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Automatic modeling method of fish schooling emergence based on
hard attention mechanism
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Abstract: The study of biological collaborative intelligence can be used to inspire the regulation of
artificial complex systems. However, most existing automated modelling approaches do not match the
characteristics of biological collective information processing. The information mechanisms for
modelling individual interaction are still full of challenges. Without loss of generality, a deep network
model conforming to the biological hard attention mechanism was designed based on the collective
motion data of hemigrammus rhodostomus. The designed model structure forced the individual to

consider less than two neighbors information. In spite of such little information, the model could reveal
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the hidden place, where the high-impact neighbors located frequently. Thus, the hard attention model

coincided with the information processing mechanism of biological collective interaction. The

experimental results showed that the proposed hard attention model had better sparse information

decoupling capability, more robust collective motion metrics and better collective scale generalization

performance. The proposed model provides a powerful tool to support multi-levels behavior analysis of

complex systems. Moreover, this method had strong inspirational significance for distributed controller

design of swarm robotics.

Keywords: biological collective intelligence; complex systems control; hard attention model; swarm

robotics
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Fig.1 The fish schooling experiment and related parameters
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Fig.2 Structure of hard attention model
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Fig.3 Comparison between two-agents simulation with hard attention model and two-fish experiment

THfAAL S AT, R B M S R
)5 Sy AR ARV (B AR A T 2008 3, {FL R AR TR g
HR I A il 2 B, B A A R A ] DA
B 0 REECHE A PR AR IR I A R T
AW IR

[l 3(b) XF b T EL IR B oA, i B SR HL S
1 (1) F% 3 B I (K 29 7F 60 mm, 17 45 5 5 B 4
Y B (R AR 100 mm, {HE P Hh 2R i B {45
— B, W fH WAL 1Y 2R N TE TR LabView 15
LR AL, AR AR i Ol T, B S
B TR B R, BARGIZRAE 3(e)
FiR, IS THRK M shife .

l 3(c) R M lE s X FL R B, A 45
SRR AR AL, (R T R SRR R A
YRR . [ 3(d), (D), (2) B2 T 7w £ (R fig
) (AL T £ 25 A . X B8 7 2 1) 260 X8 (L | | TR X
R d, HEARURN 3 A2 5E AT B a5 R —
B, Sy R (R AR AR ) BAT BH B 0 ) 5T 4
PE . UTREIZ shARE DL R4 A I B R R

LRI A 0258 1 B i e,
B HAT A LR T R UE bR
Uho RiE R AL HAE B LA, AR
LS R RO DI e ) B T T AR Sfe o AR R A
38 HHEAT 50 BT o BRSO S A6 O BRI BE s ]
FE SRR, RIF AR NAE A S —

A JE, KRR AR S I ACE Wl Ak . H
F 2K (15) By VA — b Ak 25 75 58 0 58 32 179 110 L 4 240
HAE (0,1) Z 8], Wi 4 fiR, HE ACER K
IRARIC N LL NI X SRR IE o i . R R
B A SR BB R T TE L T — A/ ME Bl s e
06 B0 DX R, 3k 5 £ S A 0 B T Xk 28
WA N WA TR B SE UL > 5

0
0.24¢ — 1.0
0.20f 0.9
0.16}
0.8
0.12f
2 008 0.7
&\T@ 0.04} 0.6
E 0.5%
E‘ 0.04+ 0.4
*0.08 03
12
0 0.2
0.16

0.1

4 MEREZIENESN
Fig.4 Analysis of interaction mechanism of two agents
32 WEENEBMZHERES
B SRR S A P PR B A b . IR
et CPOED FIBHA RN (CE) . DL R PPN R e 4
MR Z SR, S X2 B RE R H 0L N
e = (g ®),y6 (1), Z B HeRE L1 EE N =



354 o B TR 2 2 R

(v 0.5 ), BRI AR
N

1 1 &
xg ()= N2t ®), yg(® = v 22V ) (30)
=1 -

—_

1
N <
i=

M=

N
=5 D0, 0= >0 (1)
i=1

—_

S R R R R B 2 4 X, )
ﬁ@zxmkzwﬂo,ﬁm:ymrzmﬂn;Nﬁ
BREMABG AT IR . SRR LA TR
e g 4 P R R £ L BT 4R RESE B 10 46 4
TE, BEAE PIE AT H0E A

P(n)= P(n) €[0,1]

N

11D cos i@, sineoi )
i=1 (32)
‘ A N

S 0n0) =aretan T 60 A
P=URERZERRAENAN —3, P=0oRERZE ik
PRI & AAHIE o 355 7 AR/ CTE

N
“ﬂ=%gﬂﬁ-ﬁ“ (33)
Kb, |5 - BRI R b X B 0 37 B G OB
B, CEMU/NIR ZE R, R

Sy 2 BURE U 25 0 A0 AE K MR B BE R 172 Ak
£77, BEHLAIR 100 AR GA AL E . 1w i
BIk S 5HERE ), WER TR 07 ELAE BE 00 POE A
CIH, WKl 5 R, YRR 2 ERETCIF B, R
B IERIRELE 5 min R RIREMOR RS A 7 10iE
il PE LR B A B i T T 1, R
LRI SE] BB B T 0] CIEM LB Wi
T 25 mm, PLUIEREE SN T RE, A Bk
LA 99 A4 th kit 2 MABJEAS T, s AR
REASIM BN, X508 R EWERE
101, R A ol 28 4 Ak B A 7 1 A0/ B4 G T
AR T R R SR 5 0 B
PERLRESC L 100 N REIR BB BER IR, PRI T 3%
LR BT LA BRI F AL B Sy . SOk [12] %
WY, R v AR A e T A B T A L
(R RERBER Sy, 2RIRM(5 B B RNA 5 REAT
Sy HLA i BE A OGE , Jh pk ( B BIL T 2 il 5
SRIEBGHR, SIS B A H R R AT N4
2k 2 B e oA R PR RS 0 15 B AT IR ALAR &, M
15 AR SR B A TR R e M h A

N
H
N
H

2024 1F 2B 46 &
0s ‘;\ 100 s t??;v;\ 200 s 300 s
SN 77,
bl‘//..\:?%f > | |
e = Y
Nt ‘,2’ \}‘\

R Y
N

1.00
0.95 - e
%~ 0.90 Mm«
0.85 ' ' ' ' '
0

50 100 150 200 250 300

Fif1)/s
125
:
£ 30 — CIilik
&) 2(5) . . . . . -
0 50 100 150 200 250 300
Fif1)/s

5 100 FHREGERCRIERE

Fig.5 Collective convergence progress of 100 agents
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Fig.6 Collective motion indexes of agents with different scales
x1 AEEFHEHERHEMNEE PEM CHE
Tab.1 P-value and C-value of groups simulated by different collective motion models
Vicsekfm'™ 5N 2Pl B FeSR B EDNNRER 8 A
N
P C/mm P C/mm P C/mm P C/mm
2 (0.48+0.29)  (160.31+49.26) (0.95+0.07) (51.22+32.63) (0.99+0.01) (9.125.24) (0.986+0.012)  (32.22+7.41)
5 (0.5+0.25) (151.51+42.69) (0.98+0.04) (45.0849.55) (0.890.18) (34.6+26.1) (0.991+0.006)  (17.895.72)
7 (0.44+0.16) (161.44+24.66) (0.86+0.23) (69.23+£38.29) (0.83%0.13) (51.11£20.32) (0.992+0.004) (15.65+4.23)
10 (0.42+0.15)  (165.25+20.48) (0.88+0.15) (69.7+30.11) (0.91+0.06)  (36.06+12.41) (0.992+0.004)  (15.83+4.12)
20 (0.62+0.14)  (129.77+24.11) (0.530.25) (126.99+30.1) (0.45+0.09) (87.33+8.06) (0.993+0.003)  (15.42+3.96)
30 (0.68+0.05) (113.99410.45) (0.26+0.12) (149.89+12.21) (0.79+0.03) (55.06+6.2) (0.993+0.002) (17.32+3.98)
50 (0.73+0.04) (104.65+8.31) (0.180.09) (151.92+9.83) (0.75+0.05) (59.14+6.42) (0.994+0.002)  (17.81:4.84)
60  (0.64£0.03)  (125.18+5.29) (0.16£0.08)  (152.47+7.57) (0.76£0.03)  (59.27+4.36) (0.994:0.002)  (16.98:4.44)
80 (0.72+0.03) (107.64+8.18) (0.13+0.06) (151.14+8.09) (0.88+0.01) (39.79+2.64) (0.994+0.001) (15.39+2.8)
100 (0.62+0.03) (132.143.64) (0.120.05) (149.76+8.44) (0.84+0.01)  (49.65+2.27) (0.995+0.002)  (14.26+3.78)
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