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DEVELOPMENT AND CONTROL OF A FIVE-LEGGED ROBOT
PROTOTYPE

Tanadit Surungsee
Pisarn Suksam
Apiwat Polsuntikul

Dr.Amnart Kanarat Advisor

ABSTRACT

In the present, we use robots in many arrlications such as assembling parts of
automobile, working as a spy for military, or helping officer in rescue mission.
Therefore this thesis shows you about designing and building a scaled prototype of a
five-legged robot for studying and designing the characteristic of static walking of the
five-legged robot. The result of this study can be applied to design and develop a
rescue of five-legged robot in the future. When the robot works, it stands on three legs,
and turns two legs into two arms with end effectors, which are normally folded inside

the legs. But, when it walks, it uses all legs to walk.
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3.2 U3ARUAN M (Friction Force)
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VRl > F, =0 (3-10)
A > F=0 ' (3-11)
uay MIvyu > M =0 (3-12)
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a. doanismwsulfnsniile Wsufunuunneess: 14
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N F
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Servo motor
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Maximum cument ; 400mA/senva
ICL
SERVD CONTROLLER
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YN Qﬂnsﬁﬁ‘lﬂﬂmﬂauimama{mmummnmwmumﬁ 1w ginsalinsedldnely
T Fyannnes19s sooud aaeaIuszULEARIMATIN PLC, CNC, Robot iludy

flagiululnsneulnsaiaed picisrsr?  Fuilululasnovdiumeiuvudiien
(Single Chip Microcontrolter) gnldarnadiaumws nas nsneifieadylulnsneuTnsames
Tafloanlszneunaretrasuanilasnssvee lulnsaouInsames 2eesdidnnsoding
papasun i 1§ lumsidon Jaszdesdinuiniugiuly Tasezinauedidunisiay
Famohlil

3.6.1 Insarhavedluininevinsned (PIC)

Microcontroller PIC i Iassarfavaiwanuae ﬁgd 8 pins , 14 pins, 18 pins WAz 40 pins
Faildidenldinnnotuegfuiondenldun Memory wilalfimnzaufudnuazaui
m Tavamnsoudaniieanudld 3 uwy fe (1) wursanusi ldsunsuuday (FLASH
Program Memory) ﬁmummmq 18432 (2) H‘Ll"JUﬂ'.l']ll‘i]"'l‘i’J’f)i,l"ﬂ {Data Memory RAM) flﬂ’ﬂll'q
9 256 bytes Microcontroller PIC16F877 Swosaldunadu 5 wodm Ao PORTA 6 iin,
PORTB 8 iin, PORTC 8 iim, PORTD 8 1im, itaz PORTE 3 1in uwesauuuil 2 firmis fe
mmﬁmﬂu'lﬁﬁy'qanuuw LAZIBINHN uazdadlumeiafiruisounlasdyain ADC (Analog to
Digital Converter) 1#8né28 Microcontroller PIC ﬁﬂmﬁnymsﬁa@ia‘lﬂf{

- fiweia Vo wua 3 Gn, 6%, 8 Tin §113u 5 Wasa

- fimasanudr Tdsunsuuuuuas 1849 32 kwords

- fimdaeanusdeyaisu RAM 64 §13 1536 bytes

- Ineanudideyaddwsou EEPROM 256 bytes

- Timer / Counter

O 0aun 8 N
O 1aum16iin
O 2%U1A 8 IN

. INIIMASIONAZNIZUAYD] o (High Sink/Source Current) 25 mA

- §29vsutlasdya e Analog to Digital Converter 10 U

- ﬁawsﬁammuuaunsm‘f@ SPI Uag I'C (Master/Slave)

- 112993 Pulse Width Modulation (PWM) AWazBeagadia 10 iin

- IMdaMu$ MUY Flash

»
- gwnsmsuuazau 1unna1 100,000 AT
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niwanudillanay | mizosnudideyo
wei (Program Memory) (Data Memory) 'o'uumaw'i' nnsed /
(Device) Flash Memory RAM | EEPROM "m inniine{ (Timer
(Kwords) (bytes) | (bytes) | (1/OPort) /Counter)
PIC12F629 1 64 128 8 2
PIC16F628 2 224 128 18 3
PIC16F873 4 192 128 28 3
PIC16F877 8 368 256 40 3
PIC18F242 16 768 256 28
PIC18F452 32 1,536 256 40 4
PIC18F458 32 1,536 256 40 4

i

GPETICKVOSC1CLIN ..._.[ 7
CPETIGAOSEICL KOLT —{|s
e

man 32 lulasneulniomednn

Voo ¥ 14 g.——vss
RASTICKIOSC 1/CLIIN 2 B 13 e RAQCIN+/ICSPDAT
RALTIGIOSCZELKOUT ——= (13 8 121Ja—v RAICRIICSPOLK
RASAACLR VPR 4 R [ RAZCOUTIOCKANT
RCS 5 E 1W[]-—e fCe
6

Vo —{]

’ Str-—- Vis

[l cracH-acsroaT
gE: GPUCKHAESPCLK
+[J— erraceemnTow

&I9421014

Microcontroiler PIC 8 pins

9i]a—RC1
£ +—+ RCZ

Microcontrodier PIC 14 pins
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o
mazanzavres ——eef] 1 18 ]...... BALAK . ¢ D
1 Rty Tr—= | } —
RALANZEMPT a—al] 2 .V [Jo—e RanAns rrgacp=—=L] 2 T - reurac
RAATOCAUCMP2 —rmed| 3 8 36 [fo—u marpEC1CLRN mmﬁ — 3 % -— g
— L - 1y H
AAATTLANer ——{j+ & 13 ] RA5 OSC2CLROUT mmw-—g 5 ™ 243 =+~ FEOPGM
= E RO == 1 8 -~ o - A
- . - = =
vis ——=] s E ez RAGANSS— (] 7 w — 3 e
RBAANT e E o (J«— « REFTIO8PGO ves—-[] & ,,"E 21] == rEnnY
. ) . . cecran—-[] o 1) ——
e § 12 [Jo— RELIIOB0TICPCE sy rour — O 10 F 1T — ven
ADZTX CX ._..[ a ot [f—e =3t ADTICEITICH = []11 18] e 7
. B - ROUTHCR ++ £]12 17 == AS
e H[re—= BETEGL Ao = {13 16, = FLENI
ACYROSE - L] 14 15[ - TSR
oo

Microcontroller PIC 18 pins

Microcontroller PIC 28 pins
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o o = s o
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- ¢ d H "
N5070AY¥ADN (Watch Dag), 29957903050 107 (Timer), 999311 (Counter) 1Az 71995
as o ) o ) @ 4 '
wlasdygruezwideniuasaeaith 1 iduiu lnlnsneuInsesss s 1ddiosw
¥ »
IWdsaazdersesfuiamin IfuniusmindigluluTasaouInsineserdndodiy
misoanui llsunswnes udoyaddwdrihrnuauiidaiussgedluntoanud
Tilsunsy
o a v 4 1
luTasasuInsiaesSsuafiouavesildnivauginsaldeg lumsniouiives
] o4 o ar L o LY
Huouddeziudaiuimen nnveweiunlssuarauazdedyns linruguanudves
o L] n’: q’ 1
weowes lumstailasamslundeidldfen]fluTnsnouinsianiju cp-pic vao e
18F458 iissoniiansazns Ivnunseuaznlslums@oullsunsufmunsodrle 14
v 4 ) 1 o A 1 ar
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3.7.1 enmalaniahi
¢ ¢ i ¥ ¢ o
vesn lulnsaou Insames cP-pIC v4.0 #ldsenuuuil tuvesanoenuuy13ldau
ar o 9 o I'4
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- o A = ko 5 1 o/ 2 o 11 o ek
18F458 W301030U, fill Ingeeri nuazdumuandygiouvilouny e CPU uaazuasneg

= ans o ' o £ ares [ o v ] o
Nf]'mfﬂl‘.Uﬁ‘ﬁklﬂﬂﬂNﬂu“Nﬁ'llJ'l'iﬂﬂ";‘iJF]ﬂ!ﬁu‘]JﬂﬂlB\i CPU {URAQZLUBI BENIANTT1I9 AR

Program Mamory Data Memory CAN 0sC
DEVICE Flach RAM EEPROM Module /O max Timers PLL
(Bytes) (Byta) (Bit) {MHz}
PIC 16F877 | BK {14-Bit Words} 368 256 MO 33 20MHz 3 NO
PIC 18F442 16 Kbyte 768 256 HO 34 40MHz 4 YES
PIC 1BF458 32 Kbyte 1526 256 YES 34 40MHz 4 YES

- A d - ' d
131l 33 Mgl CPU vedlulnsneuinsaneinaunnzives
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- 5 Volt Regulator On Board

- 2095 Tlsunsunu High Voltage nulutnia

-4 Adaptor 16VDC (Option)

- ADC/IO(CPU) woiad m3iuAs BUNABHIAON 8 Channel

- CLCD 14PIN wo3ndm3uso LCD (4 Bit Data)

- RTC #PCF8583P (Option)

- EEPROM #austued #2432 'l (Option)

- 12C INOUT HluIC wtnowess /0 #PCF8574AP (Option)

- KBI/IO 10 Pin f1%3Un9fiu Keyboard nie il Input /Output Port

- Relay Onboard 5V 197 (Option)

- MCRBO2TTL ‘lf’)?iﬂ Macnetic Card Reader

- Mini Speaker/Buzzer

- 12C BUS(EXPAND)
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- PWM2 ‘ij,")?iﬂﬁ' wiviFau Capture/Compare/PWM ﬁ"l‘ﬁﬂ' ik
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A=L,COS6, (4.5)
B=L,SING, (4.6)
C=L,—-A4 4.7
D=~B*+C’ (4.8)

I o
VINUUTNIETNUTOMIVUIAVO O,, O uazf,

4(C
6, = tan ! (EJ (4.9)

8, =COS™ (1%5—5—) (4.10)
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(4.14)
(4.15)

M
nminlfguandfvewilnamanundves K auydld £ Séldidu 450

Hatmuns
L fimuniinu 150 dadues

»
@ G

Aavy
2r,cosl8+ L < L
2x143.1+150=436.2<L,
a1 I8TAnTeon1 450 uerasnl4d
Farfu
R= L/2 =78.86
cosl8

i 4.9 umaamamwnaiuuozianlinag

»
Mgl mIsamaves K Taaedl

K =2Rcos54
K=92.71 mm
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(4.18)
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K
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n=yxt+y’ (4.29)

L (4.28)

or G o ~ S
MNANUTFUNUINIAS Inulnez 18

6 =tan™ (ZJ (4.30)
X
6, =tan" ( Z ) (4.31)
=hn
22 Tdvu1ave4 p
- (n-n)
| pl = —030?91,— (4.32)
N |}}|2 +L)} —2|}|L2 cos(8,+6,)=L; (4.33)
-L} +|E|2 +1L,°
w1 (6,+8,)=cos™ = (4.34)
23c|p|xL2
6,=(6,+6,)-6,+90 (4.35)
r,=L+L,cos8, (4.36)

NN TUFURN LDV TEULRIN

(|p|sing, )~ (L;sin8,)

n=n

6, =tan”' @.37)

vngdezld 4, =180-49, -6, (4.38)
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(35)(36) 14
tanf= R(1 —izlsna(; +r,
sahusla

ﬂ:tan"[ Rsina }

R(l—cosa)+r,,

» ]
aniunngln 71511hAwes y

y=a+p
UATIINTAUNIIN (4.39) 1519218

Rsina
r. =
3 .
*  sinf

(4.41)
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& v a0 o = o o Y
WienA X-Y uazyuivusuanyu1Rese minarsiunneinda loudnh laliufinka

aslumisadsgi 6.1 Tamdail

saudl 1 sauf 2
i X Y yuvyu X Y yuivyu

1 0.113208 | -0.18099 -14 0.061526 -0.2 -14
2 0.041838 | -0.28678 -28 0.041017 | -0.31818 -29
3 -0.05578 | -0.36694 -43 -0.0082 | -0.43388 -44
4 -0.07793 | -0.4686 -57 -0.07383 | -0.44215 -58
5 0.179655 | -0.54298 -72 -0.15423 | -0.52479 -72
6 -0.30107 | -0.54628 -88 -0.27482 | -0.50826 -88
7 -0.39377 | -0.56529 -102 -0.32732 | -0.54215 -103
8 -0.47908 | -0.50248 -117 -0.41099 | -0.52231 -117
9 -0.59393 | -0.46942 -132 -0.50123 | -0.46612 -131
10 -0.64807 | -0.38926 -147 -0.54963 | -0.40413 -147
11 -0.66776 | -0.29174 -161 -0.55619 -0.3124 -161
12 -0.73175 | -0.23388 -176 -0.60788 | -0.24959 -175
13 -0.67432 -0.1843 -180 -0.5767 -0.17355 -191
14 -0.65546 | -0.1438 -205 -0.50205 | -0.12645 -204
15 -0.57988 | -0.07273 =220 -0.45283 | -0.07273 -218
16 0.466776 | -0.01653 -235 -0.39295 | -0.02562 -231
17 -0.35603 | 0.024793 -249 -0.26907 | 0.002479 -248
18 -0.26333 | 0.047107 -263 -0.14356 | 0.001653 -262
19 -0.17637 | 0.028099 -279 -0.0484 | 0.008264 -278
20 -0.05004 | -0.01818 -295 0.064807 | -0.01653 -292
21 0.037736 -0.1 -308 0.14274 | -0.04793 -306
22 0.084495 | -0.18347 -324 021329 | -0.15207 -322
23 0.156686 | -0.2562 -337 0272354 | -0.2281 -337
24 0.228876 | -0.36777 -352 0.360131 | -0.36116 -353




wdt saudl 3 sauil 4
X Y vy X Y yuivyu

1 0.07137 | -0.18099 -12 0.077933 | -0.20909 -14

2 0.034454 | -0.2933¢ -28 0.053322 | -0.34463 -28

3 0.004922 | -0.43636 -43 -0.04922 | -0.38926 -44
4 -0.04758 | -0.5438 -56 -0.137 -0.4719 -56
5 -0.14028 | -0.58512 -72 -0.21821 | -0.56529 -71

6 -0.24692 | -0.59835 87 -0.55209 | -0.57273 -87

7 -0.34619 | -0.61984 -101 -0.39705 | -0.66777 -101
8 -0.44463 | -0.58678 -115 -0.50205 | -0.62149 -118
9 -0.52748 | -0.51488 -130 -0.57424 | -0.53554 -132
10 -0.57178 | -0.45289 -145 -0.32732 | -0.45537 -148
11 -0.57506 | -0.35124 -159 -0.34208 | -0.38678 -161
12 -0.58819 | -0.26116 -173 -0.30763 | -0.29256 -176
13 -0.5726 -0.1686 -189 -0.2781 -0.23636 -191
14 -0.55127 | -0.11653 -203 -0.16653 | -0.14793 -205
15 -0.46103 | -0.0281 =219 -0.22724 | -0.05455 -220
16 -0.38802 | 0.068595 -234 -0.10172 | 0.025562 -234
17 -0.28712 | (0.093388 247 0.028712 | -0.01736 -248
18 -0.15751 | 0.071074 -262 0.130435 | -0.00826 -264
19 0.067268 | 0.060331 =278 0.005742 | 0.068595 -279
20 0.044299 | 0.004132 -293 0.134537 | 0.068595 -295
21 0.141099 | -0.05868 -307 0.228876 | 0.041322 -310
22 0.200164 | -0.1595 -321 0.302707 { -0.06033 -325
23 0.306809 | -0.23141 -335 0.347006 | -0.22066 -339
24 0.378999 | -0.31157 -351 0.388843 | -0.35041 -355
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At saufl 5 Anadn
. X Y uufivyu X Y yufvu
1 0.087777 | 0.1890909 -13 0.082363 -0.11603 -13.4
2 0.04676 | -0.41901 -28 0.043478 -0.3324 -28.2
3 0.040197 | -0.46612 -42 -0.01362 -0.41851 432
4 -0.03199 | -0.55124 -56 -0.07367 -0.49554 -56.6
5 -0.15012 | -0.56116 -1 -0.09664 -0.55587 -71.6
3] -0.24856 | -0.56612 -86 -0.32469 -0.556835 -52.4
7 -0.34783 | -0.5281 -48 -0.36243 -0.58463 -91
8 -0.44381 | -0.46446 -116 -0.45611 -0.5395 -116.6
9 -0.55866 -0.4 -131 -0.55111 -0.47719 -131.2
10 -0.63413 | -0.31488 -143 -0.54619 -0.40331 -146
11 -0.65546 | -0.21653 -159 -0.55931 -0.31174 -160.2
12 -0.64151 | -0.14463 -174 -0.57539 -0.23636 -174.8
13 -061854 | -0.07273 -189 -0.54405 -0.16711 -190
14 -0.57096 | 0.027273 -203 -0.48925 -0.10149 -204
15 -0.51272 | 0.07438 =217 -0.44676 -0.03074 -218.8
16 -0.43806 | 0.290083 -231 -0.1708 0.06843 -233
17 -0.28794 | 0.112397 -243 -0.23429 0.04314 -247
18 -0.19196 | 0.050413 -259 -0.12518 0.032397 -262
19 -0.09598 | 0.058678 =277 -0.04955 0.044793 -278.2
20 0.068089 | 0.02562 -293 0.052338 | 0.012727 -293.6
21 0.171452 | -0.06033 -305 0.144381 -0.04512 -307.2
22 0.2379 -0.16942 =321 0.207711 -0.14496 -322.6
23 0.295324 | -0.30661 -336 0.275636 -0.2486 -336.8
24 0.368335 | -0.30661 -351 0.345037 -0.3395 -352.4
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6.5.2 namanaosamaaniluamasudagio

Wols A X-Y #14910015na0049 #3015199 6.3

il X Y Al X Y

1 -151 202 22 174 -321
2 -79 104 23 156 =271
3 -4 181 24 150 -258
4 71 175 25 101 -260
5 143 180 26 27 -270
6 188 177 27 -48 -274
7 193 162 28 -126 -280
8 197 153 29 -199 -292
9 188 139 30 -248 -289
10 191 124 Kl -251 -284
11 182 114 32 -252 264
12 171 103 33 -246 -226
13 170 68 34 =235 -260
14 175 -16 35 -231 251
15 177 =92 36 =220 -236
16 178 -172 37 -219 -192
17 190 -243 38 -225 -121
18 188 -285 39 =223 -48
19 176 -291 40 -195 21

20 172 -291 41 -236 100
21 160 -285 42 -230 130

- y - -
ATHN 6.3 uﬂ'ﬂwlﬂ'lﬂ'l’ﬂﬂﬁﬂiﬂ'ﬂlﬂ“lﬂ“ﬂl“nﬂ"
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Aansureg lsunsu
OpenComPort("COM1")

‘ludauﬁwmTﬂmﬂsmfuﬁ'lugﬂuuuﬁu% vosmsillanesasynsudeanse
Son1F1RMuiigwmaSeniletFu setport) FaTulsunsuezdamsifousone fneynsuliios
Tauda Tuiia lumsaadedodshuuedn ZX-SERVOI6 5wzensadons sasimsda
doyanSe Baud rate 18 2 szdufle 7 2400 TaeSurfl fufi 38400 Tnded Tavaunse
widousalafieans BaudRate windoans1dszdy 2400 114 BaudRate=CBR_2400;
M1ndon1s 195eA 38400 197 1ef61 BaudRate=CBR_38400;

PutSerial(char dat)

FuilaiFudanoannesasGualasvemusadaldfiasd iy
int GetSerial()

Huilesiusannnoiadtea Tavszauisein iasduriniy
SetPort()

Lﬂuﬁgﬂﬁﬁ’ﬂumsé”am BaudRate (o1 azAanaonsudonld
ServoDrive(int CH,float DG)

dularudmiviumstumes luemed W fadumisiidosnsTaomssey
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Inverse(int Leg.float X,float Y,float Z)
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WalkGen(float Distance,int Lead)

SluladFudmiudaldvudulae sziimssmuagadawvowdazaluuno:
$a1 aznmﬁuué’aﬁaﬁnfuq Tugauwy X,v,z TR URAF Inverse(int Leg,float X,
float Y, float Z) Lﬁaﬁmamﬂuqmﬂ 3 TnoHsrsuiigeatmuanuioavuies v
(Lead) o muafieniamsiinugs FavnlndfildihAevmuiay 3
Rotate(float Alpha)

Phufladudmiunyud o doufiemenisiauvosju Tavezdosdmuassnly

JW 9 hod Q 5” 1 L3
msvyuI wdadFuszihnsdnnami$aussidesyu lasseiimsnyuiag 15 oem




77

CallRotate()
S o 1 5 as 4 v o~ 1
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SentXY(float X float Y)
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MANUHIN Y

Tusunsail¥raugury
i

//Inversel.1 by The Miller Power by imem.

/I"Five legs robot" Mechanical Engineering Department

//King's Mongkut Institute of Technology Ladkrabang,

/This program use for control "Five legs robot” by generate Zetal Zeta2,Zeta3
//from the end of leg position in X,Y,Z and sent it out reaal time to
IM"ZX-Servo16" board on the body of robot to drive 15 servo of all robot legs.
//Email:pisarn@gmail.com

/123/02/07 23:42 :]

/'

i

#include <windows.h>

#include <stdio.h>

i
//Define Perameter.

#define PI 3.141592

W

//Global Parameter Declearation.

int BandRate;//For comunicated with ZX-Servo16 >> 2400 or 38400 bps
float Gnd = -(40.00+28.55);

i

//"Open com port"

//This part use for initial parameter to open "com port" of

//computer for comunicated with "ZX-Servol6" by serial "R8232".



//You can change BaudRate of RS232 in line > dcb.BaudRate = BaudRate;
/"Caution!" the ZX-Servo16 can use BaudRate "2400 bps" and "38400bps"
//In the start ZX-Servol6 "Autoﬁ]atic" set BaudRate = 2400 you can change
/it to 38400 by use comment in ﬁmctiqn "void SetPort()"to sent command
mnrr 'S' 'C'B''R'113

Af you want to change it back to 2400 sent command

A'S§'C'B'R'1 13

/for press reset buttom in ZX-Servo16 board.

DCB dcb;

HANDLE hCom;

DWORD dwError;

BOOL fSuccess;

COMMTIMEOUTS CommTimeouts;

BOOL CloseComPort() {
if (hCom)
CloseHandle(hCom);

return 0;

BOOL OpenComPort(LPSTR ComPort} {

- if (hCom)
CloseHandle(hCom);

hCom = CreateFile(ComPort,
GENERIC_READ | GENERIC_WRITE,
0, /* comm devices must be opened w/exclusive-access */

NULL, /* no security attrs */

OPEN_EXISTING, /* comm devices must use OPEN_EXISTING */

0, /* not overlapped 1/O */
NULL /* hTemplate must be NULL for comm devices */
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&0

if (hCom == INVALID HANDLE VALUE) {
dwError = GetLastError{);
MessageBox(GefActiveWindow(), "Cannot Open Selected i/O Port", "Error”,
MB_ICONERROR | MB_OK); '

return 0;

fSuccess = GetCommState(hCom, &dcb);

if (1fSuccess) {
MessageBox{(GetActiveWindow(), "Cannot Open Selected I/0 Port”, "Error”,
MB_ICONERROR | MB_OK);

return 0;

dcb.BaudRate = BaudRate;//BaudRate Parameter;
dcb.ByteSize = §;

deb.Parity = NOPARITY;

dcb.StopBits = ONESTOPBIT;

debh.fRtsControl = RTS CONTROL_DISABLE;
dcb.fDtrControl = DTR_CONTROL_DISABLE;

fSuccess = SetCommState(hCom, &dcb);
if ('fSuccess) {
MessageBox(GetActiveWindow(}, "Cannot Open Selected /O Port", "Error”,
MB_ICONERROR | MB_OK);
/* Handle the error. */

return 0;

CommTimeouts.ReadIntervalTimeout = MAXDWORD;




CommTimeouts.ReadTotal TimeoutConstant = 0;
CommTimeouts.ReadTotal TimeoutMultiplier = 0;
CommTimeouts. WriteTotal TimeoutConstant = 1000;

CommTimeouts. Write Total TimeoutMultiplier = 1000;

fSuccess = SetCommTimeouts(hCom, &CommTimeouts);
if (!fSuccess) {
MessageBox(GetActiveWindow(), "Cannot Open Selected I/O Port", "Error”
MB_ICONERROR | MB_OK);
/* Handle the error. */

return 0,

retumn 1;

/i

//sent out serial

//This function use for sent out command in serial "RS232" past com port

/lof computer "It can sent only One by One".

int PutSerial(char dat) {//PutSerial(Character or number to sent out);
DWORD cc;
char sdat{1];
sdat[0]=dat;
WriteFile(hCom, sdat, 1, &cc, NULL);
H#  Sleep(l);

return 0;

I

//Recieve serial

H
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//This function use for recieve command to computer in serial "RS232"

//past comport "It can recieve only One by One".

int Get.Serial() {
DWORD cc;
char sdat[1];

ReadFile(hCom, sdat, 1, &cc, NULL);

if {(cc>0)
return sdat[0];
else
return -1;
}
I

/{Select BaudRate 2400 or 38400,

//This function use for initial BaudRate of comunication.

//ZX-Servol6 board use RaudRate=2400 in the start or after press "Reset"buttom.

//Change BaudRate by use command in the comment it will sent
//1"'S'C''B' 'R' 1 13 to change BaudRate to 38400 and chance parameter
//BaudRate=CBR_38400; and call function "OpenComPort("COM1")" to open

//com port which use BaudRate = 38400

//"Warning">> Use BaudRate = 38400 will make comunication faster but will

/fmake program "Unstable".

void SetPort() {

//BaudRate = 2400 use this.

i BaudRate=CBR_2400;//BaudRate=2400.

i OpenComPort("COM1");

/{Use this instead to change BaudRate from 2400 ot 38400

/fBaudRate = 38400 use this.
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BaudRate=CBR_2400;//BaudRate=2400.
OpenComPort("COMl ");

PutSerial("!");

PutSerial{('S";

PutSerial('C");

PutSerial('S");

"PutSerial('B');

PutSerial('R");

PutSerial(1);

PutSerial(13);
BaudRate=CBR_38400;//BaudRate=38400.
OpenComPort("COM1");

I

{/Change Degree to High & Low byte and sent out to Servo chanal,

//This function recieve "chanal” and "Degree" that you want then offet it
//from error of hardware assembly after that invert degree of chanal 1,4,7,10,13
//to inverse rotating direction of servo for compartable with mathematic model
//then change "Degree" from degree to Hight byte & Low byte of Futaba 53003
/fand SO3T/STD/JR and finaly sent it out by function PutSerialQ

float ServoDrive(int CH,float DG){//ServoDrive(Chanal want to sent,Degree of servo)
float Block;//Futaba >> 1 Degree=4.71 Block S03T >> 1 Degree= 4.51 Block.

int hb,1b,SP=0;//High Byte,Low Byte
//  prntf("nDegree = %d-%.2{",CH,DG);//Input check
/fOffet servo degree --> Use for offet error from hardware assembly.

W If you change hardware you have to calibrate it first.

switch(CH){
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case 0:
DG+=0;//Confirm
break;

case 1:
DG+=7;//C0nﬁrﬁ
break; '

case 2:
DG-=3;//Confim
break;

case 3:
DG+=2;//Confirm
break;

case 4:
DG+=18;//Confirm
break;

case 5:
DG-=10,//Confirm
break;

case 6:
DG-=3;//Confirm
break;

case 7:
DG+=10;//Confirm
break;

case 8:
DGH+=-5://Confirm
break;

case 9:
DG+=-10;//Confirm
break;

case 10:
DG+=20;//Cenfirm

break;
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case 11:
DGH+=-15;//Confirm
break;

case 12:
DG+=-3://Confirm
break;

case 13:
DG+=+12;//Confirm
break;

case 14:
DG+=-18;//Confirm
break;

case 15:

DG+=0;//Confirm

break;
}
/nvert degree of Joint 2 & 3 --> Use for change rotating direction of servo
i moter because of hardware assembly direction.
// This function "Do not" change first joint
i of each legs(it mean chl,chd,ch7,ch10,ch13)

if(1((CH==1)||(CH=4)|[(CH==T) CH==10)}l{CH==13))){
DG=180-DG;

/i printf{"Inverse %.2{".DG );

}

/1 printf{"\nch=%d,DG=%.2{",CH,DG);//Check input after offet & Invert

// printf("\nln ServoDrive");//Show status of program

//Change Degree to High byte & Low byte of Futaba S3003
//Block(Futaba S3003) = Degree x 4.9333
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/11 288<Block High byte = 1, Low byte = Block+28
//1f 288<=Block>484  High byte = 2, Low byte = Block-288
J/Tf 484<=Block>740  High byte = 3, Low byte = Block-484
/1f Block>740 High byte = 4, Low byte = Block-740

{//"Caution!">> In range of Block>740 the servo moter has it limit to permit
" be sure that your input Degree don't generate exeed value

i (Each servo type has different limit)

if{(CH=3)||(CH==6)||(CH=9)||(CH==12)||(CH=15)){
Block=DG*4.9333;//Servo Futaba S3003
ifiBlock<228){
hb=1,
1b=(int)Block+28;
}
else if((Block>=228)& &(Block<484)){
hb=2;
1b=(int)Block-228,;
}
else if{(Block>=484)& &(Block<740}}{
hb=3;
Ib=(int)Block-484;
}
else{
hb=4;
lb=(int)}Block-740;

/fChange Degree to Hiht byte & Low byte of SO3T/STD/JR
//Block(SO3T/STD/IR) = Degree x 4.5444

Hf 226<Block High byte = 1, Low byte = Block+30

/I 226<=Block>482 High byte = 2, Low byte = Block-226




/f 482<=Block>738  High byte = 3, Low byte ~ Block-482
//1f Block>738 High byte = 4, Low byte = Block-738

//"Caution!">> In range of Block>740 the servo moter has it limit to permit
i be sure that yoﬁr input Degree don't generate exeed value

/ (Each servo type has different limit)

else{
Block=DG*4.5444,//Servo SO3T/STD/IR
if{Block<226){
hb=1;
Ib=(int)Block+30;
}
else if((Block>=226)&8(Block<482)){
hb=2;
Ib=(int)Block-226;
}
else if{(Block>=482)&&(Block<738)){
hb=3;
Ib=(int)Block-738;
}
else{
hb=4;
Ib=(int)Block-738;

/fsent DATA to ZX-Servol6 Board by function PutSerial() one by one
PutSerial("!");
PutSenial('S");
PutSerial('C');
PutSerial{CH);
PutSerial(SP);
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PutSerial{lb);
PutSerial(hb); |
PutSerial(13);

Sleep(1);//Delay for Lad Data out << "Very important parameter!"

I

//Change position X,Y,Z to Zetal Zeta2,Zeta3

/fThis function gemerate Zetal ,Zeta2,Zeta3 from X,Y,Z position.

void Inverse(int Leg,float X, float Y ,float Z){
float L1=68.9,1.2=68.9,1.3=80;,
float R1,R2,R3,Zetal, Zeta2, Zetal;
float ZetaM,ZetaN,ZetaP, ZetaMP;

float P,A,B,C,D,L3x,L3y;

//LL1 = Length from Joint 1 to Joint 2
#L2 = Length from Joint 2 to Joint 3
/1.3 = Length from Joint 3 to End

//R1 = Length from Joint 1 to Joint 2 in X axis
//R2 = Length from Joint 2 to Joint 3 in X axis
//R3 = Length from Joint 3 to End in X axis

/{Zetal = Degree of Joint 1
HfZeta2 = Degree of Joint 2

H/Zeta3 = Degree of Joint 3

/P = Vector from Joint 2 to End
/{A = Bufferl
//B = Buffer2
//C = Buffer3
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/{ZetaN = Degree of L3 to X axis
/{ZetaP = Degree of Vector P to X axis
// ZetaMP = ZetaP+Zecta2

R1=L1;
R3=sqrt(X*X+Y*Y),

// printf("\nR3=%.2",R3), //Check R3
Zetal = atan(Y/X);

/i printf("\nZetal=%.2{",Zetal); //Check Zetal
ZetaP = atan{Z/(R3-R1));

/i printf{"\nZetaP=%.2{",ZetaP); //Check ZetaP
P=(R3-R1)/cos(ZetaP);

// prntf("nP=%.2{",P), //{Check P
A=(-(L3*L3)+(P*P)+(L2*L2));

i/ printf("\nA=%.2f"A); .  //Check A
B=(2*P*L2),

// printf("\nB=%.2f",B); //Check B
C=A/B;

// printf("nC=%.2{",C); //Check C

ZetaMP=acos(C);
H1ZetaMP=acos{(-(L3*L3 - (P*P)+HL2*L2))/(2*P*L2));
/1 printf("\nZetaMP=%.2{",ZetaMP);  //Check ZetaMP

ZetaM=ZetaMP+ZetaP;
R2=L1+L2*cos(ZetaM);
// printf{"\nR2 = %.2f",R2);
/1 printf{("\nsin ZetaP = %.2f" sin(ZetaP));
/f printf{"\nsin ZetaM = %.2f" sin(ZetaM));
// prntf("\nL3 = %.2f",L3);
L3x=R3-R2;
L3y=P*sin{ZetaP)-L2*sin(ZetaM),;
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// printf{"\nL3x = %.2f \nL3y = %.2f",L3x,L3y);

/1 printf("L3x/L3y = %.2f",L3x/L3y);

if{fL3x>0)ZetaN=atan(L 3y/L.3x);

else ZetaN=atan{L.3y/1.3x)-3.14;

/  ZetaN=asin((P*sin(ZetaP)-(L2*sin(Zeta2)))/1.3);
/ZetaN=(((Zeta3)*180/PI)}+180-Zetal);
Hprintf("ZetaN=%.2f \n",ZetaN); /{Check ZetaN

/{Offet for Zero

Hprintf("\nZetal in Radian = %.2f",Zetal);
/fprintf("nZeta2 in Radian = %.2f" Zeta2);
/printR™\nZetaN in Radian = %.2{" ZetaN);

Zetal = ((Zetal )*180/PI)+90;

Zeta2 = ((ZetaM)*180/P1)+90;

Zetad = 270+(ZetaN*180/P1)-Zeta2;
HZeta3 = (((Zeta3 )*180/PI)+180-Zeta2);

Hprintl("\nZ1=%.2{",Zetal); {/Check output Zetal
ServoDrive(3*Leg-2,Zetal);

/fprintf{"\nZ 2=%.2{" ,Zeta2); //Check output Zeta2
ServoDrive(3*Leg-1,Zeta2);

/printi{™nZ3=%.2{",Zeta3); //Check output Zeta3

ServoDrive(3*Leg,Zeta3);

i

/{StandBy

/fThis function use for prepare legs' position for walking step.
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void StandBy(void){

//In\;erse(Leg,X,Y,Z);
Inverse(1,150.46,0,Gnd);
Inverse(2,150.46,0,Gnd);
Inverse(3,l50.46,0,Gnd);
Inverse(4,150.46,0,Gnd);
Inverse(5,150.46,0,Gnd);

I

//WalkGen >> Walking Generate Function

/This function use for sent out "End of legs position” of each legs.
/1t define the position of cach legs in term of X,Y,Z then generate

//Zetal,Zeta2 Zeta3 and sent out to ZX-Sevol6 by Inverse function.

void WalkGen({float Distance,int Lead){

int A\B,C,D,E;

int WalkStep=1,Round=1j,time=200;

float Buffer=Distance,Range=80,HRange=0.5*Range,StepHigh=100;
float Sx,Sy,Deltalx,Deltaly,Delta2x,Deltaly;

float A1x,Aly,Alz,B1x,Bly,B1z,C1x,Cly,C12,D1x,Dly,Dlz;

float A2x,A2y,A2z B2x,B2y,B2z,C2x,C2y,C22,D2x D2y, [}27;

float A3x,A3y,A3z,B3x,B3y,B3z,C3x,C3y,C32,D3x,D3y,D3z;

float Adx,Ady,Adz,B4x B4y B4z,Cdx,Cdy,C4z,D4x,D4y,Daz;

float A5x,A5y,A5z,B5x,B5y,B5z,C5x,C5y,C52,D5x,D5y,D5z;

switch{Lead){
case 1:
A=4;B=5,C=];D=2;E=3;
brcak;

case 2:
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A=5B=1,C=2,D=3;E=4;
break;

case 3:
A=1;B=2;C=3;D=4;E=5; _
break;

case 4:
A=2;B=3;C=4;D=5,E~1;
break;

case 5:
A=3;B=4,C=5;D=1,E=2;
break;

default:

A=1;B=2;C=3;D=4;E=5;

printf{"™nError wrong Lead leg it must 1,2,3,4 or 5.\nSet Lead=5");

// printf("\nln WalkGen"); //Report status

//1Round = 11Step

j=Distance/Range;

if{(Buffer-j*Range)!=0)j++;

$x=150.46;//StandBy in X axis
Deltalx=HRange*cos(0.62);
Deltaly=HRange*sin(0.62);
Delta2x=HRange*cos(1.27);

Delta2y=HRange*sin(1.27);

! S1x=150.46; 1Sy=0; 1Sz=Gnd;
Alx=Sx+Deltalx; Aly=Deltaly; Alz=Gnd;
B1x=Sx+Delialx; Bly=Deltaly, B1z—Gnd+StepHigh;
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Clx=Sx-Deltalx; Cly=-Deltaly; Clz=Gnd+StepHigh;
D1x=Sx-Deltalx; Dly=-Deltaly; D1z=Gnd;

/ printf"\n\nA1x= %.2f Aly = %.2f" Alx,Aly);
// printf"\nB1x= %.2f Bly = %.2f",B1x,B1y);
/ printf("\nClx= %.2f Cly = %.2{",C1x,Cly);

/f 25x=150.46; 2Sy=0, 2Sz=0nd;
A2x=Sx-Delta2x; A2y=Delta2y; A2z=Gnd;
B2x=5x-Delta2x; B2y=Delta2y; B2z=Gnd+StepHigh;
C2x=Sx+Delta2x; C2y=-Delta2y; C2z=Gnd+StepHigh,
D2x=Sx+Delta2x; D2y=-Delta2y; D2z=Gnd;

// printf("n\nA2x= %.2f A2y = %.21",A2x,A2y);

// printf("MnB2x= %.2f B2y = %.2f",B2x,B2y);

// printf("MnC2x= %.2f C2y = %.2f",C2x,C2y);

// 38x=150.46; 3Sy=0; 38z=Gnd;

A3x=Sx-HRange; A3y=0; A3z=0Gnd;
B3x=Sx-HRange; B3y=0; B3z=Gnd+StepHigh;
C3x=Sx+HRange; C3y=0; (C3z=Gnd+StepHigh;
D3x=Sx+HRange; D3y=0; D3z=0Gnd;

/ printf(Mn\nA3x= %.2f A3y = %.21",A3x,A3y);
// printf("\nB3x= %.2f B3y = %.2{",B3x,B3y);
// printf(MnC3x= %.2f C3y = %.2{",C3x,C3y);

!l 48x=150.46; 4Sy=0; 45z=Gnd;
A4x=8Sx-Delta2x; Ady=-Delta2y; A4z~Gnd;
B4x=Sx-Delta2x; B4y=-DeltaZy; B4z=Gnd+StepHigh,
Cax=8x+Delta2x; Cd4y=Deltaly; C4z=Gnd+StepHigh;
D4x=Sx+Delta2x; D4y=Delta2y; D4z=Gnd;

/1 printf("\n\nAdx= %.2f Ady = %.21",Adx,Ady);

// printf("nBdx= %.2f B4y = %.2{" B4x,B4y);



/! printf("nCdx= %.2f Cdy = %.2",C4x,Cay);

/I 55x=150.46; 5Sy=0;  5Sz=Gnd;
ASx_=Sx+De1ta Ix; ASy=Deltaly; ASz=Gnd,;
B5x=Sx+Delta 1x; BSy=-Deltaly; BS5z=Gnd+StepHigh;
C5x=5x-Deltalx; C5y=Deltaly; C5z=Gnd+StepHigh;

D5x=Sx-Deltalx; D5y=Deltaly; D5z=Gnd;

A printf("\n\nASx= %.2f ASy = %.2" ,A5x,ASy);
/i printf{"\nB5x= %.2f B5y = %.2{",B5x,B5y);
// printf("\nC5x= %.2f C5y = %.2f",C5x,C5y);

while(Round<=j){

/I geteh();
/i printf("%d", WalkStep); //Check WalkStep

if((Round==j)&&(WalkStep==1)){
Range=(Buffer-(Round-1)*Range);
i printf("\nRange = %.2f" ,Range);

HRange=0.5*Range;
Deltalx=HRange*cos(0.62);
Deltaly=HRange*sin(0.62);
Delta2x=HRange*cos(1.27);

Delta2y=HRange*sin(1.27);

# S1x=150.46; 1Sy=0; 15z=Gnd:;
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Alx=Sx+Deltalx; Aly=Deltaly; Alz=Gnd;
B1x=Sx+Deltalx; Bly=Deltaly; B1z=Gnd+StepHigh;
Clx=Sx-Deltalx; Cly=-Deltaly; Clz=Gnd+StepHigh;

D1x=Sx-Deltalx; Dly=-Deltaly; D1z=Gnd;

/ printf{"n\nAlx=%.2f Aly= %.Zf"-,Alx,Aly);
/1 printf("\nBlx= %.2f Bly = %.2",B1x,Bly);
/I printf("inClx= %.2f Cly = %.2f",C1x,Cly);

i 28x=150.46; 2Sy=0; 2Sz=Gnd;
A2x=Sx-DeltaZx; A2y=Delta?y; A2z=Gnd;
B2x=8x-Delta2x; B2y=Delta?y; B2z=Gnd+StepHigh;
C2x=Sx+Delta2x; C2y=-Deltaly; C2z=Gnd+StepHigh;
D2x=Sx+Delta2x; D2y=-Deltaly; D2z=Gnd;

/ printf{"n\nA2x= %.2f A2y = %.2{",A2x,A2y);

/ printf{("nB2x= %.2f B2y = %.2{" B2x,B2y);

// printi(mnC2x= %.2f C2y = %.2{",C2x,C2y);

/ 38x=150.46; 3Sy=0; 35z=0nd;

A3x=Sx-HRange; A3y=0; A3z=(Gnd;
B3x=Sx-HRange; B3y=0; B3z=Gnd+StepHigh;
C3x=Sx+HRange; C3y=0; C3z=Gnd+StepHigh;
D3x=Sx+HRange; D3y=0; D3z=Gnd;

// printi("n\nA3x=%.2f A3y = %.2f",A3x,A3y);
/1 printf("\nB3x= %.2f B3y = %.2{",B3x,B3y);
/1 printf(MnC3x= %.2f C3y = %.2f",C3x,C3y);

/ 48x=150.46; 4Sy=0; 48z=Gnd;
Ad4x=Sx-Delta2x; Ady=-Delta2y; A4z=Gnd,

- B4x=Sx-Delta2x; Bdy=-Delta2y; B4z=Gnd+StepHigh;
C4x=Sx+Delta2x; Cdy=DeltaZy; C4z=Gnd+StepHigh;
D4x=Sx+Delta2x; D4y=Delta2y; D4z=(Gnd;
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/1 printf{"\n\nAdx= %.2f Ady = %.2f", Ad4x,Ady);
/1 printf("\aB4x= %.2f By = %.2f" Bax,Bdy);
/1 printf"\nCax= %.2f Cdy = %.2f" Cax,Cdy);

# 58x=150.46; 5Sy=0; 58z=Gnd;
AS5x=8x+Deltalx; ASy=-De1ta1y; AS5z=CGnd;
B5x=8x+Deltalx; B5y=-Deltaly; BS5z=Gnd+StepHigh;
C5x=8x-Deltalx; C5y=Deltaly; C5z=Gnd+StepHigh;

D5x=8x-Deltalx; D5y=Deltaly; DS5z=Gnd;

/I printf{"™\n\nASx= %.2f ASy = %.2f", ASx,ASy);
/I printf{"\nB5x= %.2f BSy = %.2f",B5x,B5y);
/I printf"nCSx= %.2f C5y = %.2f" ,C5x,C5y);

//Check Round
switch{WalkStep){

case 1: //Stepl
printf{"\nRound %d >> ",Round);
Inverse(A.Alx,Aly,Alz);
Inverse(B,A2x,A2y,A2z);
Inverse(C,A3x,A3y,A3z);
Inverse(D,Adx,Ady,A4z);
Inverse(E,A5x,A5y,A5z);
H/printf{"Casel");
sleep(time};

break;
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case 2:
Inverse(A,B1x,Bly,Blz);
Inverse(B,A2x,A2y,A2z);
Inverse(C,A3x,A3y,A3z);
Inveme(D,B4x,B4y,B4z);
Inverse(E,A5x,A5y,A52);
/fprintf("Case2");
sleep(time);

break;

case 3:
Inverse(A,C1x,Cly,Clz);
Inverse(B,A2x,A2y,A2z);
Inverse(C,A3x,A3y,A3z);
Inverse(D,C4x,C4y,C4z);
Inverse(E,A5x,A5y,A5z);
{//printf("Case3"};
sleep(time);

break;

case 4:
Inverse(A,D1x,D1y,D1z);
Inverse(B,A2x,A2y,A2z);
Inverse(C,A3x,A3y,A3z);
Inverse(D,D4x,D4y D4z},
Inverse(E,A5x,ASy,A5z);
Hprintf(" Case3™);
sleep(time};

break;

case 5:
Inverse{A,D1x,D1y,D1z);
Inverse(B,B2x,B2y,B2z};

//Step2

//Step3

//Step4

//Step5
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Inverse(C,A3x,A3y,A3z2);
Inverse(D,D4x,D4y,D4z);
Inverse(E,B5x,B5y,B52);
/fprintf("Case3");
sleep(time);

break;

case 6:
Inverse(A,D1x,Dly,D1z); //Step6
Inverse(B,C2x,C2y,C22);
Inverse(C,A3x,A3y,A3z);
Inverse(D,D4x,D4y,D4z);
Inverse(E,C5x,C5y,C57);
/fprintf("Case3");
sleep(time);

break;

case 7:
Inverse(A,D1x,D1ly,D1z); //Step7
Inverse(B,D2x,D2y,D2z);
Inverse(C,A3x,A3y,A3z2);
Inverse(D,D4x,D4y,D4z);
Inverse(E,D5x,D5y,D5z);
/fprintf("Case3");
sleep(time);

break;

case 8:
Inverse(A,D1x,Dly,D1z); //Step8
Inverse(B,D22x,D2y,D2z);
Inverse(C,B3x,B3y,B3iz);
Inverse(D,D4x, D4y D4z);

Inverse(E,D5x,D5y,[D5z);



Hprintf{("Case3");
sleep(time);

break;

case 9:
Inverse(A,D1x,D1y,Diz); //Step9
Inverse(B,D2x,D2y,D2z);
Inverse(C,C3x,C3y,C32);
Inverse(D,D4x,Ddy,D4z);
Inverse(E,D5x,D5y,D5z);
/fprintf(" Case3");
sleep(time);

break;

case 10:
Inverse(A,D1x,D1y,D1z); //Step10
Inverse(B,D2x,D2y,D2z);
Inverse(C,D3x,D3y,D3z);
Inverse(D,D4x,Ddy,D4z);
Inverse(E,D5x,D5y,D5z);
//printf("Case3");
sleep(time);

break;

}//End switch
Sleep(1);//Delay for servo move
/fprintf("\n\n");
printf(" w%d",WalkStep);
WalkStep++;//WalkStep = WalkStep+1;
ifl WalkStep==11){//If WalkStep end Round = Round+1

Round++;

WalkStep=1;
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}/End if

}/fEnd_ while
StandBy();

void Rotate(float Alpha){

"
i

int time=100,k=1,X,Y;
float i=1,Buffer=Alpha,Range=15;
float R,r3in,r3out,Gamma;

float Beta;

j=Alpha/Range;

j=abs();

printf{"\nRotate = %.2f degree”,Alpha);
printf{"\nRotate = %d time >>" j);

if{(abs(Buffer)-Range*j)'=0)j++;

forGi<=j;i++){
printf{" 1%d" k);
K+
//Change from Degree to Radian
ifl Alpha>0)Alpha=Range;
if{Alpha<0)Alpha=-Range;
if{(i==))& & (Buffer>0))Alpha=Buffer-Range*(j-1);
if{(i==j)& &(Buffer<0)) Alpha=Buffer+Range*(j-1);
printf{"\nBuffer = %.2f",Buffer), //Chaeck buffer
printf{"\nAlpha = %.2f",Alpha); //Check Alpha
Alpha=(1.38*Alpha*PI)/180; //Offet Error
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R=78.79;
r3in=150.46;

Beta=atan((R*sin(Alpha))/((R*(1-cos(Alpha)))+r3in));

Gamma=asin((2*(R+r3in)*sin(Alpha/2)*sin(0.5*PI-0.5* Alpha))/r3in);

Garmna=A1pha+Beta;

r3out=(r3in*sin(0.5*PI-0.5* Alpha))/(sin(0.5*PI-0.5* Alpha)-Beta);

X=r3out*cos(Gamma);

Y=r3out*sin(Gamma);

Inverse(1,150.46,0,Gnd+40);
Inverse(4,150.46,0,Gnd+40);

sleep(time);

Inverse(1,X,r3out*sin(Gamma),Gnd+40);
Inverse(4,X,Y,Gnd+40);

sleep(time);

Inverse(1,X,Y,Gnd); //Down
Inverse(4,X,Y,Gnd);

sleep(time);

Inverse(2,150.46,0,Gnd+40);
Inverse(5,150.46,0,Gnd+40);

sleep(time),

Inverse(2,X,Y,Gnd+40); /Move
Inverse(5,X,Y,Gnd+40);

sleep(time);

Inverse(2,X,Y,Gnd); /Down
Inverse(5,X,Y,Gnd);

sleep(time);

/Up

/Move

/Up
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Inverse(3,150.46,0,Gnd+40); /Up

sleep(time);

Inverse(3,X,Y,Gnd+40); //Move

sleep(time);

Inverse(3,X,Y,Gnd); /Mown

sleep(time);

StandBy();

void CallRotate() {
float Alpha;
printf("\nPlease key Rotate angle in Degree (float) : ");
scanf("%.2f" & Alpha);

Rotate(Alpha);

1

//Set90 >> Every servo go to 90 Degree

//This function take all servo go to 90 degree to approximate check the abnormal

ffof each servo.

void SentXY(float X,float Y){

int Lead=3;

float Distance,Alpha;

Distance=sqrt(X*X+Y*Y);

“printf("\nDistance = %.2{ mm" Distance);

102




//When Devide by Zero
if{(X==0)&&(Y>0)){
Alpha=90;
}
If((X=—0)&&(Y<0)){
Alpha=-90;
}
if(X1=0){
Alpha=(atan(fabs(Y)/fabs(X)))* 180/PI;
}
printf{"Here Alpha = %.2{",Alpha);
//Define Degree
(X <=0)&8(Y>0)){
Alpha=180-Alpha;
}
(X <0)&&(Y<=0)) {
Alpha=-180+Alpha,
}
if((X>=0)&&(Y<0)){
Alpha=Alpha;
}
Il(X==0)&&(Y==0)){
Alpha=0;
Distance=0;
}
printf{"\nDegree = %.2f degree",Alpha);
//Define Leg to Lead
if{(Alpha>=-36)&&(Alpha<36)){
Lead=3;
}

else if((Alpha>=36)&&(Alpha<108)){
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Lead=2;
Alpha=Alpha-72;
}

else if{(Alpha>=108)&&(Alpha<180)){
Lead=1;

Alpha=Alpha-144;

}

else if({ Alpha>=-180)&&(Alpha<-108)){
Lead=5;

Alpha=Alipha+144;

}

else if{(Alpha>=-108)&&(Alpha<-36)){
Lead=4;
Alpha=Alpha+72;
}

//Display parameter
printf("\nX = %.2£Y = %.21",X,Y);
printf{"\nRotate = %.2f degrce",Alpha);
printf{"\nLead = Leg%d",Lead);

H getch();
Rotate(Alpha);
WalkGen(Distance,Lead);

void CallWalkGen(){
float X, Xmin=-1000,Xmax=1000,Y,Ymin=-1000,Y max=1000;

printf{("\nPlease insert position X in millimatre{-1000 to 1000]. X ="}

scanf(” %.21",&X);
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while({X<Xmin)}{[(X>Xmax}){

printf{"\nWrong input X must between -1000 to 1000.");
printf{("\nInsert new fnput X="

scanf(" %.2f",&X);

}

printf("\nPlease insert position Y in millimatre[-1000 to 1000]. Y =");
scanf(" %.21",&Y);

while{({Y<Ymin)||(Y>Ymax}){

printf{"\n!Wrong input Y must between -1000 to 1000.");
printf("\nInsert new input Y = ");

scanf(" %.2{",&Y);

}

printf("\nX = %.2f \nY = %.2f " X,Y);
SentXY(X,Y);

void Set90(){
int X;
for(X=0;X<=15;X++){
ServoDrive{X,90);
Sleep(100);
}
printf("\nSet90");

i

//Main Function
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//This is the main function which control step of program in order.

//Open com port --> Set 90Degree --> StanBy for walk --> Walk Gengerate --> End

int main(int argc, char *argv(])
{ .

int Flag=1;

char Quick="n";

float x;

//Sct BaudRate and Open comport
printf{("Open Comport.™);
SetPort(};
printf("\nStanBy.");

StandBy();

/e
printf{"\n----=---=------L ing8@-=---=-~--=----");
printf{"\nPress any key to start.");
getch();

WalkGen(1000,2);
®/

/*
printf{"\n----=-=-=-=---- Rotate360----==--=n=u== ")
printf{"\nPress any key to start.");
getch();

Rotate(-180);
Rotate(-180);
/t
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printf("\n-------- —mmmee Rectangle--------------- "
printf("\nPress any key to start.");
getch();
WalkGen(400,3):
Rotate(-90);
WalkGen(400,3);
Rotate(-90);
WalkGen(400,3);
Rotate(-90);
WalkGen(400,3);
*/

PrNt{"\nmmemmreereee-ShOW-mmmmrmmmmmmem- “%
printf("\nPress any key to start.");

getch();

Gnd = -(80.00+28.55);
StandBy();
sleep(500);

Gnd = -{40.00+28.55);
StandBy();
sleep(500);

Gnd = -(80.00+28.55);

StandBy();



sleep(500);

Gnd = <(40.00+28.55);
StandBy();
sleep(500);

Gnd = -(80.00+28.55);
StandBy();
sleep(500);

Gnd = -(40.00+28.55);
StandBy();
sleep(500);

Gnd = -(80.00+28.55);
StandBy();

sleep(500);

Gnd = -(40.00+28.55);
StandBy();
sleep(500);

Gnd = -(80.00+28.55);
StandBy();
sleep(500);

Gnd = -(20.00+28.55);
WalkGen(80,3);
printf("\nLow.");

Gnd = -(60.00+28.55);
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WalkGen(160,3);
printf("\nHigh."');

Gnd = -(30.00+28.55);
WalkGen(80,3);

printf{("\nLow.");
printf{"\nHang plese ~ ~");

Inverse(2,150,0,120);
Inverse(4,150,0,120);
sleep(300);
Inverse(2,150,0,0);
Inverse(4,150,0,0);
sleep(300);
Inverse(2,150,0,120);
Inverse(4,150,0,120);
sleep(300);
Inverse(2,150,0,0);
Inverse(4,150,0,0};
sleep(300);
Inverse(2,150,0,120);
Inverse(4,150,0,120);
sleep(300);
Inverse(2,150,0,0);
Inverse(4,150,0,0);
sleep(300);
Inverse(2,150,0,120);
Inverse(4,150,0,120);
sleep(300);
Inverse(2,150,0,0);
Inverse(4,150,0,0):



printf{"\nBye bye.");
Inverse(2,150,30,120);
Inverse(4,150,-30,120);
sleep(300);
Inverse(2,150,-30,120);
Inverse(4,150,30,120);
sleep(300);
Inverse(2,150,30,120);
Inverse(4,150,-30,120);
sleep(300);
Inverse(2,150,-30,120);
Inverse(4,150,30,120);
sleep(300);
Inverse(2,150,30,120);
Inverse(4,150,-30,120);
sleep(300);
Inverse(2,150,-30,120);
Inverse(4,150,30,120);
sleep(300);
Inverse(2,150,30,120);
Inverse(4,150,-30,120);
sleep(300);
Inverse(2,150,-30,120);
Inverse(4,150,30,120);
sleep(300);
Inverse(2,150,30,120);
Inverse(4,150,-30,120);
sleep(300);
Inverse(2,150,-30,120);
Inverse(4,150,30,120);
sleep(300);
Inverse(2,150,30,120);
Inverse(4,150,-30,120);
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sleep(300);

Inverse(2,150,-30,120);

Inverse(4,150,30,120);
sleep(300);

//Display status
printf(*\n-: Finish :-\n");

system("PAUSE");
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