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Shape and Position Detection of Search and Rescue Robot Used in Ruins

YU Jian-neng, SHEN Lin-yong, ZHANG Zhen, ZHANG Ya-nan
(School of Mechatronics Engineering and Automation, Shanghai University, Shanghai 200072, China)

Abstract ; This paper presents a method of spatial shape rebuilding and target positioning for a robot used
in searching and rescuing lives in ruins. In order to rebuild a spatial curve representing the shape of the
robot body which is 3.5 m long, a long curvature sensor is designed based on fiber Bragg grating (FBG)
to detect spatial curvature information, and the spatial curve fitting is realized based on these discrete
spatial curvatures. After shape rebuilding, this paper realizes searching and rescuing target positioning
using a three-axis electronic compass to detect posture of the datum point of shape rebuilding.
Experimental data show that the targeting error is about 10 cm which basically meets the target positioning
requirements of robots. With the posture detection of a three-axis electronic compass, the shape and
position detection system becomes more effective and practical.
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Fig.1 Search and rescue robot’s structure
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Fig.2 Shape and position detecting method

1.1 ETEH~HZERNHEREESZ

HRAE I LA J B AT 0, it R 1 HG i 7 1) £
T LAAN e — i P L AP R T e L S
T AP R 5 U i e A XU A 8 A
IR UL, M AR SRAE T2 i B PR L X
(ERE S 1 b 2 7 L 4T R A3k 1] 14 A XA
HOAE A, MR 25 i R B R HEAT il 5 I, T LISR
FB TURT Y 7 3 R 7 SR 4R 1) R a2 0 B30
BT A B 27 B A 2 s HMATTH AT LR %
(EARI T ik B I A T 3 3K 2675 15 A I 24U 5
5BV T AR R ST BRSOk (S T A T
ST ATl L R A AN E AR T
it A5 B 7k AT TS, TR A T —E
EE% [6]

fifp R i) 2 T P A SE B I - Ok AR
[ ih 25 57 phy 2 D2 il R 0 R i 2 Y ds Bl Ak
PR MBSl AR 28 i 3R R A 2 - 1 5 AR
Ja AR VI AT -T2 A T SR AU
FREATIZ SN AR AR 2R 1128 B 70 AT, 45 28T 42 2l A
1A AT INI8 Bl A AR 2 HP i E BT 1A - 1
R HE , X2 8] pY 2 9 451 B8 R R AT 2 R 50
Bt 5, R BLUL& M 285 fe i, d o TS AL IS 26
PRI 12 1R SEBLEE T B B it 255 B 23 ) JE
1.2 ERERSEMLTTE

WK 2 Frons AR NFEA TR SRS , R B
T ARG AT L E AR ACRHLE A A =S [ AR 1Y
2] k. SRF @ AR I mONE R TR 0 45, B
FORE B RAEHEMEAAR R XY Z R 58 Y, %3k 1



53 4

RILRE, 5  RIEIE LA NI I 2R 5 255

AR 28 T BEAT BIL s AAS AR it 07 6 1) 22 A T 22
k. BT 23R 307 — PR AR X 2157 3 1% b T > 452 %
Plgs NAE, T BUE R A AR AN [A] T4 45 N B3 BT ik
(R HAL R F XYZ, TR I, 5 8 52 A8 R H Ar 1 8
L, WAZURGHIN 4 A i AR AR 2R -5 5k 14 A A 28 2Z ) A AH
Xof 23 [A) LA K AR

TEIREE P LL 0 GAE IR R AR IR AL
HARBL O s py AR M6 8 (0,0,0) . 23 (] il £k 19 5
KB R s AU A 17 & n il
ATLATHRR S A SRR T O fU AR (B (27, y",2") LA
SOAHLES ANAAR K B 48 R H AR SE LA A SR AL R
ZH(a'y' 2" ) RAEHEE AR AR R N A AR AR EL, (H 3L
TR N 5L E AR AR HAL AR 2T Y 2 %) 2% 1]
AEARME (0, y,2) , BRI, 5 SR ] — 2607 0k 0 i O
FRAEAILAS N AS AR X Tl A B R 11 2 (8] 2 255
SRR S5 AT A AR UE AR R AR T AR AR
B (2", y",2") Fe i B R AL AR R A AR AR (x, y,
z) XNl HARENL T REEOR S #AE AN 51155 A
SRR (oo, y,2) AR NTE 1 SEA7 5 IR P i
BARAs a0 5 mT AT et TAE T

HED 3] O AL AAS AR T K Al
PRI 23 [HPE 5 D, BIHLAS A A4 5331 58 K Hl Al
PRAY X B\ Y 4l Z e 0 3 AR R (ROIR A8 IR
Anfa i ) L SERT AR HTEX 3 S A BERE A R TR AR
AR T A A BREL (", y", 2" ) 308 3 G 2 R 4
N A RAERIALARFR T B4 25 (A AR ARE (x, 7, 2) -

H e RE A 4 AR R 23 AT
—sina 0
cos « 0] ; (1)

COS

R(x,a) = [sin o

0 0 1
cos3 0 sin B3]

R(y,B) { 0 1 0 | (2)
-sinf8 0 cos -
1 0 0 7

R(z,y) = [O cosy —sinvy | (3)
0 siny cosvy -

(1) ~ (3) 702RGe X il Y Bh . Z Bhes% M e
a,B,y BERACHIRE, o, B,y [ =i T2 &
A, R, A SRR AR R &R 925 ] AR B (L (o,
y,2) R AN

!

[y} = R(xa - a>R(y’ _B)R(z’ - 7){3/'] (4)

z z

2 HBABARNESET

2.1 RSGHERK

T SEEE ER B AR AR A Sk R Y 23 8] 5 A
T, 1 B4 R N BT r AN 22 e el R 23 2 -
— TR LIOGET S it A% B S = IR AR A I
HERG, LA M55 208 T i 98U 8 5 el
DAL EARAL T T 5 — o302 DL = 72
BN ERY A ARSI R G, P Rk 4 08U i g
LR 2 EALEAT AT AL B 1 3 FiR S plgs A
AARTEA AN 22 40 1) 4 1 1 A0 436 2 4 4 ROpIL 2 A
AN LR il AL A = DU A
JCEF S Tl A A s BCE S0 B Ak 38 AL s s
JCEF M h AL AR N BB 4 HOBEE, 5l 4 4>
JEIEE T E] 4 3 3E WG ET R A R AL 2%
Tl R AR T RN B OGE SR E RS, HoRFF
WA 250 Hz, A8 ISRk SR g 7R 4L T
ARG )R B R A L

RS232

S T B /%%
LMl e 3 e Z
PR 48 A A R IR X
8 ST L j

B3 R AMREARN RS ERE
Fig.3 Diagram of robot’ s shape and position detecting

system
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Fig.6 Relations between wavelength and curvature when No. 1 and No. 2 fibers under tension and compression

ZRIANTR) 25 AR VEAT 1 Sk R AR 22 00 M 52 3
LUK Z A A S 088 s g 2 (i) A o 1) 00 o S 3, I
A X SRR o B Sk F e LA R 2%

X HLH 28 2 21 7 A] R 1Y 5E £ 5% 22 0 i 51
5. S — IR AL AR AN SRR A RS2 B2 5 4
K7 (a) Bz, 1817 (b) Dy A5 3 Y i 28 R 26 —
IR NS Sl PR 1Al 8 i, 36 1 A
2 B >0 2 LB AAS R Sk g s B S
P A B (EU R EE S A AR AL R S P {E S SR (E Y 251
VA S i 1 R O B BR 220, P S B AR AR (E R AR
Bl R RS T RN T A5 38 ), o AR AR (R
M BRI ARG R, b T AR R 2 A=
SRR 1 B DR — RE PR B HER T
AN TR

(a) E9 (b) HIZEE

E7 F—f=ERRext L E
Fig.7 Comparison of the first spatial shape

F1 F—MTERKNEMRELE
Table 1 Error data of the first spatial shape cm

X AfiAs by Y A bR VA
SR 2s a) AL AR 220.6 -10.0 -37.7
s ] AR bR 207.0 -15.5 -30.5
NIRRT 13.6 5.5 7.2

(a) 329

(b) EREEE
B8 IR E AR L E

Fig.8 Comparison of the second spatial shape

R2 FIMZTEMKPEMIRZLHE

Table 2 Error data of the second spatial shape c¢m

X fhAk R Y AR AR Z fhAsbR
SEBRES ] AL FRAE 208.5 -10 80.3
S [ A PR E 201.8 -14.7 74.8
ENIREN 6.7 4.7 5.5

ARBFFEIEHEAT T 6 AR 25 MR AR A9 52 56 (2
5 ik 2 RS aEAR) W A2 A 58 IR 22 (H A TF
PRE B, A3 ML NS AR AR 58 H AR E NI AE X, Y,
Z Wl F AR 2 (E 4 5 10. 20,7.07,6. 00 cm.

8 X 22 AN [ 25 [T AR T 22 2 S5 06 Rt 1) o
Al BIL s AN AS R Sk B0 H A A 14 55 s 25 1] A A
L5 s (A A R fEL 22 8] ) 25 (B 7E 10 em 7. AL
e NI S & I H $E bR 2R 58, FEAR B AL K
Y8 PR L A HE R A AR 2K

4 £ RIE

AT ICET SO it A BT T P 3k
LA AR AR AR, A EB0E T — R K



258 R E R (H KRB 2E D

BT %

JERCET Ml AL IRt TR R S i 2 R
WAFEARE R OORT E , P, A TSR T BT BB 07
5 XA R EORUE TAREE. o 1 S BRI IE 14
CIRCYNGLELE SR AT AR SE It i RS R e S o]
TR R e o T ) 25 (B S 2. SR K R T, i P 7
V5 T BT PR R AL R LS A B O i 2K,

S 3k

[ 1] CASPER J, MURPHY R, MICIRE M. Issues in intelligent
robots for search and rescue [ C] // SPIE Ground Vehicle
Technology II. 2000:292-302.

[2] 2@ mTeoLes NBFIE A JERAR h i LT ]
Hlgs ANF AR 5N A ,2003,24(3) :22-26.

(3] Mg, ez, oy JLAT LML Je st NRZH Hi
., 1981 :178-194.

(4] BRRMS, A SCHs. 2 [l 3 il A 7 = 2228 rp i il -
R KR LT ] VIR B R 244 BARRHE IR, 1997,
32(2):123-129.

[5] LEED, KEVIN E, ANDREW T. Spatially continuous six
degree of freedom position and orientation sensor [ J].

Sensors Review, 1999, 19(2) :106-112.

(6] MW RER, AT, % 3T 45 )l %05 2 = 4k
R [J]. R RE 4 AR BEE R, 2009, 15
(3):235-237.

(7] % B EBE e A AR DI (D], i il
Fe2% 2006 :36-45.

[8] REBL AR B IR, 5. 56 il S 8008 1 ith £ 40
BHEBFT]. 0 B2 24, 2003, 21 (3) : 258-
262.

(9] Shbite ek, W5, 5. SE T RLF bilE J& s 5
R UH e 0 14 = 4k B RGBT sE ()],
Bl {058 2007,5(8) :23-27.

[10]  Shkide ok, skAB 4, 5. —FoR 20 1 N i B0 — 4k
TEAREE 4 5 58 A 50wk [T ] A AL 3R 2= 4k, 2008 , 29
(1) :55-60.

[11] Grpite ARE R, K=, 5. 3 F 058 /Y P9 BT 4% v i Aor
AR T[], SR ,2008,7(12) :4247.

[12]  ThARFE. 5 6E N B BT IR R G Y S v 25 [\ R A 5
BRI ZE[ D], i« 1K= ,2008 :24-28.

[13] kA4, He T IREr UMM 2% 00 8 58 N 81 BRI &
[ D]. Lifg: B¥K2¥,2005:42-46.

(¥R 7F)

HE B DDA D DO DO DO DA DO DO DA DO DO DA DO DDA DO DDA DO DO DO DA DO DO DO DA D DO DA DO D DO DA DA DA DO DA DA D DO DO DO DO D

(b5 252 W)

S 3k

[1] ESRAM T, CHAPMAN P L. Comparison of photovoltaic
array maximum power point tracking techniques [ J].
IEEE Transaction on Energy Conversion, 2007, 22(2):
439-449.

[2] EBE REDGRERRIEIR S W IM]. Jbat: AR
Fp, H AL, 2007 :95-132.

[3] XIAO W D, DUNFORD W G. A modified adaptive hill
climbing MPPT method for photovoltaic power system
[C]// 35th Annual IEEE Power Electronics Specialists
Conference. 2004 :1957-1963.

[4] DESOTO W, KLEIN S A, BECKMAN W A, et al.

Improvement and validation of a model for photovotaic
array performance [J]. Solar Energy, 2006, 80.77-78.

(5] 2 AT IR DR 3 G die I By 256 i B 2 ] 1 LA
T[] HEHE ,2006,23(6) :239-243.

(6] Bi3EE RiA, TRERL. A MPPT ZIRERDLIRIESI
MatLab 3 i 05 B BE R[] & 487 B2 4, 2005, 17
(5) :1248-1251.

[7] RopPPM E, GONZALEZ S. Development of a MATLAB/
Simulink model of a single-phase grid-connected
photovoltaic system [ J]. IEEE Transactions on Energy
Conversion, 2009, 24(1) ;:195-202.

[8 ] B>, o akng, Vit Ae 25 R A i fi R )R
BRERSEREOIFE [T ] W4 REUE, 2005 (1) :8-11.

(% #F: SR )





