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Multi-layer Edge Detection Model Inspired by Retinal Function

ZHENG Cheng-Chi' FAN Ying-Le'

Abstract Based on the processing of visual information by the retina, this paper proposes a multi-layer model of
edge detection inspired by retinal functions. Aiming at the adaptive characteristics of retinal neurons under periodic
light stimulation, an Izhikevich neuron model with adaptive threshold is established; By simulating the perception
ability of cones and rods for luminance and color in photoreceptors, the luminance perception coding layer is con-
structed; By introducing the ability of bipolar cells for separating light stimulation, and combining with the charac-
teristics of ganglion cells sensitive to the direction of movement, a multi-pathway edge extraction layer is constructed;
In addition, according to the phenomenon of delayed activation of ganglion cell neurons under multi-feature regula-
tion, a texture inhibition layer with pulse delay characteristics is constructed; Finally, by fusing the result of multi-
pathway edge extraction with the delay suppression amount, the final edge detection result is obtained. The 150
colony images from laboratory collection and AGAR dataset are used as experimental objects to test the proposed
method. The reconstruction image similarity, edge confidence, edge continuity and comprehensive indicators of the
detection results are 0.9629, 0.3111, 0.9159 and 0.7870, respectively. The results show that the proposed method can better
localize edges, suppress redundant textures, and maintain the integrity of subject edges. This research is oriented to
the task of edge detection, constructs an edge detection model that simulates the processing of visual information by
the retina, and also provides new ideas for the construction of image computing model inspired by visual mechanism.
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Fig.1  Principle of edge
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Fig.2  Comparison of the image processing results of the Izhikevich model before and after improvement

SR T B R S # Izhikevich R % B4 AT 4b 3
J& B AR BT AR L.

T FREAT I H bR BRI FE VG, AR SO 4
NIEAER Img #5386 152 BB 1) 0 ~ 255 [X
[P, a0~ R FTR
() = 255(Img(; i) — min(Img(;7)))
i€ {R, G, B} (3)

Forr, Img(;a) AT (;0) 2R 20 57 P2 WS i AT S5 i
1 R Go B = Fh it 4 5 BZ; max(-) A1 min(.)
I3 TS 8o R R B KR R MR ZR A
JCIREE A% 7y P, 23 i D AL A AT AL AT 4
J ™, R A B R A AL B R (e Y A S, S
BUE B gt AL 3. Horb, ALHESR i 5E 9% AR 45 4k
TGN PA R I3 i 9 =D AF B s aE e,
5 JE BN RX 45 2 1 BURE REA 2 IX 0 B H
PSR, L BB A RRMEER SO R M,
Ry G B Mgt & ER > ml5 A BT
FRZE TORE R | AR — 58 I [R) Y Rl A R AT Ik b A,
PR
fires(z, y; i) = Izhikevich(I(z, y;4)), i € {R, G, ]?}
4

7

max(I'mg(;4)) — min(Img(;i))

Hdr ) fires(x, y;i) ARG TTHI KPR BUIREL,
PRI # Izhikevich(-) Rl (2) 45 AR ZE TORE Y.
PUAT 4 o e 28U, 2 A T 95 T (1Y)
A0 GBI 8 SR IS, AT 2 i ) J%
HIRE 32 B AN, PR 22 0 5% D A5 FH AL 40 i 7 3%
SOPREAE S ALY BRI, BR T EERAE EUR AR,
P A B s oA = FE R RE 0. B RIE AR
WXt R EG T, BAs 55 st B AR K,
AR SO e — Foh &R PR 4 B AT R AT 200 5 J R e
JI gt 7%, CLE R H AR5 18 54 [\ 528 B2 0 EG )
ZRMENL, N TR
Thpse = m;ax(var([(; i))), 1 € {R, G, B} (5)

fireSRes(xv y) = mjn(fires(:v, Y; Z))v

Ibase(zy y) < ave(Ibase)

. B ) B (6)
firespes(z, y) = max(fires(z, y;i)),

Tpase(z, y) > ave(Ipase)

Horp, var() tWE BB 25 ave(:) THE B
FEME. A SCH =i ta 4y & BHMG 07 Z2 B K —
AR AFEAE R Thase, T H A BB R Lase (2, ),
N R S AR T P 35 R B O 43 B B O = e 4y
=K AR R B ME, R BB NEKE, B
LAF BT ) B tD 45 R firespes(z, v), SEBLTE
PRI S 350 50 5 AR X AR 1) X 338 IR 2 e 247 5508
JBA 5 PR A v X 8 AR A A B A T SR AR
XA E B =X a1, e BEA 5
WG, B3 TR T 5 B g A X A7 R 5510
G0 R I RE

12 ETERMNSHERNEEDSRNE

NHRVERL B AR, B BE IR R 2 i 11,

M MRERARERD 2 28 3 IR I IEh i Fe S AE L R JEE -

WG K L Bz 3, A Wit oSO8 IR S D 2 2

EEDERET. A ST B IR A AL E L, AR

Ji B K FE R Imggray EAIEE RN N 3% 3 BT

PERE D temp, 1% IR R RS B 8 A
T3 16 AT, an T 2R

tempy, (1 +p; X dz, j+ ¢; x dy)

{ (7)

0; = arctan b
qi

Dir(z, y) = mgax(sum(|temp9i —temp|)) (8)

b, p Mg REF T OO R 7 1R 0, IS4, HE
BB —1. 0 8 1, @ 5 IE V) B B RE % 15
FILL 45° AL N 0° B 315° 19 8 AN 3
JTTE), XFRE 8 NMUEh S R E 1 tempg,; da A1 dy 735
TR KA BT B RUE; Dir it HA3 3



(a) RE

(a) Original image

(b) Izhikevich 17
(b) Izhikevich model

S S i

(c) Btk Izhikevich #5744 (d) FoRE Rt

(¢) Improved Izhikevich model (d) Luminance perception coding

B3 ANF 5 O AR 9510 SR T v BRI AL B AR

Fig.3

R Eh 7 I FE R, Hrp MR R RE N Dir(, v);
sum(-) THEE O HEFEE . ARSI E &
IR S 22 7 8 K 7 TR iz sl i 4677 1), 73 31
% T 1~ 8 For.

P BEAFAE — R R s xtig sh il gm s . A J7
L FEPE A Z T (Direction-selective gangli-
on cells, DSGCs)™. £ Mz a3, Fe Ak
55 WAL (5 2., I XU 20 i Ab BE S AL s 45 ph 42
TR, U A ] 4 B OGRS B (ON) BUR )
AN OGRS (OFF) WK A, 37415
SN @K (ON-pathway) FHOGIER (OFF-
pathways) W2 IFATIE ), (L1845 618 3N FHDE
BB A B R T A 2T A R R LS ON AT
OFF WiFf, 22X} 45 a0 BT = AR (138 30 77 [m i
SORIE BRI, AR SCHRIE 5 x5 KN R E TR
B RO P A 8 71 24 U 52 B o 1 o X O 4 7 1)
HST7 1)t B 7= A PR i I Sl A A 4 ' 18 % R 4l
JCIEER A SN . DU I 77 [7) Y 45° BT IR de R 1w
2T M RS2 B i O oA, R ST

1, (y—2x)>0

I (@, y) = {0, (y—a)=0
-1, (y—2)<0

Sorr (T, y) = —dox (@, y) (10)

Wi Bk E S, WTRUE A 45° Y HALL A 0°
B 315° #9 8 NIRRT W, 5 E3Ce; (198
ANTTIRN . 2 JG AR SCAE S LS 45 R firespes
R 305 52 B A (R R/ Jy B 2 11 S, AR B0
J3 R Dir % R E 1A G s 5 1), B A [
FAH I 7 1] P I8 52 B9 8 11 R 52 B g 25 SR AT B AR
BE (ACHT S « R BRIEHE), 2 0fEH ON
A OFF &R, 1~ s

9)

Iz, y)= Y firesne(@i y:) *00(z, y)
i, Yi ESzy (11)
6 = 3 (Dir(e, y) — 1)

Different ways to process the image of colonies with weak edges

T, = Izhikevich(I,), p € {ON, OFF} (12)

7 & B MR BR TSN e84 5 1 E 1 2 () 3 5 e 8N
LD S PR BT [R5 JELUAE SR 400 DX B A 22 0 PR T,
[ ON Fl OFF 943 38 4%t H 75 6 ) ¥ iy 2 B A
FE BRI 7= A A R, TR A SCR 1 Rk s
(VR i 77 2, ¥ Ton F Torr 18 CONPRIEES 5 X
ik e R TBCRST TR ) S ) B TR) B ) A SR 2 i 5
25 B K 1A B R R TS [R] % B 0.25, 24
SR ) KT 30 WS IR 5, T IR R 34T Kk
TR 22 0 R A 4 Wy A 1 25

1.3 SZHFHERORIERSERINEIE

AR ) B o 22 5 200 L XoF ' 0 8 s L ) 3o A
A0 G BURR AR A8 A 2 Y 25 52 10 b 428 70 R S B
). W FER I, 40T b B ORI 44 28 70 I B ZE
If i/, SRR AT B ARG Rz, T OB SE
IR, e 2 o R, BRitb 2 Ab, J7 IR 22 5%
oo 4 TCIE B, RARHT S I 1 77 17 A AL P A
2 A ) TR S B, 78 52 B A R P A8 5
PR [R5 O . DR, AR SCRTNHE R R i 42 7T
JE IS R TBONLI), 25 R& 7 1) NS Ll JBE %o 4t 28 e U
S, e 3 K S I R AR . Se A A SR R
FUBSCER B B0 SO EL B, R U
w(zi, yi) =

0.5 <cos (i \/(a: — )+ (y — yi)2) + 1) (13)

L(z, y>=% S ey (@ y)  (14)
Ti, Yi ESay
Con(z, y) =
1 U, i) — Lz, y))* (15)
J # st(x W ey

Horb, w(ag, yo) NE DBCEREL, LR ERIR, Con



1776 H 3

S 49 %

AR, S,y ALL (3, ) NHFOMR HE D,
(26, wi) AITER R OAMORRE, ws AR
FEIEK, p= Y, es., @@, vi). ZIFERR
87 B T R T AR 8 T 125, DB
T L BOREADN LA JEE K/ 5 P PR R 322
Z, W R B, 0T R

T, Yi €Sy 4
(16)
DCon(x, y) = exp (W) (17)
D(z, y) = Dpic(z, y) * Doon(z, y) (18)

HA, Dpi(z, y) T Deon(, y) 535 2275 77 1) ZE I 410
il 2 AN B B ZE B 4R B D(w, y) AT HEAREIH
LR SERH A, ADir (2, yi) NEART A2 T
BN 5 A 22 57, Bl SO min {10(24, i) — 0(x, y),
21 — |0(zs, vi) — 0(x, y)|}; 0 FF V&5 %] LU B S B 4170
il .

¥ bSO ST B P B 8] FE B Tox 1 Topr
Hp HEAT Ik Rk R TR R 28 T 5 45 B SE N 4 ) B AR
hn, FRERE 1A BB AR (A 0.25, K4 4
B F i A R BT (8] KT 30 IR & o i BN A K
i, B E AR S, e 2 WA E Rl S R EE
(19) A58 (20) 452 P9 IEE L LKW S5 R Reson M
Resorpr. W), B PIBES I E RS, HRIRA
BN EER Res, 10 R AR

Resp(x, y) = Tp(z, y) + D(z, y),

p € {ON> OFF}a Tp(gjv y) 7é 0 (19)
Resp(z,y) =0, Resy(z,y) > 30 (20)
Resp(z,y) =1, 0< Resp(z, y) <30

Res = Reson U Resorr (21)

2 HERIE

TR DX ST A0 i 43 S P A 3G R G B AR
P, AR SO 4 Fros B ERRAR, BRI T

1) R4 ML DX JBEAE A1 S 45 8 S I M T
PEHERIING, TER (1) FRH Izhikevich B |
PEH ekt Mg =l (2) Fos A B IE B 1
Izhikevich f#Y.

2) MRE R (3) FAE A I B b i B 5 g 2
0~ 255 X [AI R FEE #3640 B9 3 Ml 1 (1) B
o, AR (4) B0k Izhikevich 154
AT K T

3) MR (5) K77 Z TH S B HE R,
Gl FEUE ERARIE 3 (6) X =30 T8 ok vb 2 i 45 SR
AT LRGN i, 49 318 B G i 25 SR

4) & BN E R Eh AL, ARPE= (7) A=t
(8) it ik 5 Pl Fry Ak i PR B BUREAN #0282 T ) i e 7
[, 15 205437 MR R, #E R AR (9) A= (10)
P 8 AN 1) B 7 Tl e B 1 Ao 2 1 4 i J 2 7 1 1

5) M4 (11) Al (12), BEZBFH O 553
FE gt BURE B IZ 5, I Izhikevich F28Y b
3% ON 1 OFF 3@ 5 (115 & Mk i [ B, A R
PR IR TE PRI 30 5

6) MR (13) ~ 20 (15),
KRG,

7) 5 B8 E AR G ik Hi S e G e %k
T AERHE T, ARAER (16) ~ 20 (18) Mg FE R S0
PR FEARPE 20 (19) F1K (20) K SCEE 1) A5
TR 79 SR T PR 4 120 5 M A il

8) MR (21) ¥ 518 i SUEE AN 1 S5 0 &5 SR AE
PR ATYI AL AT BE G, 15 B B 200 2 B 25 4L

3 4R

9 1 B A L7 R T B L Sk D ) A R
P, ASCEFE Canny J7iEAHAD 3 Fh AR T-#022
TGS A G N T iR R R L, kAT E
FE BT, A, SR (4] IR EE T TR
i v BB L )30 A M 7% (Synaptic plasticity
model, SPM), H % b A= 307772 00) 5510 5 1 1 i
BT R, IEFESCHR [24] F& HH A2 T 00 ) 4 5
(1) 2 JZ M4 TeE I R g 5 A G I 77 7% (Inhibit-
ory synapse model, ISM), J&ilE A 3C 1 4E i #1112
FEFNH TUR S TT A B S8 )5, 30k [25)
2 HH %) 25 T TR 2 AL 38 B8 7 ) BBURR ) 0 RA Bk
W 777% (Orientation sensitivity model, OSM), %}
ARSI ERAE A TU AR S A [R) I DR A7 I S R B 8
Bk ERRES fJE, ARSI E B, a2
B 5 BE SR RN 2 i )5 (1) 5% (No luminance coding,
NLC) 1E N R, DL UE A ST EAR G R 2
A5 TIRE 0 5 B BN G A SR I A Ak

ASCAT Y S 58 AR AN S0 R AR B TR
BIGA AGAR HdR 4P fESEIRN 5. A& B
FEMBOATEAS LR, TR 56 S0t 52 2 K
IRBE & R s 5 MIAEAE T 22 2 IR BE IR 1A 245
B, HEAS 5 SRS B KRB AR,
FH TR EERT B 57 AR AR AN 55 10 2% 1) U
ARSI I R R AR AL K 150 5K 512x512 B K/
MR E A, Hod 38 Bkok H S =R A, 112 5Kk
H AGAR ##l 4. 25 70 it BT 6 Fhid s

= A
GifaR

PR A



8 R0 A5 WL IR B8 K i 2 e il J2= R A Y 1777
o B wy () PRI
rigina; image E .l.'. i Luminance coding layer
| o s () .
ires —
1)-2) T W — I IR
2 0 lp| Luminance
perception
coding ;
7\ *
ST i 4t R
HAEE R Luminance coding
N - Basis image result
Rk e
Fixational eye P> :
iz movemont Variance ;
Grayscale image ON- i et i A LB
D 3 ON-result Edge extraction layer
5 T
Wﬁlﬁvin@i OFF- @i
XF LR . & OFF-result
Contrast origntation T~
6)
Jik R SE I SR A 2
* Neuron spiking delay layer
Il B 41 5 VU |1, e Edgenewon i
Neuron spiking delay Ly hos : : w mmm Noise neuron X
| 7) : g 1o % = Non-edge neuron !
> 1 & ! I o 1
: 0fF-----B----B-- -o—.»l , 30t -F---BH---B-- -
AL 5 . o !
Edge detection result —V: I : :
'-2 ! 5 N : : . " ! ]
. O3 I 123456789 | ! 123456789 1B
== t_ _ Newonmnumber | __ Newonpumber _________ !
S L AU B D _
:jS:; Multi-pathway edge fusion |
i3 ,:
.o'..(:
4 DGERMEEREE
Fig.4  The procedure of edge detection algorithm
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Fig.5 Edge detection results of Colonyl to Colony5 (The first line is original images; The second line is the results of
Canny; The third line is the results of SPM; The fourth line is the results of ISM; The fifth line is the results of OSM;
The sixth line is the results of NLC; The seventh line is the results of the proposed method)
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Clde == — (30)
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Eldx = w,MSSIM + w,Bldx + w.Cldx

1 (1 B EdgeNump)

Ws = 2 row X col (31)

1
Wy = We = 5(1—108)

Her, row M col 73 5 R IE BEUE AT E 10 5. T
A2, R R R & I RE R PR R 1~ 3R 5 B, B
BEFEA R 6 Fior.

1 AFEKEITTET P AU MSSIM
Table 1 MSSIM of different methods

MSSIM
Canny SPM ISM OSM NLC Ak
Colonyl 0.7452 0.7725 0.8357 0.9265 0.9175 0.9371

Serial number

Colony2 0.7951 0.7971 0.8490 0.9528 0.9447  0.9725
Colony3 0.8576 0.8662 0.8314 0.9149 0.8337  0.9278
Colony4 0.9690 0.9827 0.9838 0.9887 0.9893  0.9972
Colonyb 0.9634 0.9758 0.9780 0.9771 0.9883  0.9933

* 2 AEAITETRLS%EEY Bld
Table 2 Bldz of different methods

Bldx
Canny SPM ISM OSM NLC A&k
Colonyl 0.4988 0.4618 0.4307 0.5801 0.5058  0.6026

Serial number

Colony2 0.1821 0.1537 0.1553 0.3365 0.4615  0.4479
Colony3 0.1983 0.1510 0.1610 0.2634 0.1263  0.3257
Colony4 0.1631 0.1488 0.1906 0.1437 0.1521  0.2016
Colonyb 0.1620 0.1896 0.1902 0.1882 0.1735 0.1654

* 3 AEKIT LT A% ESEN Clde
Table 3 Cldx of different methods

Cldx
Canny SPM ISM OSM NLC Ak
Colonyl 0.8377 0.8530 0.8601 0.8676 0.9749  0.9652

Serial number

Colony2 0.8069 0.8655 0.8533 0.8293 0.9177  0.9518
Colony3 0.8064 0.7408 0.7293 0.8269 0.7764  0.9406
Colony4 0.8143 0.8611 0.9044 0.8430 0.9015  0.9776
Colonyb 0.9047 0.8448 0.8632 0.8592 0.8709  0.9571
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F4 ARKNITE TGS eSS Elds
Table 4  Eldz of different methods
Eldx
Serial number
Canny SPM ISM OSM  NLC A hik
Colony1 0.7047 0.7122 0.7344 0.8173 0.8219  0.8473
Colony2 0.7191 0.6508 0.6722 0.7633 0.8244  0.8291
Colony3 0.6048 0.6543 0.6363 0.7258 0.6402  0.7784
Colony4 0.7287 0.7432 0.7649 0.7363 0.7454  0.7690
Colonyh 0.7231 0.7454 0.7512 0.7443 0.7262  0.7737

IINTIAGEELE R 6 1K 1 i) MSSIM 8
FRA] T, o U I R AR KRR IR T b4 e
AL T R A P RORSE HR I R 1 S R ) BT RN I R 1
WG o5 E R R AU RN, Kb BT
Canny. SPM Hl ISM (A5l 45 A 2 ki % %2k,
KL 7E Colony?2 F1 Colony3 ZE & AN 358, Bk
FEEE R G ) B R g SR b 2 IR 8 AN 5 ) (R AL
Bk, [ E AU TR, sAt, T 993 4 ik
AR T T RBEEEH Colony4. Colonyh
W R AAFAER V. OSM J7¥E7E Colony1. Colony2
R BRI S R, SR EEMOE ST L
i 3 Fh7i, (BAE Colony3 1 HL B 1 341 2 W 24 70 Py
B BOA A IR, 7E Colony4 7= A= #4314
ZFE 0, MAE Colony5 I RAS I H T &2 P4 s i
BRI 7 e, T I R R R R S TR T AR [ TR
NLC 7770 B F [F B R B A 58 B v, AR 1)
MSSIM Fataf& T OSM Fi%. MHELZ ™, ARk
(1) H R A RUE SR PR AR, 75 5 Kk E % K&+, BT
AW LT R S A B 2R AR A 5
Fork s BT oe B I T IR E AR,
D] 1 B 7 PG R ARV I H AR R IR i
5 Al A, A VEXT 150 5K 5 7% R ) MSSIM
FEbRAH EEH A 5 RO EE D AP T T 18.60%- 14.16%-
10.78%- 2.20% F1 4.85%.

TR 24 % 3 Mk 4 Hh ) Bldx. Cldx M1 EI-
dr FEARAT SN, A SO vE SR A R RIFE L T HoAth 5 Ff
J7ik. Horh ) SPM AT ISM J7 v (b g S EAS 2
HAAfER 2GS, SEUN% BASEMLS%IES TR
b T F%. Canny J7 VRS E 1 08 & 14 FH i A

AREE TR e DASHE i 2% BB A5 P il 2 s YRR A
UL L2 MO FE S, OSM J7 ikl 5t
S9I0 GRURE T R 3 ROk, A% E
(SRR T S TR . NLC 77 T % il gt
SR () S5 2 R R Ny, DRI UL i e 4R bs L —
SEMLS, HILZ W AR A H B fE
TSI L FE BN R i ) VU SN 25 5 R AR T 2
&, AL e br LRI 4. [, St B0
SR A R, G EEE RS, HE S
AL RN, AR THTiEXT 150 5k b6 7% BAE ) Bldx fa¥r
AH B A 5 Fl 7 vk AR FE T 48.78%- 80.45%
82.78%- 12.60% 1 5.82%, Cldz ¥&tw7 WAeTt T
17.40%- 15.53%- 14.06%- 11.46% M 2.30%, %4
febr Eldz W5 53T T 19.82%- 17.52%- 15.72%-
7.21% F19.14%.

4 1ig

MR Y5 LIRS 56 5 FEnT kN, 1o B A0 o T
(P &5 BRI AR A AR SCT7 vk B R AR ) 25 S T Xt
LU (A F At 5 7.

Canny VARG AV R g0t BSR40 %%
IFEECRE 0, T Ji i G RR T | i i R 25 2
JREGEAT IR, BARIEAS I B LA A%, (B0
FRbR AL T HAR K, ELASE A vy W gl O b A7 T A R 1)
1T NS BN 550 G AN UK. SPM F ISM J7
LR LA log-Gabor JiEJE 48 $& HUE 2 11 25 )5 T 4 A\ A
28 M 4% HR RS SR B, xRl Ak 3 ST B0
M5 RAFAEE 2 BN, R A 2. OSM
T3 CA % U7 ) B BE SR RS 1 2, FRE A& I
20 V) B8 R Il 5 BEE 2 S N DR 52 S AR AR T A
o R T S5 A BE AR EE A b 3 Fh Tk
Folh, H& TR bR A BB T (X 5510 2 i
MR SR IL S, T OSM 7 ARl %
PEECAT AX AT B AR AT TRALEE, TEVAR R A I H
Fr B AREAIE 15 2 2 = A WU 7R 1 B L, K] ek T
SRIN S I G NIL G X e 1A BR, X DL
Jai == 300 2% e M RN I L S ) 75 3R NLC Jrvk
TR FEAI I JI6% A 6 S8 52 28 5 AN (] KT 5 B ) R

® 5 AFERTITTE T HIB AN SR bR A2 B AR 22
Table 5  Average and standard deviation of indexes of different methods
Canny SPM ISM OSM NLC ARCTT
MSSIM 0.81194:0.0649 0.84354-0.0863 0.869240.0778 0.942240.0291 0.91844-0.0609 0.9629-0.0335
Bldx 0.20914-0.1542 0.17244-0.2056 0.17024-0.1023 0.27634-0.1401 0.29404-0.2221 0.3111+0.1604
Cldx 0.79724+0.0279 0.81014+0.1125 0.8205+4-0.0561 0.839740.2050 0.91494-0.0857 0.9359-+-0.0306
Eldx 0.6568+0.0562 0.669740.0548 0.680140.0513 0.734140.0281 0.721140.0860 0.7870-£0.0437
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Fig.6  Reconstruction results of Colonyl to Colony5 (The first line is original images; The second line is the results of
Canny; The third line is the results of SPM; The fourth line is the results of ISM; The fifth line is the results of OSM;
The sixth line is the results of NLC; The seventh line is the results of the proposed method)



1782 =l 3

S 49 %

i, RE R EER AR, AR d RS EE
ToVE U E AL 5510 5 5T SIS F AL, A T5 %
FAEE NLC T3 51N 1 A0LHESH i AIARLAT 48 i 0 750 ¢4 o
SEIERFAE I AL BRRE 7, # 1 PR Rk i B 2= A i Tt
RE PR i, 4D T A0 A AR AN ) S8 P KPR H
A B &N, WAESE 7B R, £ 2
o3 F AR 5 18 57 0 RTINS Y R 0 K 20 B v P
It %, NJa SERIL AR ISR SRR

34k, SPM 25 J& 1 #h£2 Jla) i) SR il v 28 1%, R
I8 SR Ak By 5 A 22 70 1 R R TS TR R 58 oK s A
RS R A, ISM U2 2% FE A 22 o Nl 41l g
i 5 KA 22 TONS 5 AR T AR E . X P A
JIEHARN G B T 8 R RK R (8 2 b, R BETE 725 18
MR 2 b g5 07 AR SERME R, BRI TE 18 A2 40
i D 120 % 1) RE 7734 2 5 A6 T2 30 G (e 1 B BN
BR. OSM [FIFEGIN T MMk ML, JFet— L5081
22 0 18] B G TR B AN SR A S R T 1 Y
SCMORAIA A S 8 TCAR, — EFE L LikEs 10
LRI, BB TSGR EEREAY, /£
R T ik i S5 g W R, % B I5
GBS R R E AR T A7 ik, RS54
BT 406 OGP B BRI R IR UL G L, fE A
SRR FE R B RIS, EAKSWE
EHIOEN LT da seuike 375 PSP A rke SURS 4 K AR5
4f. A, SIS TTIE R R, 25 58 1 X
BU X A 22 o3 1k A R, Oxk 0O 3 25 (1) 53 5

(a) Image distortion

(b) HEE IR
(b) Colony redundancy

7
Fig.7

R, RGBS . BRILZ A, R
TR bR E — S EASE S A X T U554 N &
] Colony4 1 Colony5, /& A J5 1 52 B A H
T BARE, AT B ST A 5 R T,
2 MSSIM fabr# L B EM, H—7ET MSSIM
FEPRTE BV 51 S B ACE A IR B R BT 2
RAHELL R Z 5, HZ7E T Colony4 #l Colony5
UG LS T oy BE IR L 2, %307 () B
ERPLE VAR MSSIM fakx. BbAh, HRE |
MSSIM 75 Bk 575 30, Rl g5 R i e R a0l
Rt 5 i o B A LS B 7. 3 4k, Colony2
A Colonyb WA STV 1) Blde 48 b5 I AN Ge ik 3]
6 M ER R, HERET Blde it E AR R
FE AR AL 0 0 2 AL R A R P SR A R — 55
BRI ReE, FEABEh DI s Bl A2 15 O LS
%. 1M Colony?2 1 Colonyb H 5514 2 3|85 5t K +%
FERRFEARALIR /N, R Blde W\ oN&dE1h %, Rk
JIiET L@ e BIdx A o 46 LA T A 20
X0 2 (PR BOR T Dby SR e 2.
ATULE M, 5LATENERRAE L, B — I EAR A
REAERR L PPAN — AN BRI R

IR — W AR SC 7S B R 150 5K A I 25
R, R T — S AE M B 224, Wl 7 B, B
Je, AT BURTE T R Bk A S T AN
()55 77 ML 7 R B V& AR S KV, B Ao A %5
FEAEAEAR R 22 57, N 1 AR IE B 3 7E A AT 5 1)

e b

(d) HYEF%E
(d) Colony adhesion

() BWIVEBRE
(c¢) Colony breakage

A7 7] L) 22471

Cases with problems



8 SRR B A5 R A R D B JR A R A J2= R A 1 1783

BUG BB A IE B & E, AR SCTE R iR R 2
R A T P PR bR 0 3 AN [R] 1) 2 1 RSS, 150
150 15 % 200x200 18 R 55, F¥ RN 25 RAR ik
K&E 512x512 G &K, XA # kb2 S EEG L
AT R S EAL S UL SUX SN
B (B 7(a)) Bl AR s sk & 7 sNRe g e —
SEFEE LR EE I B R AE A RS (E TR T
WO IR0 2, 23k — 5 IR ot 55320 5 A 00 X
FLUR, A SC 7 7 ) 2 P8 TR e ¢ L 35 Tl Jak sz 38 ) ek
xS G AT S K43 #] BT X Tzhikevich
BERLf 7 ok, R RETE — e FE R LoD H bR N
ERRITUA, BT N B SCHASRAE B 2 BE TR
W Z T AT (B 7(b)), HEEA S i
ol A S R S BT R () LR A 2 5 BUD s ) 2%
W (K 7(c)). BeJa, AT TR (K 7(d))
N Z A B — 2D AR, Ul [X 4326 B VR 181
Iy PR RN TR PN BB ) S0 7 J 48 TAR R %% B

A7 BARIE SEIR IO T A AT AT
M, EE R 2 7 B ok i 7. A IR e Xt
LU RE . Bt 5 ) 45 R RRIE A B A — 5 O b B g
77, BSR4 L S5 ) A 1 R A v I T A AR Y
{4 R R RIVI AR, FALE B )5
SRR, Bl AU BRI RO AL B 2, e il
BT 4 215 2158 A0 DX 5 (1) A AR AIE i S A Y 1)
AbEE, L RIFES A ) a0 5 e B L 4R o) 5 fk
) ) 765 T 2 S5 AL R I O, S i 0 4D o X D) e
BN AR A | i 28 55 B T A% 1) AREIE 28 45 1tk b =
AN E— 2B AT A IR, BERE L 4L 2
WL R ANIR R, MMEAR S A E L2 &
P T AR AN T P2 40 R T, IR 2 S R A T
TS T 25 e 2 T R S I BB R AR AR A
ON-HHZFT YA AT OFF-#81 £ 5 41 B 62 sh 5 7 1)
JECRIRE 77t 2 R B H AN R 138 1 8 OB 1 1 e
& T RGUA B B ER , BA T R
RUREXT FEAT 58 A AN, (H A5 28 T 0k A ik AR
FASK BB MG BE T LM A B EE /. TEARKRW
AR, B g 1 i bR DL AR 5 2 23R 1 0 2 R AL
], K A4 FE R R IR T AE A ) G T B
KA.

5  ZEip

ARSI L GAT AL ST, B RO FEALIR R o 2%
Jr AL RE A B AR R RE 7, AU 0 o A A 1Y
2 BB AR AN G A5 7 A I S AG AT 5
F 5 B H 3 B BB ) Tzhikevich #HZ 70, Jf:
L3875 FEOGIR 2 A LT 240 R ALAE 20 4 2

e, L2 KPR BN SR AN H AR A B
X 7 e 77, ARG 45 B RS AL AT B 5 AN pi &
JCHI AR IZ B 77 18], MR 5 ) e 43 P 4 4271 4t B o)
137 I BUR PV REYE, AR B AR A 46 -0t
XU B3, » AR E bR A%, BE S A
TG HIE P A1) R o6 el 22 4 PR R ok B AR )
) 22 Foh AR I T B3 45 A9 4468 0 4D B IS 10 1) 2, 0
LU S AR 2 0 IR B e 4 Ui 4 1 A D
SEREA, BRR&LLGRMNGER. R 150 KIE
ARFIE 2 FEA IR 18 78 S AE VARSI B AR 38 1E A ST
TR 20, SR 25 S S S AU MSSIM.
W4 BA5E Bldy. WG ESM Clde M4EEFE R
Eldy, 3¢5 HAh 5 R 7 k06 LUk 4T 2 P € ',
AT RIAR ST 7 30 TR B W T L R oA BRI
BORHXT T I, B HINIL% R E TR, &L
PR SE B T AT X0 A 40 R4 BE 0t T B
AN E) S KT TEAS Rt 15 007 B RN 2% )2 1K
() B V& S A 2 R 3 N, A8 FAdox L o7
T, WO AR RS 0% BT B A PRSI S SR R A T B Y
A TRUHE 2 R R B

References

1 Gong X Y, Su H, Xu D, Zhang Z T, Shen F, Yang H B. An
overview of contour detection approaches. International Journal
of Automation and Computing, 2018, 15(6): 656—672

2 Yedjour H, Meftah B, Lézoray O, Benyettou A. Edge detection
based on Hodgkin-Huxley neuron model simulation. Cognitive
Processing, 2017, 18(3): 315-323

3 Luo Jia-Jun, Wu Wei, Fan Ying-Le, Gao Yun-Yuan. Multi-in-
tensity edge detection for colony images based on the function of
photoreceptor in visual system. Chinese Journal of Biomedical
Engineering, 2014, 33(6): 677—686
(B8R, U, TR, @Bl JE TSRO0 E Dy Re B VA BB
LR EL G M. T E AR TR %R, 2014, 33(6):
677-686)

4 Fang Fang, Fan Ying-Le, Liao Jin-Wen, Zhang Meng-Nan. Im-
age edge detection method based on synaptic plasticity mechan-
ism. Journal of Huazhong University of Science and Technology
(Natural Science Edition), 2015, (S1): 200-202, 206
(J775, WReSR, BRI, TRAPIE. HET- 40 24 70 S fidm] BB PEAL ) BB
WG M TTE. P RO R (A RB AR, 2015, (S1):
200-202, 206)

Fang T, Yuan J T, Yin R, Wu C L. A novel image edge detec-
tion method based on the asymmetric STDP mechanism of the
visual path. Wireless Communications and Mobile Computing,
2022

6 Wang B, Chen L L, Zhang Z Y. A novel method on the edge de-
tection of infrared image. Optik, 2019, 180: 610-614

7 Chaoui C N, Ghomari A, Meftah B. Edge and anomaly detec-
tion of brain magnetic resonance images in a distributed envir-
onment. International Journal of Imaging Systems and Techno-
logy, 2022, 32(2): 642-657

(S

8 Ocko S A, Lindsey J, Ganguli S, Deny S. The emergence of mul-
tiple retinal cell types through efficient coding of natural movies.
In: Proceedings of the 32nd International Conference on Neural
Information Processing Systems. Montreal, Canada: Curran As-
sociates Inc., 2018. 9411-9422

9 Maheswaranathan N, McIntosh L T, Tanaka H, Grant S, Kast-


https://doi.org/10.1007/s11633-018-1117-z
https://doi.org/10.1007/s11633-018-1117-z
https://doi.org/10.1007/s10339-017-0803-z
https://doi.org/10.1007/s10339-017-0803-z
https://doi.org/10.1016/j.ijleo.2018.11.113
https://doi.org/10.1002/ima.22647
https://doi.org/10.1002/ima.22647
https://doi.org/10.1002/ima.22647

1784 =l 3

¥R 49 %

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

ner D B, Melander J B, et al. The dynamic neural code of the
retina for natural scenes [Online], available: https://www.biorx-
iv.org/content/10.1101/340943v5, January 31, 2023

Izhikevich E M. Simple model of spiking neurons. IEEE Trans-
actions on Neural Networks, 2003, 14(6): 1569-1572

Ruda K, Rudzite A M, Field G D. The functional organization
of retinal ganglion cell receptive fields across light levels [Online],
available: https://www.biorxiv.org/content/10.1101/2022.09.15.
508164v1, January 31, 2023

Ding W, Xiao L, Jing W, Zhang P M, Liang P J. Population
activity changes during a trial-to-trial adaptation of bullfrog ret-
inal ganglion cells. Neuroreport, 2014, 25(10): 801-805

Hiibner C, Schiitz A C. Rapid visual adaptation persists across
saccades. iScience, 2021, 24(9): Article No. 102986

LiY C, Cohen E D, Qian H H. Rod and cone coupling modu-
lates photopic ERG responses in the mouse retina. Frontiers in
Cellular Neuroscience, 2020, 14: Article No. 566712

Szatko K P, Korympidou M M, Ran Y L, Berens P, Dalkara D,
Schubert T, et al. Neural circuits in the mouse retina support
color vision in the upper visual field. Nature Communications,
2020, 11: Article No. 3481

Grimes W N, Songco-Aguas A, Rieke F. Parallel processing of
rod and cone signals: Retinal function and human perception.
Annual Review of Vision Science, 2018, 4: 123-141

Rucci M, Ahissar E, Burr D. Temporal coding of visual space.
Trends in Cognitive Sciences, 2018, 22(10): 883—-895

Huang X L, Rangel M, Briggman K L, Wei W. Neural mechan-
isms of contextual modulation in the retinal direction selective
circuit. Nature Communications, 2019, 10: Article No. 2431

Solomon S G. Retinal ganglion cells and the magnocellular, par-
vocellular, and koniocellular subcortical visual pathways from
the eye to the brain. Handbook of Clinical Neurology, 2021, 178:
31-50

Sugita Y, Miura K, Furukawa T. Retinal ON and OFF path-
ways contribute to initial optokinetic responses with different
temporal characteristics. Furopean Journal of Neuroscience,
2020, 52(4): 3160-3165

Kerschensteiner D. Feature detection by retinal ganglion cells.
Annual Review of Vision Science, 2022, 8: 135—169

Jacoby J, Schwartz G W. Typology and circuitry of suppressed-
by-contrast retinal ganglion cells. Frontiers in Cellular Neuros-
cience, 2018, 12: Article No. 00269

Tacaruso M F, Gasler I T, Hofer S B. Synaptic organization of
visual space in primary visual cortex. Nature, 2017, 547(7664):
449-452

Liao Jin-Wen, Fan Ying-Le, Wu Wei, Gao Yun-Yuan, Li Yi.
Image edge detection based on spike coding of multilayer neur-
onal population with inhibitory synapse. Chinese Journal of Bio-
medical Engineering, 2014, 33(5): 513-524

(BHESC, YR AR, BUA, M, 2k, STk R 2 JZ 0 2 e
TSR A B ) PR A . v A 2 TR 4R, 2014, 33(5):
513-524)

Wang Dian, Fan Ying-Le, Zhang Meng-Nan, Wu Wei. A hier-
archical image edge detection method based on orientation sens-
itivity of visual pathway with synaptic connections. Chinese
Journal of Biomedical Engineering, 2015, 34(5): 522-532

(E, JER2R, dkA A, B T SR A MLE i 7 e SRR B 1
8o RIA AT TT . R AP TREAR, 2015, 34(5): 522

26

27

28

29

30

31

32

532)

Majchrowska S, Pawlowski J, Gula G, Bonus T, Hanas A, Loch
A et al. AGAR a microbial colony dataset for deep learning de-
tection. arXiv preprint arXiv: 2108.01234, 2021.

Govindarajan B, Panetta K A, Agaian S. Image reconstruction
for quality assessment of edge detectors. In: Proceedings of the
IEEE International Conference on Systems, Man and Cybernet-
ics. Singapore: IEEE, 2008. 691-696

Meer P, Georgescu B. Edge detection with embedded confid-
ence. IEEE Transactions on Pattern Analysis and Machine In-
telligence, 2001, 23(12): 1351-1365

Mo Shao-Qing. Research on Edge Detection and Its Evaluation
[Ph.D. dissertation], Tianjin University, China, 2011

(BB . TAGATI B AR IE R [ L2 A ], KRR
% W, 2011)

Niell C M, Scanziani M. How cortical circuits implement cortic-

al computations: Mouse visual cortex as a model. Annual Re-
view of Neuroscience, 2021, 44: 517-546

Huang X L, Kim A J, Ledesma H A, Ding J, Smith R G, Wei
W. Visual stimulation induces distinct forms of sensitization of
On-Off direction-selective ganglion cell responses in the dorsal
and ventral retina. Journal of Neuroscience, 2022, 42(22): 4449—
4469

Kupers E R, Benson N C, Carrasco M, Winawer J. Asymmet-
ries around the visual field: From retina to cortex to behavior.
PLoS Computational Biology, 2022, 18(1): Article No. €1009771

e8I WA R S s N T m ) ik
Az 2020 EIRAF ALK K LK 22
R VAN S 3G DI LS L S WAL
S

E-mail: 201060093@hdu.edu.cn
(ZHENG Cheng-Chi Master stu-
dent at Hangzhou Dianzi Uni-

versity. He received his bachelor degree from North

China University of Water Resources and Electric

Power in 2020. His research interest covers pattern re-

cognition and image processing.)

SERR BUIN T RHEOR R R
2001 £EBRATT R AT 22000, 2 20T
FIT AR ZAE B, FLES AL FIAL
e ] ARSGEEEE

E-mail: fan@hdu.edu.cn

(FAN Ying-Le Professor at Hang-
zhou Dianzi University. He re-

ceived his Ph.D. degree from Zhejiang University in

2001. His research interest covers neuroinformatics,

machine vision, and machine learning. Corresponding

author of this paper.)


https://www.biorxiv.org/content/10.1101/340943v5
https://www.biorxiv.org/content/10.1101/340943v5
https://www.biorxiv.org/content/10.1101/340943v5
https://www.biorxiv.org/content/10.1101/340943v5
https://www.biorxiv.org/content/10.1101/340943v5
https://doi.org/10.1109/TNN.2003.820440
https://doi.org/10.1109/TNN.2003.820440
https://doi.org/10.1109/TNN.2003.820440
https://www.biorxiv.org/content/10.1101/2022.09.15.508164v1
https://www.biorxiv.org/content/10.1101/2022.09.15.508164v1
https://doi.org/10.1097/WNR.0000000000000191
https://doi.org/10.1146/annurev-vision-091517-034055
https://doi.org/10.1016/j.tics.2018.07.009
https://doi.org/10.1111/ejn.14697
https://doi.org/10.1146/annurev-vision-100419-112009
https://doi.org/10.1038/nature23019
https://doi.org/10.3969/j.issn.0258-8021.2014.05.01
https://doi.org/10.3969/j.issn.0258-8021.2014.05.01
https://doi.org/10.3969/j.issn.0258-8021.2014.05.01
https://doi.org/10.1109/34.977560
https://doi.org/10.1109/34.977560
https://doi.org/10.1109/34.977560
https://doi.org/10.1146/annurev-neuro-102320-085825
https://doi.org/10.1146/annurev-neuro-102320-085825
https://doi.org/10.1146/annurev-neuro-102320-085825
https://doi.org/10.1523/JNEUROSCI.1391-21.2022

	1 材料和方法
	1.1 亮度感知编码层
	1.2 基于固视微动的多方向双通路边缘提取层
	1.3 多特征脉冲延时纹理抑制层

	2 算法流程
	3 结果
	4 讨论
	5 结论
	参考文献

