORI=O T04 1 lOth 

high serl high serl high serl hlgtuerl 
pauseus 11 50 pauseus I 1 50 pauseus 11 SO pauaaut 11.50 
low serl _lowserl lowserl lowserl 
pauseus 1 350 pauseus 1 350 pauseus 1 350 paua«.~a 13.50 

high ser2 high ser2 high ser2 high aer2 
pauseus 1425 pauseus 1 315 pauseus 1205 pauaeus 11.50 
lowser2 lowser2 lowser2 low ser2 
pauseus I 07 5 pauseus 11 85 pauseus 1295 pauseus 13.50 

high ser3 high ser3 high ser3 high ser3 
pauseus 21 60 pauseus 2248 pauseus 2338 pauseus 2304 
lowser3 low ser3 low ser3 low ser3 
pauseus 340 pauseus 252 pauseus 162 pauseus 196 

high ser4 high ser4 highser4 high ser4 
pauseus 1585 .pauseus 1551 pauseus 1517 pauseus 1564 
low ser4 lowser4 lowser4 lowser4 
pauseus 915 pouseus 949 pauseus 983 pauseus 936 

high ser5 high ser5 high ser5 high ser5 
pauseus 1500 ptmrellS' 1 500 pauseus- t 500 pauseos 1500 
low ser5 low ser5 lowser5 lowser5 
pouseus 1 000 pauseus 1000 pauseus 1000 pouseus I 000 

high ser6 high ser6 high ser6 high ser6 
pauseus 1413 pauseus 1329 pouseus 1245 pouseus 1200 
low ser6 lowser6 low ser6 lowser6 
pauseus I 087 pauseus 1171 pauseus 1255 pauseus 1300 

pauseus 5000 pouseus 5000 pauseus 5000 pauseus 5000 

next I next I next I next I 

FORI=OT04 ; 9th FORI=OT04 ; 9th FORI=OT049 ; 9th FORI=OT04 ; lOth 

high serl high serl high serl high serl 
pouseus 1 150 pauseus 1150 pouseus 11 50 pauseus 11 50 
low serl low serl low serl lowserl 
pauseus 1 350 pouseus 1 350 pauseus 1 350 pauseus 1350 

high ser2 high ser2 high ser2 high ser2 
pauseus 1370 pauseus 1260 pauseus 1 150 pouseus 11 50 
low ser2 lowser2 lowser2 lowser2 
pouseus 11 30 pauseus 1240 pouseus 1 350 pouseus 1350 

high ser3 high ser3 high ser3 high ser3 
pauseus 2204 pouseus 2292 pouseus 2380 pouseus 2228 
lowser3 lowser3 lowser3 lowser3 
pouseus 296 pouseus 208 pauseus 120 pauseus 272 

high ser4 high ser4 high ser4 high ser4 
pauseus 1 568 pauseus 1534 pauseus 1500 pouseus 1628 
lowser4 lowser4 lowser4 low ser4 
pauseus932 pausalS 966 pauseus 1000 pauseus 872 

high ser5 high ser5 high ser5 high ser5 
pauseus 1500 pauseus 1500 pauseus 1500 pauseus 1500 
low ser5 lowser5 low ser5 low ser5 
pauseus 1 000 patm;!US woo ~1000 pouseus- woo 

high ser6 high ser6 high ser6 high ser6 
pauseus 1371 pauseus 1287 pouseus 1200 pauseus 1200 
low ser6 low ser6 lowser6 lowser6 
pauseus 1129 pauseus 1213 pauseus 1300 pouseus 1300 

pauseus 5000 pauseus 5000 pauseus 5000 pauseus 5000 

next I next I next I next I 
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FORI=OT04 ; 10th FORI=OT04 ; lOth FORI=OT04 I 10th FORI=OT04 ; 10th 

high serl high serl high serl high ser1 
pauseus 1150 pauseus 1 150 pauseus 11 50 pOUIGUI 11.50 
low serl iow-serl iowserl fownr1 
pauseus 1 350 pauseus 1 350 pauseus 1 350 POUIIUI 13.50 

high ser2 high ser2 high ser2 high at:2 
pauseus 1 150 pauseus 1150 pauseus 1150 PCIIJUIUt l 1 .00 
low ser2 low ser2 low ser2 low aer2 
pauseus 1 350 pauseus 1 350 pauseus t 350 pauseua 1350 

high ser3 high ser3 high ser3 high ser3 
pauseus 21 52 pauseus 2000 pauseus 2000 pauseus 2000 
lowser3 low ser3 lowser3 lowser3 
pauseus 348 pauseus 500 pauseus500 pauseus 500 

high ser4 high ser4 high ser4 high ser4 
pauseus lb92 pauseus 1820 pcwseus 1948 pauseus 2076 
low ser4 low ser4 low ser4 low ser4 
pauseus 808 pauseus 680 pauseus552 pauseus 424 

high ser5 high ser5 high ser5 high ser5 
pauseus t 500 paaseas f 500 pauseus t 500 pauseus t 500 
low ser5 low ser5 lowser5 lowser5 
pauseus 1 000 pauseus 1 000 pauseus 1000 pauseus 1000 

high ser6 high ser6 high ser6 hlghser6 
pouseus 1200 pauseus T 200 pauseus 1200 pauseus 1200 
lowser6 low ser6 low ser6 lowser6 
pauseus 1300 pauseus 1 300 pauseus 1 300 pauseus 1300 

pauseus 5000 pauseus 5000 pauseus 5000 pauseus 5000 

next I next I next I next I 

FORI=OT04 ; lOth FORI=OT04 ; lOth FORT=OT04 ; lOth FORl=OT049 ; lOth 

high serl high serl high serl high serl 
pauseus 1150 pauseus 1150 pauseus I 150 pauseus 1150 
low serl lowserl lowserl low serl 
pauseus l 350 pauseus l 350 pouseus 1350 pauseus 1350 

high ser2 high ser2 high ser2 high ser2 
pauseus 1 1 50 pauseus 1 150 pauseus 1 1 50 pauseus 1150 
lowser2 low ser2 low ser2 lowser2 
pauseus 1350 pauseus 1 350 pauseus 1 350 pauseus 1350 

high ser3 high ser3 high ser3 high ser3 
pauseus 207 6 pauseus 2000 pauseus 2000 pauseus 2000 
low ser3 lows'E!r3 lowser3 lowser3 
pauseus 424 pauseus 500 pauseus 500 pauseus 500 

high ser4 high ser4 high ser4 high ser4 
pauseus 1756 pauseus 1 884 pauseus 20 12 pauseus 2140 
lowser4 low ser4 low ser4 low ser4 
pauseus.744 p~blb pauseus488 pauseus 360 

high ser5 high ser5 high ser5 high ser5 
pauseus 1500 pauseus 1500 pauseus 1500 pauseus 1500 
lowser5 lowser5 lowser5 lowser5 
pauseus 1000 pauseus fOOO pc!OS'ei:JS woo pauseus lOOO 

high ser6 high ser6 high ser6 high ser6 
pauseus 1200 pauseus 1200 pouseus 1200 pauseus 1200 
lowser6 low ser6 low ser6 low ser6 
pauseus 1300 pauseus 1300 pauseus 1300 pauseus 1300 

pouseus 5000 pauseus 5000 pauseus 5000 pauseus 5000 

next I next I next I next I 
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FORI=O T04 ; llth FORI=OTO 4 ; 11th fORI=OT04 ; 11th FORI=OT04 ; 11th 

high serl high serl high serl high .. ,t 
pauseus 1150 pauseus 1 150 pauseus 1150 po ... CUI 1150 
lowser-1 low serl lowserl lownrl 
pauseus 1 350 pauseus 1 350 pauseus 1 350 pa ... eue 1350 

high ser2 high ser2 high ser2 high aer2 
pauseus 1150 pauseus 1 150 pauseus 11 50 pa ... eus 11 SO 
lowser2 low ser2 lowser2 low aer2 
pauseus 1350 pauseus 1 350 pauseus 1350 pa~eu• 1350 

high ser3 hlgl- ser3 ligh ser3 high ser3 
pauseus 1977 pauseus 1931 pauseus 1 885 pauseus 1839 
lowser3 low ser3 lowser3 low ser3 
pauseus 523 pauseus 569 pauseus 615 pauseus661 

high ser4 high ser4 high ser4 high ser4 
pouseus 2090 pguseu& 1990 pol5eUS 1890 pouseus 1790 
lowser4 low ser4 low ser4 low ser4 
pauseus 698 pauseus 734 pauseus770 pauseus 806 

high ser5 high ser5 high ser5 highser5 
pauseus 1500 pauseus 1 50& pcruseus 1500 pauseus 1500 
lowser5 low ser5 low ser5 low ser5 
pauseus I 000 pauseus 1 000 pauseus 1 000 pauseus 1 000 

high ser6 high ser6 high ser6 high ser6 
pauseus 1200 pauseus 1200 pauseus 1 200 pauseus 1200 
low ser6 low ser6 low ser6 low ser6 
pauseus 1300 pauseus 1 300 pauseus 1300 pauseus 1300 

pauseus 5000 pauseus 5000 pauseus 5000 pauseus 5000 

next I next I next I next I 

FORI=OTO 4 ; 11th FORI=OT04 i lith FO"Rl=OT04 ;11th FORI=OT04 ; 11th 

high serl high ser1 high serl high serl 
pauseus l 150 pauseus 1150 pauseus 1150 pauseus 11 50 
low serl low ser1 lowser1 low ser1 
pauseus 1 350 pauseus 1 350 pouseus 1350 pouseus 1350 

high ser2 high ser2 high ser2 high ser2 
pauseus I I 50 pauseus 11 50 pa useus I 150 pouseus 11 50 
lowser2 lowser2 lowser2 lowser2 
pauseus 1350 pauseus 1 350 pauseus 1 350 pauseus I 350 

high ser3 high ser3 high ser3 high ser3 
pauseus 1954 pauseus 1908 pauseus 1862 pouseus 1816 
lowser3 low ser3 lowser3 lowser3 
pauseus546 pauseus592 pauseus 638 pauseus 684 

high ser4 high ser4 high ser4 high ser4 
pauseus 2040 pauseus 1940 pauseus 1840 pauseus 17 40 
lowser4 low .ser4 lowser4 lowser4 
pause.JS 716 pau.seus7S2 pouseus788 pouseus 824 

high ser5 high ser5 high ser5 high ser5 
pauseus 1500 pauseus 1500 pauseus 1500 pauseus 1500 
low ser5 lowser5 lowser5 lowser5 
pauseus lOOO pOVS'eUS 1 000 patJ$'eUS l()()(} pauseos 1000 

high ser6 high ser6 high ser6 high ser6 
pauseus 1200 pauseus 1200 pauseus 1200 pauseus 1200 
lowser6 low ser6 lowser6 low ser6 
pauseus T 300 pauseus ·y 300 pauseus 1300 pauseus 1300 

pauseus 5000 pauseus 5000 pauseus 5000 pouseus 5000 

next I next I next I next I 
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FORI=OT04 ; 11th 

high ~r1 
pauseus 1 1 50 
low serl 
pauseus 1350 

high ser2 
pauseus 1150 
low ser2 
pauseus 1350 

high ser3 
pauseus 1793 
low ser3 
pauseus 707 

high ~r4 
pauseus 1 690 
low ser4 
pauseus 849 

high ser5 
pauseus 1500 
low ser5 
pauseus I 000 

high ~r6 
pauseus 1200 
lowser6 
pauseus I 300 

pauseus 5000 

next I 

FOR 1=0 T049 i 11th 

high ser1 
pauseus I 150 
low serl 
pauseus 1350 

high ser2 
pouseus 1 1 50 
low ser2 
pauseus 1 350 

high ser3 
pauseus 1770 
low ser3 
pauseus 730 

high ser4 
pauseus 1638 
low ser4 
pauseus 862 

high ser5 
pauseus 1 500 
lowser5 
pauseus1000 

high ser6 
pauseus 1200 
low ser6 
pauseus 1 300 

pauseus 5000 

next I 

GotoMain 
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~ 
MICROCHIP PIC18F2455/2550/4455/4550 

28/40/44-Pin High-Performance, Enhanced Flash USB 
Microcontrollers with nanoWatt Technology 

umversaJ serial Bus Features: 
• USB V20 COmpliant 
• LOW Speed (1.5Mb'S) and FUll Speed (121W)!S) 
.. SUpports Control, Interrupt. lsochronous and &A: 

Transfers 
• SUpportsupto32eoopolntS(16~) 
• 1-Kbyte dual access RAM fa USB 
• on-ctip usa transceiver Wlttl on-chip voltage 

regulator 
• Interface for~ USB lrnrnscefVer 
• streamlng Parnltel Port (SPP) for USB streaiOOg 

transfers (4lJ/44iJfn c:Jevk:es only) 

Power-Managed Modes: 
• Run: CPU on, per1pheralS on 
• kJie: CPU otr. peripheralS on 
• Sleep: CPU off, peripheJals off 
• Idle mode aarents down to 5.8 pA typical 
• SJeep mode currents down to 0.1 pA typical 
• nmen osdllator. 1.1 pA typiCal, 32kHZ. -z.~ 
• Watchdog Tsmer: 2. 1 !lA typtcal 
• Two-Speed OScilator Start-up 

Flexibie Oscillator Structure: 
• Foor Clystal modes including High Predslon PlL 

roruss 
~ Two External Clock modes, up to 48 MHz 
• Internal oseilator llfOclc 

- 8 user setedd:fe frequencieS, from 
311diz to 8 MHz 

- lJser-tmabfe to compensaie tor t'ecJjency <tt1t 
• Secoodary osdJJatDr using Tuner1 @ 32 kHz 
• Dual oscutatar options alloW mlcrocontroller ano 

USB modl.de to run at different dock spee<1s 
- Fait-Safe aock MonitOr 

- News for safe sf1utdorMl if any dock stqls 

Program Memory Datil Memory 

Devi>ce Flash • Siogfe..Word SRAM EEPROM 
(bytes) lnstruc:tions (bytes) (bytes) 

IPIC18f2455 24K 12288 2048 256 

PIC18F2550 32K 16384 :2048 256 
PIC18F4455 24K 12288 2048 256 
PIC18F4550 321( 16384 :2048 256 

flO 

24 

24 
35 
35 

Peripheral HJghQghts: 

• ~Sir1(lsource 25 mAI25 mA 
• Tree external kltenupts 
• Four Tmer rmdules (11mertl to Tlmer3) 
• Up to 2 capture/OornpareiPWM (CCP) modtes: 

- captre 1s 1&4ll. max. res:JUJan 6.25 ns (R:v/16) 
- Dorrp"e IS 16-bit, ~ resdUicn 100 ns (fev) 
- PV11M aJptj: PWM reD1tion ts 1 to 10-llit 

• Enhanced~(Eca:') rrocue: 
- ~rutputmodes 
- SeleCtable pcb1ly 
- Prcgaan 11lillble dead time 
.. ~an:!AIJD-Resat 

• Enhance<J USART mcxue: 
- LIN bUs sq:>pOit 

• Master Synchronous Sertal Port (MSSP) module 
supporting 3-vtfre SPJlll (a114 modes) and (lc111 
Master and Slave modes 

• 10-Cll, ~to 13-da'llels ~ COOWetter 
mocue (AID) Wiltl ~ a<XJJ1Sltion time 

• Dual analog comparatoiS with inpUt muttlpleXIng 

Special Mfcrocontrolfer Features: 
• c compiler optimized architecture wttn optiOnal 

extende<J instruction set 
• 100,000 eraseM'Jtte cycle Emancea Flash 

pmgran lllE!O'lOrY typiCal 
• 1,000,000 eraseiWJ1te cycle Data EEPROM 

rnetmry typical 
• AashiOafa EEPROM Retention: > 40 years 
• Self-programmable under software control 
• PnOOty levels 1'<:ir lrltefn4>tS 
• 8 X 8 Singfe-Cyde HaRfware Mutliplier 
• ExteOOed watd1dog Timer (WDl): 

- ~pel100fran41msto131s 
• Programmable cooe Protection 
• s~ sv In-Circuit sena1 

Prografm11ng111t (ICSPTU) via two pinS 
• fn.Circuft Debug (ICO) via two pins 
• C1ptkJna <1edcated ICOIICSP port (4JI.i*l cJe\'tces ally) 
• Wide operamg voltage range (2.0V to 5.5V) 

IISSP 
~ 

fO-bit fccPJECCP SPP Master ~ i Timens 
AJD(ch} (PWM) ::.') 8116-bit SPJ111 R:m ;5 § 

10 210 No y y 1 2 113 
10 210 No y y 1 2 1/3 
13 111 Yes y y 1 2 1/3 
13 1/1 Yes y y 1 2 t/3 
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Pin Diagrams 

40.Pin PDtP 

~-
RAW.Alll-
RA1f/oN1-

fVOJNONrtu4CVfttr -
RA31'AN3Miu• -

RMITOCt<~10UTIRCV -
RAS!AH41SSH..VDHC20UT -

RB11AN5Kl<1SPP --
RE11AN61C1<2SPP -
RE2liiN7lOESPP -

VDo
V!I!l

OSC11ClK!
OSC'lJCI..ICO'A 

RCIYI"10SOIT1300 -
RC11f10'3UCCP'l(11100E -

RC21CCP11P1A -

44-PlnQFN 

t'*1: R83isllei!A:mllfel*!forCCP2~ 

- R87!(813.PGD 
- RfE-'<BI2lPGC 
- RBMCBl1PGM 
- RB41AN1tiKI'IIDICSSFP 
- R831AH91C0'2f'l!IIPO 
- RS2tAHB/IN17JIIMO 
-- R811AH1GIINT1ISCKISCl 
--- RSJIAN1:zJW1'D'fU1JISD 
--Voo 
___.vu 
- R071SFP7.fl10 
- RD61SPP6JP1C 
- RDSISPPS!P1i'J 
- RD41SPP4 
- RCIIRXIDTISDO 
-RcetT¥10< 

-- RCSoO+IIIP 
- RC4JO..IIII,I 
-RD.11SPPl 

- RD21SPP2 

2: Special ICPORTS JeotRs IMiaHe In telect clret11\11tln0CS. Sec SectJon 25.9 "Special lCPORT hatls'es (I)elignated 
l'adcaget ~for more lnfcm1llltcn. 
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1.0 DEVICE OV&RVIEW 
This doaJrnert caJtains device speclic lnfom1alim for 
the fdlowir1g deW:es: 

• PIC 18f2455 • PIC18Lf'2.455 
• PIC 16F'2550 • PIC18LF2550 

• PK:1BF4455 • PIC1BLF4455 

• PJC18F4550 • PIC18LF4550 

This t.'lnly ~ deviceS otllers the advantages of aJ 
PIC18 mlcroc:onaolers- namely. ~ ~ 
pelformance at a'! economical prtce- wlh the addt1on 
ot high enclr.llce, Emanced Aasn progam memory. 
tn addiOon to mese features, tne 
PIC1BF24551:2550/445514560 fcnlly i1trOdUa!s deSigl 
enhancements that make these n11u0001 lb Olers a lOg
Ical choice fbr many~ power sensitive 
appicaticos. 

1.1 N.w Core Featurn 

1.1.1 nanoWatt TECHNOLOGY 
Not the devices In 1he PfC18F24.55a55014455f4550 
ramJy fNXI'pOiale a range of reatwes that tal sJgnltJ
cantly refix:e power ~ dOOng operaUcn 
Key it.ems lnt1ude: 

• Alternate Rwl Modes: By docking the contrdler 
from the Tmer1 som:e or the internal osdlab" 
block. power~ clmg code exeafJon 
can be ralJCed by as nuh as 90%. 

• ~Idle Modes: lbe C0'1tl'dter 1'.31 also IW 
WUh 11s CPU coredsallled tdthe ~stil 
active. In these states, power consumption can be 
reduced even flM1her.. to as me as 4% a normal 
oper3lm requiJemeniS.. 

• on.ctJHiy Mode SWhl:!llng: 1lJe 
power-fTliDigf!d mooes are Invoked ~ useJ code 
oo11ng operation, aJowtng the user to lncaporate 
power~ kJeas i1b their epplit:atiai'S 
soltware design. 

• Low consumpaon In Key MOd&lfes: The 
powerrequmnem tlr bOll Dner1 and -.e 
watchdog Toner are rnlnlntted. see 
Section 21.0 "'EEectrical ct.aacws tstics" b' 
vakJes. 

1.1.2 UNIVERSAL SERIAL BUS (USB) 
Devices ., tne PIC16f245512550/445514550 family 
lncorporaSe a Uly feattl"e<J I.JnlvefSal Ser1al Bus 
COilllUlleatlons ~that IS COI11>f<dWih tne USB 
SpedfJcaloll RevlSbl2.0. -roo rmcue supp005 bolh 
low~ and u speed COO'ItU'1Icabl b al Slp
ported data tmnsrer types. n a1so trJUJpocates tts <M11 
on-chf> trmscefver ar.s 3.3V regulator and supports 
the used external transc:elvers and voltage regulators. 

1.1.3 MULTIPLE OSCILLATOR OPTIONS 
AND FEATURES 

AI otthe devices In fhe PIC1~4550 
foo\ly offer twelve IHerent C«<lator opiDnt. ~ 
users a wide r.a1Qe d choices In deweloplllg tiR)IellcJ\ 
hardw<R. 'These ildude: 

• RlJr Crystal modes using aystD or c:erarmc 
n:saaluis. 

• Four Extemci Clock mxles, o1t!r1ng Ole option cl 
using two pm (oscllaD' qu and a tiV!d&by~ 
dock output) or one pin (osdlalor lf1ltJt, wlh the 
second J*l reassi!Jled as general UO). 

• An iltemal OIStSator bkJdc whk:tl proVkJes Cl1 
B MHz clxk (i.-2% acaracy) and ClliNTRC 
SOtRe (~oxtcnately 31 kHZ. stable over 
~and VDo), as wet! as a ICK1ge of 
6 user selectable c1oc:tt frequencies. between 
125kH.z to 4 MHz. tlr a total ora dock 
Rquenc~es.. 1his option tees an osdlau 1*1 ilr 
use as an adlfllon<i Oener.f pgpose 110. 

• A Phase Lock Loop (Pll) fre(p!nCy ndlpler. 
avalable to both Che ~ aysta1 em 
external oscllaJor modes, which allows a wide 
range or dodc speeds rrom 4 MHz to 48 MHz. 

• AsyndJill1oUs dual dock operaeiln, abmg 1he 
USB f'l10dtje to rm from a hlgh-1'leqUeney 
osclllafDr .n~e 11e rest ortne ma0001mo1er ts 
doCted tool Clllntemai!Ow-power osdlalOr. 

Besides Is <Nalatlilty as a cJodt source, the ~ 
odalkr block provides a state reference seute that 
gives the famly addiOOnal fea\Ures for rmust 
operOOoo: 

• F~ Cloclt Monitor: 1lis opliCil consla11ly 
f1'J(Rb'S !he mail dOCk sowce agamt a 
reterente sva pmviCied by the merna~ 
oseilatt. If a dOCIC faiUe oc:an, the contuler IS 
SWitdled to tne Infernal OSdlator C>Jod(, allOWing 
1or conmuec3 lOW-speed oper.:filn or a safe 
CIAJicatfon SIJUIOOwn. 

• 1Wo-8peed Stlrt~ This~ allows lt1e 
Internal osdlatDrto serve as the dOCk scwte 
from Power -on Reset. or Walee-Up l"om Sleep 
moae. llltll tne prtn:a~y CIOdt SOll'te ts available. 
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1.2 other Special Features 

• Memoty EndUrance: Tile Enhanc:erl Aasn eels 
rorboth 1W!J311 meroory and data EEPROM are 
rated to last tJr nmy thousands c1 eraseiWI1te 
cycles -1.4) to 100.000 l'or prograll memoty and 
1,000,000 for EEPROM. Data retention withoot 
refresh iS oonsetVativeiY estinated to be greater 
Ulan 40 yea-s. 

• Se'l~ lllesedevices can write 
to their own~ rnef110I)I spaces ~lder 
Internal S01lWare control. By using a b00110ader 
routine. lOCated In the protected Boot Bloctc at the 
top <1 ~ meroory,lt beCOmeS possible to 
aeale an appJit:atltxl ttJat can update lselr in the 
fle1d. 

• Ext8ndlclllsttiitllcM Set: Tile 
PIC18f2455125501'445514550 famUy ittroduces 
an optional extenSk:Jn to the P1C18 lnStrudiOn set, 
wl1dJ adds a new IJ)stnJCtionS and ~ Indexed 
Uterat orrset Addresstlg nme. 11tis exlension, 
eruUed as a device contiglll'atim oplion. has 
been spedl'ically designed to~ re-entrant 
appUcaUon code Ol1gfnaly develOped in high-leVel 
languageS SUCfl as c. 

• Enhanced CCP ModUle: In PWM mode, Ibis 
modUle provides 1. 2 fll4- mocUatet1 otlpiJ.s b 
controlling tlalf.fxldge and ftS~ awers. 
Other features lndUOe auto-shlltaown for 
d&lbllng PWM outputs on tnterrupt or other select 
condiUons and au1o-restart to reactlvae outputs 
once the conditJon has cleared. 

• Ermnced~ USARr.lhls sertal 
cmmmtcatlon ttlOlUe ts capalle Of standan3 
RS-232 operation aoo provides support tbr the UN 
bUS proSocol. OCher enhancements t1CiucSe 
Al.mmatic. Baud Rate Detection aoo a f.6.M Baud 
Rate Genefatl)rQ"ImpfoVee! resoltlon. When 1ne 
microconttJfter is usng the wemaJ osc:aator 
blOCk, the EUSART provides stmle oper.jJm ror 
applk:at!OOS that talk to the outside world WltlOUt 
USing an external ays1al (or ItS~ 
power reqtWemeslt). 

• 1CH* AID COi1MifM: lllis roomie D:clpofal:es 
progr.ammatie acquts1100 '!kne, allowtng fOr a 
chamel to be sefected and a conversiOn to be 
inlfiated, wl1hout waiting b" a saJ1l)llng pet1od and 
tflls, re«iJdng code OW!thead. 

• Dldlcatltd ICOIICSP Port l11ese devf1:es 
l:ntrodtJce the used deblmer and .. t9amming 
pjns that are not rmllpeXed With other micro
controller feaUes. OCfered as an option in select 
packageS. lh!S featUre alloWs users to deVelop 110 
IntensiVe CJA)Icaaons whle retm~ng the ability to 
program and debUg In tne c:rcut 

1.3 Details on Individual Family 
Members 

Devices In 1fle PIC18f245512550/445&45eia fadly n 
ava8abfe i1 28-pin and 40144-pln package~. 8IDdl 
~ for tne two !JOUPS a-e !?OOWil " ftgln 1·1 
and Figure 1-2. 

The deVIces are dinefentlated frml each other In tbl 
ways: 
1. FJasn program memo1Y (24 ~<bytes lbr 

PIC18FX455 devices, 321<by!es for 
PIC16FX550). 

2. AID Channels (10 ror .28-pln deW:eS, 13 ror 
40144-pln devices). 

3. 110 ports (3 biclrecJkJrlal ports and 1 Input ody 
poll on 28-pln deViceS. 5 tlldiredional ports ~ 
40/44-pln devices). 

4. CCP and Erlhanced CCP kJ1)1emetltation 
(28-pkl <Jevlces hawe 2 standi.rd CCP modtles, 
4tll44-f*l deVtces haVe one standard CCP 
fJIX!tje and one ECCP ITJI)(Ue). 

5. Streanwtg Padlel Port (preSent only on 
40/44-pln devlces). 

1be pinouts for au delilces are listed in Table 1-2 and 
T~1-3. 

Ute al Micnxll1> PIC1B deW:es, members of the 
PSC18F2455f2550/4456/4550 family are avalabJe as 
bOth standard aoo Jow-vottage devices. stnlard 
deVIces wlh .Erflance(J Rash memof'Y, ~with 
an "P ~ me p<Wt rumer (suctl as PIC18Fl551J), 
at:colriOOdate an operatk1g Voo f31Qe of 4.'N to 5.5V. 
t.ow-vatJQe parts, <leSignaCe(t C1f '"lf" (suet\ as 
PIC18LF2550), ftn:tion over an extended Voo rc.nge 
Of2..0Vt) 5.SV. 

63 



54 

TABLE 1·1: DEVICE FEATURES 

Futures PIC18F24155 PtC18F2!&0 PIC18F445!5 PIC18NIIO 

Opernl1ng Freqt.lency DC-48MHz DC-48MHz OC-48MHz OC-48MHz 
Program MenDy (Byles) 2.4516 32763 24576 32768 
Program Memory (Instructions) 12288 16384 12.288 16384 

Data Memofy {Bytes) 2048 2048 2048 2048 
Data EEPROM Memory (Bytes) 256 .2)6 256 256 

Interrupt Soon:es 19 19 20 20 

1/0POJts POns A. B, C, (E) Poets A, B, C, (E) Ports A. B, C, 0, E Ports A, B. C, 0, E 

11mefs 4 4 4 4 

capruretCompare/PWM MolfuJes 2 2 1 1 

Capture/ 0 0 1 1 
COOlpare!PWM Modlles 

serial COmn'l.lniCatiO MSSP, MSSP, MSSP, MSSP, 
Enhanced USART Enhanced USART Enhanced USART Enhanced USART 

llnive:csat sena aus (USB) 1 1 1 1 
MOdUle 
Srean1ng Parallel Port (SPP) No lib Yes Yes 

10-blt MaJog-to-Oigltl Module 10 ·~ Channels 10 InpUt Cflannels 13 Input Channefs 13 Input cnanners 

compamt01s 2 2 2 2 
Resets (anr:l Delays) POR.BOR. POR,BOR, POR.SOR. P0R. BOR. 

RESli!T tnstrudfon, lUlSlit'l lnStnJCikJn, RJZS1lT lnStJUdlon, R.RS1lr tnstrudlon. 
Sb:kFull, stack FIJl, S!actcful, Stack Full, 

Stack l.lnderf!ow Slack l1ndertlow Stadt Underflow StaCk lJndet1low 
(PWRT, OSl), (PWRT. OST), ~OST). ~T,OST). 

UCLR (optional), MCLR (opt10031), MCLR {optlonal), MCLR (optlonaJ), 
WIJT WDT WDT WDT 

Pmgrammallle L.ow-Vdlage Yes Yes Yes Yes 
Detect 
Programmable 8rowrHKJt Reset Yes Yes Yes Yes 

JnStJUCtiOn Set 751nstrucriOJJS; 75 lllSDl.JcllonS; 751nStnJdlons; 75 lnSU'Ualoos; 
83 wnn ExteOOed 83 With Extended 83 With Extended 83\MihExtended 

lnstM:IIal Set lnSIJlJdian Set lnstruc:tfa1 set lnsbudlon Set 
enatied enabled enabled enabled 

Packages 28-plnPOJP 28-plnPDIP 40-pln POIP 40-pinPOtP 
28-pinSOIC 28-plnSOJC 44-plnOFN 44-pinOFN 

44-ptnTOFP 44-pinTQFP 



FIGURE 1-2: 

\om, \'so 

osetA 
()SO(:!) 

T10SJ 

T10SO 

"* 1: RE3 i1 mu!~Pe'l!e611ih iiCiR a'd it only IIIVllildtile 1lh:n lie iiCiR Reeett-~ 

ltAOI.W) 

IU.1JAH1 
RA21~ 
tu.31AW..... 

II"T~...._..o!X'IJ81D1Ht~ 

Rt'UIAN1~ 
RBZIANMNr::ZI'.W 
R831AN!lCCP2141NPO 
R&CIAHf1JI<SIOICSSPP 
RSSII(Sl11PGU 
R'SSIKfli2PGC 

1 Ll-l..J'9"""1'1JliR87/Kei3IPGO 

~ 
R051SPP5/Pt8 
RD61SPF61P1C 
RD71SPPTIP10 

I r-r-rr ....... •IXIRBrAN5/0(1Sf'P 
RE11ANM:1<2SPP 
RE2fNI7ICESI>P 

~.kr""-v\.1~ 

2: OSC11CUQ and OSCliClKO are Cllt11JC1it:ltjc In lldcct codlatcr mooes IDS when the:le 1*16 are ntt beklg ur.ed as llgit3110. Reb" 
1D Sec:tlon 2.0 '"Osc:lletor ~· trCidfton3llntrmalon. 

3: These pins arc only ~~tlllliae m ~ TQf'P under certa1n ccndlllan:l. ~eo 5cction 25..9 "'SpedaaiCPORT Fe~~t~~m~ ~ 
Pacbgeeonyrfor~ ~ 

4: Relit lfledtl5nate J*1 trCCP1~ 
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PIC18F2455/2550/4455/4550 

TABLE 1..S· PIC18F.445814510 PINOUT 110 OE.ICIUPTIOid 

Pin Name 
Pin Number Pin lutllr DUcrtplon 

PDIP QPN TQFP Type ~ 

MC1..R1VPPIRE3 1 18 18 Master Clear(~ Ot pugtacat•;g volage (qu). 
MClR I BT Master Clear (Resd) 1r1JUt T11ls ptlls an 

adlve-I<Jw Reset tlltle device. 
VPP p ~ volage lnptL 
RE3 I ST Digital Input. 

OSC11CLKI 13 82 30 OSdlab'crystal «external dock lnpJl 
OSC1 I Analog OSdllalr aystal i1XJt or external dock SCUl'.e qtt 
CU<I I Analog 8ttemal dade SOlJ"ce i1JUl ~ PSSIJdaled dl 

ptntl'tcbl OSCt. (See OSC2JCl.KO pm.) 
OSC2/CLKOIRA6 14 33 31 OSdlatJr aystJI or Clock output 

OSC2 0 - OSdlator aysta1 output connects to aystat or 
resonaeor Ill~ OSdlator mode. 

CL.KO 0 - In RC mode, OSC2 pin oQpu1s aJro which has 114 
lhe~dOSC1 and deBXes the ins1rudioo 
cytlerate. 

RA6 110 TIL General purpose 110 pin. 

Legend: TTL = TIL compatl)le irCXJt CMOS = CMOS ~ lnptt or output 
ST = SdlmlttTrtgger lrpJt wilh CMOS JeveJs I = ~ 
0 = Ot.ltpL4 p == Power 

Nota 1: Altenlale assignment tor CCP2 when CCP2UX coor~ btt ts ctearnct. 
2: OefatJt ~for CCP2 when CCP2MX contiguration bit is set 
3: lbese pins are No connect mtess the ICPRT conligllratlon tills set For NCJtCPORTS. 1he pin Is No 

Conned tness ICPRT Is set and U1e DEBUG contiguration bit Is deared. 

TABLE 1-8: PIC18P4465#45GO PINOUT lfO DESCRIPTIONS (CONTtNUED) 

Pin Name 
Pin Number Pin Buffer DescriptiOn 

POIP QFN TQFP '1\tPe 1\'Pe 
PORTA lS a bk1lrecl1ollilii/O port 

RAOIANO 2 19 19 
RAO flO TT1. Dlgb 110. 
ANJj I Analog AIQog InpUt 0. 

RA1/AN1 3 20 20 
RA1 110 TT1. Olglall/0. 
AN1 ' AnaJog Analog qxJt 1. 

RA2JAN2NREF-I 4 21 21 
~ 

RA2 1/0 TT1. Diglal VO. 
AN2 I Analog Analog InpUt 2. 
\!REF- I Analog AID reference voltage (low) Input 
C\IN.EF 0 Analog Analog cornparau. reference output 

RA3fAH3NREF+ 5 Z2 22 
RA3 tiO Tll.. Dlgllall/'0. 
AN3 I Analog Analog lnpUt 3. 
VREF+ I AnalOg AID reference voltage ~) lnplt. 

RMITOCKVC10UT/ 6 23 23 
RCV 

RM 110 ST Digital I/O. 
-roCKJ I ST TmeiO external dock lf1lUt 
C10UT 0 - ~1output 
RCV I TTL Extemat USB transcefver RCV Input 

RA51AN4JSSI 7 24 24 
Ht.VDINI'C20UT 

RA5 110 Tll.. Dlg1lallf0. 
AN4 I Analog Analog InpUt 4. 
ss I TTl.. SPf1M stave sefed input 
HLVOIN I Analog Hlghll.ow-Vottage Detect lfl~X'l 
C20tJT 0 - Comparntor 2 outpUt 

RA6 - - - - - see Ole OSC2/Cl.KOJRA6 ptn. 
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TA8LE1-3: PIC1 8F448S/4550 PINOUT 110 DESCRIPTIONS (CONTINUED) 
Pin Nc.l'lDf Pin eurrer Dncript)on ,...Name 

POll QfN TQFP ~ 1)pe 

PORTB Is a tdJedb~ liD port. PORTS can be 
sottwce pugaswned tlr ittemal weak~ on al 

~-
RBOI'AN1211Nl1Y 33 9 8 
FLTOISOVSOA 

RBD 110 rn. Digiti I/O. 
AN12 I Analog AniJt)g Input 12. 
INTO I ST External lrtel'lq)t 0. 
fllU I ST EnhanCed PWM Fd InpUt (ECCP1 fll()(Ue). 
SOl I ST SPJtU dala il. 
SOA 110 ST Jtc• datlii'O. 

RB11AN10/INT1/SCKf 34 10 9 
SCL 

RB1 110 Tn.. ~110. 
AN10 r Araog AnatJg~10. 
fNT1 I ST Bcbmallntemlpt 1. 
Sa< 110 ST Syndm10Us serl.il CloCk qxJt/ootput llr SPI rmde. 
scr.. 110 ST Synchronous ser1al dodc ~ b' t2c mode. 

RB21AN8/INT2NMO 35 11 10 
RB2 110 TIL ~1/0. 
AN8 I ~ AnatJg q,ut 8. 
INT2 I ST Extemal~2. 
VMO 0 - External USB transceiver VMOoutput. 

R63fAN91CCP2NPO 36 12 11 
RB3 110 TIL IJiglta 110. 
AN9 I An<*)g Analog inpUt 9. 
~t) 110 ST caplle 2~Conp'e 2 ou~2 ouqxJt. 
VPO 0 .- External USB transceiVer VPO outpd. 

R841AN111KBUCSSPP 37 14 14 
RB4 l/0 TTL DigitallfO. 
AN11 I Analog 1\1\at)g iliXJt 11. 
KB10 I rn. In~ pin. 
CSSPP 0 - SPP cnlp Select ccntJa OUipUt 

R851K'BI1/PGM 38 15 15 
RB5 110 T11. D~liO. 
KBI1 l Tl1. ln~-on-change ptn. 
PGM 110 ST Low-Vbltage ICSP111 Pnyaiiiiltig enable pin. 

RB6JJ(812/PGC 39 16 16 
RB6 110 T1l. DtJ!Caii!O. 
KBl2 I rn.. lntenup~ pO. 
PGC 110 ST ln-C8l:UI DetJuJger and ICSP prognlilli*IQ dodc pit 

RB71KB131PGO 40 17 17 
RB7 110 TTL ~110. 
KBI3 I TTL lntenupt-<n<halge pn 
PGO 110 ST ln-CiraJit Debugger and ICSP JW!J CIIJI!Ilg data pn. 

= 0 =C Of Legend. Til. TTL ccx • ..,_,.llble 1npUt CM S WS compatllle ~ output 
ST = Scllmltt Trigger ifl)Ut with CMOS tevets I ,.. Input 
0 =output p ""Power 

Nota 1: Alemate~ fOrCCP21MJen CCP2MX~ lllliS deared. 
2: oerata asS9Jment ror CCP2 when CCP.2MX contfgUatlon bit ts set 
3: These pins are No Connect unless the ICPRT config\r.l!lon bit is set ForNCIICPORTS.tle pin is No 

Comect Ul1ess ICPRT Is set and the iSEBUG conflgUratlon bit IS cleared. 
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TABLE1-3: P1CftHal5!<1810 PINOUT liO DESCRIPTIONS (CONTINUeD) 

Pintt.ne 
Pin ...... ..... ....., 

~- ..... 
POIP QPM 1"QFP 1'nM ,.. 

PORTC It e bl<lledlollel 110 part. 

Rcn'T10sorf1SCKI 15 S4 ~ 
RCO 110 ST OlgbiiiO. 
T1050 0 - 'Tlm:!r1 ~ ClUip&&. 
T13CKI I ST llmer11TlnW3 exMmd dock InpUt. 

RC1fT10SIICCP2J 16 35 35 
UOE 

RC1 110 ST Dlglall/0. 
T10SI I CMOS 11mer1 Oscllaifl:¥' qtt 
CCPPJ 110 ST capue2~2~2cdp.t. 
UOE 0 - ~ usa tr.iln$ceiWer oe CldpLt. 

RC21CCP11P1A 17 36 36 
RC2 110 ST OlglaiiiO. 
CCP1 110 ST C8pbre 1 quJCompare 1 outputiPWM 1 cUpL 
P1A 0 TTL Ennanced CCP1 PWM ouJput. dlamel A. 

RC410-IVU 23 42 4:2 
RC4 I rn.. DlglalqxL 
0- t/0 - usa dllferentlal m1nus ane (lnputfoutpUtl. 
VM I TTL External USB transceiver VM InpUt 

RCSw'D+NP 24 43 43 
RC5 I T11.. Dlglallf1>Ul 
0+ 1/0 - USB <Diferentlal plJs line (lnpllloutpul). 
VP I TTL External USB transceivel VP Input. 

RCGfTXlCK 25 44 44 
RC6 1/0 ST Dlglat 110. 
TX 0 - EUSART asyncflfonouS transmit. 
CK vo ST EUSART synchronoUs dOCk (see RXIDT). 

RC7/RXIDTJSOO 26 1 1 
RC7 110 ST OlgltallfO. 
RX I ST EUSARTasym:hronoos recewe. 
OT 110 ST EUSART synchronous data (see lXICK). 
SDO 0 - SPI,. data out. 

TABLE1-3: PfC18F-445ri'.QGO PINOUT VO DESCRIPTIONS (CONTINUED) 
Pin Number ptn .aurrw 

oescrtption Pin Name 
PDIP QFN TQFP Type ~ 

PORTO IS a I*J!red:lola 110 port or a Streaming 
Parallel Pan (SPP). These pins have TTl. IJ'1)Ut butrets 
When the SPP modlle IS enatlfed. 

ROOISPPO 19 38 38 
ROO 110 ST DlgltaiiJO. 
SPPO lfO TIL Slrean*lg Parallel Port data. 

R011SPP1 20 39 39 
R01 ro ST Dtgltat 110. 
SPP1 110 TTl.. Streaming P3r.Jiet Port data 

RD21SPP2 21 40 40 
RD2 110 ST Digital I/O. 
SPP2 110 TTL Slrean*lg Paralel Port data. 

R031SPP3 22 41 41 
R03 flO ST Dlgftal UO. 
SPP3 110 TTL Strearrmg Parallel Port dala. 

R04/SPP4 27 2 2 
RD4 flO ST Digital I/O. 
SPP4 110 TTL Slrean*lg Parallel Pen data. 

RD51SPP51P1B 28 3 3 
RD5 110 ST OigllallfO. 
SPP5 110 TTl.. streaming Parnlel Port data. 
P1B 0 - EnhanCed CCP1 PWM output. channel B. 

R061SPP6R1C 29 4 4 
RD6 110 ST Digital flO. 
SPP6 1'0 TTl.. S1rean*lg Parallel Port datl. 
P1C 0 - EnhanCed CCP1 PWM output, dlamel C. 

R07/SPP71P10 30 5 5 
RD7 110 ST Digital 110. 
SPP1 110 TTl.. Streaming ParaGe! Port data 
P10 0 - EnhanCed CCP1 PWM OUpUl. Channef 0. 



TABLE 1-3: PJC18F44e/4510 PINOUT 110 DESCRIPTIONS (CONllNUED) 

Pin Name 
PlnNUIIMr Pin liiUtftr Dllcrlpdon 

PDIP QFN TQFP 1\'Pt .,. 
PORTE b o bdredbltll UO port 

REOIAN51CK1SPP B 25 25 
REO 110 ST Olglfall/0. 
AN5 I Ana1og AIDog InpUt 6. 
CK1SPP 0 - SPP ctx:k 1 outpul. 

RE11AN8/aC:2SPP 9 28 26 
RE1 uo ST Olgttall/0. 
AN6 I Analog Analog Input 6. 
CI<2SPP 0 - sPP dock 2 output 

RE21AN7/0ESPP 10 27 Zl 
RE2 uo ST Digital I/O. 
ANT t Analog Analog InpUt 7. 
OESPP 0 - sPP output enable ootput. 

RE3 - - - - - see MCL.RIVPPIRE3 pin. 

Vss 12.31 6,30, 6,29 p - Groond reference for logic and 110 pins. 
31 

voo 11,32 7,8, 7,28 p - PosiiJYe supply ror 10g1c anc2 110 ptns. 
28...29 

Wss 18 37 37 0 - Internal USB 3.3V vatage ~Ialor output 

NCIICCKIJCPGC - - 12 No connect or dedJcated ICOIICSPN pmt dock. 13) 
JCCK 110 ST tn-Circult Debugger clod<. 
ICPGC YO ST ICSP programming dade.. 

NcllCOT/JCPGD - - 13 No connect or ded!cated ICOJICSP port dock. (l.} 

!COT 110 ST ln-Ctrrult DebUgger data. 
ICPGD 110 ST tCSP programming data 

NCIICRSTIICVPP - - 33 No Connect or dedicated ICOIICSP port Reset(3) 

ICRST I - Master CleaT (Reset) inpUt 
ICVPP p - ProglanBting vdla!Je if1ltJt 

NC11CPORT'S - - 34 p - 'No connect ex 28-ptn devke emutatlcJl.t3l 
ICPORTS Enable 28-pln aevtce ermeatton wnen connected 

toVss. 
NC - 13 - - - Nocomect. 

Legend: 111. =TTl. COJJ..,atlble iJ1lUt CMOS = CMOS ~tie input or output 
ST = S<:hnttt Tngger Input with CMOS levels l = 1-n;M 
0 = OUtput p ::: PoWer 

Note 1: Alternate assignment tc.- CCP2 when CCP2MX coorJguratJon bit ts deare<1 

2: Detatlt assfgnmenl fOr CCP2 When CCP2MX conJigllc3Uon bit iS set 
3: These pins a-e No COnnect lOess the ICPRT cmftgutatlon btt IS set For NCJICPORTS, b1e pfn Is No 

Coonect w1less ICPRT is set and !he OEBUG conftguta1\an bit Is deared. 
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APPENDIXC 

REGULATOR LM7805 & LM7806 Datasheet 
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UTCLM78XX LINEAR INTEGRATED CIRCUIT 

3.-TERMINAL 1A POSITIVE 
VOLTAGE REGULATOR 

DESCRIPTION 
t ne u 1 c 18U tnty J5 monoant nxsa v013ge 
~ ~d enuil TMy arc cu~ for 
eppf.utlcm lht3! JeqUbed supply CtU~zj lt) tc I A. 

FEATURES 
"''uff11t current UP to 1.5 A 
"Axed outp..V. ~~~ ot 5V, oV, EV, 9'1, 10V, 1lV, 

1sv, tav Gnd 24\! ~ 
·nu:rm~l mrP.rl02d ~urttmtn prM~m'Y1 
"St~Ht circUt current limiting 
~ulr••l k;ue;klciJ MA lntlt!dil:fl 

TEST CIRCUIT 

.C:l 

10:£3 

T0252 

UTC UNISONIC TECHNOLOGIES CO.: LTD. 



72 

UTC U\I178XX LINEAR INTEGRATED CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 
~&~unless ctllE!rW1Se SlledOecS l 

PARAYETER SYMBOL RATING UNJT 
Input VOitlge(for Vo:S-18'1) 3.5 v 

(l)tV0=24V) VI ...a v 
iomPut Cun8nt lo 1 A 

iPowerDI~ PO tnt amaiN UlftteCI w 
Jundlon TempeQ1ure Rang& TOPR -20 +150 oc 

iStDraoe T emper.xure Range Tsro -55 -t-1.50 oc 

UTC LM1805 B.ECTRICAl CHARACTERIST1CS 
( VI=10V.Io=O.SA, 1]= oec- 125~. C1=0.l3uf', Co::0.1uF. unlessothemise specified )(Note 1) 

PARAMETER SYMBOL TEST CONDI110NS MIN 1YP MAX UMT 
TF2S"C. lo:5mA- 1.BA 4.80 5.0 5.20 v 

OutputVOf. vo Y1 =7.5V ID 20V, 4.75 525 v 
lo=SmA • UlA,P0<15W 

Load Regutman liVO ])=25~- 1.5A 50 mv 
TI=-:>Rar .,_,..25A- 0.75A 25 mv 

line reoulation &Yo VI =N to 25V ,l)::'lSte 50 mV 
V1 :7.fN to 20V.lJ:=250CJo=: tA 50 mV 

OUiescmt Cl1rrent Cq 1j=259C lo=<1A 8.0 mA 

Qufeseent Current Change Alq Vt =7.5V to 20V Ul mA 
AJo I0=5mA-1.0A 0.5 mA 

Output Noise Vo!tage VN 10Hz<=f<=100kHz 40 pV 

1i e c::oemdent or vo AVOI!!T o=5mA ..{)_6 mVI"C 

RR VI =8V - fSV e::120HZ, T~ 62 80 dB 

Pea OUtput current IPK Tj=25"C 1.8 A 
Snort.Cireutt Curren! lsC VI=3SV l1=25"C 250 MA 
Orollout Volta!Je Vd Tr-250C 2.0 v 

UTC LM7806 B..ECTRJCAL CHARACTERISTICS 
t VI=11V.I0=0.5A. TI= OCC-1250C C1=0.33uF CO=D.1uF unless otherWise SOo&cHie<l )(NOte 1} 

PARAMETER SYMBOL TEST CONDffiONS MIN TYP MAX UNIT 

Ti=25"C.l0=5mA-1.0A 5.76 6.0 6.24 v 
Output vonaoe Vo VI =8.5V 10 21V, 5.711 6.30 v 

I0=5mA- 1 JJA P0<15W 
load Regu!afion !No TF250C,Io=5mA - 1.5A 60 mV 

T;=2S"C.Jo::0..25A· 0..75A 30 mV 
une~ liVO VI =WV to '2!N TF~ 60 mv 

:V• =8.5V I:D 21V,T.F250C)o=1A 60 mv 
Qmescent current kl TI=2§0C lo=«1A 8 .0 mA 

Quiescent Current Change Alq v.-asv to 21V 1.0 mA 
AJq lo=5mA-1.0A 0.5 mA 

OutPUt NofSe V0Jr41Qe VN 10HZ<=I'<:100ttHZ 45 JJV 

Temperntum coe111c:1ent C'f/Vo AVOI~f lo:=5mA -(}_7 mVJOC 
Ripple Rejection RR Vt ;;;:.gv - 19V .f=12flHz.li-250C 59 15 dB 

UTC UNISONIC TECHNOLOGIES CO., LTD. 2 

QW~te»-«<<!.C 



APPI ICATION C:IRCUIT 

Vi 

Ct 
0.33 
11r 

Vu 
1..rrc LM1SXX r~~~--(J 

t.'tl 
0.1 JLF 

r4ctl: 1: "!'o spe~fV a1 outJJut "-JitaQe, SUbst!tute ~ va:ue for "XX". 
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APPENDIXD 

SERVO MOTOR Datasheet 
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2.HO\YR 

Servo .are coutrotlc · i a] ire: i 

tJSCd to "iCC1d thi~ pul\C. The p rude £ rh· pu1 e tbat it 1a 11 m.ini.n un pul c 

maximum puhc. and n repetition t=. Given the ro tion onstrnints of th l · 'i 

defined to be rbe po ition where the 'O ba~ eJWcdy the same amoutl.t of po 1 ' 1 r i n 

in ~ clockwi~e direction ns lt ~ in the counter clockwise direction. It i~ in~>Ort.llJll t re 

that diffc::rcnt avo~ will have different com1rnint' on their rota ion. 

H 
Puhc Width (0.5mr-.5ms) 

The angle i.~ de •nnined by the duration of a pulse that is applied to the ~i~l wire. 

This is called ~c Width Modulation. The servo expects to sec a pt.lls-e every 20 m~. Th~ 

length of the pul~ will dctcnnln.c how far the motor tlun5. For example. a 1.5 ms pulse will 

.make e motor tum to the 90 d-egree position (tlCUtral position). Howe'Vet'. 1he e-:s.'l~t 

eorRSpondence b~twHn pulse \ddth • nd Sl!'t'\·o \1tr:i.~s II'Om one set co manufat>tut'(>r to 

anotber.l.Sm~ is not nec•~~:uilr oeun·al or middle poqtiou. 

The position pulse ruw;t be r-epeated to instn.1et the servo to stay in position. '\Then a 

pulse is sent to a servo that is less than 1.5 tns the servo rota.tes to a. position and hold~ its. 

output shaft some l1l1l11bcr of c:k~ countc::rclockwisc from the neutral point. Wh·n the 

pulse is ~vider than 1.5 n:l5 the oppo~ite OC:CUI'"S. The minimal width and the maximum width 

of pulse that will command the s,ervo to tum to a wlid ~!.ition are functions of each servo. 

Different bnmds, and even different servos of the ~arne brand. will have different maxln:mm 

and minimums. Generally the minimum pulse will be about l~m wide (some ~a¥~o i~ O.Sms) 

and the maximum pulse will be 2 ms wide (some servo is 2.Sms) . 
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Prcduct Uur':s 

lms l.Sms. 2ms 

Another param...-ter that varies &om servo to servo is tbe tum rate. This is tbe time it 

talces from the SCJ:Yo to clmngc: .from one position h> another. The turning .rate: and torque: 

valu.e can be check. at prodw:t specification s.ccticm. 



3. PRODLTT SP£ CIFICATIO:\" 

ROBOT . HEAD to TOE 
Product User's M3nu31 - C36R C..OR C55R 

Cytron Technologies offer great range of RC servo motor. With the combination of variou\ 
gear type. speed. torque and voltage. users are free to choose the suitable RC servo for project 
development. Of course. it can also be used for RC application. Below is product 
specification for Cytron RC Servo motor. 

I< 
~·-

.. Seno ....... MocW 
- C36R C40R C55R 

Speed ( s/60) 0.16 0.19 0.22 
4.8Y 

Torque (Kg.cm) 3.5 6.00 9.00 

Speed ( s/60~ 0.14 0.16 0.20 
6.0Y 

Torque (K&.cm) 4.50 7.00 11.0 

Spt-ed ( s/60} - - 0.17 
7.0Y 

Torqut (Ks.cm) - - 13.00 

Signal To Conn·oi.Anp ITLPWM TTLPWM TTLPWM 

PWll At 1\Iin Anile (ms) 0.5 0.54 0.582 

PW)I At 1\Iax Angle (ms) 2.35 2.40 2.50 

Ope1-atin& \ 'olta&e (\D C) 4.8-6.0 4.8-6.0 4.8-7.0 

Operatin& Frequt"n~- (Hz) 50.0 50.0 50.0 

l\Iodni R.1Uit>(dt>~t'tt) 0-180 0-180 0-180 

" 'iaina (BL-.ck!Ba·own Wb·e) Ground Ground Ground 
\\'iring (R..-d \Yirt") 4.8-6.0 4.8-6.0 4.8-7.0 

\Ylrin& (Oranzt"IOtht"r \\'in) PWMsignal PWM signal PWMsignal 

Dimt>nsion (mm) - 40.2x19.8x36 - 40.2xl9.8x36 - 41x20x37 

\\·eigbr (&) 36.0 38.0 55.0 

Gear materL'Il Plastic Gear Plastic Gear Metal Gear 

Sen·o type Standard Standard Standard 

~ Pulst> nidth rang~~ for rtft'l"t'DCt' only: plt>a,t' ~tart tht' !t'I'\'O ulibratiou at 1.5ms. 
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APPENDIXE 

PIC BASIC PRO Compiler 



PicBa · .ic Pro Cotn pilcr 

A.!l~ PIC'I\,~11! .IACU"' 
MC16f /u:wl 1'1C 
't'c ... 11ntt1<!1t. 

. ,., --,. 

c>p~JJt.or., a..;c 

POIUA . 

1t 

c: "" r or 

TRADE AltltS 

! ' 

H i"' I J . (.'l - • 

,~-~ , . - t 0 {'! c 

At t at DO'to'~ , tf'll. M"'1 oft,..OPriOH.r PIC nero 
MCUt OP'IIOH_R EC. . 

I nfir.r. !:o • •• , •• _ 11': 

' !l<n r:- :J)I.····A- f :"' T" ~Y 

"i~'V' .. 1\ 

AG10tt-60 tl'les6 D&ruJn~vth.e~,... ~.:tflhi!>P·8at:c'Pro 

o .. .og_.., ~ ~rftw'TI 1'No ltM"ttl; ct O~CAL. 

Ita UV &!.a d!o...-~1!- 1"1 oeen er~ 1r-o!-\13 ... ~otc.aMct t» rMdft~ll1 
Mn\ ry h M dNie'C&.t1rb. .36~011 MalA!4 P"-f\ •~~tl 1.11.! 
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2.0.2. Ptn Mid Varllble HMIICS 

H:ot~ "' .t U V"\;.'f' ... •r t"H ... (i .~oo t:llf :h;t;t..~a2'y U.l; 

1.n~.a1 hl' .. "" 1 V:sri:a'bl~wil! r.:)n,..:sin ~hn 

ba•_ l!t_i' l M"rd 

~ 1 1 n'C"l"' l ~ l C >"hnn 1 f ba•,.. l n•rJ l t tl l nv 

H1.;h H3<:. ... .. .. ;u ' ·•nrf'l on ~"'hf'l , ._. D 

2.6..4. GOTO .. .,.., . 

iog'<a ....:tOM ard nCit }'"P
e tQ ... 

lf.aoolf40...1loS r.otl'l»¥1' a p!ftt, tuel' 1rt PORTA, onty '1'1 D~ 1'\li'f'! Ofort tt.at 
~rJ11'P1ay~ ;;rt , • -t UJ1f'lg 4'1 ttl- "f ~'A 11\tW f'IO 

iC~~:tb •<!-tf.!.<t 

"i t - ~ 

' !);.; ~ n ~ 0 

:.n\ 1'1.::"" · ~ .. ~ ' . l \ ~T " ..1 '" \' 1\ ,\ ) 
i""' 'ii' l n .. • .,- pt . 1 f')l' ,. _, ,.. ·A . ; 

I' trUyUr~~'~'U-'fi> 11\Mr{O-l~).•.,~ (~ li. Pi..O . •f 
H/l> fJ; I'i J. ~;.~ot)\!o 011-t .l.i ... L I<}-.lr.IM~ "'c.JI.G&GU)4)Uf'l~ G.flttt 

yo.wrt 1),orf - til r.Qm~ 1 ~.; PORTA.t). An yo orbnoftr.fo 
rrhtr(I(Cr.•~r ~t.a D-e at£\!: I"! \o!IJ I'IQ I' .! _ r mi!O"QC 

Tr'l~ ll'll' l'.ame-! 4, e . •t•~ , ... .!' r,a 4rrt~to.mat~~ «hill!<! >f'I')O..r 
pogra'fl . ll"' !ft('H1ea ,~ . "f(IU'i'tOwlQd ,.. p n ~ .l a:t y® IH' 

ll VAl toll\'114"4. 

.Jiv,. !>f, t..o 0!-f""'t..o t " ..,.5-~ ~~ orovd_ t.o na ..... ~ BAS-C. 

of 

Sttlrtpt.Ompa'l fy . T fiMh~ 1-> t- ~:-...t-~:A~Oft<~: s.: t-.;. !-! .hJ. i-l ll'l., r...t 

~hdl!d lf'f. P~ aa~c:P'rOOfOQ:f.Amto'l)r&.>O!t;);t'laM Do.tl\arr1t!o!t~t 

tn.a!Gr"'' tf'e 2-~~C ~U.IftD f'!il • 1 

/ r. - lu~n 'l-":"1 1!1-,f!"".;.".--

kloi. /. r. J.:!-• • NM• f,r, I JJ.a• . • O-A I.l , •o...w~ ~C lftMI of Oft"'~ !.$1 

.»ril2di~to!o r..oll, -!'!1 

Kl<;!) U t..~ ~ .HJ. !if t~ I tn , Ou~a . IlL . All . 0'1:e.!.. . Oa.Ul . • o -

A25 , WO-W1..2 l'ld <Jt1.0110f "1\~ Ot f 8S.2 0 

16 

P . PO:Hl.~ r\eellnNIIiH ~.,0-

To 1 t • p or port to an Chootowt ror ..np&~t), w 1:1 TillS ,~,. f . S.nn; ,J 

TRIS DltoO tn•aet n c.orr.u-oooo po p.n o.~~-s.t . ~ l"'!'~.alRIS 
o•1D '111• f,•corroetpc;!t'G oorfpiftan•il'lt. f.orl!!o:lli'I'ID 

' r tt !-iA - t. 

-PORTAp IOO~tl 

II II ' r "r H l !tH "' ;~.'\ 

"'"" t PO f8 • "' .. pwu. 

.. u oroJcl ... 

to o .. 10.o11, t"'it oo 
1 "'"'*U'ft-e""' ,.. •.. 

1011'> IS. 

!..!-T! f"'RT A. ?T 0 t4 an G.:TOLot of~ ol'\.et ~ «110M ~ PORT A 
.a..-.a~c:haogea 

T 8AS4t S11unp 'var n :nM Di ra , :airll, !lirl and Di r O...JIIirLS 

.artt :"C)1d~ 6d ~"~d lf'IO!.Ild n-a -De lt"l•dw.!lfttnt- Pc. ue ProCotn3 f . 

l RIS. I Oi.ljd Of. IOlMd 51 d, OIIJt :31 tl\o!!3p!)OIU 'IUt~ of Dt.rc 

T"<t ~-"« Mt Pc!btiC Pro 

Dt r f· -

Otrnt. tte- d 
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