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Reflection and Transmission Models of Multiple Breeds of Rose Petals
Based on the Microscopic Structures Allowing the Growth for Computer Graphics

Ryuuya TACHINO Yukiko KEN M OCHI Kazunori KOTANI

Graduate School of Information Science, JAIST.
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Abstract This paper discribes reflection and transmission models for the computer graphics in order to
create photorealistic images of roses. Our models are based on the microscopic structures of rose petals,
such as the dome-shaped and translucent cells. Our models can express reflection and transmission
characteristics of multiple breeds of roses and the varying the reflection that is oriented the growth. The
values of our model parameter are estimated by measuring reflection and transmission intensity of the
real. Finally, we show the examples of images of rose petals constructed by the our models.

Key Words: Computer Graphics, Flower, Reflection Models, Transmission Models. '

1. U sic : F—ABROMBZFOZBHETHY, Th
LRERDESEEF NV TRERTE P00, &
D7z, A IS OHAREE ICET { Kt
EFNVEEEL, BRBEONTIEROREES

POV E2-5 7571497 % (CG)E
BEIBEYI2L-Ya Vv ETHEShTSEY,
% DE, MY OREDEBRNEIUZ Lambert R
Phong EDEFUHFHAVENTEL[1]. BE
T, 74 PUTNVRERESZEHEBLT, ¥
CRIERE Vo YOS BEEREEICBIT A
S ETOMERS BRI  ERE TV ()
R, ERATOXDEEE VI 2 b—~Ya vy
B LI BER AR D CG EAR [6)
EOWMEIRE EN TS, NI IEHFIIFED

L, B LEEFVZE—DRBEDONNTDA
EHFHRELIZDOTH Y, o RBEIHT AR
BECOWTRRLTCWadorz, Fi, BH
BRI TR, 7 YT
% CG BRI, Eﬁkﬁﬁ&ﬂﬁﬁwﬁ
ETEHRTILEN D5,

AR R CEBCED I L RRLA 4. L



AEHETIE, LRONTRRFRETETFT V2
ONT RERCERFHEZEBCE L X IR
5. ZITHE, MM T4 FORHOESVH
RECRZDARGEERRET S, 272, B8
KHEBROBEMZRL, HREEICED
REBETFNVERET S, ZORKR, WREL
72RO TIER O RSB X OE B % 5
ERCEUTER ZLRRY. £/, £RICX
BIEFHMBIRDOZAL & KFHE 0L DR
ZHREL, EREFVEER L TER LIS
@ﬁ@CGW%®E&W%TT

2 TERORE - ﬁﬁtﬁE%ﬁME”

NG DEREEEE S LRFTL, ﬁ%uimab
THBLTWEERZM 20 ML, N T4
FOFEHOESNICL ) 4BEICKAL, Th
DARBEIIHLTENREN L RELZEELL
(R1). TIT, B0z BIVy IZEEEE
BTHs. KETRIURE, R1oRELELE.
NOBFRTIEE,

KL NAIF4 POKHESICLZ9E LR
rnfE

i NAF AT . iz TR |
BHESY | B z y

Black ’

Beauty i 2 | 0476 | 0255 | BB

Rote

Rose | & | 06080285 | RR

Eliza 5 Y7 10361 [ 0302 | EL

Soup- . )

less & H |0337 0345 | SP

F1DENTIZONTHERORET - BB
BEofMraMEE *HVWTlELL. K1
WRT & 91T, ASHEIAEREREOERFIC
ﬁbf4m@tt,ﬁﬁbivﬁﬁ%n%nk
DT, FHEBHIH LT-T0 EL» S 0T
T, 10 BRI CHIE L7 BIERE R 2 1R
. 2 1 BB C FEAE S S A
Thbh. T, L, REFEOERTRZ P
Th 5. TBHREOMB 2SI REI
THIZZFA—TH 570 [5], W[4 ICLV#H
B L2 AR 1T ST EF VR IR L
THETAZ L), RS2 EHTE
BEEZLND.

! BM-7, Topcom Co. Ltd.

NpiZsfLC
0° ~+£70°

B

el 40

R 1 REEB X OB Ol
Kic, Bbt - BN R, , %

26’,_—70 Ir—ea:p(ala 0,.) (1)
20:—~70 It—ea:p (91: 0:)

atfdﬁb izw#%%%% H1xhe
it, LEN,, OBFA, 6, iEN, &£ VOiris,
GEN L VORTHTHS. Lr_erp(6,0,) B
LV Lerp(01,6;) RENETNREEH S X UER
HRETHS, K24 D, GRREOEFOK
FHEMEIISALEE L Y KX Ws, F0EE
5%% 5 BHRETH Y, 7+ MY T URERE
PEHAT LI, Kt EREOMEIIRERE
DBETCEKATLLEID S,

R.pp =

- R 2 K4 BEAKBEDL
BB [RR | EL | SP
Ryt

1.27 | 1.05 | 1.98 | 1.07

3 WHBEIBEICERSINSTERETI
TESHTTE OMARE 2B E DN % | 3 1R
¥ [5). ABSMIE, EEREME (DT, R
CRET), HERASAR, dERARAER, TER
BHEO4AB» %5, FOPTF—AFKE
%9 LA AT, [EREmICA SN
BRIE, F-aBROBERNAT1 FiZEo
TERTWBLEZOND. T/, HHRER
IAIKARERTRE & FE L B BROK A EE (& F

h, LERBAREEE L, IR
PICHIRL & B L OBR RS - BT £ 5B

L, BAEOERCEE L 25 EEX 5N,



"Mmmad\lu

Me-uﬁnd %

H undVa

BE wmm —r—

Intonsity of Transmitted Light fedimA2)

B 2 K8 (L) B BB (F) O
il

EEREMR TN

TERE .
3N7W#®%E@

FIT, BAIIEFO L EML L RO
QBICEB L, EEMBOTRE X VEBOR
BEFNVEMER L[4 BT RO
REF N OERFIEE RT.

1. BRI O EERR T £ (K 4(a))
2 BMROEERBRICH L, W28 K
X o T P ARRR AR (0 4(b))
it,i&%ﬁ@f&% FNELT, BTD
REAVS [4]. 22T, B3%& h, BEw L
T (E5). .

| ;fh(f)‘ = ﬁfcos (%) ' >‘(2)

(2) Modeling the dome shapes

B 4: kMR OFRERFIE

(1) Modeling the.bottom shapes

X5 F-— A%ﬁ@i&
3.1 EROEHEF I

LR s RO 2R ER B,
3.1.1 mm&%mﬁ%%?»

L&ﬂ@%lvﬁﬁ%ﬁﬁwﬁﬁ%?WQﬂ
6 IR, ' ’

ru-diff(0y,» q,)
N tu-spec( Oy B)
/ ] \ “V
P 2V
2 /6,

£e

max&m@amﬁﬁﬁﬁmﬁ%%?»

LEMBETLODS Hp OBEHRNZ PV E
N, L T2, N, Bf 6, N PV
LAbRsRESRTVELE, N, OA
Op BENTZBMRARZ PV V ~OEHTST O R
5 1y _in (O, 6p) B & OB RS0 K%
Tu—spec(Oip, Op) 1%, Lambert BlICED { 7NV
BLUPhong EFNV LY, ZhEN

cos Oy (3)

) Tu—spec(gtpaep) ‘= cos™u~* 9.517 (4)

EFB. ¢ 1, N, KHLT, L@Eﬁ%ﬁ

‘ . ru-—diﬂ'(olpvep) =‘,



W%T?A7PWR¢EVE®&?ﬁT

%5mw=m%mV) G
'Vﬁw—@MLW -L  (6)
kl: Dfﬁ%n% ZZTL, V, N, (>4 XAa/4

bwa?%.itﬂ%ﬁmi&mwmimmi
NBNAFGAINDERY G ZAERT, =2
TIRBRERIC ny_s = 40 & L7-. ERA#KD
BETEFAVOREBICLTRD B, R E
MR L OBRODEE g I2BIT S, SR
§T$ Ts—diff (91‘1, ) 2: ﬁ@fiﬁfz Ts—spec (quy eq)
54 '

cos O (7
*cogne-s &q (8)

Ts—_ditf(elqa eq) =

T's—spec (elqv aq ) =

TEREINS. MBREREHE SO ERTRE
BORE I EEMBICERTI 7 ThB EEL

LNBID, IRFENDORENNA T L. IEN
5L, nsg=5&Ll7% R, ThoDET
VE A TEBOREHEEE RO S,

3.1.2 MBEOREETFI

LRI RSO Kb B, N
FAEF LD B B FHEE o W n, WO LM
CRPFETHIOLLT, BOAEH, & 45
BIZEE L7SFEIC oW THREEfT o7, ad
RN Z PV N-E B HENBFEANR2 PV L
DHFEPLHE 1 DSBS TVWS L X,

SRPO N L0, N B/BZ PV VA
1% FBRATIENE e (81, 6,) & BERST
B 1, _poc(01,0,) DB, £106, 1& —T0
2o 70 EOHEE 10 XA TENEE:. o
RO LERMORE S;(i = 1,2,...,ny) LD &
PIOWVTH () &V, ZORMr,_4a(61,6,)
i, . _

Ta—diet (01, 0r)
=15 [ o0t 00 9
@ i=1 VS

Lhb, ST, Ip) Rp SRELSRE L E
&1, RxB0wEE0, v(p) Tp APPSR
ZBEEL RAwr &0 &%5. EHEKE
B spec (01, 0,), TEARIRIBAR D IL B G414
reaige (O, Hr)r SR SR 7~:,a-spec (01,0-) b
ICLTHES.

T o ‘
density of light [ed/m2)

7 REFNVICL S LS X U R
Belo BT 5 B athas

ERMRRRE R U VIR ARG O YRR - SR
REtehTho ML 7 IR, K7 iC
BT, 1 spec(61,6r) ti,;ﬁ%ﬂ)f WIZKREE
E5ELTHS,

3.2 WBAMEBEOERETI

KEte7v EERRIC, LR & RS
D2BWELEZS,

3.2.1 MBREGEOEB/ETIN

X 8(a) I2BWT, LEMREEDOE p~A
BTL7ZRE, B, TREREKCIHELEETS
A%, X 8(b) DIFE, LEMBERE L EEL
Kk, ERMBEONBETR LT, F0ORER
BTFBANZEBL TV EEZ NS,

X 8(a) DS, K Pp 2 @AEH (LT, B
BEBEHER) 2BTOL ) I0HFT.

tD—-diﬂ'(elprepD) = Cos ¢pD ‘ (10)
tD—sprd(elpD; HPD) = Cosntdelp (11)

wq;, R (10) 2HEGEEE, K (11) 2E2%Y
FBR L IRR, mdif#b@ﬁ@ Y DE

AnrEL, g.u_fbiﬁﬁﬁﬂ’ﬂ» ng =4 &L

T G WNpy & Tpp ORTH, 6,0 12 N,

EVOLETH, ¢y 3V & Ty, DRTHAT
b, TIT, Tpy, Npp, VIENEFRAS
KO EBITIE, TEHETDERITE, BRI
TH% (H8(a)). K8(b) DFED, H PR T
S L7:%0OTR~0EE (LT, MiEds



R IRARL

) pr A LR RfEOWBED & X
X 8: 2 @M ERE TN

I8) & 21N, trogie(Opn, Opr) (TLELER
%), trR—sprd(Oipg, g(fﬁb%ﬁx)abr
FRICRD 5.

3.2.2 mm%mﬁ@{?n

FATE 7L X RIS, MRS 5187
TVEACCERMEECBIT5E8%%2 5.
EHERIC & 5 IHEBRE th_gg (0, 6:) &

tp—ai (01, 0:) =

'(1;iu:/‘;‘l(p)vD(p)tD—diﬁ’(elpD,9pD)dp (12)

B, ZIT, up(p) BUTFICRT.
: %%#m%gﬁ?b
“op(p) = { : otherwise

ERC, Hopp %EBT BIE 2T E R
qkwgﬁﬂ)ﬁﬁﬁﬁtkl%Vﬁ£lvf

intansity of transmited Light [cd/m/2)

BB L UHEERIC L 58S L VA
paUR S 3E30%ii

B0 FaBEE Y _aif (01, 64), t'R-sprd(ol’ 6) b
55, _ ,
VEIZEY, 0 =45 DBEICBTE 40D

EBFELEO IRT. TTT, th a6, 6r)

d%%@tbﬁk%é%5%bf%é.

3.3 RAESSLUEBBDRESET IV

ﬁ%if?*btﬁ%ﬁl@@ﬁﬁ%%ﬁ%

METHZ ik, BRFH~OREB LV

EBNBEL RO L. EHEHOBERNY bV

NIZH U TASHA 6, DB SE T X2 R

SL7L &, FI 0, ~ORHIE I,(0,,0,)

%3 (13) TET. ‘

L6,6:) = I [$u~—diﬁ° *ru—aige (61, 0r)
+Zu—spec * T —spec (61,6r)
+s—dife * Ts—qige (01, Or)
+Ts—spec * Tg—spec (01 er)] (13)

Z T oy-diffs Ty-—specs Ts—diffs Ts—spec i

FNEh LR O - S RETES X U

FRRARRGARRT DY R - SR RS OB AR

ThH5.

RIS, TERBEEOERANZ PV N ITHL

TASFA O ONEPSHMEL OX2BE LA

L, A 0; DB IR It(gl,et) %,

L(6,,6;) =

Ii[@p—ait - th-aisr(01,60)
+2ZD—sprd * tp—spra (01, 0)
+TR—diff * tRqise (61, 0¢)
+TR—sprd * thapra (01, 0)]  (14)



S I T, TD-diffsTD—sprds; TR-diffsTR—sprd X €
NENDEBFUEORERETHS. 1.(6,0,)
BLUL6,0:) KRB L CEBOWEER
5z, TNFNRAODOREB L OEBEEICD
WT 4L EDBEME 5 27K (13) BL UK
(14) DEVHEREM ZLICL ), ZhEh
4 DODKRADFEERDB Z LD TES,

4 REGEBXSHEDER & KAME & DLEE

KEFNVEHNCTER LS L U8k
W I.(0,,0,),0:(6,,60,) 10 CRY. HICB
WT, ED7S 7R, TIZEADERTH
b, F7, LiERFEAFO%2RYT. K10 XY, &
B L7z RSB & BB AT RO BRI
BWTHEBRORE B L UEBRES T B R
BPLT5, REFOERIME & SHMEDOEE E[%)
% ‘ '
_ |Ir—e:z:p(0la 91‘) - Ir(al, 0?)[
E(el, er) N I'r—e:z:p(el’ or)

x 100[%]

, (15)
ICEhRDIZEZ A, FIZ10% U TOHEET
BPTE. & T Loep(d5,0) EEREDK
SEmETHS. T, EBIOVTHEKD
BR2E:.

R, Tu—diff yLu—spec; P ENEND i
BIFAEEEZM 11 KRYT. M11 28w,
Zu—specs Lu—diff ITREBEOEIT/NE VAT,
Zs—diff s Ls—spec FREIC L D ESKEICR 2
7o o, EEMBETORSHIERICL 5%
ORI E Z1H 1T L L, FITHRRIRAR T O K5
I EEMREICEE SNBERICL B LORIND
7e®, MBI DREKRE (B L e ER
L,

08
07 i
0.6
05
.
LI
03+
02+

o1k

0

cosfficients

H 11: 4 2O ERBORER ToOLE

400 300 200 100 o 100 200 300 400

Intensity of Transmitted Light fod/m2}

X 10: SNEBNSA DOFHIME & A E 7L
&2 BHE & D LB

5 ERICSLDRAEEOELORE

NIRFREEO F— AR E 23 LR
IZX D, ML KSR E. EEROR
REBERFDERIEVWET DT, FhizE
NIEAREOEROIENT L LELIONS, #
T, EEI LB F—ATBROB(LETHRS 7=
¥, RR DOEWRE L, MndiTicsirs1E
RHEOBEMEEE /Y L. H127T, £
BASERE, RRIER, TEROSELPITTH
5. 37, HROBEMBEEEST T, EEAR
DFE ENENERTH-TH S, kI, BE
&) EHREMBE O, &30FEHB L CES
xR/ (£3). :

*® 3 LRMREOERL (RR)

| EREX | ﬁh#ﬁ]
B [um] | 24.8 | 424 36.0
BEDFEH [um) | 37.0 | 29.0 13.5
TEE (@& E) | 1:1.5 | 1:07 | 1:0.38

KOLBRUBEEANT, X2 dwBk
ChEELESEHI LTIy, EROESVIC
LBNTRAREMOEROE KB TES,



X 12: {EOBE (f) LAEFIE OFMEEER
(F, x1000)( L:meE, HuiEp, TAneT)

6 CG 4RI

EROEEREBRFER UMD 71V
492 TR L7AEROBRE BT, N
D CG ERz ATz, JiF 1 B EET,
L=1, AL, = (1,1,1) EEIH LTE
FoO LOFRIFM) & L7z, RRICKHT 555
DEREE, RFFEICIYAERLCG HERH
13(&fF) BLUR 4R LZAER) 1TRT. &
72, ®15 @ (a),(b),(c) CF DM 3 FHEDIER
WEREEL, K15 D (d),(e),(f) IAFEIZ X
D &R L7 E N ENDRTEDEROIEAR %R
T, FNFROFHEIZBNC, MILBX
UBRENNBIFRIFICEREINTVS, /2,
FNZENOREDILARBIZ BT, EREERD
BERANE O TRVAS, TR L7z3EE
3D 7 4 V¥ AW HTESIREER CIERE R %
TR Dol dEZLNS,

2 VIVID700, Minolta Co. Ltd.

13: RR OBE () LREEF VIS L D A&

% L 7: i () (TEELK)

14: (013 DK (e B, A REE)

oy

a) kg (BB)

(d) AR Ef (BB)

Gk

(b) 5X (EL) (e) B (EL)

(c) BE (SP). (F) AR (SP)

K 15: ZOMORETCOEE L EREEOL
B (35K '

KIZ, EFVOF — AR EERLEER L
kY, ERCIDEBOEERATS. ¥
BRE, B, WIS ORROBHE & ARER
DEEE 16, 17, K18 17T, #hFh




DRIZBNT, EVEE, GUERER THS.
ERERI, 3RTHRI) AAER TERO
w:mma REETFNVE AV CERERE
DERAFHEL, TRICEELALERLET
HRIBOEVET DT 7 ZF v 2 AL b D
THh. TNETRORIIBNT, ERERITE
BEFEUNSLIA b&o&% CO MBI £ /o

ZEWGDD

=1 S AR
16: BEE X ARER L OB (RR, FBEE)

B ARER
5 17: BHE & AR {%ka)kb*@“c(RR, #5A)

B e
18: BHE L AEREE L @kb?ﬁ’“(RR, i)

T_FE® o
RRECIE, Bk DI HE L7 BmaoHbS 1c
T CNTIERRETE TN MDY BB

VEKE L. ;
AL RLBARERHREL, ThEAOE

L, $7c, MRMEECETS (RAEBET
NA T4 FORBOBEE VIR

HOREREZRR LKL LUBBEFVTE
RTEL, 72, EFVERHOCAR LIRSt
BLUBBXGAIL, MRELZETORED
NWIERDREB L TEEIHERBERE
PTE7- 3512, BRI 2IERMIERD
ZALEFAN, ERMREREELS L
X, %%ﬁAmﬂkE&éﬁ%ﬁﬁéiﬁf
X, BB, FREFAVEEHLCER L
*Eﬁanﬁio iy UHEEEAV‘VD;&%/“?'@XE@
E{ROERFIZR LTz,

A&@&ﬁi Eﬁ%%@bfﬁ%kivﬁ
BEF N OMET, @k%#%%?wwwmﬁ%
REZTWA,

SE X

[1] Donald Hearn, M. Pauline Baker, “Com-
puter Graphics”, Prentice Hall, Inc., 1994.

[2] Thomas W.Brakke, James ~A.Smith,
Joann M.Harmden, “Bidirectional Scat-
tering of Light from Tree Leaves”, Remote
Sens. Environ, No.29, pp175-183,1989.

[3] Gladimir V.G. Baranoski, Jon G. Rokne,
“An Algorithmic Reflectance and Trans-
mittance Model for Plant Tissue”, EU-
ROGRAPHICS, Vol. 16 No.3, ppl4l-
150,1997.

[4] FF BX, 8l EF, M —1, ‘M8
B ERBEECESED SIS 7149 2
AETVICET HHF5, [EHRAEE AT
#E CVIM114-19,pp145-152,1999.

(5] &H 7, “TEROER - £4L%, ket
P Z#HE, 1993. ‘

[6] Pat Hanrahan, Wolfgang Krueger, “Re-
flection from Layerd Surfaces due to Sub-
surface Scattering”, SSIGGRAPH Proceed-
ings, pp165-174, 1993.

[]bﬁr%ﬁ7974zﬁz@ﬁ@”#im
FREREEHE, 1995.

—=T2—



