O fok iR R EA TET
ol s ekt

The Development of Real-Time Balance Control System

in Biped Robots Using'Fuzzy Logic Algorithm

SIE ST

TSI IR N



T R BIEL BB E A TR ) h Ry

The Development of Real-Time Balance Control System

in Biped Robots Using Fuzzy Logic Algorithm

g2 LA Student : Yao-Hsien Chiu

gy et 4 Advisor : Dr.Jwu-Sheng Hu

A Thesis
Submitted to Institute of Eleetrical and Control Engineering

College of Electrical Engineering and Computer Science
National Chiao Tung University

in partial Fulfillment of the Requirements

for the Degree of Master
in

Electrical and Control Engineering

June 2006
Hsinchu, Taiwan, Republic of China

PERARA LT &S



®F o BE R E A TRET ] R

Fydorem g g R e B2 gLl

Bz i ~ FT &1 873 AL 7T
®

EArrks TRl gE- B A FAPEAEFAADELGAL - B} RS
R T a1 B E S AN S TR REEPBEA D e e EpHE
B R ERAFRTELE RS TR LA AILE2ZPEA o G
TRRAN R Ah Y Y BN A 4 RS M 2 BEJE B(PIC-18F452) A 24 1
o M E s AW EA TPAPAMan, ST HFRT Lo S d - B
ZMP BB EALF E 2 o dE T e 2 > B2 F RN - TR EAFL
PR A G A A A B R e G o E L

hd

¥ e 12 Visual Basic 3% 3+ pe =8 A48 4 5tk 1= k8 - T Balance Control Agent 5 » i

BEART NG TUBRAD DREA Lo a TEF SRR k-

S

Ho MELEES RN AR EAL TR DR R F T

S i e R BRI A s

ok

SERE T ENIER AR

LR SR S8 T iR Tk
TREREAE TR EE P I K 3TH P L B 1001 55 > Tel : 886-3-5712121ext54318

i



The Development of Real-Time Balance Control System

in Biped Robots Using Fuzzy Logic Algorithm

Student : Yao-Hsien Chiu Advisor ' Dr.Jwu-Sheng Hu

Institute of Electrical and Control Engineering
National Chiao Tung University

ABSTRACT

Real-time balance in biped robots is an important research issue to be solved.
Traditionally, inverse kinematics from dynamic equations is solved to obtain the centre
of gravity and the gesture of the robot. But the computing effort induced from the
complicated technique prohibits the realization of the real-time balance. In this thesis,
an intelligent control algorithm using-fuzzy‘logic and ZMP is developed to achieve
real-time balance. Our research is implemented on a biped robot named “PAPA-Man”
whose mechanical architecture mimics an ostrich. The goal of the system is to make
the robots balance on different landforms and incline. Further, a “Balance Control
Agent” is designed using Visual Basic as the control interface. The software computes
the location of the central gravity synchronously and sends commands to the robot for
balance control. This work integrates the electronics and firmware of the biped robots
with the communication software on the personal computer to realize the ability of
real-time balance. Other objectives such as low cost, high efficient and easy to expand

are also considered.
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Rt EORCER ST RIS SRR AT T (TR 0 Bt P TR M Wi o
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Force Sensor Resistor

Bl 2-4 : PAPA-Man = % #Ul( %) & 2SR E(+) 2 3D W55 Bl

% 2-1: PAPA-Man 5 883k % s %

£ ot
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R E RC servo motors (ACE DS1013)
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1.Control and Sensing Layer(¥:+#] & | % ):
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L AR RN R (Ey - T Artificial Brain (4 1 £f %4) 5 °
29 Bq e

RIREZEHE 5 A Fp AR R ~ G PIRAE B e et = K R A
REWE LB SOz BT EA 5 v 0 4 B 5 motor board ~ sensor
board ¥ motor & sensor board » dr b & ik o L K¢ L P HB o FHF R Y
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BT pwieE s#ER s ERERRFA - PICI8F452 7 PORTA~B~C-D-E>
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Motor board (*’bﬁl “ ;Ellé:’] ): - | ~ e : -_‘:

F1* PIC18F452 7 PORT B Dﬁ;‘JP. PWM “%%{‘ FHlEEE s o X7
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Eeseew & g 0
Rs232 B [k o ) 4 P o
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Sensor board (R g &R & ):

A Poe 2 R AR B 2R 4 R RIF(FSR)™ gt Hudr + = 2 0 AD T3t

PR KPR A R R A ﬁ%]:’! Tl 2 g * PICISF452 p £ v AD $i2
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‘ Frwlk J-LrnTllt ] Gyro A
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BR T FPATFREE 5 R E 0 - B M BEEPROM i%riz » 5= 7y

é’f"?"i%— P R~ 0 ¥ ¥ g 13 T h R o ‘h e R
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FOEIBEAR AR RS RATART LML Z KR
FEed e 5V s g o B 2-13 ()2 B ¥ GWS %74 & 11.1v/1300mAh 423
T ERER 2-130@)Z HBREBEFEETT AL SVHENT  F R ATEER

P EMEE R PREESFT S, AN FERREZLNDTRIL 6vo

@ rteersrd’ I o sy
F]213 PAPA-Man 2 ga*é‘vl

Bofs oA SRS o PEH ;'EmimR-SQ:?yQ*-IZC p‘} @ﬁﬂlli Bluetooth 3 j#s

¥ k0T L 5 8 i #4]4F (Motor control board)‘ff’fg, /P | & #i- 2. (Sensor board) £id i %
e F RPIETRAhH N E o AR RS2D2PIT AW 3 o F %

LA EA L@ pFo T UiEiE Bluetooth FREMire il > SHEARN S N BEF
FLET o fod SR LRE] 0 A RT T 2t B for TR A iy

S RNEGEm 2 B E AP B PIE 2.5 & Sl it o

2.4 TPAPA-Man; % #& Bfc i

P E A ATERY b4 KRR G A RGU R RIRE & o A A g Al
WEASLBHS T E - KRB 4eB 26 FBpd R FRESEJ B
EEBRRMES Rl B @ PR E L b e BB E g B

86 A DSI03 PIREE > v & Z -3 R HE I EE s REdhe

- "N
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U FEDES > 02 PID B R KON R R v N AL~ f TR
ﬁg,l)\‘fr'— v ¢ 4l & o0 PWM m%{ﬁg‘] RoFd A EAE S PWM s

S (RIS Lk R o RIS Lt Eep 30 doT B 2-14 9

Bl 2-14 : DS1013 i PPRAB (=) 2 P30 & B s (+) [23]

DS1013 #ici @RS 5 BA B0 & 2 d o g 1 4 Ber PR gS  5I[24]  $° 4
‘—*'uifﬁé’*%&i%i&";’@‘fﬁ'u%‘i"f*ﬁa; EhH* % HEFE B CFHE
BF il EFEBIFRR PJ?»%,&?@ T\(ﬁigméam 2-2 975m ) B R BEACT o

L2 2 issd & o

2.8 s R o

3R KBTS A H TR

% 2-2 1 DS1013 #ci~ & PRS A R 4042 4

DS1013#xc i~ & PR % Ft

£ §E 13.0(kg/cm)

# R 0.108(sec/60°) @ 6V
R & H*4pes

fh g 3¢ IR IR h K

£ E 62g

- 40.4x20.0x37.9(mm)

22



“738 PWM 5% Pulse width modulation %58 » - fE¥ * >l B
oA TR BRI M R AR T AR B R R TR oW 2-15 9
T AR AE R R R pER (TR ) o B R AR o 2
Al RC

PRI 5L PWM i 8 5 18~22 msec» duty cycle % > # [ = 0.75~2.25

msec - fft B 0.5~2.5msec ¢ F G HLAL N TR 0 B 0 BPRABR G EEL T A e

Dty cycle

% Duty cycle | 3t gt -  Ma
I SRR PE > PIRS

£ #- Release &t jk

T

Bl 2-15 ¢ R 8 a8 ~ W

d ** Servo motor ¥4 PWM & o Duty cycle k4| H Ed & & > e 5 d
Foenf i BRA S ARk B ROTPWM sl ki LA PR E & F e
g N TR HAo THF AL SHE L PWM B 10 PIRE &
= TR AP Sl A s A S ST e PWM BLME b 4 e
PR R R EEAVEE o B F SEE IR > LR g Sl AT
WP G > BFHFTA S o 57 L pu a2 Fp p o TPAPA-Man #7% & ¢h

SRFEHT CRMRERE DS ERHE A RPREE-FXERPFL LT -

A7 T A2 PWM SRS RIRE L & D/ g > & 7 % g £ il

-~

PR S RTRBSEFHBE LK (MR ) 2FFFEATE T T
FEAA T/ PWM A8 GFPEA T ¥ hI 5o a3 € g g

thends (T URR e A4 o
A At Y 2 B gl E S o PIC B ¥ s A PWM o i 30y
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F 12353 > A BHRY $E 73 5900 L0 e 12 B 5 E ety o

S0 timer ¥ OET R GABTAE Y PWM o H ¥ 2 iR A B R g
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(1) 4rim i3 B Hre R % BF 8 B » % &v & Duty cycle 2. FF*» ) 4
ﬂbﬁrg WIRE Fmdk B ﬁ;]‘}‘}

N

(2) PRUFL W IR7 5 5 £ 2 - R lbedy » RIS G TALGENI 0 gk g e A
B E D4 RIFPPRS R e i i AR T R
FlotE A SRR 2 IR 0 Rl A T B iR 4 o T AR AR R R R

m%g%@m%%o@@@ﬁ%@@@ﬁ%ﬁ@wgéﬁ%%i»ﬁ#ﬁﬂﬁ%

PE o A Idd T o NP E RG] § €T PIRE E IR

2.5 TPAPA-Man j 2 il 4 &

Bl

bR o B R AG A AT - F - B E A R e g

B 52 AREMEA AL E R BRE M WL B BT
¥ehiE 3 ¢ E 5 (Bluetooth)

FPodg e 3F FAASREY FTUABF ¢ 2B AT N 48

PDA - %> R ETUAMAC 45— fEAbH - SEAHAT o AT

FEEFAPG G TRHL 0 L7 ETR LA NS AET FRAS
LHEFRA SRR NET RN R LSE RS A KT BRT 4§

BA BB PEE (PAN) > & 24ISM # 5@ it ¥ 2 TpF (real time) & 3E#k
BEMREEF A 2 B ERFHER (WLAN) » 7 £ s anF AR 4
Pk B IEY S # S ﬂ*{“ M FPFETUARLALT o P S

® 4 TPAPA-man | i » % 4 [ ~ ‘}S’K # 10 = = 2. (Bluetooth class 2)

Y - BILd o
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Bl 2-16 5 B A B R rgrlz TFi Al vl ® A J 0% %it g Master

e bR RGEE o T - A AW DB F 18 E L g Master * o ERK

T slave BT A FATHLAILE > FRBFEEETRT RSN T &
VT G R - B SR RRE R e PR Y RBELH L LP T
VBT e AR R a o v""i‘t*@"’@ﬁ’?] » BiEHRdrdn £ B8 E 4 i Master 5 o
- ——— ——— --'-l‘
1

RSEIT 10 12C | Mastor(Braln)

k r
12C Bus :lr
h'lutlr contral Sansar Board
[Carebella)

T
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EI 2-16 : %E?Apb:;ﬁnm:% *t-;—i_‘m&k

P 424 PR B ehpickr B PIC 18F452 £ 4 #4012 UART( RS232 ) #id 3t

4 BT IR A SR o B E R P R A

YRt RS-232 3 B 0 £ 4 0% RS232 #dk 5 7l it 4 o 4o BlHrT

DSUB- 9(*)

BT
“.I%;I,

RS-232
DSUB-9 (=)
B B

A

B 2-17: & R E 7 # 2 # RS-232 #& # T [25]
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B> VW RS232E G EFET EAE N o T A L gk BaRR[25] ¢

23 F T HBEEZRR

38 B ol

= R SK

[l A NS 1.1

e * L #7053 115200 bits/s
RS GFSK

R 2.400~ 2.4835 GHz

¥ & Class 1

FATR - 82 dbm

1R +5~+55 C

XM PoaERE RGN X A

B e e & Motor & Sensor TSR B 8 E A £ b ¥ ik RS-232 -
IC2--- & P ¢hid 2wy » % H B 53 RSD32 a2 o & 5 E ¥ H e %+ RS-232 %
BV ARELA S AR B URCS@ B L P ES G0 F A K - B RS-232
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