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Fourier Analysis of Binocular VEP
with Stimulation of Fusional Areas
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Abstract

Dioptic stimulation, by which each eye was stimulated by the same checkerboard pattern but at
different pattern reversal rates, was performed and the visually eroked potentials (VEP) were
analyzed with a Fourier processor. When both images from each eye were superimposed using fusional
targets and prisms, the intermediate frequency component (IFC) was recognized besides two compo-
nents corresponding to each stimulating frequency reversal rate. The relationship between IFC and
the superimposed area (SA) was studied. IFC appeared clearly when the visual angle of SA was above
60min. (18% of SA). The amplitude of IFC was saturated at a visual angle of 140min. (53% of SA).
Furthermore, when the SA was 200min. of the visual angle (100% of SA), the IFC showed 0.6 times the
activity of the monocular component. When dioptic stimulation was used, only one component
corresponding to the stimulating pattern rates was observed and the amplitude became higher with
increase of SA. The amplitude of the SA (areas of each eye were fully superimposed) was 1.4 times
greater than that of 09 SA. (Acta Soc Ophthalmol Jpn 93 : 1108—1113, 1989)

Key words: VEP, Fourier analysis, Fusion

FRIGERSE - 160 BEHFEEEREG BEEBAFEFETREREHESE o FX

CERLTCEE 2 B 9 HEZAF, FRCE 7 A24 HHGT3ZE)

Reprint requests to: Oguchi Yoshihisa, M.D. Dept. of Ophthalmol., School of Med., Keio Univ.
35 Shinano-Machi, Shinjuku-ku, Tokyo, 160, Japan

(Received February 9, 1989 and accepted in revised form July 29, 1989)



EEICFEIZAL0H

il

I

EFELIEH T, Ty YERYERI=SL, £
OBEMMZEhENMPERZTHHRIT A V7 4 48—
EZ, RiCb@OERZTEHI A F7 405 —
FEHAL, ThXhEREARCRE2BREBERD
BTRRENSET-, MEREEA-AZ L1k,
ERERcHsEGYEREHLEL L, BRACEEGE
CENZRBEIRTHEL 5 AERE R - cAEROHF
WREHEEBDLZ LuRD, VEP2IRL 7 — ) =51
21T 5 & AIRE « oA ERS & F— o FEEE
g oflie, B0 RS oSO RS
(Intermediate Frequency Component, IFC) #ZH
L, ML, Ebicz o Lol AEEE S,
AR R TR R R R S h T\ 5 D LG8
HbhHZ L L), BRCHAROBVCRISTHELEE
ztc, BBz, IFC 2RI BE#K R 5 =2
OFMEEYEE LR THL0n, BEirsMElo
HEOMEHRTHLIOr@ERLED T, £TZTHE
FEGHEOBRTFROER Y& 5 HEEOHEA» E X
2, IFC 2wz b+ % 5% dichoptic #) 8z T #
xR L, 2T dioptic Bl OB & B L
fo, HEELTE, EAERDE ) HEEBRORIH
AEFHLAC bick v B(haen ke, BE~0
ANELTORBEREI—BCLTELY & - kK
IEKE X 5 HEYRD D, APETIL, BECOER
AlLETOMRXEOTHET S,

1109

II X% b KBETE

e E Lok L, BIER L. 0LL LT IRARRAE
1EH (Titmus stereo test ; Circle 9/9, TNO 30”) @
BAZE3H (20~305%) LB 14 (42K) TH5,
dichoptic #I# T X 3 4 % dioptic PI# T T L&
IEEBRIEERFL L, 7V =4HicL 5B
Binocular VEP 0SB AL, BE#VIc TR LD
THBEL, KAEROHEIZ>WTARARS, FvEyER
R I D ERICTBEL, EAEEE bITERLRIK
FHENCI0E (BA2004), FEGMICE1SME (HA

. .

A (e S O

Superimposed area
100%

516 — Ao

Superimposed area
53%
1 @B & Superimposed area. TV [ Eo
EHEoMBERELFLIcAEffFs ik b,
Superimposed area #ZE(LER B LHTE S,

100% I 33% 18%
' [E:wu' | 5
B M B M M B M

5% 0%
M : Area of Monocular Vision
B : Area of Binocular Vision

(Superimposed Area)
20° 0
M B M M M

H2 o6EEoFEh&ELELCRTFRIIMER MERELZELI®LZLitLD,
100%72:5 0 % F T 6 B OERELEHEEAEL Z LA TE 5,



1110

605 ) oEFLH D, EHOMEBRIEY 7 v YR
ofRCEFCHEARCTGT o LIcE b, BFRO
Eih &5 A OMEE (Superimposed area : SA) #
Flhxgar ntEs (W1), A0 (#HHA200
G) Ehicbonb, THE (#HA1405), 58 (F
£10040), 38 (RA605), 1{E (FM205) © 58
EoBEh&eHEBc TERET-(®2), HEo%
Brdefbic CEARB TRBBAER O R % dichoptic 75
H¥ & A R — BRI %% o dioptic BIE&E TV
dichoptic ¥ ¥ T ¥, B/ b -7 B & power
spectrum L2 BB bR & BRI EEL
Toks

I SEBRER

1. dichoptic #I3#
[ 3 o b B E325% @ i @ dichoptic ¥ # &4 T,

s (100%)

OD 12.69Hz
0OS 14.64Hz

0 25 50 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
FREQUENCY [Hz]

S
= oo VR=9
m
By

7 e (53%)

OD 12.69Hz
OS 14.64Hz

2.5 50 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
FREQUENCY [Hz]
3 HBMEEKD 77— =4 #ic X % binocular
VEP. FEIEREHEHIEEI00%IZ3s1 % binocu-
lar VEP TR K 513.67THz i« IFC B 7. #D
A, TEHZ53% 04D IFC B2 T100% DOl & 1%
mL.

HIESEE 93% 125

GEELEAOBNERL Y& - IR (SA) OB T
231071 (KSR H A O A2005) oo 7 — ) =540
BRTHH, HTBHoI5 L 5 CEAR S OftI
IFC BB+ 5, COELIG-CHEBXRLS &,
57 (FA1004, SA:33%) 2Tk, IFC R LAIT
b sy 37 (BAG0T, SA:18%) 1ciks L3
HeEd L, 17138A2054, SA:5%)TR, /14X
v kinB(H4, B5), ko 3FlogERECoR,
EhhEotkcfifie v —0FHE (VP) L0BEE
¥ETETHER6D L 5ichkn, Eitb -7\ EAN
171 (HAE205, SA:5%) LTFOBEIIRIFC ik~
A RXVvTHBH, 37 (HE605, SA:18%) T
X, IFC DiREARDLhB L 5i1clebh, 55 (RA
1004, SA:33%), 77| (#1005, SA:53%) &,
Wik~ 7 —DFHBIZHAL, HAL1405 (SA:53%)
kT, Efafd s@@Engsd bht,

2T, EER Y —oEHREAT 0T, BR
HRoREY AR, ERHECIRIES AL, A&~ —

o
O =
2 _| VR=9 12.69
3 13.67
o (33%)
14,64
1 OD 12.69Hz
0S 14.64Hz
e 10.74
0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0

FREQUENCY [Hz]

5 | VvBES
O
= oo
m
? (18%)
L 12.69 4.64
o
OD 12.69Hz
0S 14.64Hz

0 25 50 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0

FREQUENCY [Hz]

4 FIBHEH O 77—V =5 H1 X 5 binocular

VEP. LB EhabeHikIs%, FBIZI18%0
IFC%#RT. BUDIFCIR/, 4 v _ALThh,



SERCTEEIZAL0H Fourierfr#iz L 3

)

Q

= cod

m

0
i (5%)
il OD 12.60Hz

OS 14.54Hz

0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
FREQUENCY [Hzl

VR=9

(0%)

OD 12.69Hz
64 OS 14.68Hz

12.69

0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0

FREQUENCY [Hz]

5 #I¥EHD 77—V =45 # iz X B binocular

VEP. Eh&bHeiEE s % & 0 %3 IFC 3 HBE L
L,

e
(Arbitary value)
2} a o
A ay
1t a & 7 °
60
o) 1 | 1 ]
05 18 33 53 100

Superimposed area (%)

6 HhGhRFEH (SA) & IFC27 —DFHHRL
)l

TR 2R L B0 2B 6 R 5 IFC D IRIE
A @B T3, HIEHRORIEICH L T A @ A\
W BEEETRT Y RBITE, FAFhELRRHRE
DIRFOFHE A B FHETHIEI W el 5,
ZOMBEERLEbOR, BT ThD, IFC DiRiE
(Am) # (A®+TAWL)/2THLIEL, EihE-

Binocular VEP « /sl 1311

Ag : Amplitude of
binocular compeonent
Ag.A, - Amplitude of VEP

]u | from right and left eye.
“ 2
051 3 o ¢
a
A ©
el i 1 1 1
05 18 33 53 100

Superimposed area (%)

7 ERGbEil s IFCHRR/ARIOEE &
DEIR

fofEi (SA) 230 % (/0 4) Tix0.16¢, 5% (#
£2047) T, 0.18, 18% (#MA604) T1X0.22T,
33% (#A10047) TUX0.4ffmica b, 53% (FHA140
&) LETix, 0.6 TRIE—ELTA2EALTT.

2. dioptic Flg

dioptic I F7edo b A EE & o U HEHO
IR A 1T » o5& 1243, power spectrum iz (341 3
AEH-—RL-FBEHD & Z A peak BB B A
5, MEF -y s =— 2 FPLAACEH XL L
Lo (¥1, 2)FEARHE-HE (SA) #HA2005
(100%), 1404 (53%), 1004 (33%), 604 (18%),
204 (5%), 04 (0%) LFfLER, ThEhos
7 —%RDB E,A2EFHOFITEETREN,8.2,7.8,
6.2, 4.0, 3.7, 3.6TH-7z. <7 —DFHBITIEE
AT B Z & X b, RS ER DA - 71 A200
GFOEEE, £ < B biEWEBAEOHL.EOIER &
L HREALORERELBERECT, BETF = 2~ —
7 CeBBER -7l e, £ ERLRVRFORER T
5L, TOHIIES 2TH T,

IV # ¥

SEIFAAICERT, BERFEEAV- LKLY E
HHBCT v CEEC L B TFRRERBETY, 8
B M7z power spectrum @ power 7%, £G5B L 7=
FUEBEOER D& B L 5 Tl 52 L
HHELA0EBHLICLOTHS, LEYHANICEE
Tootc 2 M O R BRI B (dichoptic #I#D #
Tt d T, EHGouThTh v BAEK
Dz vEELTREUBRS, LAL power spec-



1112

trum EC, o2k IFC ZHEBE LT 2010, £flE
b IcE RGN 5 Pl b 51005 DA
HYTHBTH S,

— e T L EEEE B R TR R ERN SR T
BEw, 2.5°%X2.5bhiE, VEPoERELKh3 L0
HED D DA, SEOERTIIAFES A6 EOH
AOERY G-oBELD 5 L ZI1ZH 627z power
PRH bR, Th U TOMHEE T power L/ 1 XL
SATHote, LB ICBEIBOLCKELRE0S, &
B A 6 EOFIMT power RO HhBZ L) b,
MEBICEFRTAIFCOHB Il rBEOERY
EoHEALETHE Z LEATHERE, EbES
EELHE-cREoBBEIcL - T, HET5IFCo
power MELB L5 LI, HHLCEREREIZE
—ETHBDT, IFC HAERHcHEE LT HE
THLOTRERL, EhARCRL R OK
B TREATbh S RCLIAb0THL LE L
bhiz, —7H, BEMECS T EALBE ED
DRI EER O Y 4 N iz side lobe SBT3 2 &
PHREIR TR, EARCS 2 AERO RV
iw X b, foE o F R side lobe B L7z & b %
2bhd, L LPBAERAE2TH IFCI4EL S
ZEW, F o4 LIFC 25 2 o #EHEH © side lobe
DEMTH B &THE, YRERHE - oLl
R THLHFHB LT hiEkbicwy, Laa
Bl h ooz EL Eg5 L, IFCO-27 —E/)
X<{eBHZ L Lb, sidelobe DB E R £ HETH
ERTERLGA, Pl &b IFCIIBID A 5 = X ads
LELTWREEZELBRD, 0 2BEOFIMAEK
114 < B %« @ generator T\ 5D CHE O B
¥ o interaction THFEE L EE 2 b5,

2T, THETORETREBHRLHERATE,
VEP OiEig i, BERICHE L CHRMRET OB
F V2 EBLEEI YL oM ENRD Y, EHIC
Srebro®, BHF LML VI FIck B EBEL TV, &
EOEERTIL, FELALAAERYEhRGbhEizio
activity @ Z.7g 6t B R4 % IFC © power %
MBI ENTEDHOT, BECEAEEZERSHE
B F IR M OIRE & [FC DIREE & © B2 7T E
THH, TOBRIEMOBEOM0.6f5TH D, Hih
DEEFE 1 L LEHERBERKETELASIFCO
PIE20.6& 725, TRELEE ELDE- Tz
B a2 v E—xv b OREOR & EAEHA100%
Hih f o cREORIBOMA L2 &, 100%E b

BiR&EE 93% 12%

EofcRrERLEVWHOWNLMG LD —F
dioptic Bl CEABEEAE LY A -cHCELRS
RIBGAEEAEESEH b R VCRORBOML. 4251
HI LuEZDHLEBEKREL, dioptic B O H H di-
choptic #lBucE L <R CABRE BT 51
bbb TEME LR, DEHEACLERTED,
dioptic Bl#icIs\ T, BREANCEED TR #
THY, BRI+ =y 7 ~—270KkEMAORAHE
DEENWELTLZ LSS, L% dichoptic #
BoOBER, —TAMET =y 7 ~— 2 TREBIER
T5E, TOBRAOBFRFEL, Fhe TRk
CRTwbhb, Lichi- T dichoptic R oB 4, 22
fEI Y IZ 1 disparity {ZFFE L fov 83, K@ T hhs
EAWBOWEEERICH D10, FEHNCHERR
disparity # & U 5 E oMz 1% L 1-&5H, IFC 7t
L AEROBEOR S EOR L E LB S,
Z ik Pettigerw'? ¥ % L 7= change of disparity
neuron [ZBIfRT 5 ARG O H = 0 R E{Lic
It + 255 cm@E chH RS H D, SHEEFRL
AR L CRAE%RS ZWANRIL D LELLA
2,

Br#isichich, CEE, CRMEE D ¥ LB
RERCERBLE T, TSR WENE LR WIS
RITFEKRF, WMEHRBBRCE H@LBL EFET,

54 ik

D OFA, B 1%, AREX . Fourier 45411 X
% Binocular VECP B+ 5§58, Bl &G
85: 1548—1533, 1981.

2) Bartle G, van Lith GHM, van Marle GW :
Cortical potentials evoked by a TV pattern
reversed stimulus with varying check sizes and
stimulus field. Brit ] Ophthalmol 62 : 216—219,
1978.

3) Bl REER, OB x-S
AMVECP It B 5 2 57 2 -2 -
WT, BHERZEE 84:1723—1730, 1980.

4) Yanashima K, Degering B: Mutually cou-
pled nonlinear oscillator as one origin of the
VECP. Ophthalmic Res 14 : 5—8, 1982,

5) Wanger P, Nilsson BY: Visual evoked
responses to pattern reversal stimulation in
patient with amblyopia and/or deffective binoc-
ular function. Acta Ophthalmol 56 : 617—627,
1978.

6) ISR = + = » H —#F— F VECP (HLEFRM
¥ wraWEHEERCET AR BR&E
83: 1575—1583, 1979.



FRICHEIZHI0H

7

8

)]

100

TEEET . WEMIC T3 VECP R1E vs 22/
B shiR, AR<EE  83: 298—301, 1979,
Campos EC: Anomalous retinal correspon-
dence. Monocular and binocular visual evoked
response. Arch Ophthalmol 98 : 299—302, 1980.
Srebro R: The visually evoked response.
Binocular facilitation and failure when binocu-
lar vision is disturbed. Arch Ophthalmol 96 : 839
—844, 1978.

FRHANAF, FEETF, @H  # R4 dispar-

1D

12)

Fourier43#7iz & % Binocular VEP « /) 14 1113

ity sensitive VECP o #F%E. HEE£ZE 84: 1629
—1633, 1980.

Bl 15, OFBR, FARYEXR . g —vavr s
A + @ Fourier #71c X 5 WHEE# VECP i % &
ETEECoWT, HIESEE 86:341—347, 1982,
Pettigrew JD : Binocular neurous whic signal
change of disparity in area 18 of cat visual
cortex. Nature New Biology 241(108) ; 123—124,
1973.




