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Pattern formation of small multi-AUV system based on optical sensors

XIE Ze-xiao', WANG Xiao-min*2t

(1. College of Engineering, Ocean University of China, Qingao 266100, China; 2. Ocean Sensing and Mapping,
ENSTA Bretagne, Brest 29806, France)

Abstract: Due to the searching tasks of the small and/or color objects on the seabed, the multi-AUV systems with the
optical sensors have become a research hotspot. To build a given pattern formation (a planar pyramid pattern) and put all
the small homogeneous AUV units together, based on the relative positions got from the optical sensors and the absolute
orientation evaluated by the compass, a local position-based control method is proposed. This method includes two parts:
1) a neighbor-check mechanism is given to distinguish the AUVs’ IDs; 2) a collision avoidance strategy with complexity
O (nlogn) is proposed to optimize the position and gesture of a planar pyramid pattern, and the non-intercrossing linear
trajectories for each AUV is planed. The proposed control method is tested in a realistic obstacle-free deep-sea simulation
environment established in Blender. 4 ~7 AUVs (CISCREA) are used to build the planar pyramid pattern repeatedly.
The results verify the feasibility and stability of the proposed control method.

Keywords: multi-AUV system with homogeneous structure; underwater vision servoing; local information; formation
control; collision avoidance strategy; planar pyramid pattern
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J£ 28 O(nlog n) A EERE S I AIE AL 45 78 BATE B 25, O
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RS 44 B HEGA TR A AN SR E
JiE B 18 H B ) 1Y CISCREA(K: 0.525 m, %5 0.406 m,
1 0.395m) 7K Bl F7 45 A2 g @ 1:1 b B {5
CISCREA, W1 1 Frzx. AWALBAE AL 2, R %

1) AT EAE TEBabs /K R IR B ik AT

2) %41 CISCREA HIMI 4600 B 53 A 9 A — IR
A FEHE N @D, i IR A, Ve = {po.p1,
< Pn_1}, pi ¥ 7~ CISCREA-i 7£ ¥ 4 43 Aii v 1) for
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4) CISCREA 2 [f] v] 3 i 7K 75 3l i HE 4715 B AS
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5) Z.1% CISCREA H £ 1132 3l i 22, Bl 42 3 i 1%
ZEEREERE.
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&2 FEEFENE

TETCRERG K TR A, BT IR RGN R SR S
B H e FIMI 2 AUV R G810 I 4755 AEFES ), 4
AN JA) RS LA e 1) MR R 42 B CISCREA 268
JEE AR X 7 LA R, AR G B S AAR G A7 FE; 2) 52 K
CISCREA & 1y (ID) W #i i€ ; 3) # 5 25 Ah bk R, I 78
% AUV Z%i 1 CISCREA #4673 A1 ; 4) 47 H BERlE 5
W, AT T 4 - 55 BA TR 14 43 A 30K TG Al 4 2L a2
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2.1 CISCREAMESILE (vaij, Yaij) FIFRE
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F 3] AAHOTT 3RS w(G) I FR I B 28 4, 32
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BE N, 5 Ng, W2 FM |NL, — Ng, | < 1, 01K 8(b)
JroR. ik, 50 NEET E 820 (PCA) B J5 A
A5 R, A7 B O ZERE R (0T 3 R) BOK AR AE
ABLXF IS R ARFARE: [F) R g 3= b 77 1 ),

Cov =

N N
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opa, FIRA. B9, 0,2y, AR S5 A8 K5 227 17,
7 B 7 CISCREA-n &b 3E 1, ~F 1 4 7 5 BAE 1) 43 A
Vi 1E opzpy, AT AR 48 3252 O i 22, leader ¥ 47
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242 PRIERZXELHL

To AT X BB )RR AE - T < 3 AR bR R
oty HTEIL. WA Vi 5 4 T4 Vi Y08
3 (8) B A B oy, T SIS XA
K, S i) L 4 9 A 0417 v B Aoz B 23 1 RS 2 5 3
1HIE & 20 2 (B 8(e)), T HLIR 5 73 41 2 [) R 8
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WA A4S (L, Rr) M (Lp, Rp), %M [N, —
Ng,| < 15|Np, — Ng,| < L3505 24
PIANEEA IR 6 B EAT RO,

2) EBANEEN N Ep 5 f o iRy B
(Y4 y EAH [ BRAH I (%5 7€ B ) I 138 7 A B 1k R
rEHEFHF).

3) BEJE AEFNEES (L Ri~ Lp Rp) WAZIIF
WA — ML B — N4, (Lyy, Ly, - - ), (Riys
Ri,,...),(Lp,,Lp,,...),(Rp,,Rp,,...), Wl & 8(a) F
K1 8(b) Al 7i~. 43 A5 15 [7] — X 38 H E A AH [F 7 5 1) 43
Y G5B A — A BRIE A 434, a0 1 8 () T,

4) FEVR G 2N AR 5 38 1, e R R 58 S R A
FIJE St p; 55 f; BEAT UCHER. DGR 25 06 B TE 28 X
BB 2 %A CISCREA [EIEEI642, 104 (ds, s ).

1 FASCISCREA ML ZAH R HE, bR 25 B
LA, B AR CISCREA Sl A7 SEHL

5 T S T (1] 53 25% R B

1) H P77 ZZ R (2K (7)) SRAARFAE 7] 27 o ~F 1H
&P B 5077 O, R Z R N O(f1n) =
O(1); 7 B W0 75 Bk A2 A N4 A b o B 1 L
i, BE LR R 2 B O(f12) < O(n), R L3S
FRISEML IR D) IR R Z N O(f1) = O(n).

2) PIANEEA 43 791K F Python H ) sort() BR 5%
AT HE?, 228 Timsort 4, Fe 47 150 (1 s 8] 52 44 7
K O(nlogn), W8 BRIF BRI A Z R EHO(f) =
o5 x5

3) BANSEA AL B e RO 45 P A B A R —
NFH, I IR O(f3) = O(n).

4) F JE 51 B 58 b B UL AL, AN S T N 4
AN B 4 SR B Jr 2 YR IB RS L, R ) A e
HNO(f3) = O(n).

T [ SR S A0 LY P AT, DAL I L ) () 55 2% B DR
O(f) = O(nlogn).

3 fERER

TEREAT B SE R K RS2 50 2 7, 1 B EE R
R 26 AT 2, SR ) Blender #04: (B 10) ) Ui
X% 51 2 (BGE) i A, Mot REZI . T e S5 Ab B,
A R J 00T L SE IR BE ) 3D 1 3R B4, 1 HL, Blender
SCHF Python AR, BE 3 & AR SCRFE B 7 K. 1 FLAE
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