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Border Ray-tracing

Picture quality and Acceleration rate

"Akihiko HASHINOTO Yasuhito SUENAGA
NTT Electrical Communications Laboratories

1-2356, Take, Yokosuka, Kanagawa, 238-03 Japan

Ray Tracing (RT)[41 is known as the most accurate rendering algorithm,
though it requires a long computation time. Border Ray Tracing (BRT)[S] is
an accelerated RT method using perspective images to reduce the number of
pixels which really need RT computation. :

In this paper, the ability of the BRT is measured in comparison with the
standard RT and the previously reported accelerated RT algorithm [3].

Following results have been obtained by the experiment.

(1) Acceleration rate is almost proportional to N, where N*N is the number
of pixels.

(2) Acceleration rate varies considerably, depending on primitives.

(3) Perspective image generation time is neglegibly small.

(4) The average error against original RT image is very small: e.g.. only
from 0.2/256 to 0.3/256.

(5) Though enly seldom, degradation occurs for highlighted part. However,
this phenomen is easily removed by small modification in BRT algorithm.
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Fig.1 Relative CPU time (A=18)
(Relative acceleration rate) .
60F

Solid line : Boerder ﬁ:;-tracing
50F  Dotted line : Pixel-Selected Ray-tracing

40t

30t

20t A
C

10} -x B

""""
__________

Tozg (V)
Relative acceleration rate
Vs Standard Ray-tracing (A=16)

128256 512
Fig, 2



FUT, R—=¥F¥—=<«L g Fb—yv2y
UWNGZHhFlTF3 (ZEFHDO1 /2R
WEKBEESLE T B FE NS,

ChUR2BRITHER wELEHD
N U THERTSZIEFERKLES. 20
SDRUBREERUAXBREFEZRC DR S
h, BERHEHBE LRI SEELFFEO
Ty HBOMHBEALE A S /L5 M
PHAMCETSIRaELLFHRRION
RE v,

R—=F =+ VA4 bL—-VY T RER
BREABREFE L BT 5 &, 48
»HOERBBEESGSETSH 3. Zhid, K
— ¥ - LA PL-YV YT BBRER
BEZ2RBUTHRISLV A PL - XE
FERBRT B PSTSHS (H3).
cTotomsELLtoYRELT. BEH
REBOBIRAAFEREAAMABAU TCK A
FEEBERHETSHREYS 5. BB,
LAOEFREBLVTHDOXAFE
rGW, EERBREGEOEEE» > 1HT
FL., COHRUETIVIFT s THEPS
WREFCRY, BEOSERDOUIZH
fUdBERT2EFEsEL T 3.
R—=FF -« LA}t —-—vryIyodH
BREBGBEBRBEHOL ~ N ="y FIIE
CACEBRTE S ZOBMBWUNIR
> THRKYT S, B4 LHVN=102
1 D08ATdH, R—¥%¥— L 4 pL-—
PIYITRITHERMOI ~858%UDdDAEDR

WE DK B,

3 ~-2. #HBEXHELZIIZIBVEEREOE

BEEBEerrODERERRDLIDWUED 3.

1

err=— (1l r-r0 | +1 g-g0 1 +1 b-b0O1 )

U,
(r0,80, b0 ) A EEOE#RL £ « b L
-~V YJOHEFTHEE T 3.

s, N=512@B8VTHBEN
EREEAZEIL IR BEAOEBESR
ELVAPL-ABREZHOBEKRE2 R
9.

e, F YBDON=512, A

X
[

(rog, )@ RER W& OB % E,

vryre,
ERHY 9T ET.

128 256 512

1024

Fig. 3 Ray-traced area (A=16)

Solid line : Border Ray-tracing
Broken line : Pinel-selected Ray-tracing

(%)

9

128 256 512 10.24(N)
Fig. 4 Perspective image
synthesize time rate (A=16)

18RBYBR—-F¥—+L A FL—

ZR

y)7

i

BEEE,
"o BRBRLEBLIRY,

B OEGER B R EHEO®

{

ADBHERT S &5 B LN

—EFOREE

ETy 3¢ z0REBIZRL. 208

REBEET 30U,

AW S EHK



ECBBE, MBMHESEEALL A v g (§)
FL-ABOZERMBIL & > TR E 3 .
BWVWTd 3 HEBCOBIZLEEZILLO
MNERBRTWE, VOS> HEHTH
ZEBMBRL &> THREZ LD, BEA 3
CEEBCEL SR L. 4
—F, LA4PL—AABEENY, 3 |
2
i

ABBRITIIER->-THADETEKE,

FUTRBREDHPRZRY BB S —E

CHUERIZEHREAR T 0 S
EOMMRERTIBHLILEZROE S 4 8 16 39 64 128 (4)
Em|MU T B 5.

B5&Y, PrvEEEEL A ML Ryt ares (})
~—AHBBAEEBERLIT I ANEE 920 ¢
TRAEBHIS. CORBRAOEWBE
BRI TEDLY, FHlE203FH
LV R THVREERBA=1
6it, POEROEBER LB B
Wb DT H 3. 10

R—=¥%¥ -+« VL4 PL—-vy T @
RBREIVAMEREADIZS VR & H 5
PHEY, NIX—-IPEBRF -5 O 1
EHek-oTlt, TUSHEZERBSHX ,
WELH S COBEHBEHEOMEKIE 4 8 16 39 64 128 (4)
EHEHEORBVR » 5. HB, MH
WABOKRZETHET 30N UT, Raytraced ares (})

15

err
BEUEHEBLCOETHET 3ER & 1
3. 6 40,6

Ke¥ = L4 bL-vYTOAs= 5 DATA C
16usY 3 1IBRYVOFHEEE . I
Wo. SEERBERL. UbHLU, M o . R .

6 &YV, EHLTWRHZNH10BHAUL 3 e b e e e e e —
PEEZRROBANELET 3 E B 3. 2 PPN S 3

COEBZERIUTRHRYWET 3 X 2R 1
ATHRET 3. _ . . . .

5, B7 (a) OBREBD T/HE L 4 8 16 32 64 128 (D)
RLodmw L 4BAR>RET 3. Fig.5 Brror rate and Area
kA daoREEBBELVESA, of ray-traced pixels
ZBEUVLRYUBPAUEROTXREZRE , e ,

B LCHAMELCULE 5. 208 & Solid ball and Solid lme-(g;igeiszzfti:zg:g)pxxels
T by ofenga st oy (ross and broken line ©  Ercor rate
£ U 3. _ (Border Ray-tracing)

COBHETORRUE, WEL N Blank ball and dotted line @ Ercor rate

TEHXR:HMT32CcCoFH PR (Pixel-selected Ray-tracing)

(5)



HETZ2HOTdHY, HEOEBEIMELE
ZEBEBOARLULBT BHNEHFETU
BERTERL. BETIZ DLW, £
OV LAORMAOEBEANE D OF
THERZCHWSZ LEN D 3.

5. &

RBEERLIOUTOENH - k.
1. BHALRUXRABEEBNCR>T
AU, HEmLWY 0 (N) T» 3.
2. BEELBRTYVIF s TOBHER
BEKBU, FTETUZOHRDBK
AN
3. EEAREBOEMBHBHUEERT X
Z3REMETL. NOBEARRZE->TER
BEBOERBREP2ALED 38
AU MIT S, N=10240I%
ATd, 2ERBEHEO1 ~5%TH
5.
4. HEZHWEEA=16 0§ 4,
EZEBW 1YY EALY¥Y, O.
SBHATH 3.
NA T4 FBRY B

BESTHFE

al

#L, #WH
DY

EE, CG

WE B EE
TWB kT &

DER @S,

EXERE
2w,

B @, N

v Y o=
h T,
F

v, BBRBIEELTCHWS h 3K
=

- T &
4
3 &

4
o)
BHILOBERBIEALS
o> T, SHKR-¥
g!
&

°

ot

[A)

N

- L V-Y Y R EHERSM
wE Y A FEWE, TSR
I ENREFLFEERZE B 3.
EEL, ZTOorRY»RUBHESLSTWECHEY
IREDBDBFRCLEEE DA 3.
K== L4 bL—vyri F
IROBEBEEEMRT ZBALEL L
HFtoBRe2%ET 3. #->7T, B
- RepsKRBPTRBEIHh LERF —
PERT EBE BREPTS 3
v
)

Mo N

o H

&
h b, BIZ, A hbh—X3 ¥a
TE7LIYXZLARRZWY Ah 3

b
&

P

T -

BTEBI3RE, R—-¥%¥— .14
-~V YT EHWVWBEIERLI-T, R

o oA k&
v

YIS A4 vEORDYRL L L~
VYT RE-HRCAVEIEDLITETS
%
Err
e 0
e o
20 F e0
L -}
° -]
L -]
e O
15 F s o
® 0
® (o]
° )
° o
10} ° °
e Q
e O
©
Y
5 F ©
©
©
©
®»
0 1 N n " MR —

| 10 102 108 104 108 10¢
Nuaber of prinitives

Distribution of error rate
Only red pixels of dataB

Solid ball : Border Ray-tracing
Blank ball : Pixel-selected Ray-tracing

Fig, 6

(b)Result

The lack of highlight
on the very small ball

Fig, 7

(6)



6. &% ORXE

wEHER, VAORHA XRtrtoPYHhodk N4 FRE AfXO
FEaRBERPWMUVAh, NA4AIA4APORTEBLTSEDLET D 3.

T h, BRELMOVRAZUBLIGD TERAREBREERLVEE SO F LR
CEHEERPFET S2LEN S 3.

(#®)
HEBOLORHBRFTLPELIFEIIA T OoOEREHEHEUL & 7.

2 E XMW

1 T.Whitted:”An improved ...”,CACM,vo0l.23,n0.6,pp343-349, ’80

2 EAE LMy EERBEER2VT ..., PIXEL,Nn0.37,pp98-107,0ct,’85
3 A B CEETERUEAREHE",E¥R,.vol.J69-D,n0.12,pp1943-52, 86
1 A, a8, AE "R BHFERR LS .7, E833EER L KX ,40-4,pp2111-2,786
S WA B, ,BkE 8- bdML-VIITE",IE ¥ & ,PRUBG-110,°87

6 H.Weghorst,..:”Improved comp-...”,ACM Tr.on Gr.,vol.3,n0.1,pp52-69,°84

7T 2 EHN P, EH ICEBHELIN-VII R LB ..., E¥ S ,"574992& CAD19-2,85

A=4 | A=38 A=16 A=312 A=64 A=128

Picture 1 Pixel-selected Ray-tracing
(7)



