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Development of a Biped Walking Robot Controller Based on a
Embedded System
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Development of a Biped Walking Robot Controller Based on a
Embedded System

Son, Joung Ho

Department of Mechanical Engineering Graduate School, Korea Maritime
University

Abstract

In this paper, we have made a new motion contralfet the embedded ARM board to
control the biped walking robot. As a control systior the robot, a distributed control
system composed of the main controllers and the@numntroller for the robot using the
one-chip microprocessor were developed. The maiirailer and the motor controller
composed as a distributed control system were dpedl using the embedded ARM
board and the TMS320c2407 processor, respectidemew trajectory tracking algorithm
for the motor controller appropriate for the on@chmicroprocessor was devised
employing pre-generated off-line trajectory datasod the robot composed of an
operation system of the ARM board based on thetimal LINUX was developed. In
addition to these, a CAN communication system waglbped to process the complex
control system. Some tests and their results weesepted to validate superior
performance of the developed system.
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Fig 2.4 Four bar link 3D model
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» %  |=%n =
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MCU TMS320LF2407A | counter,UART,
Timer, GPIO
Level
7T4ALVHT4245 3.3V <> 5V
Shifter
DeadTime Dual Precision
CD4538
Generator Monostable
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Fig 4.2 Composition of the super-loop system

(2) dHid= FAA

OS® Operating System®] S¢FR}FE A g|E2 FA At WA gt -27F 2
i e EE AHFHAE 0S7F =7k dd PCoA &3] B F
Windows 95, Windows NT, OS/25°] EF OSE9¢]a Workstatione]y} 1 o]4e] #
FH A= UNIXY 29 ME<Q 0SEe] Fa= L sl

YHITI = Real-time OS= Wb QL 0SS} wiRZFA =2 o# 7HA] tasks SAl (7}
FAQ ouleA) 83t Folth tlFe] Real-time 0St ©h3 #°] Task
Scheduling, Task Communication, Task Synchronization, Memory Management,
Interrupt Service, I/O Driver, Timer 59| 7|%5< s Real-time©]”7] W&ol Real-
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User Level
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| System Call Interface |
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| Virtual File System |<——>| Process Management |
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Device Driver
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Fig 4.3 Composition of linux
4.2 ARMEEE o| &3 A|A|=H HA
PCo ZRAAMEGYE= Aol & 8§59 2

npo| AR ZAM HTE AT
ARM Z2AM7E g8 REg o83kl F9 Aol Asue A stk oE 2

Bo E3lyl AN~Hlog FAS & ZAS PCRU ¢ Hold 75Fdo] 7bssta
Adt one-chipvlo| AZZZAME FPo] oy 2o HE Z=2 A4 HE nY
o ¥ YEYT VTS FdHo| s

aid= gEAE Ay 2AA 7T g5 ~(embedded realtime linux)g} sk,

2 AFoM = o] & o] &8st AAA2ES OSE A5ttt LINUXE ©]-&3te] ¥
H2a A|2ES F9st] e = st=dlolr Aok sk Fate]l R O7HA Sl
wHA W72y #E FHOMMU, Memory Management Unit)o] 95 # 24 32H]E CPU
b Slojok star, Al2gls g ow Egstel T 4o M dast 1
g s & uf BAle A AtiE oA Starx i HAe] =Y Ve
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Aadhd, ol AA ML HAHA ol AEZ sdstuAl & o vl Fasich
ko 2 Ado] Al ~EYAY VEST ~EAE T FE fUA~H
S RE Y FE g Alxdle H2d F glojof gt o]¥l o] & <l X-
hyper255B ARM Board& ©]&3dlo] Aoj7]& At /e ds 5, 719X,
tutol 2 =eholw A, ofE iAol A4S skl

(1)X-hyper255B ARM Board £3.

+ Intel PXA255 Processor7b HAl¥o] ¥, 14°5(400MHz)e] 545
7EA 3L gloiA] Mobile #& A Fwtoll Hold A5S #3 5 rt.

o Hue rAAS AHEE Linux Kernel HA ¥ #(2.4.18)0] &A% o]
AREA7Y dete TROYHE A IA &8 F A guzdA E
29 A= 7%7& 7 A

« dtedzd T AR AX WAV 2agle S SE&EZRO
g% 4 913l MTDE £3F Flash Filesystem(JFFS2)7} T-& % o]
& 28] Szt kg ARl Aol 75 sttt

« PXA2559 &4 Interfaces A& ste] 7] A R Aw= 2ol
ekl

(2)Hardware specification

st=glofel] gk A9 v 7t} Intel PXA255 CPU 400MHz ¢ 1145 CPU
7F gAERAA R s 64M & oE FFE o] Aloj=rt F ZREIYE Ftd
TR ol o)l AE QUEH|el =0 & Fo] Al E o] PXA2557F A&

fsi3
=
s AFEA BPtel AT = Aok,

roax

Table 4.1 Hardware specification

[tem Description

Processor Intel PXA255 400MHz
SDRAM Samsung 64Mbyte

Flash Intel strata flash 32MByte
Ethernet CS8900A 10BaseT

Audio AC’97 Stereo audio
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Display LG TFT LCD 6.4” (640 = 480)
Touch ADS7843 (Touch screen)
USB USB Slave

Serial 2 Port

JTAG 1 Port

PCMCIA 1 Slot

RTC RTC4513(Real Time Clock)
IrDA HDSL3600

CF 1 Slot

MMC 1 Slot

Jack Mic. Speaker Jack

Keypad 8 Key Button

Connector 120PIN Connetor for GPIO, Address and Data BUS

(3)Software specification

A EYe]d g ¥ thgd ok JHlt= #ns WH2.4.18 Ade] @A
Q3 Tiny X Serverg &gk GUI 87 o] #| 3= o] AR&x}e] Hold H 7o) ojgh
Al H97F wioh 24 H/Well theh brpo] 2~ E o]l AA|7} AlgH of A tufo] X
Eetoln| 7ol &o]sitt.

Table 4.2 Software specification

[tem

Description

0/S

Linux 2.4.18 kernel

Device Driver

CS8900 Ethernet

AC97 streo audio

Frame buffer

ADS7843 (Touch screen)

USB Slave

PCMCIA, CF
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MMC

RTC4513(Real Time Clock)

IrDA

File System

JFFS2, Ramdisk

GUI

Tiny X Server

MP3 Player

MPEG Player

Game

Fig 4.4 Composition of arm—core
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@ - 1| ©
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-1 g ACST o Control ——
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& Memory »| smROM
NSSP Intel/E XScaled Control 4 banks
|Microarchitecture o
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Memory - Flash/
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Pic 4.2 X-Hyper255B back
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4.2.1 9

OHALES 44

il

ofo

93t st=go] FALS Fig 4.5 3 #e Iy
= 7F AAE PCE A3ttt o b & 0SE Ab
st g T8 TAE ABNA AFEo] Wol oy H Ut k. B ATl A EE
N 9 C

g 52EZ A8 S

cable
Host Pc

Motion
control board ot
SV

Power supply

Fig 4.5 Embedded system of development environment
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AQl(tool chain)¥7dS FFallof sttt & AJLS 4% Z=2a3 L2858 F

dstar H=sto] A& 7he3dk wloju el (binary)E AAdsted Fadt 4F Fd

g gl gholH el Egolty V|EHo R oAlEY, 97, CHALY, CelolH

A oz FAHEY. BRE AAHoR AYHE A2~ HIYAHE A A5

o HER GAdES AA ko] ARE SQlh

1 JTAGH o] &S ©]§ Bootload A A

- JTAGZ} AlFstes 75 Auud Z2Ax9 et gl tufe]x9]
5 As e

oA B QHTQPJ AZxs 7t lﬂ 3|z o] i Aol A4

A E HZEsAY Hulo]l23te] AAMHE HEEsAY ZHA HlEed

tlolBlE Y 227] f3tel|t

Bl HEol Hdedo] Solgdt Aol Al#o] Hojof gt FERTE AWk PC

°] ROM BOISE ti4ilste] oy st=4glo] AAS Hdsta, 7199 mYo= o

oA = T3 gTds HHEshA "k s AAFHE =4

FA ge 3 AY 29 Fox A& fasteE FERY X

Zpd stofoF jhtt,

2 AFode AMHE & BEo] JTAGZ] S ] 83te] S2E PCoA A=~

Avtdel2 HAd S 3to] ZHqw FERE g9 2= sto] AFES S

t}.

(2)Z2E9 9= A&H "}°19] A

94 HEES F 9 afdow $8dn AT BEL dHAAE 4F FHo
fo] HQl Falo] AAHo] Jejok #Th A wE ggo] Wad BN To
3 2,

1 Minicom¥} 3}o]y gmld

- Minicom¥ &o]# EHmjdo] F Z2IaPPLE GAE AAH HoA] AE Fals

93 Z2aMER Minicome FE52oA], stolBErde nlo]|az AXE ¢
G-l ARRE = ZEIae|t & Aol HE TS ol &3 o HE9

BEUE 93-S star 7] wEol o] 7 RIS AMSEA FERUEY YW =

BEE 2 Qult= Azdold Agsu Qe Pulv= gnsg 4 Tgaed
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1 Bootp

- Bootpi= TCP/IPZelA As FEES 98 Hxe] HFo=E, = A7 3l
= FEOIAES S mREZM Udps TipZREIS AT S2E A
/\Eﬂ_‘,]_ mm]qc /\]/\917]-4 ;(4 %

Aztela o|tl. o] BootpE EdA 24~E PCEEE [PE 3t wrola] E}ZIE
=2 TitpE S8l toly dFo] o] FoAAA sttt

1 Tftp
- Tftp(trivial file protocol)7} Ftpe} H]=%E 2 Y EY
Hl& ojvh e fipe AFAS BAshs TCPAS
ek d=Aol) WRiQl UDPE &3 A

IP Datagram

Yy

UDP Datagram

IP Header UDP Header | TFTP Message

20bytes Bhytes =«=512bytes

Fig 4.6 Composition of tftp packet

1 Nfs

- NFS(Network File System)+ 4 mlo]a 2 A A8l =7} 7|dkste] REC 1094 o
A Aod 2erEFRA FAFYH Azde] YEYAS] tE FESG UESAND F4o
S Ffsta AEY HEd o FEEE UEYI AW Ed #AIgle] ol
E A= = A ALEH NFSe= AFH ARAZE 9449 AFHl A=
vz 24l el AFEHA e AA" @A, vigde AFsAY A

o
& A sFe FEeIdE/ANY S&XZEaHY. AR AlaEel=



NFS ZeIAETL dojof st th& AiFHddl= NFSAHM7ZE X5 o] glojok
grh w7, FHol= R TCP/IPEEZC] AAHe] glojok sh=d], divksi
NFS Mo}l Felo]AE7} HAS WU AY =43t Z2aWo g TCP/IPE Al

§387] wiEolth. Wl NFS7]5S dHltj= Al2~El Jdte] o] &35H T1E
Alz="e] B4 I EHE duiv= A=A 3T & A AL RdSs
7HAa Qe Mt = BES wif f&sHA o8-S T 4 Aa AL Al o &
Aold ZTrads gl gre &% Fuk uE HXAEZL 7l5etr] wit
Bo A7 A% A 9A Hil ol AFAME FAES NFSABE FEA

i I
3 mE FOE wEeld $§ Zead ANe st

o R

B)AEH o A" HA

1 7Ad

- Adolg FAAE T+ = B (core)ZA EFFIEE=2] DRAMe 4
afo], Al=¥le] G- %_‘sfz 317 dAI} FPHE IZANAES 2ASY 5
= AT Eojolt}t. AEL I mlolaE AYMicro Kerne)d Euddg AY
(Monolithic)® W= o doH, wolaz g2 7do] 7hxjoF st A%<
7eRtke 7AaE HA ALEA YA AHE IRALE o]Fo] My EiE
g8 Adeldt Ad difel] A= go] Fad Be AHs FUHES X3S
T2E 7 o T = A8 o e AP &%l FastA A8S st
7] el it vholAR AYE o8& staL vk AlZtE AAE M PE
2 vpela s Ad WA 24188 ARBSt] & ¥ BE dAE A&t dX"
Azx ARdHYE zimages BAS] B 28 3l

- gd Alzgels RFAATE e eIy e shdge] AEHA sk 9l
I AR FFo|t) FUAAHo|g s W 1ldS A AsI=
U HaaE 7wy, ol AlaEe]
= Z8FH WEzyg Algo] 71E3 jffs2 g)rm A
st Mxe] EEd A FA7F EAletA] e dults BE9o] b
= g4

Af AHS7Fs 8= dh= ramdisk o|vAlE A

o
N
Ach

T
£

45



sto] Hro thR = lo] ARE-SISIT

4.2.2 Hulo] & Egtoln A3

tjulo] ~(device) sH= t]2~H(Hard Disk), 29 t]2=(Floppy Disk), ZHE
(Printer), @& 7](Terminal), 2~7](Scanner), W EY I oJHE (Network Adaptor),
PCMCIA, Touch Screen, LCD t2=&d o], Audio 53 #o] HIFE A28 o]9]9]
UE 73 AAE "R tnpol s Edfol] TR IO gEA OS7F AA Ao m A
A sk AR AN giRE dupolzo] the Edfold ZeIRS Fold AAE

AlACF gkt Hupol 2~ EgtolW el eS 8.9 st vt 2
1 Yutol=(device)$t A|Z=®l Apolo]  dlolHE Fatr] fjgk QlEHo|~

(interface)

1 AFAoE Fdd Av s ATS 54

1 AYkerneDd YF-Fo =2 Wzt

1 AMBFEIG dolE e A

1 Yupol=9 uf3 54 HE

FHlH = 2ma A 2goA Hulel 25 thRe= WS tulo] o tisiA shibe

oy 3de Ed AMav)t S5EE s Qo e gulol A dHt=
g5 Al2Eo A vol - WME (major number)®t ®lolt] ¥ 3 (minor number)ZA
xddg. aga

g5 2ol fnpolr Egpoln|e] FR= AAl wA Hnbolx
(character device), &% tjule]2(block device) Z18]3 WE S A t]ulo] ~(network
device)Z YT},

B Al AHgE HE= BT-UARTE AEEA ez nbreja 2 Ao)7]¢]
MASTHES $41& Fla FA4 oyl =gtolWE Agste] o 2E PCo F4l&
st

(1)BT-UART
Alg-%¥l RE=+ FFUARTE tW 7802 ALE3l7] wjFo] BTUARTE BEAHE 9}
o A8 FAe| o § sAvh AYEES AT tupelx SeoluE wns Add
Vg NEHoR TFHolor T WgoIBE AWHOR BE LzaRo

46



= EET dMit= AjzE S iR 2ES & AFESoF et dAIE M)
g g5 AYS Wed o FYXES AE7Ms HEHE FA4s AYS ¥H
stof Abg-std ot
(2PCMCIA FAelgul
UES A tufo]x =efolnjete] QI Hol~E thE AU 55 =goies o
2oh. = 7]E Sepo|WI) AMgSte 9 A ~Elo] ol ZREF AES F 2
Elglo] 27} o] Rt} FE 2 oA YEHYA F+2E oS3 2 dEHE HHA
=3
User Application
Berkley Socket API
INET Socket
TCP UDP
IP ARP ICMP
Network Device Driver
Transmit packets . Receive packets
through hard_start_xmit from interrupt handler
Network Device
Fig 4.7 Composition of network device drive
g 520 EYIE AAoz #Agdt. YEHIAE x7|3ste] tpgst B4l 4

o

AT S oglom ENTY 275w BAL B A2 AAR 27)58E
Aoli, el AZelg shtel WAe FHsa z7lsetel B 7Lkl

descriptor)ol] 123 & A oHHYHAS FASIE A9 Ao AA ALE e



init_moduleO¥} open()2] Z}Ao] T},

Eoqfo AlgH FA4 olyjdl Jl=+ 16-bit PC CARD interfaceE A
Soket02 PCMCIA slot, socketl2 CF slot® Alg%t} wabd ALE715 sl
do] A7 sefol RS &3t A7]aL AR A olgul Jh=el A ek 74 g
3l = ATk

o,
rot

o
= 7
A

Oll

PN
> T4

o

4.2.3 o4& Aol AT

23 B A Pestel A L 4F A4 e gY ol 2ol dof

= H
d A5 WS 2zhe mARs REe] 942 HolHE F/ €k ol 49
Aol 717k ok @ Aol wot A3t BA Az A AYE ANgon ALE
of @tk Tl A ZRage ANz 2 WY % FAL 9d SYE 0F
zds 3 0E ZRAAE ASHAT 22 TRAdE 448 S99 548 3
3 A6 SYE WwY F12 AAh FAT ZZAAE )% dolHE Fu

Wolop & -7} A7|A ¥k agA ZEAD EAS 93 AupEolE ALgslo
AA wlelE oF PCotel Sl HlolE B A HEAAN Hul= RHO JH #

)

o
_L/
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GUI & Application |

hg BEO| Jjgsy RS Y

Fig 4.8 Block diagram of the arm-board
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(1) 29 =(thread)

Z2a9 old 4ald 95 AW FHE Faol AL Wit LA A
Y As 72 448 JuE Flen T2 9% 0% 20 A9 A9

0SMBoxPost() 0SMBoxPend()

ost 0SQPend()
0SQPostFront()
05SemPost() 0S5emPend()
0STaskResume() 0STaskSuspend()
05TimeDlyResume() 05TimeDly()
0S5 TimeTick() 0STimeDIyHMSM()

0STaskDel()

0STaskCreate()
0STaskCreateExt()

0Sstart()
OSIntExi
0S_TASK_SW()

DORMANT

Interrupt
RUNNING o

03IntExit()

05TaskDel()
Task is Preempted

0STaskDel

Fig 4.9 State of processor switch

gt TRAATE A A2EEE EE W HH EF AEe YA SAHE of
71% et fufstd, ZRAAE oW Ao T WMo §iHo] Eo&X] & F gl
ot ATtelA AEE AT olful el 1Eal v RA=dolH 8
shal 7] wiZel ZmIao] kel Sl¥o] 7] AtA BEF FHIF He As W
A7) Qs o] 2 =rt Zhzhe) thE 4™l dis) HEAdE & 7 UA=F T
AL s tgF 2de Z2agye BE 2Agerr 2 vy F7ks (g
e taagE el 22 A5 Al2H AYLES) Ffste Y 2EY s 2
A s v2n dialel feae] ZaAlxsg o] ARk aify w Rl 2
st} 2efA] gk ZRAAS F A s Alo]o] £ w3k (context switch)¥ F ZE

(2) MwlEo]
AmtEZolE 1960d 4ol Edgser DijkstraZ} @ gith o] AL o2 o] HE g~
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ofd
ol

3 Adol Asdts ZREF AAYSOIH Avtzos IEE AE Addsy] 98
A B 5efof sk E4oltt. e ZRAMTE AntEels o] ARgskal vkl Alwk
FEolE 27 Haas A AFATE Avtxols =D w7k ] AdErE "k
Al 2ebd Zhzhe] AN Aebofdl o3 oWl EVE BAEy] A= T2k
kA = Aol 2l oAM= UYdE AlvbEo](hamed semaphore)2t vl
Atz (unnamed semaphore)®] & 74 E7¢] AnpEol7t ST Y= Al
npols 3 AN 2=l ofsiuk ARgo] Zhedtal HAE AlvkEel= v
of ZRAMANA FrAde AHED & Ak 2 AT CM= v 2EEnt AR
skl Wil Aduld= AvtEE ARgete] PCo &2 WHEo] ewl dad 2
3 2 =g FEst=s AA ST

o
il

m

¢

4.3 CANE2!

ofe] e mARES shte] ¢ mEZY EEH BAS FHME UEY B
of Fasofo} Btk AW AWH AAFUE o] §3te] VENAT T T BT
E =]

sl Aol EAAA HaL

75 Aol & szke] Ao w Ag & 7 vk YA Bud e{xHE R A
2 Aol Hojua AE UEY A FAd Zol o] &% =CAN(Controller Area
Network) &A1& o]&3le] B RARES JREZSY] HYESA F4S ++4 3
AT 11,12].

olel A& el sholofE 7kl WEE AF W AE o] &eta A7be] ZRER

Hute] =5 o] ge7] el AAF Gl BA Aol wetd 93 AEZHS o]

& A7l Bat-Alo] Ala"e] 7P {83 FAlolth AlFE Al2Ele] CAN B4l

TEe DSP2407EFH ol Qe CAN HAEZE ARSIl £ JHHUEES o] &3}
X_I

oCPU 2E& HAs) st EA =5 9 T2 Figd.10¥% %

ol



Fig 4.10 Composition of robot network

4.3.1 A" 718
CANEA12 BOSCH(HY)e Asak A% #F 702 JA] (Injector, ABS 5)oll <3

A AFAE MEAL FAL AN ALRAAT. AAE AFARD ohie v
ECUE AH83HE RAbAl0] A28 7bg B84 BAPH0R Agsm gk
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CAN- TM&t 41939 :

CANopen
Module &

|
=
| Module [
: ..
by

-

Fig 4.11 CAN communication application

432 CAN ZZEZ AZxd

CAN ZREZF 1xE OS] Reference Modeldl 93] &7 A= (Physical Layer)
¢} dlole] WA A= (Data Link layer) &2 o] & 4 91, Holg HA A=&

MAC AlH#o]oje} LLC A HHolo] 2 1z}

I1SO 11898 Specification Implementation
TMS320Lx2403/6/7
Application Specific Layer 3.3-V
DSP
Logic Link Control
Data-Link
Layer Embedded
Medium Access Control CAN
Controller
Physical Signaling
Physical Physical Medium Attachment
Layer SN65HVD230
Medium Dependent Interface + +
| CAN Bus-Line

Fig 4.12 The Layered ISO 11898 Standard Architecture

folr

sYATE Az AAdz AsHs g s
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timing), W E <139 (bit encoding), &7]3}Synchronization) ol&HES A4
ettt W2 2RlE2 1Mbaud © Hi HxoA Hd 40 m (130 ft)7hA] Aojd
e 120 Ohmse] ZetAle] dALEHER THAE #a dE2 Bess 3t
Al E dold = dsdyY Zol mad Ho 30719 :=E=59] CAN =g}
Hol| 44 &+ Utk g% B =259 25 Aslide, g5 A3 =gt
WHE- 7] (repeaters) 7} AF&E ook &al WHAM(reflection)E& ¥ 38}7] $3] W=

ZHE o ol2x A4S 1Mbps oA 0.3m (1 fH)S Z3st# Dolof sk},

A o

©

i
rr

o E
o
e

ECU ECU ECU
1 2

CANH

"
L
q

CANL ‘
L

Fig 4.13 Details of a Typical CAN Node

3 MEHN=Z 74

CANopen®] ZFZel =87 wjx|= vlzolt} A 127 /] =53 A8
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(4) CAN =3¢ %

CANellA dHelEl= dHeoly ZH s Fste] AdFdn. voly Zi 2 AF ==

1ﬂ1 =
Mo
&3
Q‘L
rir
IH

A F2 === dolEE ddeoz H 8bytes7tA S HOlEHE A%
g Uk TA 2=+ 11 HES Az 1 H]ES RTRHIER A= ==
oA FAel HIANAE AET o BAYste wAA ] FES AEA HEE vug
ozx A3}, Ao} W= 6709 HER FAEEH IDE HEE ¥F Zdda

g s FESY. 0 HEE dH|2 53, YA 4H]EE DLC (Data Length
Code) 24 dolg d=9] doly Zol& deFE FEo|th CRC TE+= 15 bitse]
CRC9} 1 bite] CRC FEFAR FAET. 4 oA dolg Zgde FAsd
HA 28 HEE glofar Pl CRCE §3dte] SOFolA dHlolE F=7b#9 o
-5 AZsHA "ok ACK =+ 1 bit9] ACK £%7 1 bite] ACK FEiEA=2
AE = WAAE SulEA] BE Al w27 ACK ZEE W b2 1 £ ACK

&30 HE S AEEA "), nx2re 2 EOF (End of Frame) & 7 bits® T4
Ha1, wWAIF o] Aol ENSS LA

Bit length _|1 | 120r32| 6 | 0-8 bytes | 16 | 2 | 7

Start bit Control bits Data field CRC bits End
Arbitration field which contains: Acknowledge

[ 11-bit identifier + RTR bit for standard frame format
[ 25-bit identifier + SRR bit + IDE bit + RTR bit for extended frame format
Where: RTR = Rempote Transmission Request

SRR = Substitute Remote Request

IDE = Identifier Extension

Note: Unless otherwise noted, numbers are amount of bits in field.

Fig 4.15 Standard CAN message frame
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Fig 4.16 CAN Module Block Diagram
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Fig 5.1 Position control result
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(2) AAF7] = 1kHz, 71oJv] = 1:51, Kp = 1, Kd = 6, F3%%* = 10000 F
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Fig 5.3 Position and velocity control result
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Pic 5.1 Motion control of robot
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/== #-

void *thread_put_slavelD(void *arg);
void *thread_get_slavelD(void *arg);
void *thread_run_kubir(void *arg);

char *message="end";

/== B2

put_thread_res
pthread_create(&uartl_put_thread,NULL,thread_put_slavelD,(void *)message);
get_thread_res
pthread_create(&uartl_get_thread, NULL,thread_get_slavelD,(void *)message);
run_kubir_res
pthread_create(&run_kubir_thread, NULL, thread_run_kubir,(void *)message);
if((put_thread_res| get_thread_res| run_kubir_res) !=0)
{
perror("Thread creation failedWn");

exit(0);

/== Ay g
void * thread_put_slavelD (void *arg)

{
char Buff1[2561];
int RxCountl;

int 1;

while(!flag)
{
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/] ¥ EARE A

RxCountl = read( handlel, Buffl, 1 );

if( RxCount1 < 0)
{
printf( "Read ErrorWnWr" );
break;
)
write( handleO, Buffl, RxCountl );
)
pthread_exit(0);

1 Almpao
/IR ES] P
int MoveMotor_res, EndPos_res, OnHome_res;

sem_t MoveMotor_sem, EndPos_sem, OnHome_sem;

[IAIEEES] 7] SHAE . REEA] 3 oFght))
MoveMotor_res = sem_init(&MoveMotor_sem,0,0); //Ad|<e] Awlzo] ~7
=50l o8l AETHs A ZEAM = JEETE
EndPos_res = sem_init(&EndPos_sem,0,0); //Ad|e]l AnlEo] A#H £
oA AbET7Hs AR ZEAAME FEETE
OnHome_res = sem_init(&OnHome_sem,0,0);
if((MoveMotor_res| EndPos_res| OnHome_res) < 0)
{
perror("Semaphore creation failedWn");
exit(0);
¥
/A& 3

sem_post(&EndPos_sem);
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sem_wait(&EndPos_sem);

1 Agd
/NEE s
int handleO,handlel;
/] 3tdE At
handle = open( "/dev/ttyS1", O_RDWR | O_NOCTTY );

if( handle < 0 )

{
/18 E7] Ao
printf( "Serial Open Fail [/dev/ttySOO W rWn " );
exit(0);

)

tcgetattr( handle, &oldtio ); // @A A& < oldtiod] A3
memset( &newtio, 0, sizeof(newtio) );

newtio.c_cflag = B9600 | CS8 | CLOCAL | CREAD ;
newtio.c_iflag = IGNPAR;

newtio.c_oflag = 0;

//set input mode (non-canonical, no echo,.....)

newtio.c_lflag = 0;

newtio.c_cc[VTIME] = 30; // time-out #2.2 A&t} time-out #k-> TIME+*0.1
% olt}.

newtio.c_cc[VMIN] = 0; // MIN< read”} 2l€1¥7] $13F HAghe] &) 74
tcflush( handle, TCIFLUSH );

tesetattr( handle, TCSANOW, &newtio );
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1 R4 ohy
//TCP/IP &AW
int socket_fd;

//TCP/IP FZA A
char data_string[100];
int string_length, NetRxCount;

struct sockaddr_in server_address;

/] ZepolAE 27 ABA
if((socket_fd = socket(PF_INET, SOCK_STREAM, 0)) < 0)
{

perror("sorket error");

exit(1);

/&A1& 8 A9 IPet ZE S 55 42

bzero((char *)&server_address, sizeof(server_address));
server_address.sin_family = AF_INET;

server_address.sin_addr.s_addr = inet_addr("192.168.1.200"); //A¥ IP

server_address.sin_port = htons(2200);

/1A e A4
if(connect(socket_fd,(struct sockaddr *) &server_address,sizeof(server_address))
<0)

{
perror("connect error");
exit(1);

} // endif
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1 CAN &4

[ttt st stk stk stk st ks st skl ot sl ol stk ok sk otk skl sk skl stk o

CAN interrupt setting

SRR R SRR RIS R RIS RS R R R R R Rk ol sk ok /
void CAN_INTE_Init( void )
void CAN_INTE1_Init( void )

[ttt st stk stk stk st ks ol sk sl ottt stk st sk ol stk sk st sk stk stk stk sk sk sk sk ok sk ok /

/* Initializtion and Configuration for CAN */

[t stttk stk stk stk st ks ol sk sl kst stk st sk ol stk ks st sk s sk stk stk sk sk stk sk ok skt ok /

void CAN_Init( void )

[kt stttk stk stk stk st ks ot otk sl kst stk stk ol ks ks st sk stk stk stk sk sk sk sk ok skt ok /

/* 1D setting for MailBoxes */

[ttt et stk stk stk st ks ol sk sk sttt stk stk ol sk sk sk sk sl ki s sk skl stk sk sk sk sk ok skt ok /

void MailBox0_IDSet( int MBXO_ID ) /x* MBX0 & only 418 =/

void MailBox1_IDSet( int MBX1_ID ) /= MBX0 & only A& =/

void MailBox5_IDSet( int MBX5_ID ) /+x MBX5 < only %418 =/

void MailBox4_IDSet( int MBX4_ID ) /#* MBX5 < only £41& =/

[ttt st stk stk ot stk st ks ol sk sl ksl stk ok kol sk sk sk s sk sk otttk stk stk sk sk sk sk sk skt ok /

/* MailBox Setting for Transmission—Receive mode */

[t stttk stk stk stk st ks ol sk ok sttt stk stk ol stk ksl sl sk s sk ko skl stk sk sk sk sk sk sk ok /
void Trans_Setting( int MBX2, int MBX3, int MBX4, int MBX5) /* MailBoxes
Setting for Transmission MBOX4 5 #/

void Receive_Setting( int MBXO0, int MBXI1, int MBX2, int MBX3) /*

MailBoxes Setting for Receive #/
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[ st sttt st stk stk stk st ks st sk stk st stk st sk ol stk ks st ki sk sk skl stk sk sk sk sk sk sk ok /

/* Transmission Functions */

[t sttt st stk stk stk st ks ot sk st sttt stk stk ol ks ksl stk sk s sk stk stk sk sk stk sk sk sk ok /

void Kubir_CAN_Trans_5(int CAN_mID , char MOTOR_ID, long POS, char
STATE )

void RSA_CAN_Inte_Trans_4(int CAN_mID , int STATE, int datal, int data2, int
data3 )

[kttt st stk stk stk s ks sl sk stk st stk stk ol stk sk st sk stk stk stk sk sk stk sk ok skt ok /

/* Receive Functions */

[t sttt st stk stk stk st ks sl sk sl kst stk ot stk ol sk sk ksl stk sk s sk stk stk sk sk sk sk ok sk ok /

char *Kubir_CAN_Receive( void )
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