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Motion Filtering by Modelling R3 Cell’'s Receptive Field in Frog Eyes

LI Zhi-Yong® HE Shuang’ LIU Jun-Min' LI Ren-Fa'

Abstract As a basic unit of biological visual perception computing, the visual receptive field plays a significant role
in the whole process of biological visual information processing. It is a potentially feasible method for further study of
efficient computing technology based on motion visual characteristic from biological receptive field. Inspired by frog eye’s
R3 cell receptive field, this study introduces a spatio-temporal anisotropy motion visual presentation to the difference of
Gaussians (DOG) model. Thus, an asymmetric anisotropy receptive field (AARF) model is presented. This model can
express frog visual system’s spatio-temporal characteristic which is sensitive to moving visual targets. Based on the motion
visual model, a frog-based spatio-temporal motion filter (FSTMF) is further proposed, which aims at accurate moving
object detection and analysis in sequential images and videos. The experimental results demonstrate that the proposed
method can obscure the background and highlight the moving targets. It is in accordance with frog eye’s vision features
with background vagueness and foreground clearness. Meanwhile, the filtering method can be as efficient pre-processing
for accurate detection of moving objects.

Key words Frog visual characteristic, asymmetric anisotropy, receptive field model, frog-based spatio-temporal motion
filter (FSTMF)
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Fig.1 The receptive field structure of frog eye’s R3

ganglion cells
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Fig.2 The space-time filtering results of VlSOR Video00 (From left to right are the 600th, 610th, 620th, 630th, 640th,

650th frame successively.)
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ZER (NIE AR A 100, 110, 120, 130, 140, 150 M5)

Fig.3 The space-time filtering results of IPPR datal (From left to right are the 100th, 110th, 120th, 130th, 140th,
150th frame successively.)
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Fig.4 The space-time filtering results of SampleVideo (From left to right are the 30th, 40th, 50th, 60th, 70th, 80th

frame successively.)
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Fig.5 The space-time filtering results in special situations (The processing result of static image is on the left, the

processing result of multi-moving targets is on the right.)
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AL YED

$Iﬁ SUEBAR)
Fig.6 The results of different filtering methods of the 2050th frame in ViSOR-Video00 (The gray image and Gaussian

filtering, difference of Gaussian filtering, traditional airspace bilateral filtering, the proposed space-time filtering result

are shown successively.)
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Fig.7 The detection results of the 15th, 54th, 80th, 108th frame in ViSOR-Video00 (The first row are the detection

results of sequence without pretreatment, the second row are the detection results of sequence with the proposed

pretreatment method.)
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Table 1  The processing time with different filtering methods (second/frame)
WA (BT IR YER DOG JE# Fe TS ARSI IR
ViSOR-Video00 (432 x 540) 0.8903 0.8523 0.8163 0.6273
IPPR-datal (320 x 240) 0.7653 0.7206 0.6954 0.4521
SampleVideo (360 x 240) 0.8029 0.8010 0.7832 0.5824
P-4 b B (i) 0.8193 0.7913 0.7649 0.5539

3.2.2 EfGIEEYRIN

AR Agaian Z5RY gk VEN Febr EME
XF 1 1) A8 ) i S i ROR AT 43y, BRI I T
IYEEng X ng ANR/NHIEN ) RS, SREURE—5 53
(W45 ME R Vininiy M KB RE Vinax,ij- FAE
7E R

ni  ng
‘/;nin,i,j

1 V PR
2 :z :201 max,t,j
ning < . " [Inaxij+ iminij—i_c
i=1 j=1 s, ),
(8)

A, ¢ BT A BE R AN B AR SR R
KIMG A 8 x 8, KAk 8t 25 5 A i & 38 FAS S I 25 1€
B TTERT S 3.1 T B = AN AU B AT 8 U 4 i
FH R 2 58 UG RN 44 Fh T 1168 EME Fi baoxf b g S
w8 Fron.

MK 8 Hrf BUA Y, 5 K 1 EME {E#]
T RBEE. EME ik, G TR 3 T ik
i, BB R, K 2 WOR T AT A L AN ]
JTEA S EME fabr A% K JE BB EME fibx
JT S0 () ¥ 43 L, AT AR S BT A IS 2 T
EME $& b5 3k (0 1 4 b K 28 4l X e it )y vk

EME = —

P LA, T A ST 5 PR 5 U7 V5 () EME AR
Gt 77 ORI DR I TR AT — e A, W] AR KA
OJ LU R BT S R T4 438 2 SR %
3.2.3 EfRE¥RLLSR

FH 1 IR P A5 U8 (B {5 e L (Peak signal to
noise ratio, PSNR) PFFa i S 21 b 4 BHZR ib
HE EHR IAE S, A SCRHEHREE:EE (SNR) PR
Fabroof B — EHREAT ROTENY. %A BB B
HEHE R, BkE S h:

E
SNR = ~101g (9)

X, B R A S, BUE B BT sl
BEREME. o FoRBIRMER, D9 PTT sl iR EARTE
72, KA S8 OB E IR RIAS SCIN 25 8 g 0%t
5 3.1 W =AM S REAT DE B, AT N K A 1
GBS BIITVER) SNRFEFR I GETH 45 RS LE Nk 3
I

MF 3 FTLAE Y, M0 A BRI SNR (AR
TR EHR. X2 T ug B e, o K Baa g
R JER A A A SO [ I o 7 e A A2 T 5
RIZETE S i 46 KT LAFE 5 A SO 23 g 4 o



988 H /T 41%
o ViSOR-Video00 P&l 93k i 1 548 EME PETiE v IPPR-datal [ {% 16 % 5% 58 EME £ GE V4
60
- KL PG EME J

s WIS EME
—h— I G EME

55| [=— Aok EME

50[
2
2" \\,/,._’\"\/_/
(54}
40+
45t
40f 35f 7
- B ettt ... -
b B L R E L] L T s £ Crges=mmTITT T — .__-,-‘
3300 610 620 i 630 640 650 00 110 120 i 130 140 150
i It
SampleVideo P 1% 1ED% 195 EME 4 it ¥
70 =
--e-- WU S EME
65 || —— AL IER EME
—e— K LI A5 EME
60 ;(/—-9\.____"_’4"\—4
o F__""_'—-—-—‘r—-——'*—-—-—-—_‘.__.
25
Ssot
451
40t
35F
pr == b T g il o A ey -
30 ; . ; :
30 40 50 60 70 80

K8 ERIEN IG5 EME PEREVE(T

Fig.8 Image filter enhance EME performance evaluation

* 2 AFITE EME {EAH K S BRI R E 4t (%)
Table 2  Different methods EME filtering enhancement relative to gray image percentage (%)

L I PR ARSI 2% IR
ViSOR-Video00 31.66 46.80
IPPR-datal 28.61 34.00
SampleVideo 69.85 77.61
FYIME 43.37 52.80

® 3 ARSI BIE B R SNR TEREVEY

Table 3 Image filter enhance SNR performance evaluation in different sequences

M (BHR))) ik KIS (Bt J7 %) AR, (BME/ TT %) AN 25 3l ($18/ J7 %)
ViSOR-Video00 (432 x 540) 2755 10.4909/0.0137 9.9803/0.0174 9.2908/0.0163
IPPR-datal (320 x 240) 300 13.9426/0.0126 13.7264/0.0137 13.5673/0.0142
SampleVideo (360 x 240) 80 12.3920/0.0216 12.1984/0.0193 11.3998/0.0209
TEE 1045 12.2746/0.0160 11.9684/0.0168 11.4193/0.0171
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