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A Study on a New Mathematical Human Vision Modeling

Characterized by an Autonomous Image Observing Mechanism
Toshikazu Matsui

Abstract

The human vision system has many excellent image processing functions, e.g., pattern recognition,
image quality evaluation, and so on. At present, it is very difficult to develop pattern recognition
systems or image quality evaluation systems that are equal in performance to the human vision system.
A two-step approach can be expected to be very useful in solving this problem. The first step reveals
spatio-temporal image -processing strategies of the human vision system and formulates a vision model
into which the image processing strategies are appropriately incorporated, in other words, develops an
artificial vision system to respond in the same way as the actual vision system. The second step applies
the formulated vision model to the development of the image processing systems. From the above point
of view, many studies have tried to elucidate the visual information processing mechanisms. One attempt
was to reveal the structure and function of the eye-optical system or retina in terms of physiological
optics and the neural network structure of the visual cortex or retina from neurophysiological aspects.
Another attempt was to experimentally measure perceptual response characteristics, e.g., the various kinds
of contrast sensitivity characteristics, determined as global responses of the human vision system from
psychophysics or experimental psychology aspects. However, no vision model has yet been developed
that is capable of achieving the same adaptability or flexibility in image processing functions as the
human vision system. Actually, previous studies have only been constructing vision models from
partially elucidated human vision's image processing mechanisms, due to the deficiency of physiological
and psychological findings which are indispensable for the modeling. The human vision's excellent
image processing functions are thought to be produced by the systematic or autonomous operations of the
entire human vision system consisting of the eye-optical system, retina and brain; not by partial image
processing mechanisms. In modeling the human vision system, therefore, it is very important to aim at
formulating a vision model which can theoretically simulate the systematically or autonomously
operating mechanisms of the human vision system even if the mechanisms are not completely clarified.

What concrete mechanisms should the systematic or autonomous vision model have in order to serve
in developing pattern recognition systems or image quality evaluation systems with a performance as
high as the human vision system's? The human vision's image processing functions such as pattern
recognition can be achieved after the images presented are appropriately projected onto the retina (image
observation) and are correctly perceived; hence, the image observing and perceiving mechanisms can be
regarded as fundamental mechanisms indispensable for displaying all of the human vision's excellent
image processing functions. In addition, these two mechanisms are not subject to uniform image
processing strategies but can change their own response characteristics adaptively depending on the
presented image's properties or presented conditions in order to achieve the human vision's adaptability or
flexibility. In order to develop a vision model with the same performance as the human vision system,
therefore, it will be essential for the model to have at least two fundamental mechanisms: one is an

autonomous image observing mechanism that can change its accommodation response characteristics
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depending on the presented image's properties or presented conditions; the other is an adaptive image
perceiving mechanism that can change its perceptual response characteristics depending on the presented
image’s properties or presented conditions.

From the above viewpoint, this research focuses on constructing a new mathematical model of the
human vision system as a common framework for developing pattern recognition systems or image
quality evaluation systems with the same performance as the human vision system, and is carried out
based on the following four phases.

(1) The first phase mathematically formulates a model of the entire human vision system consisting of
the eye-optical system, retina and brain based on findings from physiological optics or neurophysiology;
the model's underlying mechanisms functions to autonomously observe the presented images and to
adaptively change perceptual responses in the same way as the human vision system.

(2) The second phase discusses the model's effectiveness or validity by comparing already measured
perceptual response characteristics (chiefly psychophysical results) with characteristics derived
theoretically from the vision model. Namely, it is clarified as to whether or not the vision model can
theoretically reproduce various kinds of perceptual responses that change adaptively depending on the
presented image's properties or presented conditions.

(3) The third phase considers revealing, in terms of the vision model, how the various kinds of perceptual
responses are produced.

(4) The fourth phase applies the vision model to the development of objective image quality evaluation

methods, the resolution of problems in computer vision, and so on.

This paper consists of seven chapters and is summarized as follows.

Chapter 1 clarifies problems confronting the present image processing techniques such as pattern
recognition or image quality evaluation, and offers perspectives on how to solve the problems. Namely,
it discusses that a two-step approach is very useful for developing pattern recognition systems or image
quality evaluation systems that are equal in performance to the human vision system: the first step
formulates a vision model that works systematically or autonomously in the same way as the human
vision system; the second step incorporates the formulated vision model into the image processing
systems. Moreover, from several viewpoints, it is clarified that the systematic or autonomous vision
model should have at least two basic mechanisms: one mechanism is used to autonomously observe the
presented images, and the other is used to theoretically reproduce various kinds of perceptual responses in
human vision.

Chapter 2 proposes a mathematical human vision model for still images based on the discussion of
Chapter 1, and examines its effectiveness or validity: This model, which consists of an eye-optical
system (image observing mechanism), a retina block, and a brain block, has been mathematically
formulated as an adaptive focus adjustable feedback system that can be subjected to an essential image
observing strategy of the human vision system where two kinds of mechanisms operate interdependently:
one is to adaptively change the degree of blur of the retinal image based on the presented image's
properties, and the other is to determine the size of the visual field based on the degree of blur of the
retinal image. The model was formulated by applying Iijima's Figure Observation Theory which is well
known as a basic theory in pattern recognition. The formulated model has two features. One is a
mechanism that estimates the most suitable image observing states, i.e., the most suitable sets of blur
and visual field, to view the presented image by locally maximizing a certain defined evaluation function
under the interdependent relation between the blur and visual field, in other words, an autonomous image

observing mechanism different in kind from the auto-focusing mechanisms utilized in most camera
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systems. Note that with this image observing mechanism the model can have a multiple-channel
structure just like in the multichannel theory of human vision. The other is a mechanism capable of
quantitatively reproducing various kinds of perceptual response characteristics in human vision to still-
images by utilizing the maximum evaluation function values at the optimum image observing states,
such as the difference in contrast sensitivity between sinusoidal and square waves, the compound
sinusoidal wave's threshold contrast characteristics supporting the human vision's multichannel theory,
and the effect of display sizes on contrast sensitivity. This suggests that the model can quantitatively
simulate how the human vision's perceptual responses change depending on the presented image's
properties and observing conditions.

Chapter 3 experimentally verifies one mechanism of the image observing strategy that adaptively
changes the degree of blur of the retinal image based on the presented image's properties or observing
conditions. In experiments, accommodation responses that were closely related to producing the retinal
image's blur were measured by using an infrared optometer in order to examine effects of the presented
image's spatial frequency and observer's viewpoint on an accommodation error equivalent to the retinal
image's blur. As a result, it is demonstrated that an accommodation error to sinusoidal waves increases
with lowering spatial frequency, and that an accommodation error to square waves at lower fundamental
spatial frequencies becomes smaller in the case the observer's viewpoint is located on the edges rather than
at the center points between the edges. Furthermore, it is suggested that the resting point might change
according to the spatial frequency. For comparison, the effects of spatial frequency and viewpoint on
accommodation error were theoretically derived from the vision model, confirming that the theoretical
results agreed quantitatively well with the experimental results. This agreement can be thought to have
verified at least the changing property of the retinal image's blur as the basic idea, i.e., the interdependent
relation between blur and visual field, underlying the vision model.

Chapter 4 proposes two kinds of objective image quality evaluation methods by a pertinent
application of the vision model. One is a sharpness evaluation method, which uses the model's
maximum evaluation function values at the optimum image observing states as evaluation criteria. The
other is a performance evaluation method of density gradation method based imaging systems such as
CRTs, LCDs, thermal printers, and so on, and the evaluation criteria are C/Vn (Carrier to Visual noise
ratio), N/Vn (Noise to Visual noise ratio), and C/N (Carrier to Noise ratio) designed according to visual
noise characteristics that are derived theoretically from the model's optimum image observing states. The
sharpness evaluation methed can correctly simulate the experimental result that the sharpness value
perceived by human vision increases and thereafter is saturated with an extension in the spatial frequency
bandwidth of image transmitting systems, and can also explain the experimental relation between the
optimum viewing distance and the spatial frequency bandwidth of the image transmitting systems.
Meanwhile, the performance evaluation method can correctly explain our empirical fact that the imaging
systems will have different performance evaluation values depending on which information of the density
gradation images is paid attention to, i.e., the pixel structure of the images or the signal components
modulated by many light and shade pixels, and where the observer's viewpoint is located. The above
results suggest that the proposed methods can theoretically simulate human subjective image quality
evaluation processes.

Chapter 5 extends the mode] for still images to a spatio-temporal human vision model capable of
simulating spatio-temporal perceptual responses to temporally changing images as well as still images.
The new model was formulated by two stages. The first stage is an extension for analyzing periodically
changing images such as flickering or drifting patterns, and incorporates the spatio-temporal frequency

characteristics of the human vision's X- and Y-channels originating from the respective X- and Y-retinal
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ganglion cells, and the spatial characteristics of the W-retinal ganglion cells into the previous model for
still images; consequently, the new model's X- and Y-channels have functions to extract mainly spatial
differences and temporal changes in luminance from the presented images, respectively, in the same way
as the human vision system. It is demonstrated that the first-stage spatio-temporal model can reproduce
experimentally measured perceptual responses, e.g., the spatio-temporal frequency characteristics of
contrast sensitivity, the spatial frequency characteristics of the optimum drifting speed, and so on, to
flickering and drifting images. The second stage is a generalization for analyzing all types of temporally
changing images, and incorporates two kinds of temporal impulse responses of the X- and Y-channels and
the dynamics of the accommodation mechanism into the first-stage model. The two impulse responses
were estimated from the temporal frequency characteristics of the two channels by using the Hilbert
transform. As an appropriate application, it is demonstrated that the second-stage spatio-temporal model
can theoretically reproduce experimentally measured perceptual responses, e.g., the spatial frequency
characteristics of contrast sensitivity or simple reaction time, and the relationship between the threshold
contrast and exposure duration, to flashed sinusoidal waves. The above results suggest that the
spatio-temporal vision model is very effective in simulating spatio-temporal perceptual responses to
temporally changing images. _

Chapter 6 applies the spatio-temporal model to developing a new motion-detection model capable of
not only reproducing the human vision's perceptual responses to motion images but also estimating
motion velocities. The motion-detection model was an application to computer vision, and was
formulated by incorporating a motion detecting mechanism intg the spatio-temporal model. The
embedded motion detecting mechanism transforms the output signal of the model's Y-channel, which is
well suited for chiefly extracting temporal changes in luminance from the presented images, into a
spatio-temporal analytic signal; the real part of the analytic signal is used for calculating the motion
impression strength that serves to predict perceptual responses to motion images and to determine the
motion direction, and the phase of the analytic signal is used for estimating the motion speed. Results of
pertinent applications to the analysis of compound waves consisting of three drifting sinusoidal waves
with different spatial frequencies and different velocities make clear that the motion-detection model can
reproduce perceptual responses, for example, the two-fold difference in contrast sensitivity between
flickering and drifting sinusoidal waves or three kinds of motion appearances caused by what component
sinusoidal wave the observers chiefly pay attention to, to such images and that it can exactly estimate
each component wave's motion velocity.

Finally, chapter 7 summarizes the results of this study and discusses perspectives on near-future
work in this study.

The originality or novelty of this study lies in having noticed an essential strategy for observing
presented images in the human vision system, i.e., the interdependent relation between a retinal image's
blur and the visual field, and having formulated a new mathematical model of the human vision system
consisting of the eye-optical system, retina and brain in terms of the image observing strategy.
Consequently, the newly-developed vision model can have both an autonomous image observing
mechanism different in kind from the auto-focusing mechanism of camera systems and the ability to
theoretically reproduce various kinds of spatio-temporal perceptual responses in human vision, indicating
that the initial purpose or perspective of this study was achieved quite well. However, judging from the
research goal of developing pattern recognition systems or image quality evaluation systems that are equal
in performance to the human vision system, the current research status can be regarded as being at a stage
where a means or framework to the goal has been arranged. More progress in the research is still needed
to reach the goal.
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ST riE2 REFEEEDMENY MV, VEWRTTIVT Y ThHb, ZORMDHAENIE
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Q2 DML, Z7)—VEAEG(r, )ERAWLE—ENIIETD

f(r, c)=/ _G(r—r\,z,) f(r") dr' | 2.3)
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I f1%= [ _G(r—ry, vo—cy lf(r, )l 2dr @.7)
(0<t,<z,)
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ULmﬁéw%ﬁmﬁL%ﬁ%%ﬁbf&ét\Eﬁﬁ%@%ﬁﬁ?@%ﬂ&%ﬁu&ofﬁ
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T o~ 9

R REEG TR, IO/ VA0 2% || £ |2 IZRTREGROFEIIST 2 ABOMES
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Fig. 2.2 Profile of a sinusoidal wave.

DTFOBRETHE, HATREEFROHBLE (r,=0) &L, 200b Y ITRRE RO
m%%ﬁ?é:tfﬁﬁ@%%%%iéoﬁ@xnib%%?@ﬁKmﬁwﬁt&éo
K=B+Acos 0, "exp(— 7y wg’) (2.18)
H2.10), X1 L HIZHEFET g5 (R, t4—1,) &,
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EERTETE Do ERBEROGEITE, ws 22 BERRS LOrEEN2WO T, W% &
I ERS (BT ¥ 7 2 MNEEZEBERESE) H (o) D) b=, DEEDHE
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Fig. 2.4 Relation between visual field size o ; and degree of blur ¢ .
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720, didTa— 74— (duty ratio) ¥ Kb T, EFEFOL ELE UFIEICL YVEREE
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Fig. 3.3 Spatial frequency characteristics of accommodation responses to sine-waves . (Subject : T.M.)
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Fig. 4.1 Block diagram of theproposed sharpness evaluation method using the human vision model.
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4.3 BERREE (PAM) BEEHEFRAXNOMEETHEE

RETIE, HETTIUVPRRREZEFHENL- L2 IEONLH ) —200BH N TH L5 E
BUIRELT AW 3 LVBERER Y AT AL 1T 5, BBEFRRVATLE L THE
BEBAEGEERY ATL (BEAREET) VY — CRTREGREDZETAATLA)
rxtgE L, YRATLAOWRET FHENICFMT 2EMRESL LTH L L C Vylk (Carier to
Visual noise Ratio) & N VIt (Noise to Visual noise Ratio) & C NIt (Carrier to Noise Ratio) #
Lo SILOFMERERREE 7V OREEMIRED O HHTE 248/ 1 X2k L
TRHEEN S, 2L C, RERBREGRICHTAHMEETVOFFMEEAIESL C Vntl, NVn k.,
CNHOEH TRV, TNOLOBELBRERAEGOME (HEOKES, 27 tEk L)
EDBDOERWBEGTHEICT 5,
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SRz Z IO N B REEBEIRED S ERICEHETE 5,

KIZ. CVnttkNVJWJW%%E&LTV%#%%%%O CVplid, HNEEOFIZE £
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EBFMREL LTHWAZ EATE, CNI (Carrier to Noise Ratio) & EF L TH <,

CVplh, NVt CNEDEFWZEIERIIRO L) IZELHoND (B4.11) o
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4.3.2 PAMEBRRARDEHNFKE

AIERBITE T v —PCRT - WET A AT VA SOBREERFIHED (EEERY A
T LADHEL N A MATERIZ SV ARIEZT (P AM:Pulse Amplitude Modulation) Mg & LT
FEMAICHRERTE 2, ZOELIIHETF VOEEEER H I EEO X~y kv & B
CEHHTE B LT H5ATH L,

4.3.2.1 PAMIEZEEZGEZDIANT MILFRIER
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g (r) =B+Asin(wsr+6p) | (4.11)

A TIERGEARIE B TPHRBE I GTHEE 6p 4

ws . EREFOZEAEER .
PREMARRY AT LICAN LI EOHPDERERIER 4.1 2 0% 200 2 BIEZER E
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PAMIEERIZPRWT, 1HEOKEEE Ty L, ANEZERDO 1 AT (=2 7/
ws) WIWETy DEREDOATEHATET x (E VIRV PELL— R AN ERE 2 2
ZAhE

Ts =N -Tw+x, (xo=m-Tw/ M) (4.12)
DEIFRABOLT 2o BL, NIZEDEHME meiMEHBEOEHE G L VIEOERETH Y .
m=0DREM=1&7 5%, LEDKIZRY x ( BFEL TV2E5I12, P AMERERICHT
BB TalE A ERBEORM T & 1387 Y

Ta=M:Tg=MN- Ty +Mx,= (MN+m) - Ty (4.13)
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Fig. 4.12 Profile of a pulse amplitude modulated (PAM) sinusoidal wave.
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BOBEICHLT HMNETOANEZEOESMEY

nTw
Yn =f : [(B+Asin(wgr)] dr
(n—1) Tw
=BTw — A [cos(hwg Tw)—cos {n-DwsTwll ws (4.14)

1 EZEOFMEERFBIT (1 EFICHT 2HOME) TEHo7d 08BN %P AMERER
DIRBEy, THALLEZONLDOT, FEnBEETORBMEy o 1 TXRNE % 5,
' vn=Yn/dT , (4.15)
LM< PAMIEZBERIZEHE T, OFHEE L 2o TwbDT, 7-) 2R(HKTzHWT
f (r) =a,/2+ 2 {ancos@wyr)+bysine,r)l T (4.16)
" (wa=2r/Ta)
DRFIRBMERS TR THL, PAMERED | HEZEETAEZEOHK (NM+m) 2ME %
FHOBEIZIFRLERIBOND) OBESIIONWTT7—") TEME KDL L RO B,

Ta 2 MN+m
a,=2 [ £ (r)dr/Ta=23 Yi/Ta 4.17)
“Ta/ 2 i=1
Ta/ 2
an=2J £ (r) cos@rnr/Ta)dr/Ta
-Ta/ 2
MN+m

=2sin(zndT./Ta) > vicoshna{26-DTyw+d7}/Tal /(rx n) (4.18)

i=1

Ta/ 2
bn=2/ £ (r) sn@rxnr/Ta)dr/Ta

-Ta/ 2
MN+m

=2sin(zndT/Ta) > Visinlr {260DTw+d1}/ Tal /(x n) (4.19)
i=1
A@1D~@4190 5 P AMIERERO/XT —2A~7 b vid
lcy I 2=a,* /4 (4.20)
lecnl?2= (an?+bp?) /4 (4.21)
HVTEETAZENTE, TNEBERET L EUTORICEETE 5,
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Do =20 +log;ol cy =20 -log,, (a,./2) (4.22)
pn =20 ‘log,ol cnl =10 -log,, | (ap?+bp?) 4} (4.23)

4.3.2.2 IRIBEEFLEHEOEA

| EROERMTREEEOREE v, 2 ERE (ERAOBIHEEERT 2) & LTlo 745
EROEEFRY AT L TORABIRERZDOTI ) FELELEIT B ICEREY 271
A EBLETHL, M4.1 30BETESRORI KHEOREME Y , (ETLAS) 557
ELTVAHE (0S ynSAmx) #SHICNGEORMICES LTETL @HREHL L.
Z OB DAL S NAREL ~VEd vy (BTEHS) OB Amnin=d vn=Amx T
e, FHEOREMORT v TA vy RUBETFLSNARIBEO A5 v 718A d v i

Ayn = Amax/ Ng (4.24)

Adyn= (Amax —Amin) / (Ng—1) (4.25)
El b, o T, RIEBLANIVEL yvuid

dyn=Amn+Ah- -Adyp (Ah=0yp/ A2vyn 1) (4.26)
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Fig. 4.13 Linear luminance quantization characteristic in a pixel of a PAM image.
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T, THERE AN EZBEERBRBEPEAET AR, SOLEZERBTWwEKRET
pE (K4.15) . ANEZRBEZEBERSE TRTEREOMERMRISE L, TEREDK A
FREZERARE L VIR 2R R D, ZORBIZVHOBITNEL S A X (Aliasing) A5
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L7zRICEEET L o
f(r>.=ao//2+{2{ancm(nwar+mﬁr)+bnsm(nwar+mﬁrn (4.27)
| " (0a=2 7/ Ta)
b, BEERVATLADPORNENLP AMIEZER*HEETTIVIERR L-EIZES
BEFMBE L [ 1T RDERIZR B,
8

1= 22

d¢ n=1

S Hnwa)Hmoa)exp {- « o*+m*)wy?) sinh {(r p— ¢ ) imwy?)
m=1

X[Cly Clyysinh {(z o= 7 )mm w,’ }+C2, C2peosh{(z o— © )mmw,’]  (4.28)
(Cly=apcos (nfy) +bpsin (b)), 2,=b,cosnb;)—apsinnb,))

SORER A B L 7- b 5 O BIEROBEEBIRE L. 20 2R L TR @28 O
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4.3.4 HE/AXECVNnE, NVnltOEH

P AMIERHET 2 HEE 7OV L 2B e S5 R@ Bk IR Tk, 2oRE
BUALRAE E S e Bk A O EEBA 7 4 VY B (Fr R VPLEER ) Dary RS A
NEREENESE (ws) HETTFVOTNVTFF ¥ AMEEEZ KT 5 1 DOEHT7 1L 5)
DPHREH TOREET VO ZEEEEHFEEZ R L TwEILilh 5, S (wg) DUFRHE
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FHLTBY, HERIZORFMELT O 2 bS5 A P AFOWEEERHTLE I EBTER VY,
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BH0%DT, PHEEXBLTHLHETOEREREOREA: (ws) &
At (ws) =B/ SB (ws) (4.29)
Y b, TOWRBMEEHEOEZEE OERANY bVOKREEIFA (wg) /2 (ZERIEEK
W DRBICE U AMARY PV) OT, fHST — A7 MUPVLIZARE 25,
PVp=20 -log,, |At (nwa) /21 (dB) (4.30)
BL., PAMEHREFBTELLHMARY M e B CZEBERONE CHETEL L) Cw,
MRE B L L CRBE LA, COMBEETN TR, ANEZREFROZERBEEHESS P AMEKIR
To 1 HEE, S {bEE. HRVEIKE L TRESEIIRESEHLWICELTADOT, RE
DA XFEED N DELITREFEL TEEZER 5
xKiZ, C/Vps N/ Vy, C/ANOEE%AT 2 ) ANEZEED EREE R ws & BT
ECHh s P AMESKEEDERZERERE 0 DEFRIE. @13 XD
ws=M " wa (4.31)
EBDT, PAMIERZERIZBWTHERMRINT5Z DT E D ERANE K o s DIERIK
DR E S13RK@.23) ERE@30) L D RDREICED SN D,
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TH5z5N5, C/AVDEHE LI, Dn—PVn=0 &2 oA AT TE &
WA DTy —PVn =042, BLEX Y, ZHEREK DEZETEE AN LTES L
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Fig. 4.16 The vision model's response characteristics to a PAM sinusoidal wave. ( duty =0.5)
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SEMETAIETHY, ZOEMBEEEEFNEHY (0 )IEHEEBE TREATE LD, Y
MR RE 288 — v (ZREEROEVER) L TR BESLI L5, X#ldn
LD DERVEHBEEFEEE TEH WEREL Ry wERASETE Red b, 742, YHARGES
DEFRZALIZFT L CGRIER (tansient) 1S KBS A 2 &6, Y HMlROREEREICEETE TS
BOEBESF M HE (0w )TEUTE 2, ZOBHEICH XAl L FRICE R REEAEFSFEE S

IATITIA B & mAN S YR OB BRSO S T H 2 W ignEa 7 5
PHB (wi) & LTEBETE L, —F, WHHOBIEIZ—D TR \WAS, 205 THRIE LTy
B8 % S EROMEICED T4 & WHRO ZENERLEER HTREROERESK S
(CPIHERE) Ol & R, #EEGHAEE €7V ER UIERLEZE;FIHETE S, UL
DRI, MEGHEZRIZX. Y. WHREO 3ZKOEFFRLEZ T %K, ChoOmhE
FRNIEZESND, HLAREFNVTIE, HEBHEIES ) IH» 5, BHHEL I ETE TR
BRERDY AT 2HM L ERAZEEL TV BOT, WATOFEL VERBER &IV T
BEEATESRET. MESH) 12070y 2 LTI LICTH, #LT, XHlgH
DEEICEROME - i, YHRB DRI EICHE R EHOME - B#IcHBEI L
H (LTFTR, XHRBOBHRUERAK» 2 52F v AV E X F v 2NVEZIIIRKAMET v %
Ve L, YHRD BRI RE NS %A F v A NVEY F v ANV ELEFEMEF Y 2L ET D)
EREEIC, X, YMlao BAOEF LT MEHME O FFEICHBE & L. WF v v OFF i B8
BEPBRIZEL TV 2L A HES NS, b LEBBRTR2 T, B G ENHEHE
DEXREGE (R L TOMERFRER) LI REHFO T THRIIRE (Frz LRy
DREE) PEZON, ZOT4—FNy 7 70v AIFFMEEAIEAIET S F T E
ENbH, FLTEEMIIEZ, XFrAV2 0 3 BKEZME - 235 5 O il 7 Bl R E
(RrZ2tHBEOREME) . YFrAaLh o 38 CETOME - 30310 &E % 8L
RERES N, HEZOBRWOZEEBEMEIENIRT T 5,
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FS5E BEEARET TV (BEHBREETTIV) OFE

5.2.2 BZEEEEETIIOHARRE
RZEHEET VERR T X EYFr A NVE4AOFHERE 2 S.1 070y 7 FIZHE -
TERT 5, EMOZIERVCICEL CEBEEEGARET T VERUFRTERNLTE 5, #
@ﬁfﬂri)h:2%ﬁ$ﬁi®ﬁﬁ“7bw\t:%ﬁ)u~%®$ﬁﬁEBt§@%
ZALR ORI R L 2 E o 2RMEF {(r, t) (BEHNZTHEEIEICE) O
ft(r,t)y=B+{f(r,t) 5.1
TRENDLIDET B, TTHRF < (7 ZAEBETHE O 2 RIT 5) 2H#T2EE £
(r, ) I3HANENRT Pl tdbE

fs(r,t)=B -G (r—ra, r,) +G (r—rg, r,) f(r,t) (5.2)
E%h, HEEZZRE L -RTAEGORBHRESEK (t) FHEEFARBREREZZHWT
K (t) =) (owfs(r,t)dr=B+K* (t) 63)
K* (t) = [ .o G (r—ra, o) f(r,t)dr (5.4)
ELTEETELZOT, HEHIEEE o (r, HORREFES g (v, t) RURT ¢ (12
LRIBE (WO RABEBRORr 740 5) CREEBZOZRETHT g5 (R, t) 3&4
RN THERTE 5o
gs(r,t)=fs(r,t)—K (t) G (r—ra, 7,)
=G (r—ra, v,) {f(r,t)—K* (t) | (5.5)
gs ®t) =[] (oG (R—r, r5—1,) gs(r,t)dr (5.6)
[cs=1,%/ (to—7,), R= (cor—c,713) / (to—17,) ] (5.7)

THEFRS gs (R t) @Hy LRTE%E L TR L0 MENER S S ER RS OH F
POBWEFTHY ., XeYF ¥ 2 VITIRT AET 1 V& 0B % 20T 5 /1D 2ZiAE 7 5
ST 5, £, K (G OBLPFEE—E ORFRER IS LT, WAl X )it 3
NALFBESL —EEBE 2 5,
(X F ¥ 2 L DFFMEA )
PANMEESND X F ¥ ANVEMEFTET gx (R, t) (&, HPERNEEZRES KT ¢ s (R,
t) CZEMBEIREEEE GRBERE) Hx(w)EERTA Y23 VAIRE hx (R)EDEHARTES
x (Ryt) 27w, &5612gx (R, t) & WMEAREFEE HL (0 )2FT A V7V AIRE hL
() DEHARFESFTEEI NS,
gx Rt) = [ (o hx(R-R) gs (R, t) dR’ 58
gx Rt) =) ,ohL(t—t)gx Rt') dt’ (5.9)
BL, tooldeWMMEErRT, #l. XF v AIVOFMEAK I ¢ TR LR 5B,
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ES5E PERAREETV (BRZERETTN) OHEE

1 1
Ix= o ]ism G (Rera =0) lex R,t) | * dR _@Jm
XF v FVOFFHHEREBIE I EGROZMAZICH T 2HROMS (—HOBREE) & LTEH
ENB, o T, FHEREBMESRELT 056, AMICIEEEOZMIIELE S BEOFE B
Gro7 kb,

(Y F v 3 VO SFMEI )

RMEESNBEY F v A VEREFTHG gy (R t) 3. HIBEEGSAETRS g5 (R,
t) CZRBEREBIEE EESME) Hy(ws)2RIT A V7OV AREhy (RIEDEARRLFES
gy R t) BITV, SHizgy (Rot) CRRMERMBMENR (0 )ERT A Y/ OVAILE by
(e DEHABIFRTTERINS,

gy (Ryt) = [ . hy (R—R)gs (R,t) dR' (5.11)
gy (Rt) = | L hB(t—tD gy Rt dt (5.12)
HIZ, YT v A VOFHEEEZ I yIdAKTEREIN S,

| : oy R 1) | °
Ivy= (R, t dR 5.13

Y Bz 5 G (R“ra, Ts) gY ( )
Y5 o L SRS E R ORI 4 AEIROB S 2 EL . = o EAEMENTIc
%h e ANEICITEGOBBNELPHETE 2k 5,

5.3 Ty H—ERKEICWT 2EFZERMBICEEE

FERALL - BEME T 7V % IEIE Y (Sine type) K& U4 BY (Alternate type & ON-OFF
type) ICEET A7) v A—IERZEICEAHL . FOFMBEKTELRT 2, FLT, 7Yy A
— BRI B ERRAIECE RO EAR L ENF R E 2 L. ABEERET 7
VOESEEET 5, BIZ, 7)) v h—BAICEL THEGNISHRETT 5,

5.3.1 FHEREOES

7))y A —IEREE 1 RICIESETE O S O E DR B L E R T A EED I ETH ) |
K TIE I RCEREROFHEE I —FE LT 5, BRWERAR (7)) v —B%) LT
2. 1 RITIERZE O O E VIR 091G 5 2128 D b B L D (Sine type). B9 12
P bbb D (Alemae type), IEREIL & —HRIEESY — Y SRE I VIED L L D
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£5% HERAREETTV BEEHEETTV) OHFE

(ON-OFF type)® 3 FEEZ Y L1T, K4 ROFEITEET 2,

fi(r,t)=B+Acos(wgr+ 801 )cos (wtt) (5.14)
fi(r,t)=B+Acos(wsr+8;)0 (t) (5.15)
fi(r,t)=B+Acos(wsgr+80;:)® (t) (5.16)

BL. BIIEED PEEE, ARLERERE, ws. o3&« 2208 A B B U R A E K
B, 0 3RAMEE - BRREGROMAERDL T, 2. 0 (t) Lo (t) IXFERERER
FEREHETHY

4 % sin(xnd)

® (t) = (2da-1) + (— cos(nwtt) (5.17)
T n=1 n
2 2 sin(xnd)
® (t)=d+ (—) cos (nwt t) (5.18)
T n=1 n

ERITE D, 22T, dIFHHETRBEE Dty ratioTH %

RFZERRE T TNV OESALFIRIC - T, 7 ) v b — BRI T 23RBS % 8 ¥ 5,
(Sine type 7 ) v 1 —E5E i)

K(5.14)DSine type 7 V) v I~ ERZEITIT T 5 X F ¥ 2 IV OFFHMEBEEIZI RO TR B,

Ix=1,Hx"(ws) HL? (wt)cos®(wt t) (5.19)
I, = (A*/B? exp(—2rows’)smh{ws®(zr,—7,))}
X{exp{ws®(t,— 7t ,)}—cos@Or)exp {—ws *(r.o— 7 )}] (5.20)

RRERO FIREMRICEE T 5 ORFZERET 7V ORBEERIREEZ, Q29 v LN
ELTHGINDOFFMEE I x B AT A2 L THETE A, T, N(G.19D FMELME T
BRI RIS DORE SHEET 2. 2, ANHEPRRBEGEOBRD S 2T HIR O S 255
MeEbIlEBTLILEERT L, MEICLTYF v A O I yizAKE & 2,

Iy=T1,Hy (ws) HR*(wt )cos’(wy t) (5.21)
RREZOZ EHFRIEE T 5B OREFIKEIL, XF v 2w AR Q19) % WIS 4
ETARG2)DFFHBER I y OB ARIICE W ES NG, T2, XEYFry A NVDI TR
NEE I REENRETOFFMBEEME (I Xmax I vmax) EMECH' /2 —FH LK 2
YEIAPOHBRE LTHETE 5,

(Alternate type 7 1) v h —IFiZik)

H(5.16)D Alternate type (24T L T, Sinetype LA L FIETX &Y F ¥ 2 VOFEME T EL 5
HELUTORKRIZR B,
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#5058 PEFAAEETIV BEMEEETILV) ORBE

Ix=1,Hx*(ws) AXp (t) Axm (t) (5.22)

Iy =T,Hy’(ws)Ayn (t) Aym (t) (5.23)
4 2 sin(xnd)
Axp (t) = (2d—1) + (—) - Hi (nw;) cos Mwtt) (5.24)
T
n=1
4 * sin(znd)
Ayp (t) = (— . HB (nwy) cos(mwit) (5.25)
T
n=1

BL, Axm (t) « Aym (t) 13X5.24) 5.25) DEHn 2 miCEZ b D5 EWRT 5,

(ON-OFF type 7 Y v # —IE5%iK)
R(G.ITDDON-OFF type IHF L TH, X EYF X 2 VO MEHPSLUTORICER T 2,

Ix=1,Hx"(ws) Oxn (t) Oxm (t) (5.26)
Iy =1,Hy" (ws)Ovn (t) Oym (t) (5.27)
2 2 sin (7 nd)
Oxp (t) =d+ (—) — HL (nwy) cos(mwt t) (5.28)
i
n=1
2 % sin(xnd)
Ovp (t) = (=) 2 — Hs (nwy) cos(nwy t) (5.29)
w
n=1
BL., Oxm (t) . Ovym (t) 3X(5.28)(5.29) DEH n ¥ mICEZ b D% Bkt 5,

5.3.2 BZEHEETTIIVOBRAEECL
7)) v A —ERRBEICE T ARZERMEEE 7L ORIV T, X5 v 3 Lo ZE R pY @
BFEHX (0s) FEILEGHREE 7V OMESEEF CEE (X@31)) 2SFIBTE 595,

BRI H L () RUY F 4 3V ORS00 B Hy (o) & IR 0058
R

F‘J%HEHB(wt)wﬁﬁﬁﬁ&@ﬁﬁ/iiﬁiﬂwii “holie TG 4D DEEMITELEIE
ZERAEE TV ORERFE L EIHEE 2 —H S ¢ 5101E, D04 Bt

I NOERAIZEICE L TR 4 FEAE Sh 7z

LTELZBHDT,
BE B LS BLEVEH S, L L,
FHIR K252 WO T, KL TREHLOBINEOREEL & b THRUE#ELILE 1T,

Kulikowski, J.J. & Tolhurst, D.J. AT o 72 FEHBIFEFITIK A & Sinetype 7 v & — EZE T

GEOIIER L7zE (XF v F)V) ©a¥ b I 2 MERERBEEEZF S EEEeR TH b |

BRI (70 v h—) (EB LB (YF %3 V) ORI Eeiaics b 2 & A5F &
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FHoE BEEAMETIV (BREMAETTV) OFE

NTHH[8, AREMERETVOREEFAE TH L, fEo T, I DERIKE R & AREZEH
BRETVICETED AL TXF Y A NVOBRBBBEEHL (0t ) & YF v 2V OS85
THHB (0t) DBEEREHRET LI ENTEL, BTEROEKELT
Hi(wt)= [1+ {15 wy /QraFaD}?] ' 32 (5.30)
HB(wt)= (wt/2x) ** [1+4+ 107 0t/ QrFgpD}?] 7% (Fa1=%#%) (531
EHVLERG . 20RICHETIROBEH (ER) LEIRER ERLLAR) B8R —%s
ToNb, B, ZEEEIIZI2cpdDHETS B,

KT, Y Fx 2V OZEBEH EEARF Y (vs) DEEE A RET 2, COBEIEEE
HLABIERL 7202 0w0T, 22 TEI Y bT A N ERE 220 BB ERRER59] 0 — I8
%”:%UEHLTHy(ws) DEBLEZFOBLZEIZTH, M5.2%5R 58, BEEEIM T =16Hz T
EYFXANVDERXF v ANVENREFE b, 8510, EREZEMEREA0.8cpdT b

B BRI Hz T Y F ¥ ANV D HPBREDNEZ L % A58 E2s, BEEEE ft=16Hz T
DI P TAREZEREREESEEENES) (K5.30EH0) BREOHVNYF ¥ 22

INHBEONIbDEEZLNDE, ZOFHREOTIZ, RKGE2DDY F ¥ 2 VO SEME M 515 5
NLEGH DY I A MRELRS . 3OEMEE T HHICHY (wg) ODEEE LT

@ X channel §

3 (theory) Shape recognizing channel 5

[ (experimental) >

> @ 1.0

g 10e ¢ E 3 Adaptation result

kS - Y channel 2 i

% - (t(r:xez?y)e /U\O £ i —ZDTD‘D'D-D\

o i % \ .‘? L / D\D

Z . / \ 2 0.1  Experimental data hS

2 01k Flicker perceiving 5 = £ \

= T E channel| ] g - 0

2 o (experimental) \ @ L[ \O

& C ' . ;-: L Temporal frequency \

b7 - Spatial tfrequency ' \ m fy=16 Hz g

£ 0.01 fs= 12.0 cpd £ 0.01 L \

g ’ 1 vyt v g vt gt 8 'l P N [T BRI |

O 0.1 1.0 10.0 0.1 1.0 10.0
Temporal frequency fi (Hz) Spatial frequency f5 (cpd)

5.2 X, YF v &)V E S 5.3 YT v v 2 E R IR

SERFER & BRI B BT EAS R ( Sine type ) & R & B B LAE 5 ( Sine type )

Fig. 5.2 Comparison of X- and Y-channels' measured Fig. 5.3 Comparison of X- and Y-channels' measured
temporal frequency characteristics to sine-type flickering  spatial frequency characteristics to sine-type flickering

sinusoidal waves with observer's adaptation results. sinusoidal waves with observer's adaptation results.

— 114 —



#58 FEEAARETTV (BEMREETTIV) O#E

Hy(ws) =C {1+ (wg/ wy) ?f ~1°

[1— {14+ (ws/ w,) 2 7% 7] (5.32)
FUTROLE, H5.30BICHTIZOBE (EH) LEUE GERO) PR —%T2,
BEL. Cb. wi w, 3T THL, B5.3DEHFRITY F v 2 L OZRE Ik B A
BRI EARBT A, o LEWEREERTORESIE SN TVA VO THE
RTHHAETE v, ARERHEETTVOHy (wy) &, ST 5 220 E K HEE T
T EERER & R SRR EREICE T 225, & 5T O 22 M AR EE TR E
PET T AHHEEARIC2 5 LREL TWh,

5.3.3 BZEBFEEASMEICHR 2EE & ERD I

3&4?@707ﬁ—ﬁﬁﬁuﬁbf\%%ﬁﬁﬁ%?w#%ﬁ&fééﬁ mAyT > b T A
N R R R L IR L R B L. REFLOESBI OV TR T 5, U,
Alternate & ON-OFF type 7 V) v 7 — B Dduty ratioldd=0.5 —%E & § 5,

5.3.3.1 Sinetype 7 v #—1EK
Sine type 7 V) v A —IERIEICKT L THFZEBEEETVOX, Y F ¥ A2 S HERMICEE L
7av bS5 A NBREEEHBEEBI s OBRERHS . 41078, {BL., REEERK {131, 6, 16,
VHDBFEE L, BICEEPRARICE 2HRAME 0, =90 LHEH t=0sec¥ V72, ZDK
REREE S DBME RICXF v 2V TIEBEMICERENMET T 50123 L, YF ¥ &
NTIERESRKICL AREEREPEETAZ L, ELICMFr A VOBKRICEL TIZ, BE
R CIES (fi=1Hz) 123 fs=0.9cpd ML LD ZERMEBREFERTX Fv FVRED A
BYFX2NENDOHED., £ =09cpd AT TREIZYF ¥ RAVOAPEENSGL LI L.
RUBBEAE S EWEES (11=6,16,22Hz) BY Fy¥ R NVDEEOFPXF v AL L0 b
BB A ERRDD, DOBRIE, BEEEME ERERE TS 6 1 ERETR 0% M
BTG 5% o THADPBF VT WA EREZITIIMETE 522 L &, REMEEEIK
CEMBEREPBCEEICREI N TWAREN 2 { 2o 7IKEETH ERIEEOZEMM 2 IEIE F
FHMETEAIExERT L, $70, BHMAE M S WIS ITITEMBERZICEREYF v
IVDBEREIZZY), BTV AREPHNE SN RHI LR EKRT S, ZOFEERE, H
ER TOEBRORZALIRS LTS
Kz, EEEES g% 05,4,16, 22 cpd IZFRE LT-E D2 T A b EEEE & BRI EIE 82
f OB (M5.5) B5tE L, BL. RAMEIZ) =907 . BEII t=0secTH 2,
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—— X channel

Y channel
o1 el

Contrast sensitivity (Relative value)

T

0.001

[N I SURTL )

i
0.1 1.0

10.0

Spatial frequency fs (cpd)

M5.4 fAEEFLOIY

Y hFI X b

JJE ZE [ Bl FURF IR (Sine type)

Fig. 5.4 Theoretical X- and Y-channels’ spatial contrast Fig. 5.5 Theoretical X~ and Y-channels' temporal contrast

sensitivity functions to sine-type flickering sine-waves.

fi=6Hz
ft 6Hz (theory)/

1.05— 0 o; <6 Q‘O
-
[fi= 1Hz theory \\
SgENsRep=pe o,
ft 16 Hz {theory)

0.1

fy=22 Hz
(experimental)

= 23 2
{theory)

RELUBRERLL

Contrast sensitivity (Refative value)

(experimental) ft=1Hz
(expenmental)

fi= 16Hz
(experimental)

0.01F
I8 SRR R [N EuETY [
0.1 1.0 10.0
Spatial frequency fs (cpd)
X5.6 SRS A bR 2R R

D EH & HEG D L (Sine-type)

Fig. 5.6 Comparison of measured spatial contrast

sensitivity functions to sine-type flickering sine-

waves with theoretical ones derived from this model.

FRARET TV (BZEMHEETT V) OFSE

ez

—~ 1.0k fs=4 cpd fs= 0.5 cpd
<5} g
3 FEo L fs=4 cpd
© — POT It s
> L -
o |
= =
s
g - 0.1 = fs=22cpd  __.-D
= -
= -
7 -
5 ‘s
o 0.01g ts=22 cpd
7] -
E -
= - —— X channel
8 - mmmm Y channel y
0.001 .
I vy g byl y a1 lrnd t g
0.1 1.0 10.0

Temporal frequency ft (Hz)

M5.5 MEEFEFLOIY IR

T2 P o R VB BURR 1 (Sime type)

sensitivity functions to sine-type flickering sine-waves.
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T

(fs=4cpd )t 4 opd
experimental s= 4 cp

ts= 0.5 cpd
(theory) (exsperlmental)

.M/
Q-0 fs= 0.5 cpd
* "\o /s theory)

X

fs=16 cpd
experimental

= f= 16 cpd =
(theory) }"'\.\

fe= 22 cpd
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fs= 22 cpd
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| ISR EERT Lt Lyl
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DM & FER O L (Sine-type)

Fig. 5.7 Comparison of measured temporal contrast

sensitivity functions to sine-type flickering sine-

waves with theoretical ones derived from this model.
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£5E FEGARETTV (BZEHBEETTL) O#FSE

O, ZEREEM T OMINE ICXF ¥ ANV TIERERKRIIE A MEEEDEIET 5010t
Ly YF Y ANVTIEEMIIRESKTTA2Z 8, RUWT v A VOBEBRIZOWTIE, Wi v &
WD T AR L o LETRYF Y A VEERX FYALEINE LY, 4 U
TCEXFAANVOANEL LI ENDDPE, COXERBAER {413 BHLTWwL %
BRI EONMEC & 2 BIEEEERO T ~BE T4, ORI, BRBEERS {, LTo%Hs
FBEDEES L 2o THIEREOEMMZBIZMETE, {, M LoBMBEERETIZIER
BEOFEDR 67k o THMPTENTVnEEEIVEREZITIZEFZMETCEAZ L2 EKRL,
M5.4 %#BORE»S R0 EEMTH 5,

B5.6, M5. 712l EDSinetype7 ) v —IEEIIxTT 53V b5 A b EEEEREZE R B
BHOTERRE L EURERG EAEQRTHERLANTH 5, REEZHEETFVLALEL N
Z.>iﬂ?ﬁﬁ@ﬁ%ﬁaﬁ%?&ﬁﬂ?l‘éﬁci/\Feﬁfaf?%f??l!ﬂ%@%c-:?iET%# (XFr2IV) HAHVIEIE I
EBT22 (YFXAN) ZHKELTEZLERIIZ DA, TOEBRKRBSICE L TIETIC
FEEHLTHEE N0 HETIELZVOT, I TREALZETLREY (XFriveyY
FAANVDOEED) BREVFOEELRE) LE)HMBETHES N0 L, 5HEE
BEXF A ANEYF AR VOAREUETE L, ChooEMERALE, 5.6 OBEEE K
Bii=1HEX5. 7TOZLHEREE g =05 cpdDFHEEBRITIE, HipELEMEE IZ2% D
CREC—HLTBY, REEMREETVSHREROBEMICEF Yy ERICHHTELET L
o TWAI D gh b, HigELEUEE L2 WEswH s FERERIE, BFZEE
HEETVOHUERCLICHCWRUZEEKS. 6, K5.7T0RBICEb--BHEOHRE
BUFFELTHRUDRLTHS I, B, B5.7 DB f ¢ =0.5 cpd T O IR 1 B 1 %
SEHUCINT 2ERENKR &L Y F v 2 VO BRI B0B@ S HR (v ) DT R 2o T 5
EEROND, oT, H(wt) % ZOBIE B LS & 1T, RISRERBEREEICMT 5
YFx A NVOBEDWHEDTHDT, 5.6 ORREEREL { ¢ =1 Hz T2 B ¥ EER S
NI AAR—HLLESNSLIZT TH 5, '

5.3.3.2 Alternate, On-Offtype 7 U v H —IE3%H

[ 5.8 () &, Alternate ¥ ON-OFF type 7 ) v & —IEiik 123 L THZEBEEEF VX F v £
Vo ar b A PEREREEREEEORTE AR (FR) LERNHERSS) EBhirnh) &x
BERTHRRLICODTHS, BL., RRIEZREZEMBEIL g =10cpd, HAMEI =907 |
FiZl t =0sec TH D, srEMARIT, BEREHEERZTIETZ ) v 7 —OMEICER L ( F—FKE
PRONLZ &, KU Alternate type D 35 & I ] B I ZL D HE 0 & FEISREE 2SR 4§ A {Eidof .8
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o' HESAHEETTL (BEERETTL) OFs

iz 7R D8 L, ON-OFF type D35 1R BB OB & HICRANRE @EIEROKE)
D¥D T THRENRA L ZATHE L, L2 bF ICAlternate type DHFELLEDOREIZZR D |
KEFERE OB —H,T 5, M5.80) ZERIEZEHEREE s =4cpd, 1AME I, =90° 1T
RIBYFxRvnary s A EEREREREFEORAERER L ENR R8I ERTER
L7cbDTHBE, HL, YF v R NVOREEEEEREHR (0 ) 3E@EERTH ), EEHE
o) yh—BEoe LCEERANELLOT, BERKNICRLEHNPBACTHE L,
A5, Alternate type T DD ON-OFF type DIFED 2512 2B FEE R L EHE R
TRE—HLTWwh, F-BARREIEIZE A, (s B R Tl BB s R 05 12 %
BT —FII R A EARBERBEET TV, EHTE D (Sine type T I EI I B 1 31
TREMPERT) » I, BEEBEEIMELS TLBRENICEEZEFIEILTEF0OR S TE A 2
METELE, BREVPETLENEEIONS,

[5.9@. M5.90)EHF v RV bT A bEERERE EEEE % F—0 FiiEze M
FEEE (0.5 cpd&16cpd) 120 LTEHEL 2ERTH 5, HED 720, Sinetype DERDEA
TERL, BHEERPL . DTFTOZ L0 RmMNICENTE 5,

(1) XF v 2V Ti31Hz DL EOBER BT Sinetype DELEE 1T Alternate type & D » 12K L,
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H(z)=Hg(z)+jHy(z)

=|H(z)l exp(jarg[H(z)]) (LLL, z=exp(] wp)) (5.47)
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7oop [ 1RO~V DEBES A ERT o LD, BANEY AT ATR, HEIRE
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Fig. 5.16 The X-channel model's temporal frequency characteristics of measured gain and estimated phase.
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Fig. 5.17 The X-channel model's temporal impulse response and step response derived from Hilbert transform.
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Fig. 5.18 The Y-channel model's temporal frequency characteristics of measured gain and estimated phase.
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Fig. 5.19 The Y-channel model's temporal impulse response and step response derived from Hilbert transform.
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Fig. 5.20 Temporal response characteristics of the X-channel model's evaluation function value

calculated at the optimum image observing state as a parameter of stimulus exposure duration.
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Fig. 5.23 Comparison of measured contrast sensitivities to flashed sinusoidal waves with theoretical

ones derived from the X- and Y-channel models as a function of spatial frequency.
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S B LER (BNRKEOTNERSMB L CF0RAKEILEEDORA) 2t s LT
EZONLIEETRETLIDTH S,

GHEFEZEOIY P ITAMFTKRE RS LGB RS T 250 BRIICER TE,
KURHREDELS—HT 5,

GYHGEEHEL TrOHATHNPLTAA vy F2l 3 TORB A 200 mec BETH L Z
&R ERRNCTFEL 72,
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6 =

BEMRHEOEDETREEE T T I

I~

EFEHETIADIEER ~

5T L

BZERRE T Tl a v a—s 8V a VNI EZIICHTETH L E2RT 1
fle LT, REEZEEHEEE T VIGESREEE L AR T 128 HaEEss
W (RAFEE, v 5 A MEMERE. T2 b5 R FEERELR EOMEEYE) o
HEEEIR OESREREOWAPERTELH L WESHREE T VOERILETT -
770 BARBERILICB VTR, BEMBRETT VOB EZAETF v 2L (YF v F)
BE MBI ES L TREL, CORZHBITES OERLEY 5 &8 5 RO 3k
FBIHFGTLEHHNF v, NHORERES & 2RGO>S REEDVHE TS 518
ko Twd, LT, KEFHHRHEFT VNS K7 MEKEOIY M T A MRE
Ty A —IERRED 2 A EATERIICHRTE A2 &, T 3T DES
RETRE N 7 FIERERICOE LTI 3BEORAAOFLE (EOEREIERT
DML T3 D0 REEMKENSFET 2) PHEEHWIZERTE, FREPHIE
FELVEIAHARETELIE, SHIA LA LTHRMESE2I L ICEDELY
HEBLFTETETH L I EDREN, KETLVOFIHE - [ELUEDSHIET & 72,
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6.1 EAHNE

IVEa—-FET g YOFFIIRCT, BEEE (X ST 40T O—) ORBIIEELRE
WA E L T4 F CEL L ORI TR T &, BEIRERILICE T 2AEN 2 IERORZEH
ELTE, B AEEoEE®R (vyFry) 2 RICLCEETAHEINR . ADERICH
HRATOMEA R LR 7 Ve 2L, FOHNEFAL THEROEE (ES i)
PETETAEBERE T T VR EDEE (REI N TV AMT48][49][50] [51]e L22L, Ihbd
OEFRHE TV TR, 77Uy =R N7 FERZ S L TRERD EORR R REZ2 MR
BIEEZHNT 5P 00 TOERYZ2ER (Bl X, RS, BRESE. B2 7% 4
ERFRFEEZE) 2B L 3RETH) . EFHHRAEETNEVI TR P OE R D EARTES
THb, —FH. RHTHEL-BLEEEEE 7 VIIEIEEZRHEZI T AREROEME
AR (RAFFeE. a2 P92 PEMESE, 20 F 52 MERESFEL SOMBEFYE) 82
AINCHET AN 2FOY, EFEEOMLIIITE) J e TE o7,

KETIE, BEEHEEFVNI v a - EVa v~ BB IUCHTRETH LI EERT
1BlE LT, RBRZEHHEEE 7T VICESREBB LA AL I LI2X ) HMBEILEFTED &
MBI & EEEEOREOM A PERH T2 H L VEHRBETVOER 2T 2252 &
FRT. LT, COBBRBEFVEFETIUE, 7 v A —EREE U7 P ERBICH
THIYMITAMNREOECOEGWHERL, LEHEE (EHE | Transpaency) DIEH R T
FORZFFEDOBNT 2 ENDICHADPTRETH 52 L 2R L, KEERBETVOFRNE - E
LEDRIEEIT I o

6.2 EFREEFILOERL
EROEFHEETVICHVOEN TV EF BB BITETOTEIPOEHEL, HL
EERHET VOB ETIT ). HLBHALD &I, BRI IRITETER)

6.2.1 EFESKRITEHVWESREEE

YR 2 R R O 2B T 7 — ) 2 (BFZER 7 — ) 245#) L. e MBS
BTEZOBEGEOFHEZRANTREL L, BEGO L2 TEAMISED L T 5o 3R E
EHAEEORE 1 &8 3 RV OFRGHS Boh, HHMISER L T b sy id 22
BRI DF 2 & 4 RIRIZZOREER D PERDON L Zenbr b, Bl BRZEREEEE
BDELLEEIFRIIIE2 LELARROR T HEET T, ERIITTESL FEOETH 5
PRHTEDLZ Ll b, J ORkRKZEMERLGAEHOR RO SEIIMRITEST(12EH w5 &
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EIZEHTE 2,

BEGESE {(r,t) & ThE, EHBEBITES Afx(r,t) EUTORICKATE 5,
Afy(r,t)=f(r,t)+] fx(r,t) 6.1)

BL, fo(r,t)Ef(r,t) ZZRBRITHVTELAL MERLZBEHETH ., &4 D7

B 7 =V LEBEF(ag, t), Fx(os, t)EF 2 ERDBERTHIZN T2,

Fx(ws:t):"—jsgﬂ(ws) Flwg, t) (6.2)
sgn(wg) = 1 (ws>0>
= 0 (a)S:O)
=—1 (ws<0)

WoT, WTEFTOZEMI T — ) LEMAF, (v, t) 1
AFX(wS, t)=F(wS, t)+ 3 Fx(ws, t)
= [1+sgn(wg)] F(uwg, t) (6.3)
LEB SN, EORHBEBERDOATANEFDANRY MRS ITFET A ZEDRFD 5,
Bh, E0CMBEEEROR 2 58T 5 LR b, S510, ERAf(r,t) ¥
FE R FAES Af(r,t) (BZEMBATES) TRATLEUTOMICR B,
Af(r,t)=Afx(r,t)ijAfxt(r,t) (6.4)
Afg(r,t)y=f(r,t)+j fu(r,t) (6.5)
COAF(r, )= E(r, ) (R (T ) T3 T R(r,t)E £ (r,t)
=fp(r,t)+j fy(r,t) (6.6)
L, Afg(r,t), Ter,t), fxq(r, 0)I>FLAf(r,t), f(r,t), f (r,t) %R
TR T eV AU PR LZZEETH Y, Afy(r,t), Afg(r,t) DB 7—1) =%
A AF(r,wy), AFg(r ,wy) & THELUTOMERYTS 5,
AFy(1,0) == jsgn(w) AFc(r,wy) (6.7)
itoT, ZEMBITETAL (1, t) DRZER 7 — ) ZEREZ AF (wg,wy) ET 5B &

AR (wg,w) = [1Esgn (wg)sgn(wp)tsgn(wg)Esgn (wy) ] Flog, ) (68)
LEDEN, WEEPLEOHAERZMERLEROE 1 RROAT, HELIEDOBHE 2
ZERERMERDE A RZRDOATAF (wg, ) EEHED, BIL ., REMEITESERZH W
% EEAFINET T 505 % SR T 2 2 EAHREE 1 B, AR, BZERBAEE O E
IR R (r.t) L EEE f (1, t) OFZEM T — ) ZEHRFR (wg.00), Filog,wy) .

FR(wg,w) = [1*£sgn (wg)sgn(wp)] Floug, o) (6.9)
Fi(wg,0)=—] [sgn(wgdEsgn (0] Fug, wp) (6.10)
LEDEN, HEEPEOHEIREEERSEROE 1, 3ZRVAT, HELPEOBH S
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SREMBRBEROE 2, 4RBOATEFR(vg,wy), Filug,wy) 3ETFED, BIb. B
EEBTESOEEMfp(r,t) EBEEH { {(r, ) AT OELAAEIGEE T 285 % 7
BERRIR T D ENTREL 2 D, A 7z /2T NTWVE I ENMEDENTH S, WERDEE
BRIBEFVTHOEEIR L g(r, ODOAEHCED D 5 [49],

S HIz, RZERMBTESR

Af(r,t)=A(r,t)exp(jO(r,t)) (6.11)
A¥(r,t)=fr%r,t)+ 1%z, t) (6.12)
f(r,t)y=Tan "' {fy(r,t)/ fR(r,t)} (6.13)

CREBRRITE, RIED 2/A (1, t) IXFERDEFRIE E 7V T it Motion Energy & FFIZHL,
EEN P E S OBBICHFIH SN TWA481[50] . —F. M 6(r, t) x =/, B S
ThL, BAREEBNEST ORFZEMBEBRE v BRFEREER 0y

wig=0 f(r,t)/or

1 o fj(r.t) . o fr(r,t)
= f JtYy—f(r,t) —————— 6.14
A%(r,t) { or R(r, ©7H1(r, ) or } (619
wyp=0 0(r,t)/ /ot
1 o 1(r,t) o fr(r,t)
= f ,t)y— 1 Sty ————— 6.15
A%nt){ ot ROr. =1 } 15

FVICFIH SN TWD(51), LLEORRIC, RZERBITESRE v 5 &k ORI E 7
N OEERIN RO E DBRAEETX 5,

6.2.2 FHUVEEHEHETILOEXL
LRORZERMEMESTERTIOMA LT BERRRE TV 2 EHREETVIRT 5. &
ERRE &L, BRERRETTVOBHEREAT ¥ 2V (YFr 2)L) OFFICHLT
RFZERIEATE T RBZT )0 BOETOLBRNZARL, WNEES LY F v A VRRET RS
gy (R, )13, WA EGICHRES RS ¢ (R, t) EZHFEEHTE (MWERE) Hy(os)
ERTA NV AREhy (R)EDBAALTRT gy (R, 1) BTV, S5 gy (R, t) LR
B MHR () ERTA VSV ALK hp(DE DEARATRGTREN S, H>T, YF
, RVRREFT RS gy (R, ) ORZHBNEFTREA gy (R, 1) X (6.6) L H kA &% 2,
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Agy(Rt)=gy (R, t)— [Fgyg (R, )l +] gy (R, t) gy (R, t)}
=Re{Agy(R,t)}+ ] Im{Agy(R,t)} (6.16)
(BEE L0+ EHAEGREA. #5 0 — | HHMESRHE)
gyx(Rt), gvi(R1)RBEAY F ¥ FAURREFTES gy (R, 1) DZEMTEIR & FeRifHEEIC
T B e LV N ERR L, ROFRIZEDLE S,

gye(Rot)=[  _hB(t—t") gyx(R,t')dt’ (6.17)
gy (R, )= [ o hy (R—R) gs(R', t) dR' ' (6.18)
gy (Rot)=[ hB(t—t)gy(Rt)dt’ (6.19)
gy (R, t)= [ (o hy (R=R) gg(R, t) AR (6.20)
T/, gy (R, D) EHAEMTOLAL MEBREZERL, XRTEDbENL,
gy (R )= [ _hB(t—t") gy (R, t')dt’ (6.21)

HL, hy (RVIY Fr 2V ZRBEEBEH y (w)D A Y7V REE hy (R) DERBE IV
N»b%%f%b\EE@)@Y%V%W%ﬁ%&ﬁﬁEHm@H®47wamghgﬁ)
DEFRE VNV PERTH B, 5T, Hy(ws), Hp(wr) #%4hy(R), hp(t)n7 —
JxEr 2 E, BERERTEUT OB HILT 5,

Hy(ws) == jsgn(wg) Hy (ws) (6.22)

Hp(wt)==jsgn(wy) HB (wt) (6.23)
PEDY F ¥ A VETORREHENTETERA ¢y (R )IBH6.1DYF ¥R VDT 1L %F
— R TERTE, HHDA, BIZREAREHBITESTA gy (R, t) DEREE BRI OE
FOHN S ND, BATES DEERL B E AT b BER AR EER O /-5 (51,
SHIRT/FE2, 48R #9HHMETELZ LT, TNODHEE 74 Vs —BROZE
PFRESE DR ZEH I TENTB ) . S S ITERE & BEERIANAY « /2 TR ZER 7 1 )V
=L DENTHEIEFERL TS, ZOMMEE /2 TN 200BZER 7 1L s —
4 Quadrature Pair & I IZN 5, EWOE 1 JRE I & & Oz 5 2B EV 7 S 55 %
DEMBRRATEAE T 5 2 EIEBEICER S TB D (73][741(75). EROHERTL EHRE £
7OV & R R CEBIRE AT O N TV D Z LD E Lo T b, /-, HERIZIZH M
BRI & o 70 A OB B Module) S L TWBZ & D 5h o T 5B [76[771[78].
fE> T, F(6.16) L D EHEHREET gyr (R, t). EFFEEIHIRHET gy (R, t)id

gyR(R, t)=gyRri(R, t)t ] gyro(R, )
=gy(Rt)+ gy (R, )+ fgy (R 1)~ gy (R, 1)} (6.24)

gyL (R, Y=gy (R, 1)+ ] gyra (R, )
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Accommodation |«
l (W-Cell) ( W—cell s output)
Blur = Band- -pass Low-pass]| ! i Y
Imﬂi Visual 1 > filter >|  filter ; (X-channel) Pattern
fold z| | | Hx(we) [] Hi(wy [ ;| perception
> Evaluatior] |
(Eye-optical (X-cell —l—> function | |
system) (Y-cell) —l——> Iyoly
Band-pass Band-passi+4 L. -
filter > fiter | V ___________
Hy(wsg) Hg(w,) (Y channel)\ VMoton 1 |
— i | Impression| :
Halwy)
—| Velocity |:
Ha(w;) __i»| Estimation| :
> el B e 5
> Hy(wg)l— Hglwy) perception)
(Retina) , (Brain / Visual cortex)

6.1 EERHETVOTOY S

Fig. 6.1 Block diagram of the spatio-temporal human vision model with motion detection mechanism.
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=gy(R,t)—gyq(R, t)+ ] {gy (R, t)+ gy (R, t)} (6.25)
LEHEDL,

KIZ, TOEBHE TV CEEFHMEREEE [y EBENEMIE EEOTEFfTHON L, Eh
SOPBRRIC, TORRGRZER 74V —BRICLTH Y F ¥ 2 VORHIEE [ v DFTE I
ADOEED %, BEBEEETIVORENE O FRF SNIRETEK L€ 7 IVICH R
ENTWVE, EFHZMIIRRAEZICEINTWIEEGSRSDPOZITAERDEE, 013
BHIIHTAMEE (—EORENLE) L LTERS N, ERETIVTEDLNL T 5 Motion
Energy DU D ICHREZERBITESTDERE 2BV CEHES NS, YT v AVOFHmEAE I v &
DEVE, FHIREBRESRTEEORBAEL CEFHLTVwE2E) PICERECEZ2LHE
DORFFZA L2 Bk 5) 2 /o TWADITH L. BEHRILEED AN LE U 2HEE TR
TWBEHTHD, L2L, WAL DHRNES (NEE) L) il Tiddka@szot, b
TORICEHER R URTEEE BV 5,

1 1
MIp = { R, t)} 2 4R 6.26
R BZ f oo G (1%__1‘&y gYRl( ) ( )

s fs)

1 1
MI, = Bz.[sw G (Rera o9 lgyi1 (R, )t 2 dR (6.27)
MIg, MI 134 A MEBHZR, EHEEHANRTH Y . EHNREOK S WH AP B 2
EBEHME LTHNENE, T/, EEEEIIREREITESOMAPLETE SN L, HHIH
EEHRHES gyr (R, ) DA% 0 (R, t), EHAEEREES g v (R, t) DA% 05
(R, t) T2k, R61HEVRRELR D,

R(R,t)=Tan "' {gyro(R, 1)/ gyR] (R, t)} (6.28)

6L (R, t)=Tan "' gy (R, )/ gyL1 (R, t)] (6.29)
fEo T BHEREE v R, AR v FH(6.14) (6.15) & H LT ORUZERTE 2,

VR = wRit/ @wRis - VLT oL/ @Lis (6.30)
wRis =0 OR(R, t) /91, wpy=0 OR(R,t) Ot (6.31)
wLiS:aﬁL(R,t)/a r, wLitzaﬁL(R,t)/at (6.32)

BEMEEETVTIERAFEREG (X229) OTTX, YF v+ VoA BRICE 5
B BHANREE 2 @R e & L7oas, COoESIRHET N TIEX, YF ¥ AVOFHIEEIZT T
., EREFIEEEENREOMAIIC L » T REEIIREIEETEAMBIZRoTWSE, 2
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ITAIEIZEY, BRE X I T ARBEEIREDA I, EHr BT LLIIRLELH
BIRES T TELI LR B,

6.3 HEFUT MERKICHT 2 EEMREIFE
FEEREETVOFRME - EMERRIET 5410, KETVE IBHOEFH HLHES F
U7 MEZERICER L., MK L EFHHROER(LE L THEEOREETT 9. £L T, 7
Yo A—1E5E L N7 PEREOREDENLCHEES F) 7 MEREOEERNRE L FiEE (F
RS PREFRBES VL LERICHER TS, 3IEHOEHRSOEEDIEL <
BMHETEBZEERT,

6.3.1 FHMARAE. EBFIR. REOEH
SHEDOEBZECHEEANY 7 FEZER{ (r,t)i2, 3BEOZEHE KL 3EEDO N
7 AR (BEREER) 2R OERESGAMI I EAAICEEETRETABEETH Y
KA TEITE b, |
f(r,t)=B+A,cos(ws;, r +twt; t +601,) +A,cos(ws, T Twiy t+60p,)
+A cos(wgs T Hwist+ 013) (6.33)
Ay, Ay, AT EL B2, B3 EREOERE
B [ HEEZED/NA T A (FHE)
wg, wsy, wsy. w1, E2., E3IEREOEMARER
wt, wp, w. B, F2, F3EREOREAEEERK
(E:ZARmMFY7 M B HEAFYTH)
0., WAKIE GRRERORH)
O, =ws, 01,/ ws1Ta,, Op=wsy O ws + a,
@y, a;. HIEREEE2EZE. RUE 1 IEREE S 3 EZEOMARE
#HE P 7 PEREeEHPREET VB LBROX F v 2 VB LY F v 2 VOFHN R
MlIx. Ivideghzghxens (BREMAEETVEHCTORUERPEONS)
Ix=(A*/B*)Ip Hx (ws) HL (wp)
+(A,* /B Ip,Hx (wsy) HL (wp) + (AP /B Ip, Hx (wsy) HL (w)
T2 1Ip,Hx(ws) HX(ws,) Hi(wy) Hi(wt)
+ 2 Ip,,HX(wsz) HX(ws3) HL(wt,) Hi(wts)
+ 2 IDp,, HX(ws;) HX(ws,) Hi{wy) Hi(wg) (6.34)
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Iy=(A,2/B)Ip Hy (vs) HB (w1)

+(A,*/B?) IDZ Hy*(ws,) HB*(wy,) +(A32/B?) 1 D, Hy?*(ws3) Hp’(wiy)

+2 Ip,,Hy(ws)) Hy(ws:) HB(wt;) HB(wt,)
+ 2 1p,,Hy(ws:) Hy(wss) HR(wt,) HB(wis)
+ 2 Ip, Hy(wss) Hy(ws,) HB(@t3) HB(wty)
Ipi=exp(—2towsi’)sinh{wsi’(ro= 7))
X[exp { wsi’ (v o=t ) }—cos {2(wgt + Or)} exp {—wsi’(r o= 7 )]
(i=1~3)
Ip,,=(A A,/ BYexp {—t,(ws 't ws,’)}sinh{ws, ws; (t,— 7))
X[cos {(wn—w)t Hon=Onlexplosiws,(ro= 7))
—cos {(wt Fwp)t+0n+0n)exp{—ws, ws, (10— 7 1)}]
Ip,,=(A,A;/ BYexp {— 7 (ws:*+twss*))sinh{wsyws; (75— 7))
X[cos {((wip—wtz)t T 0= O3} exp{wspwss (v o~ 7 () }
—cos {(wepFwp)t + 0+ 0} exp { —wsy wss (19— 7 )]
Ip,, =(AsA,/BYexp (=t (wsy’ tws; )} sinh{ws; ws, (19— 1))
X[cos {(wiz—wt)t + 03— O }exp{ogsws (v 71) )

—cos {{wpFowp)t 0t 0n)exp{—wszws; (v 7 )}

(6.35)

(6.36)

(6.37)

(6.38)

(6.39)

IRE G OTFRER F 72138 ZEFFHRITER L TEE T 5 B ORZERBIE € 70 O ZREZITHT
bEEERREL., 29 EFMELEE L TREARGINDXF v AV OFEMBEHK Ix T2

R(635DY F v A VOB Iy HBALT 2 2 L THETE 2,

—F. AAEMEHREES ¢ yR (R, t) DEEH gvr1 (R, t )YEEBEE gvro (R, t), EEA
EEERILES gy (R, 1) OEZHE g vy (R, t)EBEER ¢ y1o (R, )BT OHIZR 2,

gyrI (R, t)=(0"wt, Moy DA Hy(ws) HB(wit,) G (R, z )1
(1~ wt, o)A, Hy(ws,) HB(wt)G (Rt ) I
+(1= wp Moy DA, Hy(ws,) HB(ww) G (R, ) I 3
I =cos(wsit )R tgtwit+ 0iexp(— 1, ws’)
—cos(wit + O exp(— 1o wsi®)] (i=1~3)
gyro (R, ) =" wt, Moy DA Hy(ws) HB(w))G (Rt )T gy
T~ wp Mo DA Hy(ws,) HBw)G (Rt ) 1s
T~ wp Ny DA, Hylws;) HB(eon) G (R, r) g3
Ig =sin(wsit R/ rgtwit+O0p)exp(—r, wg')
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—sin(wgt +0g)exp(—7qwsi’)] (i=1~3) (643
gvii (R, )=+ oy Moy DA Hy(ws) HB(o )G (R, ) I
+(1t wp o)A, HY(ws,) HB(wt) G (R, t ) I @
+(1t wp Mo A, Hy(ws;) HB(w) G (R, r )1 (6.44)
gvia (R, 1) =0T oy oA Hy(ws;) HB(wt)) G (R, t5) I g
(AT wi, Mo A Hy(ws,) HB(wt) G (R, ) I g
(1t wp Mo )A, Hy(ws;) HB(w)G (R, 1) I g3 (6.45)
LROXEH VB L, K(6.26)(6.27) & W ERHMOEEEIZMIR, MIIZRDIRIZE S,
M= (1= wt, oy D (A 2/ B?) Ip HY (ws) HB? (et)
+ (1~ wp o) (AP B Ip, Hy (ws,) HB (w i)
+ (1= vy e (A2 /B Ip, Hy (wsy) Hp* (w1,)
+ 20~ wy Moy DA~ 0y Moy Ip,,HY(ws,) Hy(ws:) HB(wt) HB(wt,)
+ 207w M)~ oMo D) Ip, ;Hy(es,) Hy(wss) HB(wt,) HB(wts)
+ 207wy MeoDd~ 0y ey ) Ip,  HY(os;) Hy(ws,) HB(ww) HB(o )
(6.46)
ML = (It wi Aoy (A 2/ B Ip Hy (ws,) HB (wt))
(1t wp Mo (A2 B Ip,Hy (ws,) HB (wy)
+ (0t wy Moy DA, /B I, Hy (ws;) HB (w1)
+2(0% wyMNoyDAFT 0w NwDID, HY(ws) Hy(ws,) HB(wt) HB(wt)
+2(0F wp Mo A+ vy Mo D ID, , Hy(ws:) Hy(ws;) HB(wt,) HB(wt;)
F2(0F 0y NopD(+ oy Aen) I, Hy(ws;) Hy(es) HB(w;) HB(w )
(6.47)
FRNEME OEBEIRICED LTI T B IEOR ZZHAAE T 7V O KRNIV B i B B
d. K29 2 HEES & L T(6.46)(6.47)DEA FAEE IR MIR, MILé;jfﬁkﬂﬁ‘%Cé:T“
HETE D, —71. EAHMEE VR, Vi idR©6.28) ~ (6.32DFMIZEI W TEE sz L
TOREMCTEHAT 52 ENTE B |
VR = wRi wRisw  » VLT oL oL (6.48)
wRisT={2 gyr2(R, 1)/ 3 r}gyr1 (R, t)~ gyRro (R, t){ @ gyRri(R, 1)/ 2 1}
ort *={2 gvrRo (R, 1)@t} gvrI (R, )~ gyr2 (R, t {2 gyR1 (R, 1) 2t}
wiisT ={o gvia (R, t) 21} gy (R, )~ gyia (R, t {2 gvi (R, t)/ 2 r}
wiz  ={2gvia (R, t) 0 t}gyv (R, ) gyia (R, t){2 gy (R, t) 2t}

J
J
J
J
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6.3.2 TUvh—& KU 7 NEEBEOBEREDE O

FUZMEZEOI Y I AMERERT) vy A—EREORELN L 2/BRENT L EH
ENTWB[61][76], BZEBHEEETNVIZ V7Y v —IEESR FY 7 PERIEIICHT 53~ b
A MRESEFEGNICEETARNETE - TWwAEDY, MENRENEVRERTEA L, 5
Foo ZOBEN, BEMEEEFLTIRFY 7 MEREOER L LTORENZETE R D o
TerbThdb, 22T, REBBREEFVERONL, CO2BOREEFEHETXAIE %
HERRYICFEBR T 5,

7y —ERERELAMIGEET 200N 7 FEREOFE LTEHTE 05,

7(6.33)T
A= A,=A2 (A;=0),
ws1= wg;=ws (wg3=0),
wyy =—owp=ot (0t>0) (w=0),

O0p= O0p=0r (013=0)
ETNIERV, oT, YF v RVEHERE T vejcks EB IR MIRgick (SMIpgier) ER
(6.35)(6.46)(6AT)H & L F DRI 72 B
Iyfiick =(A*/B)HY (ws) HB*(wt)cos® (wi t)exp (=2 7y ws?)
Xsinh{wg®(t o= 7 ) }exp{ws®(r,— 1))
~cos 20 r)exp {—ws’(t = 7 ) (6.49)
MIggiek = (A /BHHy (ws) HB (wt)exp (=2 7 wg’)
Xsinh{ws?(ro— 7 ) Hexp{ws’ (ro— 7))}
—cos (2 (wtt +8r)lexp {—ws’(to— v D} (6.50)
2y b7 A NBEE ORKMEIEHGRE IE, EHENRS RIS 2L (t=0) . 48 (0,
=90" ) THELNLHH, FAFFMEEIME I vimaxs BAEFNENG MIRmaxtd
I Yrmax = MIgmax =(A*/B*)Hy*(ws) HB*(wt)
Xexp(—2 tgwg )sinh (2w (t )= 7)) (6.51)
Ll MERFELE D, o T, EHRIRE %, ¢ "2RAL Ivqux=Ct*/ 2,
MIgmax =Cin*/ 2 B HEHEENE T Y F T2 FEE Sl & SMipldF LV,
S Injek” = S Mifig’ =2/ Cp Y Hy? (ws) Hp? (1)
Xexp (—2 vy wg )sinh{ 2w (t ¥~ 7 %)} (6.52)
—%. B—0EHEFY 7 MNEREOSE DM I it EEEIEMI gup

Lydift =MIRflick »  MILdrift = 4 MIpflick (6.53)
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ERBDT, FARICLCRETELa Y M I A MEE STy, SMgpp ERRE% 5,

Slarift’ = Slflick” = SMiflick”»  SMlgrift” = 4 Slftick” = 4 S Mijick” (6.54)
Bib, 7V v A —EREOEEIIEFMEK. EFHNRPOFE LIEEIXE LV, F) 7
EZiEoSHEIE, SHMIEErOEELEREE 7 ) v -0 THLDIR L, EH)
P LEELERER 7 v I —DBED 2L o Twh, Doz, FXERHT T
VOEBEZREFIH LREREREL BT T T ) v A - ERER N 7 P EREORKRE
FHPBHTEART TR MEOREEOEV S HERWICHATE, IVAANZRES T
VIR END Z D505,

6.3.3 ZEEEMRESEOEEERDILLR
SHEHFOEF e CHE VY 7 P ERBIEOERNEZ T (EHRMERYE) 2R E8
REEFNVORED SEHRWICHATE, SHEHOEHNSOEEIMRETELZ LERT,

6.3.3.1 EBIZL2ZEEFHR A HIFH

STHHOEH 2 ACEES N 7 NEREB N T AHEROLEEG R ML EERICL D
BIFEIC T 5, EEREEIL, STEMSUN WorkStation) & 7 L — L XE ) L GFEECR T (1024
X 1024 pixels, frame rate =60 Hz, non-intedace ) 2*5 7% 5, ETEECTER LS KU 7 MEHE

Sk ~ 9 V
% 1 IE5%IE (= 6.66 decj;/sec)
% 2 EREE P

(=1.43 deg/sec)

-%>%
-3 Far /]
3B ]I[[[[[[[[[[ (<033 deg/sed

(1) Type 1 (ft =1 Hz)

%1 FRk -V

52 EIR

(%) Type3  (fy=1Hz) | (4) Type 4 (f, =1H2)

6.2 EEFN)7MEREDLEHOLZEEG Y —

Fig. 6.2 4 kinds of multiple motion patterns in drifting compound sinusoidal waves.
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(1B0sec BIZH Y 7YY 7 L3 0D 7L —24EE) 3—H 7V —2X T {CEZATN
., 7V—LAXTVHEIC AT LIV EREECRTICHESR L LTEREN, ZOFEEZ
% 2B OWEREBVBELEADESG F) 7 PEZEOEFHFEOMKIZHME (i) T2i:2%
T, TR BRI f5,=0.15¢cpd, f5,=07cpd, fg;=3.0cpd, FU 7 MEEIZZA
Vv = 6.66 degfsec, v ,=1.43 deg/sec, v ;=0.33degfsec (KU 7 FEEEKft=1H) &L, £FA
DHAEHOEIEIK 6. 204 FEETH A, /-, ERIETHELT 2 OT-EBEDOHSL SDOTFTTAT
bz, ZORKR, ABEOLEEH Y —ICEBLTEZ 52 LIEFZEHMBREZOEVITK
FELT3BEDRZF (REE) P ETAIETHE, H4DR LA (KRE) T »EHH
EOMRERERIZUTORKICT EOOND (F6.1) o

(1) Type 1 (%5 1 E5%U : A0500), £ 2 IE5L © AT, 35 3 ERAE | A5 J51A)

@ & 1 Faik (0.15cpd) WKEBL7HBE
0.15cpdD E 1 EREVENB K DVHMETE L, O, 0.7cpdD% 2 LK $0.15
cpdD 5 | ERiE b —1c (FLEE) THEB OFH 45, ZOBLE, T-va >
¥ ¥ 7F % — (Motion capture) & FFITN LB R [791(801TH B, F72. 3.0cpd D 3 IE5LIE 12
L CEAEABICEVTWARIZOEL S A7, BRICIERSIToN v, ook )

£6.1 HE N7 FNERRICHRT 5 EEFOFEMREER (FERIZL 5)

Table 6.1 Direction detecting characteristics of each component motion in drifting compound sinusoidal waves.

Type 1 Type 2
EBIEE [ (0.15¢cpd)| (0.7 cpd) | (3.0 cpd) | (0.15 cpd)| (0.7 cpd) | (3.0 cpd)
B It I IR B O
Toren | ww | < | we | ww | > | we
%33.015?35 4 W > A m —>
Type 3 Type 4

FBEIERK | (0.15¢cpd)| (0.7cpd)| (3.0cpd)| (0.15cpd)| (0.7 cpd) | (3.0 cpd)
FUEME | —>

(0.15 cpd) M. M. = —> M. C o
EoFE | > > | > < <—
(0.7 cpd) M. M. > M. C. M. M. M. M
553 E3K —>> < -~ <
(3.0 cpd) o M. M. - M. M.

(M.C. : Motion capture, M.M. : Multiple motion)
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ELT30cpdDEIEZFICEEERTLEAZ AP EDL-oTLEIPLTH S,

(b) 55 2 IE5XIE (0.7 cpd) ICVEBH L72HE .
0.7cpdDEE 2 IELEVRENBETHLOVMETE S, TOF, 3.0cpd D5 3 IEXEITE
2 Ik & —H# 12 F) Uk EE CANHBEIT % (Motion capture)s L7* L. 0.15 cpdD %6 1 B4
1258 2 B &N IS FIAANE  OFHETE 5,

© #3FkiE 3.0cpd) WCEBLIHE .
3.0cpd D5 3 IELEDSHENEI S DR Z B, LA L, 0.7cpdD 5 2 IEKIKILE 3 IETXIE
NN ENBINTWADDE LN 5, 0.15.cpd@% 1 IERZE O B & IZHHRE IIE R 0T
BNV, BPOIIE LTEIERBEICERPBT LRI I EboTLE ),

() Type 2 (5 1 1E5%W . AAM. 52 B - A, 8 3 Bk - HA0m)
@) % 1 IE% (0.15cpd) (ZHEE L7254
0.15 cpd® 8 1 EiE (2~ ( DA B45, AL RAICCWRIZEE S (K22l
THRR) o 0.7cpdDF 2 EFXFIZE 1 EEE L 13E) EET (—#TEZ2W) GED
BEUOND, 3.0cpdDE 3 ELEOB S IIHHEICR S 2 LW, HEICR LD & T 5
ERZFWEDboTLE ),
(b) 5 2 IE5%IE (0.7 cpd) ZIEB L7234 .
0.7cpdDEE 2 EZBEIIE~NBHT LD 505, 3.0cpdDEE 3 ERKITE 2 BRI E —
I CBE CTAENBE T 5 (Motion capture)e L2* L. 0.15cpdP % 1 IEZIKIZEE 2 IEXK
NI AEANF DPEL SN D,
C©HE3ELEEE 3.0cpd) IZIEBLABE
3.0cpdDEE 3 ERKITANEI S DHRZ B, 0.7 cpdD 5 2 IEXIKITEE 3 IERKIK & 135 H
BETHNFWTWAEDOREL S5Nb, 0.15cpdD 5 1 IE5RHE OB & ITBHIEIIZ R RN %
Vo BIREICE LI LT ALEZANEDoTLE I,

() Type3 (85 1 IEREE - AWM. &2 Eikik - A4, %3 E5E  £500)
() % 1 FRE (0.15cpd) 1CEE L7E  Type 20 A2 H LR Lo
() % 2 B (0.7cpd) WZEB LAHE Type 2 RZAFER L,
© 3 IEKME (3.0cpd) WZFEB LIHE
3.0cpdDEE 3 IELE DS ENE S DA R Z Do 0.7cpdDEE 2 IETRIEILEE 3 KK & 13RI
ANV TWEORELON S, 0.15cpdDEE 1 IEFXE OB Z IZHMEIZIIRE LN R Vv,
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@) Type 4 (51 FR8l AN, 52 ERK A, 8 3K  £HI)
@ % 1 ER%i (0.150pd) IEB L7254  Type LEFLRAHTHD,
(b) % 2 Tk (0.7cpd) ITHEB LA .

0.7 cpdDEE 2 IEFHFIEENBEI T LD0 005, 3.0cpdD5E 3L ILE 2 Eiby & —
MICE URETE~NBE L TR X 5 Motion capture) 35 & & 55 2 Bk L IE o T EETE
~NEI S RRICR A B GEVH DV ANELETH b, 0.15cpdD 5 1 IEIF (X EE 2 IE5L K & 1357
A HIEANEY  DAEL S B, |

(© % 3 IE#E (3.0cpd) ICFEE LA .

3.0cpd D55 3 IEFLIEIIENEI K DR X %6 0.7 cpdDEE 2 IEILIIEE 3 E5Zik & 13512
ENEIWTWAEDRELELN B, 0.15cpdD % 1 IEZWE OB)  IEBHFEICIZE U TN v,
WA L)ETLERZINEDLoTLE ),

PAEokRIz, R LB F RIS IIZD T O 4 BEO NS — VBB 52 EDVTh D, (1)
FEELTWATEREOEES AMIZIELSIRETE 5, Q) FEE LTWAEKEDZE MBI &
D ABOEHEARKOERIEIEEE LTV A IEE L —# 12887 2 (Motion capwreTE)
@EBLTWAEZEDZEREREZL Y b BVEREEKOEZETH > T, EEHHAD
MAGHLENT— VIl o TR OEE E LTHEINLZENFHE, WIEBLTWAIE
B DR B L ) IR R EES O BRI 3 0B E LTHE SN 2, 2, @
DFEHIZEB L TWAIERE L ) b FICRCERMBARETEL 2 Zehs FRERERIRS.L
FIZE D, RWEREERO EZEIIEIRBRRBIC L s TRIBEE N TWE EEZ 55,

6.3.3.2 EEHEREDLER

DLt DERAER & EBRIE TV O OFTEM R E LT 5,
() Type 1 (55 1 IERE - AAA, B2 EZHE  FAm, EIEEE HAHM) DHE

X 6.3 @)(b) dType ID FLEHEB)/NF — Y 2 FDEE N 7 MEZEIHT L THES LA RE
%ﬁ&%?»@%ﬁ%&$W¢bﬁﬁﬁfcmﬁﬁﬁgﬁﬁ(%ﬁﬁﬂﬁ%@ﬁ%@)T%D\
6.3 (@) 25 i 4L. () PEBHR OBARIE2SF B LHRETH D, M6.30) 2511,
W TARICER LcHE (X F % 20V) 12133.0 cpd D IE SR BUIIE U7z 1 A 4H 0 SR
(i) o, @Bh& (FERELER CEALASES (YF v 2b) i3, 3HE
DEFH RS HER T 508 L7z ITEEOBRBIRRE (SE#)  _high (3.0cpd D 3 IEFKE
BCET B) ,f o middle (0.7cpd DE 2 IEZHEEHENIZE T 5) , . low (0.3cpd DE 1 EF% i
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BHNCESTB) PELAD., fohighk f Jow BPEFTEINSL Z SN 5, ThiE, X
F o 3 VTR 3BHOEFRSIEHETELV I L, YF ¥ AV THE 3BEOBH IR T S
LRI H B D5, BFORYNOBIIERELZRPIIFTEZI VI LEERT 5, —
FE6.30) 5k, EENCEE LoHEe (ER) QR 3BEOEHRS BT L0IE L
7z 3REEOBBIRE (BEICEE LHE BR) L3RR LE) PRUNE(REL CHE
TEDHIEHGNY, ABEHRMNE TV OFERBERE T A 3 EEOEBRS 2K E IC
BHETEAZ EPHFEING, SEEORHEGFUIREOHFLIIEEREDR 2 FHRHEEIIHVT3 &
HORZFVHETHI L LML TBY, FEFRHETVITHEEROEZERN 70+ X
I TR D B 2 TR T B AR BRI 2 BER 1 1ICh DEE 2 (HERT 285k b o
TWwa LI TE 5,

10 10

[ Optimization :
L thin line - Evaluation function
[ fat line - Motion impression

fc_high

[ fs1=0.15 cpd, v1=6.66 deg/sec (right)
+ f52=0.7 cpd, v2=1.43 deg/sec (left)
[ fs3=3.0 cpd, v3=0.33 deg/sec (right)

- Optimization : Evaluation function

fc (X-channel)

RPAY A
{r“w F alin

[ fc_middle (Y-channel) fc_high
|

—
fc_middle

(Y-channel)

Channel center frequency fc (cpd)
Channel center frequency. fc (cpd)

fc_low (Y-channel)

L’ (-
0.1 PR N 3 ] 0‘1 L, " A 1 1 L i i A 1 " L 1
0 500 1000 1500 0 500 1000 1500
Time t (msec) Time t (msec)
(a) FHMI RSB DA (b) EENENR DR EL

6.3 T v RV HLEEEO R EISEFE (Type 1)

Fig. 6.3 Temporal response characteristics of optimum channel! center frequencies. (Type [)

6.4 @)b)c) ld EHENR DM AL HETE L7z 3O R B BUIREE SN T 5 oG 5 m)
DR OBELHEEHELBER TERLEZDOTHY), M6 .4d) DB IZY F v 2 VD
BB PHLELNT) B 1 DORBEEBMIREZH o TEHE LA FRESEHIR O E
LIERETH D, RHHBAIRE f JowE B V2HE (M6.4@) 3Type IOEBTHELIE
FICTER LB SIS 5, ZOMTIE, BAMEFHHREMIRIEL FEEHFIZRHE M
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I L EIZREL, POEHIA R RoTWE, TOFERIE.  OFRBEAKE [  lows®
0.3 cpd DZEHMBEREMOEGELENT OB LRETHLILZERT L L, 1 EEKE
0.3 cpd) DEFANDEEFREEL CHRTEDL I L ZERT 5, MOZEHMEREDOEH KL
2. EIFRE) ICELTIR., ZEXENSDERENNY — Y DBIRPRZ Tz LT

(%

Motion impression value M| &

Motion impression value Ml &

Time t (msec)
(a) BEIFNR D FEAL (fe_low)

-
o

3 V @

@ = - -~ - Q

% LY - - = 8’

[0} % E

S 01 =

> > =
52

> =

= a (&)

> g-.c

O 0.01 =2

2 3 c©

s | MIL S E

E ==

= 7

7 ) ) =ul

w Motion impression's

optimization (fc_high)
0.001 PSS VN WUOOT TR U0 TN T S R T S T |
0 500 1000 1500

Time t (msec)
(c) BEIENR OB AL (fc_high)

-“-’--.“"-N-\" .

] V, g Vi VR '

L A - $ 9 ¥

GD.)) 1t K 038 1 AL R

z ; . Vi B

> = g > _. - -— oy -— -~

z T s 2

S 01} MiR B8 01} MiL

o F QD

S 5>

S % ED

= cd

£ 0.01 ¢ MIL gg 0.01 ¢ MIR

7 g O

L [ Motion impression's =u Motion impression's

optimization (fc_low) optimization (fc_middle)
0.001 . : — 0.001 S — —

0 500 1000 1500 0 500 1000 1500

Time t (msec)
(b) EBENR DHBAL (fe_middle)

10 .
t Evaluation function's

optimization (fc_middle)

-

(@}
s

MR

1 1 S | 1 1 P F— |

0 ' 500 1000 1500
Time t (msec)
(d) FMHBI E O Rl (fo_middle)

0.01

6.4 FAFMEBENGE & HEEE ORRILEHE (Type 1)
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b (BRAOEZELT2XFyAVICL2) | COTEBRIRETHNETE 2:EH7MRIESH <
ITHEAALEDOT, FRRATVAE 2, B3I EEP Y — O H 1 I & RERIIE
WCEEN L TR Z A7 THAH T L, ElbMotion capure AR PE L TWAETH A H I & 0HEW T
&b, ZORBEEHENRE{ JowldREE FI0.3 cpd & LA E T AR T 4
=% USRLNDT, TORFIHT AV Y —5FEHETIZ07 cpdD EZRIZHETE2ELTD
3.0cpd DIERIEIFHE SN VI D EL SN D, DF V. 0.7 cpdD EREEIE Motion capture
WRIZEVE 1 ERE L —#HIZE) < 25, 3.0 cpd D IEFEIE D EE)IC D V> T id Motion capture F 5 7%
HELTWERE) POHMDPHEIC LD P TFRETE L, T2, COROELAOEE®EE
VRIZEFIICRE o TEAEALT A5, #4 ~6deglsec LBHEIN D, TOFEFEHEFFIIE 1
IE5ZIE DEFE (6.66 deghed) L FEFITE VETH ). COEPLRE TH ZORBEEIREIZSE 1
IEEOESRHICEL TV AE I L0005 LRI, MOEBKRSOHER L TwDLE LT
b, INOLDEFELEIEZEEFAUEETEH LTI EMEEINLZ EFGRA, Ll E
DHFNHRIIEBRORZFLE(—HLTwL,

TOBERPRE f o middle ® V72354 (K6.40) 13Type IOEERTE 2 IERZKICEE L &2
WA YT 5, ZORTIE, £5 MEEMFEME PG AEHHNRMEMIRE ) dHEITKE
Sy POBEAD R Ro TWwd, ZORRIZ, 2 OREERAIKEE f  middle £%0.7 cpd D ZE fH
BB OELETBENTADICELZIRETHL I LE2EET AL, 82 EIE0.7 opd) DI
FENOEEFLEE L THMETELI L EERT 5, 70, EAMEERE v L DE 2 1FLK
DR (143 deglsed) ICEWEL 2o TBY, F2EZEOEFHFTNEIND LW XL, X
6.4 @ TOE & R, B3 EKEKEG.0 opd) 1288 L Tid Motion capture /K IZ L 1) 5 2 IE5
e —IIEFRANERT L ENEZLOND, T2, REFHREETFVIZRLHEOET VT
HYBBHEOEFT NP ET N T DT, EDOEEREE 7V CTILE 1 IEXIEO0.3 cpd) d
Motion capture REIZ L D 2 R & —#HICEE T2 L TFHTE S, L2l BIHETVE
AR Z S CEME, FHIEZE L ) QB TH 5585 1 IEZKIG LT 7 v
Kibﬁﬁﬁawﬁbw@@ﬁ@ﬁéﬂ%%fﬁb‘%5?&@%%%%&@%K2ﬁﬁ®@
sy — UARBICAETE A LT B,

B ERHIREE £ ( high & V72354 (6.4 () 3Type IOERTE 3 EIKICER L7725
BITHYT 2, ZOMTIE, HHMEBEHSMEMIR AL AREEENRMEMI L b F Ik &
POEE Lo THN, BAHMMEERE vRgd B 3 IEREDHEEE(0.33 deg/sec) 123\ i
EeoTwh, Bib, ZOFEIIE 3 IEKLEEB.0cpd) DEAFTNOEHFLZEL THETE 5
CEREBERT D, H6.40) T LRI, COoRBEIREOSSICIIFEE ERES RS
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DZEERHEEG.0 opd) FOEXK TH B Z A5, FELIHEREE&AZESLE 7 VIR
BT &L, BRI SEIEREIC L VB3 ENE L IHOE L LTHETELE
THbo LL. BEDEEHKHE 7L TidMotion capture BRIC & D 5 3 EXKE & —#ITEH
THEFELTLE D,

M6.4@ixYF v AVOFEMEHO BRI 5B 5Nz 1 DO REERIKE { . midde &
FAVCRHE L7 B A BN NSO 8 L R T 5 1 . Type LOKIRT 55 2 EREICHEE
L2 a ST 2. ZORTR, A HPEREREMY, MRHE U/ 5 RORSERE
v, VRVEEOEBICtEo THIEE @ ETEE. A EEOEBIIE - TEHIOEEHH
HE SN EAEOESFANE SN THRAF o TwALHKITE, EBORLS
LIZRLBERE R D, TORKREDPL, EBE L RIS A% I AEE R E TR
BEBIIR ORI HED CREBIREOHEHENEETH L I L FHBEND,

) Type2 (BE1IEREE  LAM, %2 ERIE  AHA, 86 IIERE  AAA) DEE

B 6.5 EType 20 L HEF) XY — ¥ 2 FOHE FU 7 MEZEIOT L TH L N AREEN H
EFNOBRET ¥ ANVFOEEE f OREICEFE (FREBAREEREE) TH), XFv
AVIZFFEBEEOBAILIZE D . YF v A VGEFHENROBAE»SEHE L/, HL, 3200
EsZE I —AmIES T 5EERDT, Y F ¥ 2 I)VOEFHEHZE OB & FFHMmEAKO® K

10 [ Optimization :
- dotted line : Evaluation function
| solid line : Motion impression

fc (X-channel)
s~ - N -

N

fc_high (Y-channel)

fc_middle (Y-channel)

Channel center frequency fc (cpd)

I fc_low (Y-channel)
- L d‘
0.1 . - -
0 500 1000 1500

Time t (msec)
6.5 ®ET v VP LEREOREIDEEEE (Type 2)

Fig. 6.5 Temporal response characteristics of optimum channel center frequencies. (Type 2)
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fLRFEICHERERIEONE, M6.5251, (DBRICEE LZHE (XFrA0) 1Zid3.0cpd
DIERBERIE L7 1 BEOBIIRE (i) LABLNT, XF v AV TE 3 BE0Es
B TE 2wz &, QEBITFEELZHS (YFr 2 )V) i3, 3BHEOEHHG %
BT 20128 L7z 3B oK (E#) {  high (3.0cpd D 3 FRXEEHEIET 2)
f . middle (0.7 cpd D& 2 ELEBIANCE T 5) , f  low (0.3cpd D 1 IEFZHERINICE T 5)
PELBH, f low 3BT TRYNL AL ELEIHRBIIPETE 2V EHFHP B, 32
DEBEIRNENFAT AT LIZEBORZ HIC3EESH L Z L IITHYT 5,

B 6.6 b 1 BERIROBRILA SEHE L 72 3 BEROBBEENANREE IS 5745 5 AEEHEN
& (EHmMEE) ODELHEREZERTERLAEZDDTH S, TBBIIRE { (lowE H
VB A R Type 20 B TH 1 ERHITEE L 2B 8IS T 5 A7 MEBFIREMIR K O
A HEEEE v g AR ESAIR B RETURE (6.5) LREBRICESHIC LAFEL 2V,
AFHEERE vRISER OFE 1 ERHEEEG.66degsec) & FEFIHEVETHL I END, &
DIREETIZEE 1 IEXIK (0.3 cpd ) DA F D EEASWIHAIIZHE TE | 2 5 [ZMotion capture 35
ROLMMMICEL LI L TREEND, Ll EHEIRIEFE L 2R T3 fhoEE) 5k 5
DOEEVHE SN, F 1 IEZEOES) LALOEE 5 OEE) L BSRESEIICEI D Bbo TR 2
Bt B0T, HRE | ERE L OEH RS OEBASEIES > TRA D LHEFT 2

0.8 10 ¢
[
07L MIR (fc_middle) . Q Vi (fe_low)
. / MIR (fc_high) o
= S r( "~
g 0.6} =
8))' >
= \% i
g osl 'g ’ g (fc_middle)
g © 4
font >
S 04 o \/\/-\
o 2 .
s g Vp (fc_high)
0.3 k7
ul
MIR (fc_low)
0.2 : _— y 0.1 : s ;
0 500 1000 1500 0 500 1000 1500
Time t (msec) Time t (msec)
(a) EEIENR(E (b) IHEEHERETE

6.6 HHTHEFHENIRE & HEE R ORI EFFIE (Type 2)

Fig. 6.6 Temporal response characteristics of motion impression values and estimated velocities. (Type 2)
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o I, EBEBORZFIINITAFREESE (Rzx12< &) KU Motion caprure HE Tid 72 { %
BELEZ->TRALBRBLEREHOL T WA, —77, REEAMREE {  midde, { o highZz B \»
P A Type JOEER TR 4 85 2 TR . 83 FRBICIEE LA A% 75, Shont
ECIHEIEFHRPFRET 5 2 & EHEREEDPK A F 2 B2, £ 3 ERIBEDERDEE
EFNWT EDL, BAE2ERE, EIEZEOEHEANDEFHVLE L THMETE 5 & H T
T&h, ZLTHG6.40)Thikim L7oHEIC, | o middeDRECHEZEE 21T £3.0cpd D8
3 IE7 3% (3 Motion caprure R R IT & D 2 IERIE & —HIZE)WTR 2, 03 cpd DE 1 IEZHE IZ
ML TIEIREE2SATEEREETFTVICHETENE, $2EZEE MV OERE L
THETEALFR Do T72. { highDRETHEGER £IT o 7256 b Mk IZ. FOHERE
EATSERREE T IVICHR T E EE 3 B & IR D& & L TROEE T H»HE
TEhEEZLN, EEBDORZFLEIHICLIERPHFEONS,

() Type3 (% 1IEREH: | BA71A. & 2 IEGRIE | 7500, 5 31ERM  £771R) DHE

6.7 (@) dAType 3N FZEEE) N Y — Y 2 HOBG F) 7 PEREIIH L THLN AAET
BEET N ORBT ¥ AV ALEREE f O BICEHNE (REFEPIREERESE) TH D,
Y F v AV OFHHEB OB S D 3EEDHER (BE) L EZBENROBAIH» S D 3
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