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t}, AzREL vt e Fivelet PSS HFE 2 A TR Y S o)l oY W
Aoz 7o £¥, 3 £5F 7I15dn 1 34 AP 3. Brietazt it FP AT ke

E A3 gxle] <hFEFol 2 6H oo EFANVR /L Bol EEIH L™, 10, 11H tholA]
T 9uigle E5UAE B3}, =3 A k% AEE inverse Fourier trans-
formation® 2 A& FFAUANE AN 3 9L £3 <ATFE Bl o] #FF F
At AL Hr1e7] A8l coefficient of variations 73 A3 FHE%5L 0.68%, T
HEEL 1.21%2 AARES W) vl$ Aol A o] G3TE ¢ + AUt ZEH LR ¢
A Hhale] Qb Er| &L 71E9 W& diAste HejsA A8E = den, A Hot
o elA 7|&e] Wyt vlmated FEatch(3tbA] 40:197~210, 1999).
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Many diagnostic tools, which record eye movement, are available for diagnosis
and treatment of the patients with impaired eye movement. Most of these tools
cannot record directly the eye movement but record electrical analog signal
developed when eyeball moves through electrode attached on skin or sclera.
Because they need a fixation device, they may bring a patient discomfort. It is
well known that digital recording device is not interfered by external noise
signal and that its reproducibility is acceptable. We have developed a non-
invasive, direct, and precise technique for recording eye movement and verified
its reproducibility. We video-taped the horizontal and vertical eye movement
and processed the captured images digitally using a image analysis program.
The result showed the frequency energy of eye movement in the range within 6
Bz and at 10 or 11H. The eye movement was observed more clearly after
filtering the low frequency energy by inverse Fourier transformation. The
reproducibility for measurements of total variability were as follows; vertical
displacement measurements, 1.21%; horizontal displacement measurements,
0.68%.

In conclusion, this new technique is easy and comfortable to examiner
and patient. Its reproducibility was acceptable. Thus it may served as a
substitute of conventional tools for recording eye movement(J Korean

Ophthalmol Soc 40:197~210, 1999).

Key Words : Digital, Image analysis,
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F9 71% "Wdle A7 (electro-nystag-
mography), 712U (magnetic sea-
rch coil method), HeHd Zeh&F FHY
(infrared limbus tracking method), Z=gt
AP (corneal reflection method) %-°] St
AN EE HEE Fo] opgZa o],
o3 FS4lE o el W, AHN AL
WHE A oldza Wil FHE JI=E
AHgEHe B8 Wyelth, HIHd ey S
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Fast Fourier transformation, Repro-

Walog wiim it olo| Azke fRpA F
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FeE A% WYL ALt stk
AAEL F3E vite spEE s
=35 F 27 30ZH Y (frame) o] ¥t 3H S
AFE ol g =Y THZ2 7Y (frame
grabber) 2 FA#4E AL F Z47 3Ede
T A x, yHER HAEY EF JELZ A
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#g3kr] st kel HARM A8 (In-
trapersonal reproducibility) & coefficient of
variation (CV, %)< ¥t 7Fatoh
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Table 1, Demographics of cases

No Age Sex Diagnosis Eye Findings Others
down beat jerk . -3Hz down beat jerk nystagmus,
1 35 right
nystagmus pendular nystagmus
2 13 M DRS*type | (left) right normal saccadic movement 20 degree jump
3 o5 F  DRS 1 (right) oht decreased saccadic movement
type 1l {right Tig in abduction and adduction
horizontal pendular
4 30 F left 3-4H: pendular nystagmus
nystagmus
down beat Jerk 45t left beat jerk left saccadi
5 10 M nystagmus, horizontal right ? letl beat jerx, ett saccadic
pendular nystagmus movement
pendular nystagmus
horizontal pendular 4-5H pendular nystagmus and .
6 20 F left . 20 degree jump
nystagmus left saccadic movement
7 % M periodic alternating (ot oht OKN® 0.375/deg x
nystagmus g right response 200mm/sec
pendular, left beat 9.3k dul
8 8 M jerk nystagmus right left b tz,pin uar,
left beat jerk eft beat jerk nystagmus pre-Kestenbaum
9 14 M nystagmus, right null point-left side operation
left head turn
left beat jerk . . . L post-Kestenbaum
9 4 M right null point-primary position .
nystagmus operation
bd post op left
10 51 F a 1;cer(1s. I;?I)‘VG right abducting nystagmus media rectus
palsy (night Faden operation
11 23 M normal right saccadic movement 10 degree jump

* DRS: Duane’s retraction syndrome, OKN: optokinetic nystagmus

Table 2. Characteristics of system

Camera
Video recorder
Image processing software
Hardware
CPU
frame graber

Sony 3CCD, Model VX-1
Sony EV-C100(Hi-8 format)
MOCHA for windows(Jandel Inc., CA, U.S.A.)

486 DX4-100m, IBM clone
Videomaker (Vitec Co, Paris, France), 640x480(pixels)

7:4 {H(Table 1).

GEFTS FIE dAE HEE A7) A &
3| 3etd AME AMESTH(Table 2, Fig.
D. dAES AL A4 g3 F e F
AleHA stglen, 24 FBFor L 2=
© A et @itE $E3 3CCD Hd L
gtz =3siglen], Hltesidete]l My &

EE 1/30%0 233 sy Ale &3¢
st @z & A T F ¥ E2oll mm T
A7t BAIR RS FaF & #GEich oY 2, 3,
9, 10, 119] #HA&EEFE L7 #I8H]
105 7tAe] HZEA (jump target)©] AFHEEHY
o}, EAHL kel A 150cmol] 1R)A)7)L T
2+ 29| FoA #xle] £ Folol RFo] Y
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Fig. 1. Video frames were captured and digitally
transformed to X,Y coordinates by frame
grabber in 32 bit micro-computer.

ek, ¥x5e] Bye e ¥E AFLEDE
Mgttt 7oAl Al&E<Hl (Optokinetic
nystagmus) ¥H&& #2A17171 18t 110em A
ZollA 170e] AxEH 9] Ho)7t 32pixelol™, &
W Azle] div)7} 33%< square wave grating
target (0. 375cyc/deg) & FHFEl Z=2 13t
Act, o] ARFHE 200mm/sect] £E2 A1
29 o2 AN F oz ddF o|AS
FAA ke Al EEHR S fEstn ks
H)d] e 7 ElE EH3lsich

tEE715e] 2R AL AFEHY JAEAT
23% ¥ MOCHA 4488 =Zza8& o] &3
Aot E3E vdestd F B¥dtnat e o
olo] A& =3l 486 Dx4-100 ZHFE ol 3t
H FHEFT23Y (frame grabber, Video
maker, VITEC Co, Paris, France) &2 256
702l A43H-S RGB true color ¥ (tif file)
2 dxg it

T3E W oA o] FAH (F, following
point) ¥ 17}9] 1183 (R, reference point) & F
Bk (Fig. 2). olw $<te] 233 Wik e
I Hetel aFFLE e FHahn, olFH e
FTFAE "3t o)A ol F A9 x,yF
EE Holstd 242 3 2 +£9% A (pixel) &
T3t Pixel 99 E calibrationdle] mmz x|
gl 256709 A e] nF AT o]FH Aol
A e gl Zo] F3 F ANWERE M-FAY
£ m @92 e, 4z dideict oF 8.3
27t AEFAYE AIIER =aPdch ol
vt e 3bHe] 3 Zlde (.0333....... Zolng

200(200)

Fig. 2. Digitally transformed X, Y coordinates
F: following point, R: reference point

256702 Mg 3He 0xolM <F 8 327A)7}
shtel Jg =2 BASAC olFA A" 1
Ze xEFS AU (R R 31, yEFE 479 F
A 9D £HLEAY () 2 FAHJHFig. 3-6).
old eFE AF FHFHE BRI WE F
g el wE hEFe ovix] BEE 47] 9
&lx), Fast Fourier Transformation(FFT)&
ol g3sld AIZINE dEFE AT Fugdd wWE
durlFoz uptelA FAIBIHTE FAHE 1)
Ze x5S 1% o5 (H) 2 3t yFS A
ZF(Log(Fx, Fy))oz FABIAH(Fig. 3-6). °l
aHTE B3 Zzte] diidwitt ojux] ¥
7} Adan y4sEe g FR5eE MHsid,
Inverse Fast Fourier Transformation(IFFT)
& o] g3l AAF F ke FAF(y) % %
F(x) %A (mm) & A7t 71&e] =83
#o] BAEAH(Fig. 3-6).

233kl AL Hrkslr] Hste <HeETIE
& 98l =33 3 5 ¢loje & Jie FHAS
Fz) @ 3 F 77 149 aZHA R o
A& 208 wrEsl] gl o]FA s &
oA 2071e] HEE 77 x,y2 Fldtd 7zt
o154 (Fx, Fy)# 233 (Rx,Ry) Atelel Agle]
AH(Fx-Rx,Fy-Ry) & +&ch 20709 (Fx-Rx,
Fy-Ry) #te] EFHAH(Stdev) &+ Faak(Mean) &
T3 ARAY #Hrle EEHAE HAoz U
3= Coefficient of Variation(CV, %)< T8
ol girt,

—_
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Fig, 3. Horizontal(Horizontal Displacement, F(x)) and vertical(Vertical Displacement, F(y)) eye move-
ments of case #1 to #3. F(Ix) and F(ly) show horizontal and vertical eye movements of case #1
to 3 after filtering more than 5Hz, 4H, 2H respectively of F(x) and F(y) using Inverse Fast
Fourier Transformation (IFFT).
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Fig. 4. Horizontal (Horizontal Displacement, F(x)) and vertical(Vertical Displacement, F(y)) eye movements
of case #4 to 6. F(Ix) and F(ly) show horizontal and vertical eye movements of case #4 to 6 after
filtering more than 6H:, 5Hz, 5H: respectively of F(x) and F(y) using Inverse Fast Fourier Trans-
formation (IFFT).
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Fig, 5. Horizontal (Horizontal Displacement, F(x)) and vertical (Vertical Displacement, F(y)) eye movements
of case #7 to #9. F(Ix) and F(ly) show horizontal and vertical eye movements of case #7 to 9 after
filtering more than 4Hz, 8Hz, 4M of respectively F(x) and F(y) using Inverse Fast Fourier Trans-
formation IFFT).
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Fig, 6. Horizontal (Horizontal Displacement, F(x)) and vertical(Vertical Displacement, F(y)) eye movements
of case #10 to #12. F(Ix) and F(Iy) show horizontal and vertical eye movements of case #10 to 12 after
filtering more than 5Hz, 5Hz, 5Hz respectively of F(x) and F(y) using Inverse Fast Fourier Trans-
formation (IFFT).
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1) chat 1

354 &t Bxke] & w9 AF 7)Fon,
472 SN 23t &2 WFAA L AN
o 27¢ Ba 20, Eg UlAg 3-4H9] F3
AT 248 ¢ + A%(Fig. 3. A% F
ol W oA e =HlM FE 1-5H A}
olg] Futsio] ol Fe] BAUSE L F 9
ok webd Sh o4 FLBHL AAY F <
79 FAF(y) ¥ FHFx *EAU@mES 2z
7 APYSRATH(Fig. 3). ATEE =EA 5
% GeBoME lAF 3-4He] $H AAEE
o 274¢ ¥l 23 Yh(Fig. 3).

2) iy 2

2

—

p

% % ek #4254 A% £Fe glo n
AR 250l UgE ¢+ UhFig 3).

A% Fohsol Be Uz Fel SEoN Fz
14t Alolel Zmsriol o= ao] 221388
& F A 0504 Lh Abole] E5Fol 7
27 B9 ATk 4t olgel ¢t £5FE A7
@ % Q79 $HF(y) 2 7R £
(m) & 27 ATYeIATHFig 3). ATAE =
B 79 ¢ 54 A% 259 A 9
Aol 3-41:9] hzle] BAUTHFig. 3).

3 oy 3
254 IR S5 <k 38 FFE BRje} 92
£ B r)Zolth $3 wol 92 53
£$EL FLN F 71289 WY 2 o
A $5 #5045 gaslol Ygs Hel
o #3 234 A&EFe] YUHFig 3
AE Fo5o WE UAF) SHAM F2
2Hy Abole] Fopgrie] o|UR] o] BeieE

v

O x

>

3]

we T AN X

F 3, 0.59A4 1H Atele] EFFo] 7 A
=3 AT 21 oSl <t LFHE AAT F
el FAF(y) 3 FEF &) 5A (m) & 7
Z AP Euac(Fig. 3).

4) chat 4

304 A} BAte] HEH o ¢ FFe 72|

, FHEFAA 34 AzRIA AL By
ol 3 3 kEEolA nlAE dFe] A
HAFEHFig. 4). T Fu5o] we x|
o] EFo|A FZ 1-6H Alele] Fmthol] o
Aol 2HUSE ¢ & U, 3-4H: Aloldl H)
izl o] AgE& & 4 Uk 6H o)At ok &
TEES AAY F 7] FHF(y) 2 FHF K
+EAE () & 242t AT AH(Fig. 4. AT
AT 2B 3 AEFAME 349 F2R
Aol 24¢ B T2 Ach(Fig. 4).

5) Chat 5

104 2k @29 3 £ FFe 7150
B, FEEFNA 4-5k HAENF & A &
e B o EF FF A&EFe] FiEHA

& 2o Frh £33 FAAME A deE
Bl #o(Fig. 4. JF FFd wE oy
Ao =FolM F2 1-5h Alele] Fuhsrid
dulA|Fe] EUSTES € F UL, 4-5H Ao]d|
A oyA el A& & + Uk (Fig. 4). 5k
oldel ¢k ¥FHE AAR F T FAF(y)
R FHF ) &EA2 (m)E 42 A7
AT 2B FHALFAA el WA
o el ZasHe £24E& B Frh 7 2
FAME 3-4te] FAZALFY 24 E B F
3 At (Fig. 4).

6) chat 6

204 i BA] HZ o GeFel 7150
W, $9eFAN 45k FE AR 2AL
Hol Zrh EF Hoke & A&EFo] Fu
e el Foh FHLFANE lAE HEF
& Bl Zuh(Fig. 4). AF Fosol He o
APe] BEAN F2 1-6k Abole] Fpsuio]
A Fo] BAULE & 4 UL, 4-5H Aol

0

AN

tio dlo
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of Hof AR Fo] JEE & F AT 6 1Y
o ¢ EFFE AAY F 479 FAF) R
FHF(x) & () & 27 AFPssch. A
TR =839 FHTETAM 45k FHAEF A
AR 27E FRol B g F4 ¢ 8
ME 2-3H9] FAHAARFE] 2AE Ho F2
AH(Fig. 4).

7 o7

264 &t #2te] & w9 OKNuR<l gt
A& 715oln], FHLFAM F 0.8 HF R
5 AN 24 B Frh FALFANE
deFade S ¢ & IR Fig 5. IF
Ford mg AqURF EFAM F2 14
Atele] Foprrie] ouix]ge] EBNES &
AHFig. 5). 4t o] de] & TFFES AAT F
el FAF(y) ¥ #HFKx) &4 (m)E 7
Zt AFAsidch AT =83 FEdET
oM o 0.8 #F R & AR 2HE F

glo] Bl Fot(Fig. b).

8 tid 8

8Al Ext Bxtel 9& £ IEF 715, F
BEEoA 2-3H FHENF R AR & B2
o Zot FALFINT AT dFE HA T
th(Fig. 5). AT Fugol WE AUAFe] =R
oM FZ 1-6H Ate]e] Futpriel] AR Fo) &
AUSE & & U, 2-3H: Alolol] Ho | F
o] &L & + k. 6H o]} ARTHFE A
AR F A7 FHF(y) € FHFK +FA
(om) & Z}z} AT (Fig. 5). AT =8
o] FHAEFAAN 2-3h FEF E WA
27€ B o £ AdLTAME 3409 F
AAAEES] 2288 2o F1 vHFig. 5).

9) chat 9 (KestenbaumTz )

144 gat &2e] & £ T 7150,
#HZoz NS Y A FH FAIA] I
o] NEe] A AAE BY, <9 -A]
FEANA 3-4H JAMR 2AE Eo F T3
EEME ¢l S ¢ + Ut (Fig. 5.
AF Fogd W quAFe =R M F2 1-

206 (206)

4Hz Atolo] Fatrti] oz Fe] E2USE €
F UL, 3-4H Atold] Hof oy Fo] AUSE &
F AtH(Fig. 5). 4H °]39] tEEFE AADR
F 479 FHF(y) R FYFK) A ) E
24zt AFAEAY. AFAEY =BG FHdE
FollA 7] 23& Felo] B Fo(Fig. 5).

10) CHA 9 (Kestenbaum=T= %)

144 2 @] & w9 AT 7150
o, g FHoE FAPE o <t NEF9
A A7E BY, 9t oA € WA 3R
SN 34K AR 27AE BHo Fr} $£AE
FAME hEEel S ¢ & UdkFig. 6).
%F Fugeo] ME VA THAM FE 1-
4H Alole] Fulrthol Uz o] EEES ¢
a3, 3-4h Atelol] Ho oAuA|Fe] AUSE &
F AtH(Fig. 6). 4Kz o)Fe] dEFHE AAT
F 79 FAF(y) ¥ FYHF 25AE (m) &
Zbzy AFAstATh AFAA? =FqALY] FHLE
FolA A7 28 & F8lo] B Frh(Fig. 6).

11) chat 10

514 AAz@Ae] & o T 7150H,
SFZ2AANAHF FRbe] WA FadenFES
we JEiqd. $te] XA FHEFAA vl
R} AAE B Frh FARFAANE AT
o] gl&< ¢ ¥ UH(Fig. 6). AFFusol
g duxEe] =RolM F2 1-5H Alele] Fu}
Flo oz o] EAUEE & & A, 2-4H
Atelell Hdl oz Fe] UFE & F AT (Fig.
6). 5t ©]3e] ATFHFS AAY F T F
AF(y) 2 ¥8F & &&A (m)E 22 A+A4
st AT ZEA Y FHAFAA <t
9] 9AA A7) 24 & B £ (Fig. 6).

12) chat 11

234 F4 @Az 5 o ¢FH 7S50l
. 102 HZEAHE o8] 5 ¥4 +5 &
q A& FE R F V1S 3
A FF FYAELFE BAFH A4 ¢
oA g ZAAIze] FEH &S ¢ F Utk
F3 AN A&EEFL oy wAg AT
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Table 3, Evaluation of reproducibility

Recording of ocular movement (pixels) Mean Standard deviation Coefficient of variation (CV, %)
Horizontal movement 12.49 0.08 0.68
Vertical movement, 7.40 0.09 1.21

o g ¢ + UHFig. 6. VFFIHGo| w
g A Fe] EEAN F2 1-6k Alole] Fot
Fojol oA o] BAUSE & & AT 1-3H
Aelel 53] 43 2A 22 YAk (Fig. 6).
6t o4 ALFFE AAR T A7 &%
F(y) 2 +3F(x) <542 @m)& 22 A74%
Aok ATFHE SELY 57 FEFAN A&E
£ WAl gleh FALETAN F 4
£25E RS 3-4me] nlAY WARIIo] B
99k Fig. 6).

2, REel B
Zzte] 99 Wdol WE FabAd AR (nt-

raoperator reproducibility) & #H7}8l71 $3t
o} Coefficient of Variation(CV, %)& T3}
o I g EAEYTH(Table 3). ©1F $HLE
& 0.68%, FALEEL 1.21%% HARe] Wz
7b ol¢ Aol APl F3EE & & Uk

o &

wolle 242t 6719 eitTe] EAFL AF
22 AT 235 4EE o)FH ¥ Ax
Fof| Hiatglo] gl A ¥ 2 AlEE
512 ZA=E o|§H o] FFFo Ratglo] i},
ueh ol FHAEEX, Y, 2& FHo= 3
@eh% (duction movement)e] At} 7S
FALE o] FLE FFole WX B gHLE,
X&5FE FHoR o] A2 3ol 4 ¥ &
AEE, Y&E F4e2 F$2 3ol WA
2 93 eFo] AU, HAAZ AEE B e
F & AHgshe YHE% (version movement)
o] A71A Hu o7|de A&EF (saccadic eye
movement), FF&% (smooth pursuit eye
movement), HAEF (vestibular eye move-

ment), ©]|3EF (vergence eye movement) &
o] TP, ©et T2 UteFe] Aol 2sl
g = e tEAH Aoz kA (nystagmus)
I wpRjARA] aels 43t E 8 (supranuc-
lear eye movement disorder)”} it <&
2 w2r)d ey A} (pendular) & JE (erk)
oz FEH, WERdd wetA 3 (verti-
cal @ %% (horizontal) 2 2] (torsional) 231
o8 BHRETL e F A s x=3)
7] 91EA k2] A7) 9 wad g Fsl 71E
g g e GEF VISR e HAo
v ALR o} AR E Z1EL AR A9}
Zrdsta R3] YeiMe AEEES 7183
AN&ELFEEE 33k Wil x|y, o
A <rEEAAsNe] ] FEAHA AFINEL
st g 71R] AR & whHe] mgtE o] A}
£5 3 ik

Vg 276 AHgE Wez Feo AAET
(after image) & ©] &3t wWholr}, Fol 733
B AFTE T F L L BN e
o2 718 HAo] oYM AMEER] @9ttt
¥ mechanical transducer®& #2271 %
LEFE 7153ke o] IAHAY, ole HE
2 79 AYE ABHog JEY & de W
HolAou 71 ZAA7E FAAQ] TS W
st AAle AM-E A et

) FdgtE o] &3t Fo| FAUYL FY3
F IEFE BAste Wyol AHSEHUY o W
He HES d4sted 289w Aol YR 2
I Y 2E5S FEH oz EAde Wild 3
AE =AM ddHoR AR ZaHTy,

Zigtel F ASE & F Aol vatE W
Ht e Filete] F3lele] BAste wye] )
HAh o] WYL nAF FVEE I
ou 2&E £0]7] AN HEl& aH AL 3
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1, A9 71E £Eog FYH vdes A
Ho g EAstes ol ugdle ddHoz A}
5] 2t Ztdho] Ago] FatE FyER
25 AET F ALdA vpE WE Hgte
o] sigtEle] ALgEQler 102 vigte] ulA
g 2T 71 5o] hEdted bzl Aol AMHEE
AP,

A dAdHer 7P Bol 2ole AEFINE
Ul AR = (electro-nystagmography)
v Zutgt geke)l M2 & )AL (metabolic
rate) 2 st AAHE AVNFE 7 T H(F
of Rt AFE F3lo] 7| Edte Whloldh o]
Wl APz 9Ty YoE NEE ¥
sk Wh2lo] ol 7] wiiol A& <k YRl
#F FEE AFITtn & 4 gloh £33t
AU W& HF 2 g W3 aln @
ol =g H8 M| WAzl rIZtsle] 25
calibration& 3toob &= we] Urh. o
7t AFE Ao A SR Lol
A2 & 57 e A dojA Al o
o] W), AV EE FALEFY] =
Al EAATNN vee ArAlzet 4ehz o
AN ves A5t FEE F M ks T
Faled A7 d9®. AviskilxEe oldza
NBE AMEE7] Wi elfe] Falso] P3gE
g 4 9l @Al AU, o] opdZ ol

g LA Fol7] St AIIIREE AME-8L
o 4L AVFE HFE dAEA Fourier
transform< ©]&3ld EAsH o, o] JA)
7105 2y FR7} opdR oA olojx] of
2ol ddE BF gldttn B JEo?. |
AMEEE diFEe] AVRREE AE Ee o}
g24 s s e uxd P& AMEsta
Ak, ko] FEFE Bt FH3ke ¥ B
2 e HrIRze] I ZE AT EH
A el AA 2HYs adzE B
Alel] gt b,

271eA 34 (Magnetic search coil me-
thod) & S EZ =2 Yo HAe] e Fele
71TR FEF Al Yoe &89 A7 A7)
H3LE e 3 sty WMo R ofdE I WS

o
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A AL A7t Ee} o Z&el FAd
A A5 E Meldte vnd A& aAg T
Y e 23 pesith w3 3 2 7 ke
g BAlN 7188 £ 2len FAJFEEA A
A A5 E wiAsld o A3 S US A
Hoz vepd ok a8y o] e FHE
A=E Al83lodof stz AP HolojM FZ7}
& <tE = dolol 9lojA] ARgo] A ZEE o)
glq_ll,lz).

Ao ZtabfE FAWY (Infrared limbus
tracking method) # Zt2rdkAMY (corneal
reflection method) & Z}gtoll HelX& AR &
WAl e WE Zhehgaag Zhao A Mdsle] ke
9 JWEE zaizte Wyold. e 7IEH
Zge] EAo] g Aoy kEEE FA s
Are] H2E 93t ooy nHEC dFE
pAslok ke @] AT, UL ZFES
AMel&x ® &) Fridel wet <t IHE

< vjtjeel 7HFE 9 pattern recognition 7]

£ olgdld |E8dlee AlRER HARE F
o AR F dAlE e FAE HFE AY AlxE
& o]83ld w9 AR s 2 g 23
gele Al=rt EREoh?,

oA AFdARel AT 715 gL g
o 3oy BEHES A F3, 2L vjH &5
7 7158 e, AH v 2AYE E
8y, 950 Tzl Jas AA Bor, FA
o 3712 &Fe EEE V1EY & de WES Fo}
s ok H2 8o Alg] Mukell AAA opd
21 43 A tAE 32 giAEm QL
o HAEAZE o] &3l o)t AT FHE
< 35 & de ZAA B E g gy,
b 78wt e ElR s HEg ¥
2% 30Zdde e WS HEyzEa
Moz cixgslste] 640%x480702 x,yHEESE
gkt Al 7 Bol AMREE W71
Axe) e =g A7) Y& 2z sEd 10
2AEE FEG Uik, &5 <Y QjbHE
Atk ZHzte] olgH o TF FAHE A
ot o 178 11704 A <kese] &S
$8 2 $£7 tgEor o majslgct
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52| AEE fast Fourier transformationdt
o A7 AR FZ 6H oA FFIA]
7} ol E¥aAuh =3 i 13,4594
10, 11hddAME 9] de FFduvx £XE
B33 9o}, o] Waod o &5 3%
A% HU 15 oY AUE 715 F UL
22 10, 11H99] mexn e 1Fe] 39l
2% QA7) old mAkY 7Hed& AlAEE
2 & 4 Ukt 1004 1170R1e] A <t
% #&E& Inverse Fourier transformation
o2 vz HE EFAUARE AAGF F AT
A A3 3 @ FARJEES Bo Flo] 1}
R 4 Uil AzE AAReEMe AERE
AAFE] H3te] AP S Hote A3 FHEF
2 0.68%, TALEL 1.21%2 vud L3}
th AztEly olee}l Ze olHe] Utk A
ot vl Hen] welr P2yt A s #x
o] ASE HAE &olditt tAEAEE AME-E
22 gRINET} 7198 247 glem, HHe
glolZut glom AAlgl=e 7o 7hedhe &
g = FNFe] FFo] FHA geth AT
AM vedlelt FHEE 7] ASE HHPHR
EEsle Mg g2 w9 23YE
“hﬂr FH9 AdFAADT &S WA e F
AEEE BA &4 7Hesich ofd vig
MWE 7150] 7Fssich —T—?—: e
7Veled &% uAbzle] A
o}, ¥ide) sjdsiof & FAA
& Age] ok, & e AE EFol Bkt
o] EA¥E 1o Z2aYy 7leF =4l
01—4 71 ez gAY adge ol g3t 3
A= 2o, & d7olA AHEg il o
F8o0z ME $£:v 1/30%0 23H] 15K
olitel wWE A7 FFYL FHo| B, 1
& MEE AMgstn Hoth wan 23} ggof &
AFEE ol &sld A + Uvtm e,
E Az7b AMEE 8 AFEEE AR
7t Brtstd o, v wE FIAUFAE AHE
a3, ;8] 719 2 RRV|AGAE Bt
o, 3t gF7es A AAE F s
2t Aztdd, dA oy FopilA ZgE a9l

:;

£ pattern recognition”]d& 431 ¢ 2
g Folx, FTEVNEL AR ThEtA
& dege Aztdch

Ao tAE W9 deFr 5L 71EY
w2 diAsle HeletA AR 5 e,
Ao Bt sl 71&e] WPt Bt
el A=
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