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The goal of our research is teleconferencing with realistic sensation. Generating images with motion
parallax is one of the key technologies which will make it possible to further human to human communi-
cation. To generate images with realism by CG, the number of vertexes of an object should be increased.
However, to generate images with motion parallax, the images should be generated quickly. So, there is
a tradeoff between generating highly realistic images and generating them quickly. In this paper, we
evaluate the effect of delay time according to three parameters: response time of generating images for
head movement and frequency of generating them, and amount of task in virtual space. We also present
a method to generate CG images with realism at high speed. The method is to select from a database of
different detailed models, one model based on the distance between the viewpoint and object, or between

gazing point and object.
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E§5, *

ZIC, A—0FRYETHIBELXL-ETNVE
REHICHELTBE, s 0B ETET
WEBIRT AT LICE Y, EHOYEKICOWTIFFTX
7V 4 LCORTHREDORAEH X, X, &L ok
KownwTit, BE2ET ST REGEROSEILE
B3 FHEIC0 W THRET 2 2]0

52.1 HuxFIHL -BREILE 7 IVERFMER

K1 2iiBvTLL, L2, L3RS L WM oERE+
Yo KHHEEICK LCRIFAZEEOHILEERL 2w
B/hOTHAE (minimum number of vertex DBELLTF
MNV) CEZHEEN/-FREFIVEDL, D2, D3& T
5o L1<L2<L32%3 LT, THSZE. DI>D2>D3D R
Bhb,

52.2 EEBHE
AEREOHEIELTYS 2D, BRI

it aET 2 hELE EBFMT A EICE D,
PHETOWO» I 2HMETE I NN TNS
[11]c £ T, WhoE@E RET 5 HABE T34
W/oOPKRLZDTHAE» O BRRENICHES L, fD TH
PEHE L EOTEENE FEMNVE LTRD -, #
RETFNVELTE, REDELPSERIALLT L.
¥ RO EAZER S VWEBDbN BT A/,
RIBBRESFRCERE LBRE. BEOSEREELT
EFIVEBRBIE L. M1 3 CBREFNCTEEL
ROBRBILET VOB %ETRT. FEBEIELTHE
REICAGAE I NG, T/, WREGKCEERE 5
B0, WEOLPICEKELEEL, R, HELD
KZU—Y2—F AT OYT 2 AEFVCERL
Fro EREBRFIDVAT LAV, EBENGY
#F 3R To

(A)

(2) 200 points  (b) 800 points
Number of vertexes
M 13 HEEEZZEXZROEFIV
Example of sphere model
3 EEEHMm
HH ~ ks
BERERK 6%
HEEH F7ES
HEERE 12m
FoRt I B FE=F45cm
EFVOME A7) — i
120 - 1000 cm

BMEHL IR 7Y -V eSS

52.3 HEEHEF .
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uAﬁﬁﬁwwww¥Wﬁtﬁﬁ%%To@14#5
R PAEERICT AMNVOBAERZFRL &

11



- Yk B R A%120[cm] DMNV I H~ T 1000[cm] D
MNViE, HEAEP0%E L L Twb,
DEnFERICL Y, A PEBEENEL LI
feoT, BBROGHELHFE I TIHANETROES T
EVGTHB, T, THOTLREEREXRLTAN
HEWELOPYKEERTELCLEEZRLT VD,

[number]
1000 4
9004
8004
7004
600
5004
4004
3004
2004
1004

Number of vertexes

[{{{IIIEI

120 200 300 400 500 600 700 800 900 1000
Distance from viewpoint to object

B 14 48 W5 L BREFNVOLERNESAK

Minimum number of vertexes of sphere with smooth
surface at each distance

52.4 8

AEEOHBAISH 20 T, BRBILEF IV OER
B RO, A YRR B & BIR 2 E O BMR 2 B
ST BLENDD, & TR, ROBBILE TV
WKOWTRERR S,

HREOWE LI 2R T L0 SELROELEK
i, PATVARLERENDIEDOKESETFTAT L4
DERBEICINVRTIZEEZONS, REDESL IS
DL, BREBET A2BERY T 0ERE (K1
3(A)) PHESNE D, T, BREEOBRE (K1
3(B)) PELPEBEDLNLZ LI VMERND,
MECOWTE, HARERS LTRERRY TV %
BELTO—av 274 Y72 Hw, RYITUHD
HEIRBAERT A LI VMBI {TES
[12]c BEICDOWTH, KYTURKEL B2 EHE
DAVBESICHEINL, ROBER I OBEEILY
REo>TLIIDT, TOBRBLESPICRELEBA
o EFIVOVERIEIC OV TRE L 7,

52.5 FRoOBEHEEHE - PAMEE
ROBBEO—HELE 1 5278, ROFL%0,
BEILLIZ—SELA-AEY 0, RELOHL %A,

[cm]

¢y EffacH
Zbe L, EH
ob & DI N AL
Hexd&d 3%,
BRoERE 7V
DEHRIITEAR
abcTdhh, E
DIRDEIFAR T
H#adcTdh
5, TOHEHMR
abc & H#adc ot
FTATV 4 D
3 i
NCRIBKICFERENNITREBIFO MR L EE
Abid, TN, EPREEIRKICE S ER
bd& TR TV 4 DfFEEEres & DRI,

E#bd = res o
WM TONPEL LV, 2T, HI4TRD 2R -
WA EMNV E DRBRPFCOXN ML TwEH R
£ I THRN 2, Eb. RoS5HE. Ha W
HEREEEOMRE RO L L, R (2) PMEoNl, K
DB IIMNEIRT,

b= (1-cosZ) o
d, 2n

15 ROWEEK

A partial cross section of contour of sphere

ROEAENG 2 & N5 L ROSEFDUE I,
14 TKD 5N /-MNViZnIi BRI ETHH, Th#
QRCR/AT S LERDbANKT L, cHEIIKL
T, H4OMEBZERD d ICEBR L 2R 2 HI6R
o T4 ATV 4 OEZE(R16Dpixel size)d lmm

124 Pixel size

Length of line bd

1000
[cm]

"800

0 200 400 600

Distance from viewpoint to object
K16 F4ATL4RRSNLROERAOES
Length of line bd at each distance
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[degree]

3
_o N
w,. e

Humans can perceive what the object
is for a moment under this line.

—
N
tn

Radius of sphere
(Visual angle)
.\l —t
r.e

g
Yo

1000
[cm]

200 400 600 800

Distance from viewpoint to object

o

Bl 17 74 A7 ARRENIIROBEF A
Radius of sphere displayed in perspective

(704 v F7a V=2 5. EEEI280X1024) Th 3
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%ﬁf: Lfv\éo l/?b) l/\ ﬁ:ﬁ:'%wﬁfﬁﬂﬁ%iﬁzm[cm]
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EFLWEEZR D,

53 AL FHL - TESHIR

ANEOBBAR BT RPN, BERAPRGE

. BREPS DHEEIEL 2B IHENET T 52ER
HoHhTwa[14], HRERIEEE CHERSLRE L,
EHARS I 0MP L EFY V7 LML ER
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Yy LPERRFRTAIELICL Y, HEOLL%E
ExVTHABEYHO T I LITREL A2l CGCTH
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531K ER
M1 8IKHEREISOEHE N NFA—FE LT, [
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N
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04 F7alxs¥
FHERR

@
>
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e

1.2 [m
WRite 7V
D> REZEOHA:10°
Ei2h=3

B19 HBHEREE

—WHEDEF VDT — I R—2H 6, BELBRLE
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WX L CRIAE P ER 0% & L% WA OTHRE
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BEDOKEZ L o TRD2, DIDTEAEIID1ICEN
BT HEEZOND,

548 EFH L BBALE 7 IVEEFFEER
54.1 EBHE '
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(A1) RRE 5,
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(A2) Rehd, HE, FAT V4, WEROME
BREHA2ICRT, PATS VA CERENIERDYE
oo, EROYHEIROFEL, WEFTATVAH
R do. A PHHESHEYdiL T2 LYEREBRN
POLRCTFAZV 4 KWERBEERR LB A Oro,
ri, do, dioBFRIX, (A3) K& kb, r=rod b
(A2) R, (A3) X% (A1) RRRAT B L
(2) KrBoh s,

bdir—r’COS“ , (A1)
2
9:_7E (A+2)
n

7 dol‘

= (A+3)
0 dl 1
_ do
bd=—"-r-(1-cos—)

n section

MA'1 HBEICEI2KOHE

Division of sphere by latitude

Object of sphere -

di
Image of sphere d1splayed T

in perspective

Y
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Y !l !
Viewpoint @ @ L
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(1] FERETRI 71 7 5 A

T4 7 AT =2 A5F—=3 3 (RIS)® HWTE
BedT ) %E. BRAEBMESONERH%FTET 5
2ODTATS5ATHE, UNIXDYVAT LA vy Y
FIH L T1970.1.1 6 D EEBBE S 5,

774NV get_time.h
TUFIAY R JAR]
s

M0 EEE AT sec

SMAERE 1/100 sec

1/1200 sec

W%  RISYA<—OBE
SREE 1/100 secD G

fimer § (¥—AN)
Fast clock is off. Fast itimers are off.
SHRRE  1/1200 secD¥FE
ftimer -fon |
ftimer
Fast clock is on processor 0. Fast itimer are off.
DR :

B % Bl L7271 7 5 Allget_time.h% in-
clude L, FEf%2 51D 72 WiEATIC, get_double_time(),
¥ 2id. get_float_time( % IHAT %, HHBIELLTIC
RTo

(#)

main()

{ _
tl=get_double_time();

WLE(A)
t2=get_double_time();
t=t2-t1;

}

HIAE AN h o BRI AR % 5,

[2] ZRTCEETF— 5 7 7 A VER T T 5 A
(WKL VO =XKIL7T— % 2 H Y A%, sungraph%
HAWTERTRERERD 7 74 VEERKT 5,

My FEAICOWTI, OESCCRIEV 7 by =T D,
"IARRIBICHA V7 by = 7"(IRH90%E 10528 H), sk
BUESHEL RO &,

7 74 V4 | dt_write.c

()xgraph% V727 5 7 #5R

XVA4 VK% T—2A7—va v ECHEALTRWS
BER, I TERY T Y =7 "xgraph"®x v 5
&L FEBICRRTVRRI T~ %075 7 5T
BBThb, Bl LT, dwrtcTEREINLZT—¥
7 74 V%, xgraph THERUBEL 7 7 4 WERICER
L. 356X, BRIIF— s Do EELRD TFREE
7=BI%EBICRT . EBGEMGE, HIRTHEL,
HFE10cm/sec TRE S ¥, R V2o F 2
B CHEB S -G 0FOMNE L BEER ¥ X
LTwd,

. MEEEORRYF— 4 BB o hEA, EE
2RO B IIERRNEHCZ[1Te ST, vitd, BEERli
CBTABEEE., yid R8T AEREE, Tk
VI IBARRT .

Yier T Vit = Yica — Vi
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k% VY RTF AY A4 AEGRT *%
XX g| ¥ : KL %%
% RofE : IEO/NEME *x

kR kkRkRkRRkkkRkRRhkRkkkkkkkkk/
tinclude <stdio. h>
#include <syss/time. h>

static double get double_time():
static float get_float_time():

static double get_double_time()
{ .
struct timeval Timeval:
struct timezone Timezone:

if (gettimeofday(&Timeval, &Timezone) == -1) {
fprintf(stderr, "System call error ’'gettimeofday’ !!¥n")s
exit(-1):

}

return((double)((Long)T1mevaL tv_sec +
(tong) Timeval. tv usec / (double)1000000 0)):
}

static float get_float_time()
{ ,

double double_time:

long integer_time:

double_time = get_double_time():
integer_time = double_time ~ 10000:
integer_time %= 10000:

return((float)(double_time - integer_time)):

YyAbh1 s/ e s 7 A A
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