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A m o d ifi ed m o d el fo r d yn a m ic Pr o Pe r tie s o f

v isu a l r ec ePtiv e fi e ld
长

CH E N Yu z hi (陈育志 ) “

(J
a l〕o ra to 叮 o f V isu al Info rm

a tio n p ro e e s s in g
,

w A NG Y unj iu (汪云九 )
a n d Qx x ia n g lin (齐翔林 )

In s t it u气e o f Bio p hy s ie、
,

Chin e se A
e a d

e

明
o f Se ie n e e s ,

B e iiin g 10 0 10 1
,

Chin a )

R e e e iv e d A u g u st 19
,

19 9 9 : re v is
e
d S e p te mb

e r 6
,

19 9 9

A bs tr a ct Th
e e x te n d ed G ab o r fu n e tio n m o de l fo r v

isu al re e ePt i
v e fi eld (R F) w a s m o d ifi e d by s u b s titu tin g th e

te
rm rel

a te d to tim e wi th two
一
o rd e r in te g r a k e rn el o f r fu n e rio n to g e n e r at e a n e w

m od el Of R F
.

A s e r o f the m o d sfi e d G ab o r m o d els (MG M )

花e e p tive fi e ld s a * diffe ren 门e v els of 四m卿
v is u a l p at hw ay

.

C a n
p re s e n t the m aj o r

m
o
d e l e a lle d m o d ifi e d G a b o r

fu n e tio n

sPat io t e m Po

ral Pro Pe rt ie s o f n e u ro n a l

e d 场 M G剐
, are 10 9 。。d a『 e e m e n t wi *h th e o b s erv at io n s in

T h e tra n s
ie n t re sPo n s e s ,

d yn a m ie p ro pe rt ie s o
f R F s im u lat

-

ele e tro p场
5 10 1嗯ieal e x Peri m e n t s

.

价ywo
r d s ; 村su a l r e c e p tive 月eld

,
d yn a

而
e
讲
。
衅d ,

.
m o th em

a ti c a l m ed d
.

电

In th e la te 19 8 0 5 ,
the d e v e lo p m e n t o f re e e p tive fi e ld (R F) m 叩p in g te ehn iq u e s u sin g a d v a n e e d

e o m p u te r a n d p o w e

rfu l m a th e m a tie al to o ls (
s u eh a s w hite

一n o ise a n a
ly

s is ) fa e ilita te d the stu dy o f d y
-

n a m ie Pro Pe ri ie s o f n e u ro n al R F in v is u a l p a thwa y
.

By th e s e te ehn iq u e s , a r aPid a n d Ps e u d o 一r a n d o m

s tim u lu s s e q u e n e e e o n sis tin g o f p a tte r n s o f light sPo ts o r b a rs e a n b e p re s e n te d
.

A t the s a m e tim e the

n e u ro n al s p ik e tr a in 15 fo u n d to be e o rr e la te d to the s tim u lu s s e q u e n e e
.

Th
e n the dyn a m ie p ro e e s s o f

R F for
a s in gle e ell e a n b e e a le u la *e d by m e an s o f e o rr ela tio n p ro e e d u r e , n a m ely ero s s o r re v e rs e 一 e o r -

r elat io n
.

M o re o v e r ,
the e ha n g e a ble e x e ita to 叮 a n d in hibito 理 s u bre gio n s o f s p a tio te m p o ra l R F e a n b e

d e m o n s tr a te d fro m the re su lts o f e le e tro Phys io l
o g ie a l e x p e r im e n ts

,
th u s the e n tire R F e a n b e p r e s e n te d

m ore Pre e is ely
.

Th
e dyn

am ie R Fs ha v e b e e n sho w n to e x is t in v ar io u s e ells o f re tin a ,

la te r al g e n ie u -

la te n u ele u s
(LGN )

a n d vis u a l C o rt e x o f e a t a n d m o n k ey
.

Th
r e e m a the m a tie a l m o d els re la re d to the dyn a m ie p ro p e rt ie s o f re e e p tiv e fi eld s w e r e p ro p o s e d in

19 8 5仁l一4了
.

T he nr st m a the m a tie a l m o d e l 几r d e s e r ib in g s p a tio te m p o r al R F w a s the e x te n d e d c a b o r

fu n e ti。。 m o d el (E G M ) p ro p o s e d by w a n g 。t 。1
.

。n d Pa。 。t 。1
.

〔‘
,

2」
.

仆
。 m o ti。。 p e re e p ti。。 m o d e l in

hu m a n v is io n

wa
s s u

胖
s te d by W a ts o n a n d A hu m a d a b a s e d o n H ilb e rt s p a tio te

呷
o ra l fi 一te r [ 3〕

, a n d it

w a s o n ly e o m Pa r e d w ith the r e s u lts o f Psye ho Phys ie al e x Pe rim e n ts
.

A d e ls o n a n d B e笔a n Pro Po s e d the

sp a tio te呷
o r al e n e

卿 mo d e一o n m o tio n p e r e e p tio n 仁4了
.

xn 19 5 7 H e e g e r s u g g e s te d a n o the r m o tio n m o de l

tha t w a s the s a m e a s the E G M〔5〕
.

crz
ywa

e z a n d Yu il一e e印la in e d the d e te e tio n o f m o tio n v elo e ity

b a s e d o n the H e e g e r ’ 5 m o d ez工6〕
.

Kaw
ak a m i an d o k a xn o ro d e se r ib e d the fi v e k in d s o f e e lls in v is u a l

m 铭n o 一 sys te m in term
s o f H a u gh tr a n sfo rm to e x p la in th e p e r e e p tio n o f m o vin g im a g e 上7 ,

.

w a n g e t a l
.

s im u一a te d th。 m aj o r dyn a m i。 。hara
e te ris tie , 。f R F by th。 E G M i。 19 9 6 [ 8〕

.

In 山i, s tu dy 。 m o d ifi e d

G ab o r fu n e tio n m o d el 15 p ro p o s e d
,

in wh ic h the E G M 15 m o d ifi e d in its te m p o ra l Pa rt
, n a m e ly term

s

Proj e e t s u p p o rt e d by th e N a tio n al N at u
ral

1
〕r e s

ent ad dre
s s : Ce n te r fo r N e u

rob
iol o gy

S e ie n e e fo u n d at io n o f Chin a (Gr an t N o
.

关关 & Behavi
o r ,

Co lu m bi a U ni ver s ity
,

722 W
,

39 89 3 34 0
一

0 6
,

69 8 3 5 0() 2
,

39 6 70 18 6 )
.

16 8 th St
. ,

N ew Y o rk
,

NY I以)32
,
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rela te d ro tim e a re s u b s ritu te d by tw o 一o rd e r in te gra l k e rn e l o f T fo n e tio n
.

A n d its s p a tial Pa rt r e m a in s

the s a m e 韶 the o rig in a l
.

1 D eser iPti o n o f the m o d el

In the m o d ifi e d m o d el
,

G a b o r fu n e tio n 15 still a d o Pte d a s the term
re la te d to sPa tial v a r ia ble s a n d

the te m p o ra l te rm 15 s u b st itu te d by tw o 一o rd e r in te g ral k e m el fu n e tio n o f r fu n e tio n t
‘ 一 l e 一 ‘

.

W he n :

= 2
,

t
‘ 一 ’。 一 ‘ 二 t。

一 ‘
.

T he n the m o d ifi e d G a b o r fu n e tio n m o d eI (MGM ) is e x p re s s e d a s fo llo w s
.

1
.

1 Iso tr o p ie M G m o d el in p o lar e o o rd in a te s
(Firs t typ e o f M G M )

M‘l
(

r ,

,
,
: ) = K e o s

(。
; r + o

:

)
e x p (

一 r Z/ 。

予)
e o s

(。
, , + 口

,

)
·

告
e x p (

一
(, -

宜 1

: )/ TZ )

(1)
二 ‘(

: ,
‘)若

e x p (
一
(‘

一 :
)/ T2 )

立 1

Wh
e r e G (

; ,
z )

二

n a *e s ,
山

: s p a tia l

Po ra l p ha s e ,

T I ,

尤e o s
(。

r r + o
r

)
e x p (

一 r , / 。予)
e o s

(。
,‘ + 0

,

)
, r a n d 甲 ar e s p a tia 一p o lar e o

ord
i

-

fr e qu 兮n ey
,
田 , te m p o ra l fr e qu e n e y

, J : s p a tial v a r ia tio n ,

0
; s p a tia l ph a s e a n d 夕

, te m
-

几
, : a n d K a re C o n s ta n ts

.

1
.

2 A n iso tro p ie MG m o d el in Ca rte sia n e o o rd in a te s

(i) Sp a tio te m p o ra l se p ara ble MG mo d e l (S
e e o n d ty p e o f MG M )

M‘2 ,
(
:

小
: )

二 K e o s
(。

二x + 。产 + 乡
二,
)
e x p (

一 : 2 / 。卜
, 2 / a

孚)
e o s

(。“ + o
,

)

·

告
e x p (

一
(‘

一 :
)/ : 2

)
二 。(

: ,

)
,

小 告
e x p (

一
(卜

:
)/ 几 )

」 1 1 1

(2 )

w he re C (x . , .

r ) 二 K e o s (。J + 。
产

, + 0
,

)e x D (一 x Z / 。胜
一 下2 / 。

色)
。0 5 (。 t + 夕)

.

“ 和 J 厂 六J 孟
一

湘 了 j . ‘

(11) sp a tio te m p o ra l in s e p a ra ble MG m o d el (Th ir d typ e o f M G M )

M G 2 2
(
x ,

,
,
‘)

二 K e o s
(。

: x + 。声 十 。“ +
氏

, ‘

)
e x p (

一 : 2 / 。负
一 , , / 。已)

·

若
e x p (

一
(: -

1 l

:
)/ T2 )

临co
二 ‘(

: ,

,
,

小 子
e x p (

一
(‘

一 :
)/ TZ

)
1 l

w he re G (x , Y ,

t ) = K e o , (。
, : + 。 下 + 。

,

t + 8
, ,

)e郑 ( 一 x Z / 。胜
一 , 2 / 。胜)

, x a n d , a re sD a tia l
J 刀 J 了 卜 洲J F 三 人 了 J J 二

o r d in a te s ,
田

二 a n d 田, s p a tial fre q u e n e ie s ,
田 , 15 te m p o ra l fre q u e n e y

, J : a n d 口 , a re

夕
: , 15 sp a tia l p ha s e ,

0
‘ te

呷
o ra l p has e ,

8叮
, s p at io te 呷

o r al p ha s e an d o the r symb
o ls

e q u a tio n
(1 )

.

sPa tial

a r e the

v a f一a tlo n s ,

Sa ln e a s In
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2 C o m Pa r in g the
M G m o d el w ith elee tr o P抑

sio lo g ic a l e x Per im e n ts

2
.

1 Tr a n s ie n t re s p o n s e s o f re e e p tiv e fi e ld

D eA n
gl is re po rte d two k in d s o f typ ie a l re s p o n s e s o f s im p le c e lls in vis u a l e o rt ex *0 a s u s *a in e d

n a sh light b a r in e le e tr o phys io lo g ie al e x p e rim e n ts厂9〕
.

o n e 15 the tr a n sie n t re sp o n s e o r a e e lz w ith

sp a e e 一
tim e in s e p a rab le R F (fi g 一 (

a
))

, a n d the 。the r 15 th e : e s p o n se w ith s p a e e 一
tim e s e p ar ab xe n F

(fi g
.

1(b ))
.

Th
e left p a n els o f fi g s

.

1 (
a
) an d (b )

a re th e % 一 t p ro fi le s o f R F
.

Th
e 。r d in a te in d i

-

e a te s p o s itio n 戈 a n d its a b s e is sa tim e t
.

Th
e d o tte d lin e s in 15 0

一 a m p litu d e e o n to u r m a p s r e p re s e n * the

in h ibito巧 s u b re g io n s w ith d iffe re n t in te n s itie s a n d the s o lid lin e s the e x e ita to巧 s u b re g io n s w ith d iffe
r -

e n t in te n s itie s
.

Th
e x 一 t p lo t in fi g 一 (

a
)

e x hibits b r igh t
一 a n d d ark

一 e x e ita to砂 su b r e g io n s tha t 盯e ti一t
-

e d in th e s p a e e 一
tim e d o m a in b e e a u s e th is kin d o f R F 15 s p a tio te

哪
o ra l in s e p a r able

.

W hile in the

/ 一 t p lo t o f fi g
.

l(b ) the b o u n d a叮 b e twe
e n the e x e ita to 职 are a a n d in hibit卿

a , a is p ara llel to the

a b s e is s a ,

in d ie a tin g the R F m 即 15 s e par a b le in s p a e e 一
t im e d o m a in

.

Th
e r ig ht p a n e ls o f fi g s

.

1(
a
)

a n d

(b ) d e m o n str a te th e re s p o n s e s o f a s im p le e e ll to s u s ta in e d fl a sh o f a ligh t b a r s tim u lu s at d iffe re n t p o -

s itio n s o f R F
.

T he e ell g iv e s a n “
ON

” r e s p o n s e a t p o s it io n s 1 a n d 3 a n d a n “
O FF

” re sp o n s e a t p o s i
-

tio n Z (fi g
.

1 (
a
))

.

In fi g
.

1 (b )
,

the e e ll ha s a s u s ta in e d
“ O N

”
re sp o n se a t p o s itio n l

, a n d th e

“
O FF

, ’

re s p o n s e a t p o sitio n 2 w a s o b s erv e d
.

5 0 O N / O FF m 即 e a n b e d e r iv ed fro m th e x 一 t p ro fi ze s ,

th e ON / O FF d e s e r iPtio n 15 n o t e o

mP le te d a lo n e
.

W he n th e Para m e te rs a re e ho s e n P ro p e rly in fo rm
u la s o f M G Z I a n d MG 刀

,
the sim u la te d re s u lts

e a n b e in g o o d a gr e e m e n t w ith th e e x p e rim e n tal r e s u lts
.

Fig s
.

1(
e
)

a n d (d ) ar e th e s imu la te d re s u lts

o b ta in e d fro m M‘2 , a n d M C Z: re s p e e tiv ely
.

Th
e left va n e l of fi g

.

1 (
e
) p re s e n ts the e x e ita to 仃 an d in

-

hib ito 卿 su b re g io n s w ith mu ltip le lo b e s ,
w hieh a r e s im ilar to th a t in fi g

.

1(
a
)

.

In fi g
.

1(d )
,

the re 15

a ele a r b o u n d aw b etw e e n th e re g io n s , a n d 15 p ara lle l to th e ab s e is s a
.

Th
e s im u la te d re s u lts in fi g s

.

1

(
e
)

a n d (d )
e o n fo rm qu al ita tiv e ly w ith th e e印e rim e n ta l r e s u lts o bta in e d by e le e tro phys io lo g ie a l

re e o rd sho w n in fi g
.

1(
a
)

a n d (b )
.

Th
e “

ON
”
re s p o n s e a p p e a rs a t p o s itio n s l

,

3 a n d
“
O FF

” a t p o s i
-

tio n 2 in th e ri ght p a n el o f fi g
.

1(
e
)

,

b u t the “
o N ” o e e u rs a t p o s itio n 1 a n d

“
o FF” a t p o s itio n 2 in

fi g
.

1(d )
.

T hu s it e a n b e s e e n th a t b o th the s p a tio te

娜
o ra l se p a r a l〕le a n d in s e p a

rab le m o d e ls o f MG

a re q u a lita tiv ely a

妙
e able to th e tra n s ie n t re s p o n s e s o f 5 1哪le e e lls to a ligh t sp o t o r b a r

.

2
.

2 Sim u la tin g the d yn a m ie s o f 5 1呷le e ells in v isu al e o rte x

In the la te 19 8 0 5 ,

th e d e v elo Pm e n t o f p o w e

rfu l R F m a PPin g te ehn iq u e Pro m o te d the stu d ie s o n

the d yn a m ie s o f R F in p hys io lo群
.

A s e r ie s o f
“ s n a p sh o ts ” o f d yn a m ie R F e a n b e o bta in e d by m e a n s

o f a re v e r s e e o

rre la tio n te ehn i明
e

.

Th
e typ ie a l s p a tio te m p o ra l d is tri b u tio n s o n

(
x 一 ) 一 t ) fo r re p r e -

s e n ta tiv e s im p le e e lls o f e a t
’ 5 s tria te e o rt e x are sho w n in fi g s Z(

a
)

a n d (b )
.

Th
e % 一 少 p lo ts in d i

-

e a tin g th e Z
一

D sp a tial p ro fi le s a t d iffe
re n t t im e

are
sh o w n a s 15 0 一

am p litu d e e o n to u r m ap s
.

Th
e e x e ita to

-

汀 s ubre g io n 15 d e lin zite d by s o lid e o n to u r lin e s a n d the in h ib ito 仃 by b ro k e n e o n to u r lin e s
.

B elo w

the s e p lo ts e a eh l
一

D p ro fi le o f R F 15 o b ta in e d by in te

sra
tin g the Z

一

D p ro fi le a lo n g the 少 ax is tha t p a r -

a lle ls th e p r efe rre d o r ie n ta tio n o f th e s im p le e e ll
.

Fig
.

2 (
a
) illu s tr a te s tha t the s p a tia l d is trib u tio n o f

R F su b re g io n s 15 fi x e d b u t the ir o tr e n g th s a n d p o lar itie s ar e m o d u la te d o v e r tim e
.

Th
e te m p o r al se -

q u e n e e s o f R F profi le s in fi g
.

2 (b ) lo o k lik e a m o vie
.

Th
e s u bre g io n s o f the R F in fi g

.

2 (b ) 即p e a r
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S tim LlltIS

O n

n“n
OO丫

、 、 . , 夕 沪 口 尹 目
0 15 0 3

竺
I / n 15

4 50

I / m s

(a )

S t一m ulu s

丫 口
明

~ ~ ~ 一 冉

二
~ , . 口 廿

一上-一一
一

一一一司肠一一一一一
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2 50 0 l /m s

I / n 1s
(b )

S tim U IUS

n汀O0

丫

一一
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户户众幸瀚感感感感
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3 0 0 0 0

t / n 1s

150

(e )

护
0

1 1 111 5

4 50

氢氢睿睿

S tim u 】US

口
。·

�
。

�林

t / m s

一上

—
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—
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0 15 0 30 0 4 50

I /m s

(d )

巴
Fig

.

1
.

Co m pa n so n Of t he s imu la tio n re s u lt s o f M G m o d e l w ith th e re s卯n s e s o f tw o si m p le e e lls to a s u s ta in e d fl a s h

o f a ligh t ba r
.

Th
e le ft vlot

s o f (
a
)

a n d ( b ) illu s trat
e th e sp at io te m 即ra l is o- a m p litu d e w h e re th e s o lid e o n to u rs s ta n d

fo r 。 x e ita tio 。 , u bre gi 。。 。n d t h。 bro k e 。 。。n tou rs fo r in h ib iti。。 s u bre gi o n [ , 〕
.

Th。 五gh t p a n e l, 。r ( a ) 。n d ( b ) in di e a t e

th e tra n s ie n t re s p o n s e of th e e e
ll to a fl a sh e d bri gh t bar at 卯s itio n s l

,

2 a n d 3
.

( Th
e e x p e ri m e n tal re s u lts a re q u o t e d

阮m re f
.

[9 ] )
.

(
e
) sh o w s th e s im ul a te d re s u lts by MG Z : , th e para me te rs a re 。二 二 0

.

5耐 d e g , 。: = 2 d e g
, 。 : 二 -

耐 150 m s , r =
60 m s ,

殊
= 一 l

·

2 二
·

( d )
sh o w s ,h e si m u la , e d res

u l, 5
by MG 2 . , ,h e pa ra m e , e rs are 。 : 二 o

·

5二 /

d e g ,

气 = 0
·

5 d e g
, 田 , 二

耐 150 m s ,

夕畔 = 0
·

5 兀
, r = 5 0 m s ,

0
‘ = o

·

5 兀
·
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to m o v e l
·

ig hrw a r d a lo
n g x a x is o v e r tim e w ith in a s p a tia l w in d o w

.

W he n the p a r a m e te 一5 w e r e e h o se rl

p ro p e r ly
,
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