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Abstract The ability of animals to respond to different life-threatening stimuli and take the most adaptive
defensive behavior is essential for survival and breeding. Studies have found that a gradually expanding black
disk in the upper field which simulates the looming of natural predators approaching from above can induce

different instinct defensive behaviors of mice, including freezing or flight. In conventional animal behavior
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studies, time and labor-consuming manual operations are used to generate the stimuli, limiting the efficiency

of animal behavior studies. In this paper, we have developed a closed-loop animal behavior regulation and

analysis system. Based on this system, we have studied the defensive behavior of mice facing different stimuli.

Looming with low gray value or low-frequency light stimulation would induce the freezing behavior of mice,

which tend to escape to a safe area under looming with high gray value or high-frequency light stimulation.

This study has demonstrated an automatic behavior regulation system capable of delivering random stimuli,

which can further improve the efficiency and accuracy of the experiment.
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Fig. 1 Mouse behavior analysis and random stimulation system

Wy e Forr, 8 B A T AR AR AT BT
X Rh B 7 2R DR H A X AR 3 K v S [
S Sbr AR R LU, THR N R IR A R A
BRI 3 Bl RS Bl U Y B SE AL
E55 . X RBY XIASEAT a2 P Ab E, |
MR N R S0 R AT 0 8. @EIE-TE &
WEALEE, RO MRS S . X AUEAT
AR, EEONEMAZAK SR, HRE R
MU R EETRIAT o TSN, A0 B S AR
EFE . ©XHIEEAT B IE R B AR, S
FRREDTRERRON 1, 2B ERERN 0,
M AF 3] ZAEARS . ER F€ BRAER R 5 R 6
R REEIS . @OXAIHEAT Canny 5514
AR, 13 RIBONERN /N R SRR RS, 555 S

FRALAT /) B 8 B0 1) e R IO [X ek, 45 3]/ Bl o
Oy BEMAFRN BT AL E AR .

T A DA A R /N BB AR IR R A R, 15 E/
SRSk R SR AE A, B B A il R R B e A
THE N ECR I R A, i 2 (b) . &
2, R A TR /0N BT O 7 B A o 18] 114 IR 2 E
BRI HIENEE . ACH, KA S BRI
Wi, f, FoNEREEIWEG (x, ) ET— W/ R
ML BARRR, (e, v2) ATEIRE £, UJR /N BT
PrE AR LIRS ESPRK RN L, PR E
W STEEY SR, L5 W 50 5 HE
1, Ly Al Wy NG BUREET . AR 2 5
M E G EKMG R, W R IE 30 R
C/NWAF



44 AelR, 5. HTH

RSN IIAT o3 H 41

V=1 x\/[(XZ_xl)xLl /L3]2+|:(y2—yl)><VV1 /VV3]2 /£,(1)

25 G T AN [R i [R5 2R RARANAZ A X 3h )
IREEAT N AT A RIRS AT 026 Ed
N B AF BN RO, RAE /D B2t
HATRAL B AR ESE Iz AL BACE, BTS2/ 5
BT, i 2(b) % 1A RIERTR. Kb
SRE AN [ 7 BB PR J3E R/ S B e 2 [, BT
RV ATE, i 2 (b) 5 2 AT
F7s o

miE 2 (c) fion, RBIENRAT BT 2 S
TEAFEIICRE . BB, FFRE &0
Rk SRR R HORE ORAE AT B 2 4 i
B, AN BT SR8 SRR BN AT I
W, zeid B AL B O 5 F AT A S

(a)

PRI —

RN 2 AT ORI AR AR, Bl 2R AR
X AH LR IR AR B E 5 T v AR EAT RN FI T,
I B R UK SR i 43 s AR R A IE &
RPAETRE, AR BRI 2 )5 25 T/ BURH SR
P SeB N 53 AT LA S B R AR R /N R AT
NFFIEAZ B AL TE DL, R0 /N AT ARF Ak
AR R RBRER, RS E SN R T8
BSOS BUE AT BTS2, AR
TRAFIEER, R B & A AT RS AR AR B {8 ORA 23
SERRAE, TR L AT B R AT 2y
Bro B PERIIRR X, ZHA M. K&
I MR AR ER AL AR, e P R X AR AT LA
WRE/N BT AL B AR, 7 B /N BN O R X
SRR KR (8] o PR P B EAT A AL Ab 2
. HEARA R, T/ BRE AR EE R A B

(©)

B AL AL

FAF PRI

; S

it R

7

e | | e
BB,

R XL

BT RS

AR HrEEH

favalslees

(a) KB BBIYERAR IS (b) ANRAT AASRTTAAL: () AT M i R Gei R B
2 (TADHARGREERITALZETRK

Fig.2 Flow chart of behavior analysis system and visualization of behavior variables
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