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Mobile miniature self-reconfigurable robot based on embedded vision
SUN Li-ning,ZHONG Ming, LI Man-tian

(State Key Laboratory of Robotics and System ,
Harbin Institute of Technology , Harbin 150080 ,China)

Abstract: To enhance the capabilities of mobile miniature robots, a novel mobile self-reconfigurable robot is
presented. This robot consists of several independent units. Each unit is composed of modular components in-
cluding ultrasonic sensors., cameras, communication, computation and mobility parts, and can be simply
reconfigurated to enhance its mobility by expanding itself. Several units can be linked into a united whole ro-
bot with the help of a camera or other sensors autonomously and can also be reconfigurated into snate or ring
structures to realize the obstacle climbing. After missions, these units are disjointed to be separated robots.
To achieve a small overall size, compact mechanical structures are adopted in modular component designing.
An embedded image processing module based on a CMOS digital camera is designed for the self-reconfigura-
tion, and a miniature ARM &. FPGA-based embedded controller is developed for the minimal power consump-
tion and efficient global control. Fully functional units have been tested, and the docking experiment between
the two units has also been implemented. The docking course cost 15 s with the separate angel of 30°, which
satisfies the requirement of the self-reconfiguration.
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Fig. 1 Unit module of self-reconfigurable robot
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Fig. 2 Components of track system
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Fig. 3 Assembly diagram of driving mechanism
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Fig. 7 Assembly diagram of sonar mechanism
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Fig. 8 Simple self-reconfiguration of unit robot
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Fig. 11 Composition diagram of electrical system
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Fig. 12 Schematic diagram of image processor module

ADSP-BF533 #h 4 () SDRAM I} 4 451 3 i
ik 133 MHz, 534, VS6524 7 B A 1) 2 Tk W %
M 5 32 i 4 DRt 7R L B R T A, A
fiff e A% i 2 AN 1 R AR S BT e A E
B M55 e e S m ., il 13 s, 15 5 18
F 1k PCB | A% i i, PCB 3% I 23 77 A= W 3 Tl
Y5, 1 450 RLCG #T,

Wl ——
Lg
‘7 Rs: Ca Ga
L e il d‘T «
B :
| ZEEEREEEE |

13 PCB i 7 8 K 555 RLCG Hi %

Fig. 13 Section view of wire on PCB and equivalent

RLCG unit

AT AT 4 ) AR B TR -
Zo=VZ/Y =V (Rtjwl) /(Ct+jwc) . (D
Rk BN R BB — 3L 2 kA
SS R RS o= (Z, — Z) /(Z, + Z,)  Hirp
Zo.o RSB PEBLAT) 5 24 U5 B AT A0 3 48 B A A DB
EHT W) S SR A A 2 N TR AT DT 426 52 1
SR TERENE . ARSCE R VS6524 55 L
ﬁ’ﬁ%%uﬁﬁ%jﬂk@% 24 MHz, [H it % H 5 BH
FUUCHC Y 07 ¥ R 0 DR A 5 1Y 58 B M IR Hy-
perLynx i#47 PCB fFEn
Il 14 S BT UL AL A5 PCLK {5 5 58 % 4
A8 Ak, o] DL B AT VE BE IS 915 9 s B B AL F




3006 e KEE TR 5517 %
6.000  — ——
------- REL$LIC AL Hif
5.000
4 ——[H¥LPLAL Tﬂ
400+ 3 =l ]
‘[,“‘, \ }“ ”,
_ 3000 (L
5 2.000
(1)322 ] Bl 16 X4 oTHLAES A Z 8] 19 ¢
_1'000 5’ Fig. 16 Separate angle between two docking modules

-2.00
0.800 10.000 20.000 30.000 40.000 50.000
tins

B 14 BHAEIEAECHS PCLK {5 5 58 4 M 5 1

Fig. 14 Effect of impedance matching on signal integrity

VEFCRT . 21158 ) ADSP-BF533 Hi % 4
£ 5% 32 MB f#§ PC133SDRAM, 41 15 i 775, 4k
JERSE R 50 mm X 30 mm, 52 I 5 K 2y #E LK
584 mW , 5% 4 A2 i /NI L 28 A FHZEK

B 15 i A B B A S B
Fig. 15 Embedded image processing module

5 AT EMER

5.1 BEMRE

HOF s e = 20 B A AL L B 8h X
FI A AL A N SE B 1 EE  A y DRL R Ot 7
E 585 1 R A DL SE BT I RE

MPAT R S0 A CE B iR ES S
X 432 (0 WA BT AL A N B ARG e 9 A e
B 0 BB AR S PR S e B A

Hw L P Bl b2 fy o CAn &l 16
JIT7R) R % 25 BOE BIE A

(1) Y oa=>Ar B AN X 560 5 i — 25
PAAE BT B

(2) Y a<<Ar BF 0 X4 5500 BT LA A
A DA G AT % 4%

P AN ST B TT AL N FRAT X 2 B s 17 > A
PLR B U -

(1) 33 42 07 57 8 75 A% S i) A0 ke 437
A H A B K 10 em A BE B 5

(2) 25K 3y i BILAT 5% 08 75 i 2 W AILAS 26
BRI AR AR P BT AL AR PR TP R I S as

(3) X 48 & 1 1% 3h 5§ oo L A kAT ) B
I AL L) &% A £L 5

(b FEFhPLes A i CMOS 4 8 M AL 3545
AL LB RS B0 07 B L I S5 28 A ALK Bl B B gk Ay
LA, HEMWERITHLE AN KA o /DT 30E
fHA;

(5) X F B AL A N HE AT ) B A S T HLAA
PR TTHIL A A AH ) B 5l . 854G B9 4 A A9 1L 5

(6) T AL L N A% ) B g B 55 L L 4 R B T L
ar NEFLYUE » 58 %

5.2 SARXEBRAEEBLIERE

X P 2R IR 55 OGS 2
S B AHAIL AR R 1 B . S ik T 4G AL Y
LD K 4 Den s LED 2IET7 B CE T EA AL
P (& 17 ) AT X 4, LED oL &0t AH
BLARAH ) 46 K 18 & ADSP-BF533 4k 3 J5 %% 1k
hsE ML T AE KR 20 S B0k PO e
PSS L AE T ARAS 4 A LED i1y i 18 4% (& 17
(b)) SRIGH 4 A58 s 852 B K7 fh 70 22 B %l
RIFHIE A4 Ly A Ly (B 17(e)) .

T W0 4 BE Bl s A TE 6] — /K- T kA
PR Ly A H AT Ly ZEMREHRIESA o A
A 18 B0 W4 B2 B 2 28 f . i B Ly Al
Ly BRI & i1 I/ INHEAT R He 25 A0 e« 24 7
ZEB/N T BOE BAE N N A Bochlas AE &
XF 5% W R X 4 Ak 2 U R LT L g N
O %R E S B S AL A ) A2 5] A Bl AL
A ft — > FR B 5 7 28 (B8 R, D) ) 53 — 4> O 18] g



PINAL T 5 TR AU 1985 35X B A BN R L A 3007

() LED fi B =K
(a)Placement of LEDs

(b)%: DSP 4b 3 J5 119 LED &4
(b)Image of LEDs processed by DSP

Ly

Ly

() LED 7EA 5 & b4
(c¢)Projection of LEDs
17 A AUERAL B 1
Fig. 17 Enhanced methods for embedded vision

5.3 BuLERIEIR
MR 3R A HAL SRS L BEAT T S ST HLAR
LT A B8 14 30T B o e 92 56 L dn &1 18 i

S & k-

[1] FUKUDA T, NAKAGAWA S. Dynamically recon-
figurable robotics system [ CJ. Proceedings of

IEEE International Conference on Robotics and

e PIELICHL g A0 IR e ff D 307, X 4
W FEFEMTZY 15 s. X 5E MR » PR T KL A
M H A R IETE

T - o
| G ew— - P I
S co— C— o
re _ = S
- g = -« L A—
> 4 o o - . SP—D
S > Cwmm——— >

K18 PIASFIT LA A il

Fig. 18 Docking experiment between two modules

5.1 AT B A I W 4 A R AT
%5 Z 00 W ITHLER NP IR h R Je M o K
ANIER: O N B N (R T SR o R PN AN
PR, (HRAE MR b &3, B T oT
BLES A 1) 3 et v A7 A JB Al W e P RS I 42
AU 9K 2l 8 75 A a8 1) 25 1 e B 48 2 fi 5
AL AR B I RO R R DLR AR R RS B
149 P ERLTT AL 2 A T8] B AH 7 B F as

HY T X 2808 B8 B F AL AR ik
PERE » Ry i P 2 BT AL AR A 2 ORI AR B .
— 2 TAE W38 1 42 i 5 T MEMS [g 32 4 i A5
2 A T B B S B A T AL N RS 0 L AR S
XoF R AL N ) A P R AT S0

ASCHRM T —Ff TR 05 Bk iR
Bl #s 830 A EAM /N HLAS N . HEITHLAS A
AIBILAK LR SRR AR B AL BT, 46 i/ R
BRI Sl TR ENR S A . B
il B S oC AL g AN GE T LSNP RE B I A) k3
AT A SR TR BEAT MR 5 55 A E AN SO AL A
T30 HIEOL T WA IAT T 2 Fim A X
B BRI B AR A AR I A W 4R
i PRI T AR S AL - e A A% B B E A BLAR A
B Az B RS

Automation ,1988:1581-1586.
[2] CHIRIKJIAN G S. Kinematics of a metamorphics
robotic system [CJ. Proceedingsof 1EEE Interna-

tional Conference on Robotics and Automation,



3008

Y i %17 %

(3]

(4]

(5]

(6]

[7]

(8]

(9]

1994 .449-455.

MURATA S, KUROKAWA H, KOKAJI S. Self-
assembling machine [C]. Proceedingsof IEEE In-
ternational Conference on Robotics and Automa-
tion 1994 .:441-448.

JORGENSEN M, OSTERGAARD E. LUND H.
Modular ATRON: modules for a self-reconfigurable
robot [C]. Proceedingsof IEEE/RS] Internation-
al Conference on Intelligent Robots and Systems ,
2004 :2068-2073.

YIM M. A reconfigurable modular robot with many
modes of locomotion [ C]. Proceedings of JSME
International Con ference on Advanced Mechatron-
ics »1993:283-288.

YIM M. ZHANG Y. ROUFAS K, et al.. Con-
necting and disconnecting for chain self-reconfigura-
tion with Polybot [J]. ITEEE/ASME Transaction
on Mechatronics, 2002,7(4) :442-451.

CASTANO A, WILL P. Mechanical design of a
module for reconfigurable robots [C]. Proceedings
of IEEE/RS] International Con ference on Robot-
ics and Autonomous Systems ,2000:2203-2209.

SHEN W, SALEMI B, WILL P. Hormone-in-
spired adaptive communication and distributed con-
trol for CONRO self-reconfigurable robots [ ] .
IEEE Transaction
2002,18(5):700-712.

MURATA S, YOSHIDA E. KAMIMURA A, et

on Robots and Automation ,

al.. M-tran: self-reconfigurable modular robotic

system [J]. IEEE/ASME Transaction on Mecha-

EER N

Pz (1964 ), 5 BAITE F N #
2,50 9 1985 42,1988 45,1993 4E{E MG
IS B PN 27 7 o W /0 B L e e A
FHE N K G R Bl R R R L R
TR R RO BE AL L DAL LS AR I
P A BEITHLAR A RUNERIDLES A A
NTH B ML AL 5 42 ) 7 T 64 oF
3%, E-mail: Insun@hit. edu. cn
$hoMB1981—) . B WM R AR L
WF5EAE 4 ) T 2003 4, 2005 4 78 I
IR Tl R 22 3R AT 2 4 B2,
SNFRUNEIL R A B EA LS AR
LA N SF J5 T Y BF Y. E-mail.
zhongming @ hit. edu. cn

(10]

[11]

(12]

[13]

[14]

tronics, 2002,7(4) :431-441.

YOSHIDA E, MURATA S, KAMIMURA A, et
al.. A self-reconfigurable modular robot: recon-
figuration planning and experiments [J]. Interna-
tional Journal of Robotics Research, 2003,21(10-
11):903-916.

FUKUDA T, KAGA T. Distributed decision
making of dynamically reconfigurable robotic sys-
tem [C]. Proceedings of Conference on Robotics
and Autonomous Systems.1997:1604-1609.
BROWN H B, VANDE W, BERERTON C A, ez
Millibot trains for enhanced mobility [ ] ].
IEEE/ASME Transaction on Mechatronics, 2002,
7(4):452-461.
R, EAR, KiER.F. £ DSP ER T 45 5L
AT BRG], kP 4% T4, 2007,15 (9):
1451-1455.

ZHAO F, YUAN D F, ZHANG H X, et al..

al..

Multi-DSP real-time parallel processing system for
image compression [ J]. Opt. Precision Eng. ,
2007,15(9) :1451-1455. (in Chinese)

4, PR, bl — RN B AR 5 AL 3
FAEMBIIE [J]. # &S 5% %, 2008, 27(4).
52-54.

GUO W, LU X Z, ZHONG M. Research on em-
bedded image processing platform for docking pi-
loting of micro self-reconfigurable robot []].
Transducer and Microsystem Technologies, 2008,
27(4) :52-54. (in Chinese)

FEFHRA974—), 5 I HBFH A Bl 2L
.57 3T 1998 4F,2000 4F, 2006 4E4E
2SS AN/ e i W /1 SN L
. EENE RN A T AL
NN 2SI LR SN IS L R PN ]
HIF5¢ . E-mail: limt@hit. edu. cn





