Clinical Applications of Personal Computer for
Ophthalmic Examinations
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SRKFIEFEEFPHRB A (LT W — R 8d2)
B B 7 =

HAEZELCER L=V FLara—s— (Nvar) ORBERICBI2EDFESHHE LT, BERERSR
WA 7 b 2T, 8V 3y EEEHRE (cathoderay tube, CRT) 4 A 7L —%HWizh I — 135 — VHEFREN
(visually evoked cortical potential, VECP) 3, /3% —  VECPHEEE B L O EERETEBFHRE L. BERETER
BTV 7027 EHACSEIETRERE TS 2EL TR EEE (B0 TrogBNIZTWEL. 75— 55—
VECPRIBZEE z Fivy, /XA VD157 2 MOLELIZEZACAELE TS 20105 2 HREARK MBI X 2 VECP #5086k L
B, CORBMEEICL-T, Bl1BEERYBLIUE 2AHRE IR ENERZBRAGHICHE 72200V — Vil
BAEERL, THIZLo THLNZVECPOIRIENOL (P/D) OFHMHEIE, EFEEE (1.06), HHES 1 EREN
0.77), hEEHE2BERER (151) OIETHERICHREL (P<0.01). TEROBEM CEMi%z B E & FElitn/ vy
-~ VECPHAEHEEZ XV, CRTTFA AT L — EHROBBROATHE L, AEECEEROBEL Y VEHEDS
WHIMSGHREDTRET, — RN TR TH - 72, SV Iy AV ESREAEEL, HEIIBWT, ERO%E
WHAWEFERCHEATETH 72, TOREREIE, BILMEREES 2R EEROEBICL AHERE L —H L.
KAFFEIL, TR SV 3> OERAIZ L > T4 TEORBREN BENL, Ralfk, Bk, BERDREL, FUIMEETo7230
Thh, FROBPHBREDO-ODOHAZRTINTHS.
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ECERLE., BETRENTWS /Y I oMt iEe
JL¥REEE (central processing unit, CPU) DIFEEETHS &
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1 v VRN EEABRBINETH - e E sV a v RTE
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771 R [HWEE] M2 <TH [CJ % [PASCAL] ¥
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B, EWZHITTROBENIRE» SHEEERE & L CIIBE AL
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Oy THEATENITREORERL - FIMEE 5 IR EDED
M EPEIFECE 5. 22 CTER, RABEICBITE VO
DEMAEEHBE LT, FTORERED-DTHLT 7~ A
7 —A—7 ¥ (Farnsworth-Munsell, FM) 100 & = —F &
I} (100-hue test) (Kollmorgen Corp, Baltimore, USA) % xt%
ELZBERERBBT O 7S A% EL, &5 MM
BEELTHI =1y —VHEHRENM (visually evoked
cortical potential, VECP) HU#EE, /¥4 — >~ VECPIREH{E L
L UCERREEBEL SV Iy FHOTHEL, 2OHAEER
L7z
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[. FM100 & 2 —7 X MEEREM
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fy & L C 1943 4842 Farnsworth ' 12 & ) R S UTLIsE, %X
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Abbreviations ! A/D, analogue/digital; CCD, charge-coupled device; CIE, commission internationale de 1’
Eclairage; CPU, central processing unit; CRT, cathode-ray tube; CT, computed tomography; DMA, direct memory
access; dpi, dot per inch; FFT, fast Fourier transform; FM, Farnsworth-Munsell; kB, kilobyte; MB, megabyte; PM,
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EBIAMET LA EREOEAVERENIHE T 5 7
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ThHH, FOEBIEYETIFRELETHOT, LBIRHB—K
BELLTEHSATWAEIIVWEEL, #2C, 8131
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XV 3 IZIEPCY8OIRX2 (HAREA, W) &, AL -
F 4 2 7Y AF LZIEMSDOS®33 (ARER) v, 7
O # 5 L % TURBO PASCAL 5.5 (Borland International, Scotts
Valley, USA) Tl - I v /84 b L7z,
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BHL, Fy¥— M 2ERERT 5.
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PUTOLIICERT A, HLEMEKgO?S, H»LEUTY
LbOMBEMMTHL L Eg®ix 7 — Y THREERMNIZLY

g(t)=ao+ nﬁ:‘,l ancos (2 r nt/T)+ nﬁ: busin (2 7 nt/T)
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prismatic magnification; SM, spectacle magnification; VECP, visually evoked cortical potential ; AE

EEEL. 2T, EES L ERED 2 EO SRS DA
IZEHEL,

g () =ao+az cos(4 x t/T)+b2 sin(4 = t/T)
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WREZRT7 /voAa—70T (F4 v, #H), ARK38
%M (The Series of Plates Designed as a Test for Colour-
Blindness, €ELAR, ®H), A - KiEE (FE - KELH
REgRME - BESR, AR, ®x), 2SF VD157 A
(Farnsworth dichotomus test panel D-15) (Psychological
Associates, Saint Louis, USA), 7~ ¥ »7 A I (Ichikawa's
color perception lantern, BMZHE, HE) 2L o T, KB
HHRE LM A IE e R I DWW TSR RE 3BT 1
BERE LB ENI6ROBUETH L. TOMORBHE
BIEa, BhRkheb1s UBEARRE) Thos. HHRIC
FM100t 2 —F A FOBEL R 72,

[. #5—/%%2— > VECP RI#EE

VECP % Vv 72 95 K i (0 5 488 351 0 vl g £ Adachi-Usami

ZEDIRENTAL WA, IRE—MARIZIEE728 R L
T, FORKE LT, TN TORENSITRERER

DR S L, EBISERAT X ) S SRR O A R
Tl eho2l bk, AYBRERRO MO0k L
WAL L EZONE, FIT, EHEEEED Y
ay, W7 —CRTF4ATVL—-BLUCRTHT—TF+714%
— RV THBESY — B ARELIEL, FEEUT
D1, B2 EEETOMEMRILAVECP £ L TR
TdHAHhREE L7,
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283 3 2IZI1EPC386P2 (A a—x 7V, #EF) L PC-
9801F2 (AAES, W) ZH . BiEZlEy — v BR
Bz, BEAHBMACER L. 49 -CRTF1 AT -1
1CRB050 (A4 a—xFV ) ML, CRTAT—T7F
F 4 ¥ —IZI1ECA-100 (2 /v %, BE) #fHHALL. PC-
386P213 7 7 7 4 v 7 WERMAIC 1 A H/34 b (megabyte,
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MB)DBER AEY #WELTED, 640X 400 F v b OFFEE
T 16777216 D 256 % i - /2 % A E 1) £I2 2 TR
L, b 1HZRRTHIELNTE, SHIZINEFEBEICAN
BAZDHZLENTEDL. CR5050WHEY 4 XH1I54 > FC
640X 400 Fv FOREEEXHTAT IS ADHIEA T —
CRTF4 A7 L —T&%. CAL00iZAEH 5 —CRTF4 27
VDRI A NG AERETAOO#EBTHBA, CRT
FA ATV — EOEBOERBIIN L TEFOREEYHIE - £
TTE, EHIEEHETAMLTBVlEHREY T LY A
BTV A N\EBTENTESL,

FRL—F 4 ¥ TV AFAIZIEMSDOS®3S3 (k1 a—xF
V) W, 70y 55 % TURBO PASCAL 5.5 Gk -
aJvINA N LT

2. Fays A

TSI 4L LTIEPC386P2AHIZ2D (FE T4 1, 2)
EPCO80IF2HIZ 12 (FuF343) O32DFMERLE.

TUT 55 11EHTF—~CRTFA ATV —LIZERT A GK
ER7TRsS546THE, #F—CRTFA AT L —TIRESRE
L EEMOELDENELL, RRNHEOCGED L UHEED
BHEPECOT, FHNCBEL L OEELKIET 2 LE)°
Ho., BRAY—IZHEALEEIZSR VD155 R MZEE
ENTWBEETHA, PC38P2IZBNTHTF—CRTF 4 X7
L—IZBREAEIE, &, R FORELIIOWT 2556 TR
oA, FTPC386P2IIBWTKIFHN T2 EOBEHD
GBREMY BIUHEMBER, & FODPELHRELT, CR
5050 M #0124 100 Ny FoFREMAEERT A, CA-100
EFRAVWTHAS—CRTF 4 A7V —DHLEHOBER X OEE
ZEHAIL, Z0OfE% RS-232C ¥ 7IVE— s 2 A-L T PC-386P2
IZ#% 5. PC386P2 TRk ONTEGEHEB L UHEMLE
BEFTHEEDENINET L H IR, &, FOMEELEET S,
CA- 100D HIEME L B DEDENEEEL T2 ETE
ROWETEBMICRYETIEICL T, HHET2ROBE
PHEEMIZTbNIS.

TS T L2, fEANY - BRE LU VECPEFHE
ANDO M) H—EBFHIR 0y ATHs. TOTXTL3 (&
B) 124 D PC-9801F2 45 RS232CHEHTHELON T & 27— ¥
IR TRRET Y- DL A Y b4 X, FIHEE,
HtatieEl, EWILBREL ABEET Y — xb % {5k
L, REERTHE L2, BEEFHIIAR— Fi 5 VECPR
fREEo 2 —O/ty 78 (ARRE, HFE) LMV F—E5%
MAT 5. 95—V RIERRIZPC-386P2 D F — K — FiRfEIZ
IhfgIEEns,

707 4 31, PC-386P2 % PC-9801F2 THIM $ 5 7= 12
PC-9801F2 L CEifE$ 2 7025 4 TH B, PCI80IF2IZHW
TRy~ BRIZEDENSA—F— (LAY I A1X, K
HEE, T2 33VD157R FOEBEERD B VIEHR, &,
FOLME) #%EL T, RS232CE# AL TPC386P2 1235, =
NIZE ) PC386P2 TIIEMDOF— AN OAFEHRT T L <,
NY = YREEERBLIC NI —HNEDOY £ 45 7% B/AR
WIS ZBZENTES.

3. WHRBIUHE
WMHZT /v oA a— 70T, AREISER, AE - KiEE,
NAVDASFRA DL, Ty FAMILE-T, BIBY 2MRE
L-HABIEHEREIC T THMEE, BEDLWIEhSEL

fa

B SNI-BREILEE  AEREOREERIaNE 2 0y
REBLBIVEKGBRE TR THo. ETORNRTHELES
J1X06LL LTH o7,

WIREDPEFE L LT VIE) OF IR E L, AUEFRICRE
ErEE, EE10-20 1255 0z 08 I HER % By /-,
BRIILRIELE M EENT600U (HANE) @A L.
iR % &R L 7z, # 5 —CRTF 4 A 7L — CR5050 DRjH
92cm DD S 7 4 A 7L — T T 0 L ER o> [ 17 45 % AR L
7o, HIEEFOKRE S ZHMIOX 10, HREREOIL A b
FAXeRAE05E L, BEEEREET— N CRIZHEAE % 0.5Hz,
EEHEE % dcd/m* & LTRSSy — > 2 BR L7, BTN
%300 3, MEFHEEE 1006 & Lz, Ny — 2 &R
THRBEORIE, SNANDISFAMOEBEL, 2, 3, 4,
5,11, 12, 13, 14, 15¢EUBEICRD L) ITKIELZZ10
BrLE L BIUE2BEREICERLERGHICH 26
R 1B EBRIEZER% (Commission
Internationale de 1’ Eclairage, CIE) ®ER -ofEME® 2R/,
Tiabb, E1L14, 2L13, 3&12, 4+110%26%
AV d Oy -0 %Py —2 L, E2L15 3k
14, 4¢13, 5L 120K 2BV 4EDONRY — 2D
y—2ELTERL, VECPZEEHL .

. /¥4 —>2VECP BEEE

BRI SRR LAE 2 & ORMIRR A, LR MRS,
SEREBERYE, FERL COBINIC, 5 VIZEIMITEBEOM
HRFHE I VECP X G 2 REIETH 5. VECPHRE TIETH
BHET, BREFOEK - R CCIIREBREE S, HRE
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L Y
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Fig.1. Chromaticity coordinates on the CIE diagram of 10
colors in panel D-15 test. Numerals attached to filled circles
indicate the cap numbers of panel D-15 test.
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ZRRSY — R NEFER &R A2 TE L, MoRBES
EMEREIC R TREL LV, (Zdhhb b, VECP
BREEBEEF WA CDERRERS N, REGRREL LTYER
LTWwa EFvwniEy, FORREE LT, #EVBMTHEZ
LBRENEH NS ITONE. —RIZEREOEBIER
HTdH D 2 OREVEMTH B, —F, HEHEMAEETI
BRORBIH L. T TIHHMEI ML ST 5 VECPHRAE
RELIZOA L AL L TIHEMT 510, BRI TIRIEN
HE TP OWMAGHECHLBENHBELH T 5 VECPHR
EEESEINDL, FITEEI, NVIVEEREBED T -
CRTF 1 AT L —%HAWTIF — V2R & VECP DRI RE
%% — v VECPHRAEEB LR L2,

1., EHESBLYY 777

78 a3 Y ZIZPCO80IRX2 %, KM D CRT 74 XA 7L —iZ
[ZCMT-A14H2 (Z#EH, ®E) &, Ny —-YERHAOTZ
~CRTF 4 A7 L —IZIZACM-217S (T V7 7 7—%, HIR)
RRWE. 1TA v FRVaAERGEN T —T 1 AT L —
ACM-217Si%, Fv FE v F70.28mm, BAER N MEKFE

1280, 1024 %A L, ATFEEIE K242 & 65kHz, EE

I B % 550 72 &5 90kHz DE S (B BB T AV h W 5 < b
FAFYYFAATL =" ThHb. EFERAHEEIERICIEAB
622M (HANSE) #HW., AV I OPFEA T v MIEEE
TAHF7F 8T - 7V F ) (analogue/digital, A/D)ZEHF— FiZ
1 ADM-1498BPC (<4 2 0¥ A T A, BE) %, 7774

9T ET L= — K= FIZIZGA1024A (T4 - +— - 7

— 7 Hg3E 45R) FEv/z. ADM-1498BPCIE, 2% T/vq b
(kilobyte, kBYD7 7 =AML T 7—ANTT bNv 77 X
FYELFALL Y MAEY T A (direct memory access,

Color CRT display
(ACM-217S)

Phototube Eg

° CRT display
Amplifier (CMT-A14H2)
(AB-622M) =

[ —
— e
c ==
CRT color analyzer SoEEBoERREoRoS
Dooognoo00nQoo
(CA-100) Personal computer

(PC-9801RX2)

Fig.2.  Block diagram of the pattern VECP recording system.

DMA)#tE, AMHzOARZ Oy 25 HT 5, —DODF— 5%
A/DERTLONEETBEMIZIF Y v AVdih57 (70
BT, 29 b4+ 7y bSAFUERZAL L= RS
Y THDH. GALT024AZIMB D A E ) £ L, 1024 X 768 F
v b OREEET 16777216 > 256 B R FRTWEETH 5.
CRT# 7 —74 74 %1213 CA-100 8 H L 72,

FRU—F 4 v 7Y AF LI2IEMS-DOS®6.28 L
Windows®3.1 (€4 a—x7v>) xlwi 707 70%
Borland C ++ 4.0] (Borland International) Ttk - 2 ¥ /34 )b
L7-.

REEOTIy JHER2IZRT.

2. Fuysa
Turg L, 1. RESLEMFRE, 2. 8- VER, 3.
VECPE 4%, 4. TEMER - BALERIEF, 5. 7— 9 RHF -

FAHL, 6. CRT7 1+ A7 L —HH L2REE - HERE, 7.
MEREORBELET A, LTIZIRLIZ2VTRT.

3% — v EEHE 1 0.1Hz 7 & 10Hz O BT, ST 3 64
IR, 1024 2 ) HOMT, MERE 16 EH 6 256 E D
BTENENBIRTEETH A, 3y — ORI, W, HEHE,
Bk, FOBO4EETH), LAY A XWEFT1 AT
L—EEEEN1/1287 5 1/2 (2.34mm A5 15cm) OET#
WRATEET, 74 AT L =25 120cm DIEEED & DR ALK 65
PO T2EIALT S, HEEFL 74 ATV —EHO4LH
RRICOMT, BRBITEIZTASWETHD. &b, F4RT
L — B o RO E R A% R ER I G L B o< A
LI TH D, Ny —rEHBRTE2BRE LR, & FE
256 BEEFRIC & B 16777216 1 HIRTRETH S, HHNL D15
BOERBERELT, FNOOR, k& FOMEERE - #H
W2 EHWEETHL. ShicE D, NAVD-15F A MO
bR TWAI5OEMERGICEMIZ/ Y — Y ERHCRTY 7
—F 4 ATV —ACM217STEHE LIZ2/RTES. IA5 K
B, MRATEER], T LAY M4 X, mEEE, @R, Xy-
O, AT REDNT A—F—IZHBHCRT 7+ A7V
— CMT-AI4H2 IZEF &N, RNV ar0F—F— N2 b
REEEND.

PRV % 3 312 Rd. Wi b ISECER - N & L72 VECP
WA T Y 4 AFREN, W T HIZ/ST A— 5 =&
FREND. T, WA T, RR88 — > OBEEA SRR

[ Added @~ Rejected @  Scale x2 256
Flord [oisal
13 Y Channe| Memory
5‘/-/\._ /"‘\,\\‘ '\_v,_.r/ i 10
AN H g‘
7 /’/WM‘"'\« AT :
At AR AR A o
- T N 2o
r AR~ AN, - ¢
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AT e g.
Oy Ty Er " N N 120
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Fig.3.  Display screen for controlling recording parameters for
pattern VECP.
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Ny - G EREERE- FCh b, BESIN 241
FBEVIEIRELENRY— V37574927025 L—%—
GA-1024AD A E ) |IZEERATEE, NV I P o DFERH

HREEFE V)L LTy — v 2Ry - BRANS—
CRTF 4 A 7L —ACM-217S (- KEERTRT 5. GA-1024A %
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Ny = REHBESIC, A/DEREF— FADM-1498BPC ®
A/DEHR T PG & S AEKT M EE RS AB-622M THIG L 72
VECP#A/DEMRF— FEAMAL TV I /IZHY AL, ADM-
1498BPCI3 DMARE X 7 T v 212 & D /3Y 2 Y RIEEDE
EE L T ICA/DERL 2T~ 2RI D RAEY S
#XAl. ADM-1498BPC # Hl#l 4 2 20 I B D514 75 1)
— A LA WORAERAT— 5 dMEEH s, SEEF
{1 A7V —CMT-AI4H2 IZERE LT T VI 4 LRREN
b, F7o, —HRTFEECIIVERIOEEDOT— ¥ 2 HNEN
= FF 1 A7 IC—RICRFTRETH 5.

—HRTEENTF - 2~ L CREERL, HAEHLE
ZEIRIBETH 247 ) WE WD B2 2 2 LA WEETH B, FH
IEF—R—-FOH -V NV F—2FHLCHEO T -V ViR
BEETiT). EAKEE LTIEFICOE 2 SERTHET
2 AHOBNEREE BEIICETNT 2. o oM RES
HEIC—ETE5, HIEN - RIEHIEGER 4 2RT. 4
Bl A L 72 26 4K AT B S MR A8 AB-622M T IFEIE B 1
TIENTELDT, TNEA/DERF—-FEALTIV T
YWY AA, RIBORELZT). IS EIRET—5
EELIRFEEING,

SRS NABE T — ¥ B L UTAEER - BASEREL, RE
GG A—F =L EBIIN-FF1 A7 FEE 7Oy E—F
LA AZIRETRETH D, BERRL L UL, 14 A7EEH
HWODDN4 FURRLBOTHRT S 75— 2 ¥ COFIA

o
A w o P latency
/ i 'A=116.08[ns]
Gl AN / R /4\/4 fn 1atency
M FEERN v =165. 08 [ns]
t FAN ;'\ 4 Anplitude
VY : / NP 6.90[ L]
! i B AT
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Fig4. Display screen for measuring latencies and amplitudes
of responses. The position of a vertical line on the abscissa was
adjusted to coincide with the peak or trough of a deflection to
be measured, and then the peak or trough latency was
automatically displayed on the screen. The peak of an upward
deflection and the trough of a downward deflection were
marked, and then the vertical distance between the peak and
the trough (a peak-to-trough amplitude) was automatically
displayed on the screen.
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Fig.6. An example of output display by the automatic analysis
of FM 100-hue test.
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Fig.7. A typical example of the pattern VECP by “black and
white” stimuli (top trace) and by colored stimuli (second and
lower traces) in a normal subject. P pattern and D pattern
indicate respectively pairs of two colors for pattern reversal
stimuli by protan-confusing combination and deutan-confusing
combination in Figures 7, 8 and 9. Numerals indicating paired
colors signify the cap numbers (Figure 1) of panel D-15 test in
these three figures.
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Table 1. Means of P, peak latency, N, peak latency, amplitude P,-N, and P/D in normal subjects,

protanomals and deuteranomals
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Peak latency Amplitude
Subjects pattern [msec] [12V] P/D
P, N, PN,
Normals Black & White 113.0 145.9 7.27
P pattern 157.0 197.8 4.90 1.06
D pattern 161.2 206.8 4.48 ’
Protanomals Black & White 112.7 153.0 9.51
P pattern 162.6 200.1 4.53 0.77
D pattern 167.5 207.5 5.40 '
Deuteranomals Black & White 114.8 149.7 8.18
P pattern 151.7 187.2 5.39 151
D pattern 159.8 195.2 3.66 ’

P/D, ratio of mean amplitudes by P pattern stimulation to those by D pattern stimulation.
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respectively X = SD.
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Fig.11. The pattern VECP at different reversal frequencies
(0.25~ 7.0 Hz) in a normal subject. “Black and white”
checkerboard reversal stimuli. Element size 18 min.
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Fig.12. The pattern VECP at different element sizes subtending
9 min to 9.5 degrees of visual angle in a normal subject.
Reversal frequency 2 Hz. Vertical stripe pattern.
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Fig.13. An example of wheel pattern composed of red and
green with a masked center.

Fig.14. An example of checkerboard pattern with a masked
center and a masked quadrant.
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Fig.15. Artifacts induced by the color CRT display for pattern
presenting.
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Fig.16. A conventional Hess chart (upper) and the new
coordimeter chart (lower). (A) Case 1. A 25-year-old male.
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oblique muscle paresis. The left and right charts pertain to the
right and left eyes fixating respectively.
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Fig.17. Luminous characteristics of the color CRT display (CR-
5050). (A) Spectra of red (R), green (G) and blue (B) cathode-
ray luminescences. (B) Luminosities of R, G and B cathode-ray
luminescences on each 256 leveles by output of the personal
computer(PC).
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Abstract

Ophthalmic applications of personal computers were described in the Farnsworth-Munsell 100-hue test (FM 100-hue test),
the paired-colored checkerboard photic stimulator for examining dyschromatopsia by visually evoked cortical potentials
(VECP), compatible VECP system and Hess-coordimeter. A software especially programed for the FM 100-hue test makes it
possible to analyze results of this test, automatically printing out the total error score, the amplitude and bipolarity of the
confusion axis within a few minutes. The VECP was recorded in normal subjects, protanomals and deuteranomals, using
paired-colored pattern stimulator tuned to the same chromaticity coordinates of the Panel D-15 test's colors. A new index
(P/D), the ratio of the amplitude of response to pattern reversal stimuli by protan-confusing paired colors to the amplitude by
deutan-confusing paired colors, was significantly different in protanomals (0.77) and deuteranomals (1.51), both from normal
subjects (1.06). A VECP system was composed of a personal computer (PC), a cathode-ray tube (CRT) and other related
equipment. This VECP system was comparable in function to much more expensive ones. A coordimeter was made up of
only a PC and a CRT. This new coordimeter needed no dark room and occupied a much smaller space compared with
conventional ones. The results obtained by this coordimeter coincided with results by former projection-style Hess-
coordimeters, except for effects of pupil distance. The computer-assisted devices described here would accelerate clinical use
of the above-mentioned ophthalmic examinations which have been hitherto very time-consuming, intricate and expensive.



