BEAETR 2008428 $£18% F24

P 000 http://www.cqvip.com]

BREEERUVZASEESFBOTHC
IRHQO FHH X M Kk F
(EHZBAENEAFES Lk 20040)

B B OB TUEARPCIM TENA B SCHERETERUNBAGEEHE, Uk
AR Linx BERRENZEREHB ARG ETF &, REZHE SNt E
EWTRE, FRNEHBFLAETTALLH AZFR Linnk W%, HE T EH RAR
AEMYE SELFFTNEFER, #ENFTEERMIEA CAN E R 5 A B il w
RN, BRAER XA NBELAEET LEEANBEDFRARAER XML ER,
RIEASANBEPENESEAm, A AR RARE T HR . KA RS232-CAN Hi
HRGEBHRATRAARREREHBEYRN AR T E, FETEANBFH RIS BRI, &
EIREENBAECECRIMIRAGWEAEREN, ZEREHBEIATEN IR

THEHRREE,RE T RITER, TR HEC AL RAERER,
Xeukial FREBMALBEA,H REF B, KK Linux, CAN B &

0 5 ¥

ERFMSREF T, BREER LA,
KA[EREERNBRENRZETH TR, BiE
KEESZINERRZWEANTRE I BE g
Tt RN R, (AL G, 6k
FBRAED —EREMRS KEMRMEE, XU
BLEMERIERE™, EEERBENRIGTE. N
BRI E E MR 2EBTT, 7B T e g,
BREELNYLS AR LR RMEEEHET
R P S ERBAE RS L, A
EFAHEE R BIEW IR, S A FEH  MELE
BEHRABERMVLSG A, REXNE LHREER
WPLES NMBIRTF R TR T2 H L, e ad
FsL AR ES) (8 2 BB AR LS A SR FRHE
gt ASBREEL, BBRRKEMEE A BT
1km, TEWHE RN ERKEMSEENTE, it
FEIRK 863 71X T M B A RAT 2% S H A
BARBIRME . ASCIRENE R 88 R1ZTA
MR AR —, & RIS R EEYLSS ARIEH
X, B LA ) 2% R 38 M ( controller area network,
CAN) N AH: , HAE R EAIPLE B SV A B HT
RIETSTIRE, 45 5 TC LG B WP =X S ad 5 5t B 48R
S, AT BRSBTS, B FIERHPLSE AR

@ 863 1 (2001AA602021) FEBNTII H

B B AR FBR A E LSS o
1 RS 8t

Sy SEBLE B A AL AS A B A] K B B IR
TEMAMEEFAIEET, FREERNBRELY
R T EHVAA MR GRS EARKESN, B
TESHELE R IIRE, BRE 2 &V EM S B PLER
ANERITHE R, 3B RER R BGE M 5K 8%, 3
RS RFDLEE A B TR B, 1B A PR ot
P i SRR RO HE , BB L B 45 1) B8 7R 4R URE R
BAR SE5HITAHE CAN Hil BIERESRAE
LR
1.1 EaEHBENREAESHE

AT RMEEERSR TR RT3’ TR
HiF T ERFF AR BN T R ER O
WAEZSERABTEN, AR T LT #5:
(HRA PCI4 AR TIEVAEARGE EIL, HEE
RSt R AT AR CPU 7EAR R 90mm
x 96mm H AN JLEER T PC YLETA DhRE, R BT 3%
FA PC104 ZE#3 /) DC/DC HL IRBLHFI CAN 3 AR
B S E RSN RE BRIREHET; () FES
&R JE A TE N BE IR SE AL 4R TE PR AR L
MATENSFEE RIS TRERNERT
XEERES TO, HE A SN 4GB MK CF

@ 23,1978 SEA W& BRSOy ] LA AR BRI B AR TR A SR  BIRAEE , E-mail: wangzw @ sjtu. edu. en

(WHs H #:2007-06-15)
— 142 —


http://www.cqvip.com

P 000 http://www.cqvip.com]

O HS R IE BRI LS A R 2RO BT

FAERFRAEA 5 (3) R FIHCA 5 ) S Rl A (X
MHLES A 57K AR A B, DA T S e 3 e AT
WO RENRBEFR, HEEN -90°~ +90°, LA
BATH N RS-232 AR s (4) R ERESEHISRY R
T USB #: A LLMER I, B 5 BRI B ik Ay T
£ W 44 5L Ad-hoe B2 LK M 2%, 17 BL 1 94 i

B, R BIRAR LS A LARER E7E S AHE YL E TR &
HIRR P & i BIPLAR A Re R 4% L ST AR, 3
HREEER R PSS A LR S TR, oK
RE THREITT R, B 1 RR T EESAE
BA U] Y HE AR G R B e SR B RE R 2544

wmleis | | meme | | Reedes || sk |
R AN 3
| & T T
; %ﬁ?% |
i
1 ,
PC1043244
Y. CANIETHELHR
PCI0432H3 | 5y
s ARPCI08R S [
T
B L A ik AL ]

BH1 EHENSNREEHIESR

1.2 AR Linux £ EsEIEHI SR PRI A

B AR AT 0, B BETE i A8 T B L BLE 2RI ZHRE
R T IR R B BT AR, R AT IRA R R
SRR AR R KM BB 17T &, 56 3
OB AT LA 9 LA A B8 1 A BT VR B A 40T, T
BHETHEARNATIRER L. BRTER EEA R
Mty B JL Ak A R R AE R G2 VxWorks, nC/0S.
Window CE\ﬁuﬁ/\:—& Linux %, B Ai#x A Linux A
R, MEATENITR TV EMBEEUE, /] 22k
R, AT ROIR AR, FT AR 1B 75 B 8 i B, XTI 4%
SRS, ORI B TIZ RS, B, A B
FRAMAR Linx REMENEREIEHI B RM4 B
FRa=1

BT 1 8 #2 A X Linux 52 #13 Kemel (M%) K
— R IR BT RE A5 ) 2% T B E I PR B B, Linux
AR BERNAFEE SR EEMEEREN
ThiE, B B 48 B 55 I SCF R G LR E B T
AR 2, CAN @ TR R BK 3 72 77 . To 2k M 45
RS B ST B A TR A AT N B R s N B
M.

Linux {E —F 2 Unix BIER K, FHAEAESR
SERT R R B, B Linux FIFESCRHR A B 58,
PAEZ B EIFHEE . — DMEIFRIf R &
REMW ARG, BITE R KA Linux A% L34

n—A™ 3L B N Bi——RTLinux, BN N Z 3L R T1E.
B AT 4% B R A 89 3P SEBE 55 B9 Linux XA
FEREGHAE 2 s, e RTLinux W EZENE
BT 55 R LA (4 i DA [l A B S5, Bl ,
CAN IR B WAL 3 % T & 2 E 4/ H B IR
BN ORI NRE N BRIEMTHE 208
REFE ML AT 7E R Linux MAZ AT, G IR
Gz fT TR MBI T - RTLinux B ATFESEAT Linux
1, JESERT Linux PAZAE A RTLinux £ R 89—
MER S RAT S BT, R, B I SE R LR £ 5 31
REXTIESERY Linux A #7058, 2 £ 54 Lt
AR ERR, e TR R Al A, R
REFEil4s Kaf i i KB BT R IIHE, AT E S
SR ab
HEME |

ﬁﬁ%ﬁ EREEBLE | | |
[ I

l LinuxPy % 1

LR
. "oy} Yoy
nEE CEAWEE ] garm o r
R
wel Y Epen
[ TG

B2 F#H XY Linux WAZS REHE

— 143 —


http://www.cqvip.com

BHAER 20084E2 0 %5 18% H248

P 000 http://www.cqvip.com]

2 CAN A & Bkt

CANEEHAM EMEXSARRELES
A (0SI)— 2, CAN E X TYHEZ 25 =Xt
K2, LT OSI BB T H MR 9138 R K
WEERRIRE . NAEEIS A R K LR Y R &
B8 HEAEFRET CAN BB ERIPLEEA
BRI RS, T8 CAN2. 0 FLVEHY 4317 3F AR 48
TR, AR W AR IR A AR e b E B &

MBI

BAEWIFRIRFFEI A CAN B2 3C ID, CAN &
S AUBCR 4 % MBS, TR SR AR 3T ID kXt
WSGHEITERS , B 7 B XHE R I RE A ISR AR
HAFEREAERDS], 7 CAN-bus #478 V2.0 R
Arh HUE TS W, RETEEENR F AR R
HE X HPEEHIEARTRENSELMRSC D, %
EREERNALEE AT B 69 S D, B
LR A CAN #{E v2.0B B4R RS 2, BB WA HRIR
FFR 1147, 4R 1 B iR st BURa94R3C D,

T1 FRAKEN D EX

ID.10 ID.9 ID.8 ID.7 ID.6

ID.4 ID.3 ID.2 ID.1 ID.0

H|CHEFF

H Kyt ik

IR skt

U LA R B 35 4 B R B, W AR E R
WEMR SO E 2 EE SR E B3RS, B
Wi T BA SRR ID, K CAN #VE,
PR RYE MR SC ID HATIEW IR EME, D HER
NS Rk, ATl R RN SRR
%o BT IR XAAERFINAE D WER 3 X
AT 4 8 FRSCA BRI RIBE BRI A
AERETIREE R, SR ALFIMEN T 000 B
KR H R 001 iy & P47 B H 5 010 K I 148 8 dk
j ;011 B 515 100 2075 101 i & AT IEH 15t 5
110 THEEFESERRG 111 RE R XM
AIETF, B2RE R NIRRT LIS & A, T
AREREBNTE, I ATESTARERE
WO RRS , e R s ot | B AR 1R B A AR IR
Mo #RFFID.0~ID.3 F/RiFisht,ID.4~1D.7 &

7~ B BysihE , Wit A0 B A sb it IS EI#S R 0 ~ 15,
VAT ARGE T L P SEAUE AR M /N B R4 B 5 A it
. ZHEMS —FAE T, REESBEENHR,
ik (5 B, RIET AR R S & A, SR LR
# 1ID.0 ~ ID.3 Wf5 B — .

BB BIE G P RFEFERE, R RKEN
8NFT . EEBERMILE AW CAN BELREF,
Tl P A9 AR M AU BT R A R s
B R 2 FR BRI R AR E S,
K& XAERRFRER, MINTUEE 0~ 7S
B, FEABE A S B R R . B, BEN
FALL 150mm/s B RTAT , U R4 I 28 e B 3
JEITES R E M S INFE 2 fiR, F ERIEHT,0x96
Fon A Bk PR E B E A 150mm/s,

x2 WESPHEERX

data[ 6]

data[ 7] data[ 5] data[ 4] data[3] data[2] data[ 1] data[ 0]
o A& S B B8 28 e % B8 B
F 0 0 0 0 0 9 6

3 FHEABWAREET 6 A
&%
3.1 REFESHBNENRBTS
ER LI A RIS E 2, AT R PR
BUXEER, BRI , B 5600 SRR O R AR AT
SR, IF T TR R 25 AR BT
& FEEHYLISAR CANEIRRI%+ B HEH 55
fEH EAHL S AR B AT SO S B, T 5

— 144 —

RET GUME A B A EIRE R BT R RMEEFT
RAREIE, R 4 s )" MELH AR AR
RS232-CAN B #ed% FH A 58 O B9 PC HLAUEE 4
AMEREN A R RE R SRR T,
WE 3 iR, &TF Visual C# 5331 T EER W
BN 4 M ERT AN EERF, RA PCHLK
RS232 B 0 550 F @R, 8 O By RS232-CAN il
PR AR T UK BT RS232 B4k L RATHEE S CAN
MEREHBAFE R, FUSRTHERTFES


http://www.cqvip.com

P 000 http://www.cqvip.com]

RS BREER YL AL GE 12 H 88 ol

RS232-CAN BMSUE 28 1E I — 8 RETW S4EA CAN
R4, ££ CAN P45 X 88 9 S 7 BoME—AY ID
B O HTHRENEXEXIAEMERT S, &8
ZIREE S MA G RET S AR, REEERLN
PLEs A RYIE ¥ T 00 s Rh B BE T, ol 30 E & RE 35

HEIRR oAl SRy

R

s G s
=L
F—]

=

FHRiar KUE B

2SI IR 2 A 55 I AT AL B CAN IR K9
RAEGRIEFINRE. MAh, EIEGM LS NBILA
BURT, (& Bz F & AT HEAT R Re AR 5 4 B
TTHTHR VR , AT Jek/ N B AL PR A XE B

B3 BT RS232-CAN il B HHE K EEEHEENRE TS

3.2 MARER

FIRBE BRIV ARV, ELRER
ETEREERMSEEEESR EFEPRE
TALEMmERE S8 LT RS, FREUER
WMEE, BEMERERHSLETEHEHREMN,
EABANRGE., #1577 Z2REERNVEA R FE
FTEE(E4), EEETLRT,EERMVLEAY

RE B 3 5 3UE 18 BR BE A T AN BRBE E R AE 550 BLSh,
BN EEPIREER BB TTRBERENE S
i, BE TS ATERBE L T AsiE. e
H BRI BOPLES N B 1T EE R, 8 HE42 48 D)
SEBL T AEIEH TOURIAR B 00 T Y42 il s SR B
BT RIEK,

B4 BUBSEES

4 %

B BT AR AE 0 BRI LS A BT i P AR,
HRYERERE BN ASCRITRIE BT 8%
BRI R T 1 HIE 55 B SEm M BRSO T &
R, W EAAR &R A E S A T
PRI, MR RIS RIS RERIR I T A E T 7

EE#THEBRUNE ABVIERETR

TR AR 7 BT 5 B0 46 48 15 0 7R 7 0T & R
Al NEEALERAE R PR . B AR I L AR ATE R
PHREE SR LR LA R E W B e Hl 883
BTAEIER THRMGKE TR TE/RERRE. 2
£55 HATALEE | CAN @ R B i R & SR TF S5 U0 RE,
IREN T 2K ; B 2 803845 Ui B R GEE IR

— 145 —


http://www.cqvip.com

P 000 http://www.cqvip.com]

BREAEN 200842 H $H18% FH2M

$ £ URE Stutensee, Germany, 2002. 665-671
(1] YuJ, Lee J G, Park C G, et al. An off-line navigation of 2 [4] X2 5KBe4E  Hikl% K OREHEBLE X HAR
geometry PIG using a modified nonlinear fixed-interval smooth- BAHLERA HRIRIE T K¥44R ,1997,29(1) : 48-49
ing filter. Control Engineering Practice, 2005,13(11) ; 1403- [5] #4ET,PFELE, FRE . AR HEFTH X HLFHGHN
1411 AP HLEE A ,2001,23(3) :211-216
(2] Kuntze H B, Haffner H. Experiences with the development of (6] %/h= BEIE,EK. —MEHSERNIBARS.
a robot for smart multisensoric pipe inspection. In: Proceed- B AEREFR ,2004,38(8) :1324-1327
ings of IEEE International Conference on Robotics and Automa- (7] ZEHEF, 00, THE. Lnx SBARES LR E
tion Leuven, Belgium, 1998. 1773-1778 R R, 2003.95-99
(3] Reber K, Beller M, Willems H, et al. A new generation of (8] FER,BYH, BE&HE R BBEE CANEEDH
ultrasonic in-line inspection tools for detecting, sizing and lo- BUHE. R EFR, 2006,18(9) :2384-2384
cating metal loss and cracks in transmission pipelines. In: Pro- [9] REE, PHE, ABE.AHER CANFEB SN B
ceedings of the 2002 IEEE Ulirasonics Symposimp Munich, A b3 AL E AT AR K2 AR, 2003.25-33

Development of an intelligent controller for submarine
pipeline inspection robot

Wang Zhongwei, Cao Qixin, Luan Nan, Zhang Lei
(Research Institute of Robotics, Shanghai Jiaotong University, Shanghai 200240)
Abstract

An intelligent controller, with an embedded PC104 industrial computer as its core, was developed for submarine
pipeline inspection robots. Based on the embedded Linux system, its control program ran respectively in real-time kemel
and Linux kemel according to the difference of control tusk’ s real-time request and calculation amount, which satisfied
the control system’ s real-time capability and multi-tasks parallel processing capability. Application layer protocol cus-
tomization rule for pipeline robot’s CAN communication was introduced in detail. CAN message content sort information
and node information were set into message id to assure emergent message to be firstly transmitted under multi-message
BUS competition. Constructed with RS232-CAN protocol converter, the intelligent controller testing platform facilitated
the design and validation of control program. The applications in experimental pipeline system and project site indicated
that the intelligent controller achieved control and decision-making functions under all sorts of situations and realized the
design requirements. The communication protocol satisfied pipeline robot systems.

Key words: pipeline inspection robot, intelligent controller, embedded Linux, CAN bus
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