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ABSTRACT

Panoramic Wandering System is a primary Image-Based Rendering System, which
is getting more and more popular nowdays because of its realistic browsing effects. But
some typical problems like the inconsistency of site browsering exist here haunting the
developers for a sultion, baffling the users making them confused and lost in the system.
To address these problems, this paper does two main research work:

1) Integration of panorama viewing and model browsing. By introducing 3D models
to panoramic wandering system, we can not only browse panorama images, but also
jump out of the viewing spheres and experience the real 3D environment. To tackle the
inconsistency of these two incompatible browsing, we use a temporary viewing camera to
make the visual effect realistic by carefully interpolating its trajectary and pose during
the transition.

2) Smooth transition among panorama views. By providing control point corre-
spondences, we can guide the view morphing from one panorama to another in a natual
way. Compared with typical solutions like blending, stretching, and parallax-effect
methods, this solution provides a natual transition effect similar to what people see
when walking in 3D environment from one panorama viewing site to another.

By prototyping the indoor panoramic wandering system based on Three.js, we

proved the effectiveness of these above proposed methods.

Key words: natural transition effect, mesh morph, texture morph
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[ it 525 (8] (World Space). 3@ AR (Model Transform) SRR AR 2 [A] HH (1)
VIR Z 2 A e Bt S (8], R, BRAMETY 2 () # — A FRARKR &R T IS AERE, H
My oq RFIE o TS R R BRI T BTt 7 1) A ROZAVE . — A A58 R 4
[Py R ARAR 2 AT DU 34 e BRIV H S A ARRR R, R DLE N — N5 Lk 4 st R
fipsla], el — B, —HEf. RERAGFENMEE L RANE, HA
A pRIE T DU HCH FH R 2s (AR R, AL ERRIA

(a) BEVLBEEIHEN (b) PUAEARBNE — (LR 5 AL bR

B 2.6 AL 8] B) B 3 4]

WELZE ] (View Space) WHHEUEHLZE N (Camera Space), J&— Mk L
Iz SRR MU A ). B[ (Clip Space, WBERRAFE UL %) Fil k2
WORTE B . SRR (Clip Matrix), WFREEEHRE (Projection Matrix),
AT DU RUHE AR R B 10 7 e 1) oAb T IR . (R8s i) se e hr T ixbss
5. SR i) SIXHs ML RARAS: B, I AR IE AR A R e T A
W52 (R R SR BT 2 1) A R, 0% 5 1A B 3 4 1A T LML AR AR 0
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BB AL -

nearClipPlaneHeight = 2-near-tan%
farClipPlaneHeight = 2- far-tan%

aspect = jwidth

height
P, = A_ffrustumpmew (28
w0 0 0 z
0 cot £9v 0 0 Y
o 0 —faimew —Zneafe) |z
0 0 —1 0 | |1

HEREIRRLAN X = (y,z,w)e R —w <2 <w. —w <y <wh
—w <z <w, BETCRE. TSR . i R6(b), HUEMEE T %
IR I (MAT T AR 2R U052 2 ) B 2 ToA kG BRI RS 3 1])o IEACHR B 2K
fol, %A BORE

H1P 2.6(b), 44k 25 1A 000 4 A3 i 57 KR (Homogeneous Division) #46
H—AL ¥4 Ak bR (NDC, Normalized Device Coordinates), Xatfe #4510 . B8]
25 ) ) 2 7 58 T 2 1

¥ =z/w
Y =y/uw (2.9)
Z =z/w

L FIRERIEE , B ANE S 352 AL R HT A2 # 31 [R] — 3277/ N « OpenGL
PRI LT EA R L -1 < 2,y,2 < 1, FUERABL (S8 P, =
(clip,, clip,, clip,, clip,,)) ¥MBRFRAIR Dypreen = (screen,, screen,), BITERL TS
USRS 21 BERE () AR AR AR R . B

screen — clipy-pizelWidth + pizelWidth
X

2-clip,, 2 (2 10)
__ clip,-pizelHeight | pizelHeight
screen, = Sclip. + 5

HA pizelWidth pixel Height 53 5 2 5 % 56 FE A= BT (A7 R KR) . 2z 0= clip,
W TIREEGz v, BONE BRI R SR BRI A W B R R A &

13
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2.2.2 hEEEMESHTH

S = A ) p— AR RIIES), B4 A LA SIS, B
e A AU B AR N IR B X (6) o (X TR, Haifss—4
T 5 R ST R A A B T AR B AN R IZ BN . 3% 2 A RIS B 7T LR
WIE AT, B AT A9 52 ) 0 2 A B 1) 28 (B 2.7 (a) o

ﬁuwl A
%\ )
e T
\ ¥ )
zp — \P q
Y \ /)} ‘ ]
\kc;. - \
X 2 .‘
Y
(a) WIAEE)LREF m 2 AR B (b) WChL R WA e

K 2.7 Rtk s sh R LR35 A & 7

Jie e i Ja WA _E 5] — ORI AR AR B e n] LA il — N IEAS AR o' = Ruo fE=
HERR R B, SXFE IR A AT A 3 x 3 MIEAZAEFER &R, Al

Q11 G Qg3

R=1[€,6, 6] = |ay ay ay (2.11)
A3y Qgzy Agg

H R IR 2N DL A H AT

J

FTeA R RAE=AE B, TSN = MERE TR — DM ieH . 9cbr ERH
B, H R R A ANV TC BORFR IR R A, A BRI AE R . A AEREAT Ak A
AR, ARG e R AR M AT B 5
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2221 BKizA

B4 £ 1 Leonhard Euler 31\, F R R = 4ERK K25 1A (08 45 . RIAE
AR T LA SR RS SANERS . RN (6,,0,,0,), TEAE BT 250 et
WO, TR B MR VKT o 5 — 7T, eGSR e A AR, AL e
foAsbREN, B2 FOUNER: MOR . NEREIOINT, LA OV M P g 1, R 5
— IR, H LA 6 BRI R bR R . B LA I
R FIENEREI, RBATHG & HERE T LA B A5 e 1t

1P R.7(b), T xyz AKF R A RALIRR, XYZ AT R R AR R . RIAies:
R E R, R R T IR BRI — e it . 8 xy PR XY SFH0A 2k
AN, ZXZ TR AT SEACR =N, R (o, 8,7), HAF a2 x/X #i5 N H
HIJefl, B 2 Bil5 Z HEOJe, v & X 5 N EirJes. Bk

1) %8 7)2 Wkt o B, A5 X HiS N B A

2) 48 N Hiie: § B, 1951 7

3) 4% 7 HlEH o B, 3% X .

] e FE R 2 9
[ cosy siny Of |1 0 0 cosa sina 0
R = |—siny cosy 0| |0 cosf sinff| |—sina cosa 0
0 0 1| |0 —sinfB cosfp 0 0 1

cOs (v cos Y — cos 3 sin o sin vy sinacosy + cos fcosasiny  sinfsin~y

= | —cosasiny —cos fsinacosy —sinasin~y 4+ coscosacosy sinfcosy

sin 3 sin « —sin [ cos « cos 8
(2.13)

S A P LR R R TR0

cosacosy —cos Bsinasiny —cosasiny —cosfsinacosy sinfsina
R!— | . . . )
= |sinacosy + cos Bcosasiny —sinasin~y + cosScosacosy —sinfcosa

sin Bsin y sin 3 cos 7y cos 3
(2.14)

AL, AR BRI A 10 58 SOWUY AT 7 5 MR WL A1 7 PR JiE e A e e Al N g e +EL R
R, IR 1A R O R AR

15
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2222 BILAERKZTHT @A

WAL A R eI 5 ™M I E T MUY LT Py £ A0 2 i)k 2 52 i 9 J23 e, i
WIZBHA RN JZ 5. XFE, ZrP R ieds 90° SANZHAL TR — AT, e
SR T —NEEE, RIS AR.

1 R iR, AARR R BRI . 2 — Y R — X . %% Y BliEsE 90
B, Fge X R 2k, SEhr ELR e YZ P S5 7 B e i XY P
[ — AP SEAMESL R, R X B Z B RCR —FE, R T AN E B

z .

| 4

< 2
A B
T a y . y
X 7 g X
(a) B¢ = fHEHEME o (b) %8 y Hlilies B = 90° J5 RAEFTH

K 2.8 Z4%

T REL 7s tB ] A IR A fi

K 0 0 17 cosf 0 sinf| |[cosy —siny 0
R = 0 cosa —sina 0 1 0 siny cosy 0O
|0 sina cosa | |—sinf 0 cosf 0 0 1
1 0 0 |[o o0 1][cosy —siny 0
2 0 cosa —sina|| 0 1 0f|siny cosy 0 (2.15)
0 sina cosa | [—1 0 O 0 0 1
[0 0 1
= sin(fa47) cos(a+~) 0
| —cos(a+7) sin(a+7) 0
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2.2.2.3 WL

VU e R e B ) ) R . DU BT E 7S 8] H ol Sl DS 53 A = AN P
LSS 0, 5, k KA e a4, k RAFIRIIEHURAL, WL i* = 52 =k = ijk = —1.
B VU TEHE XN ¢ = 21+ yj + 2k +w = [z, y, z,w], SR (2,y, 2, w) BH w+ i
(b @ = @i + yj+ 2k). RN THTURIEN ¢ = [z-sin§,y-sing,z-sin§,cos §],
H R 2® +y? 4 22 = 1, WFRIZFERIIU o0y A2 00 el

VU 70 H50s 2 U R E SR A e dis 5.

p+q = (a+u)+(t+0)=(a+t)+ (b+a)i+ (c+y)i+ (d+2)k
pg = at—u-U+ab+ti+ixy
= (bt+ax+dy—cz)i+ (ct+ ay + bz — dx)j + (dt + za + cx — by)k+
(at — ba — cy — d2)

(2.16)
HAEAT e, Rk, H:
ij =k, ji =—k
ik =i, kj =—i (2.17)

ki =j, ik =—j

MU SCE, ATRLRE iy gy ke BRARDY =Mriehe . For 4 Ak X A4S Y Bl
AP X FIE Y BR[O eR, g edARR Z S X A AT R Z Bk
) X AR B ieRe, k eEEAR Y HhiS Z AR Y Bk m e Z ik ) e e
e, —iv —jv —k nlEK v gk BRE A e .

WHE w N0 WY TCEBA R N2V e, AEAE T IU4E=e (e H i =481 b
FI—MNEE p = (v,y,2,0) 5=4RIRTAHH =4mE p = (2v,y,2) —— KB, X
FEFRATR B F 200 Te ok Fs =4t 72 ] B 1 B0,

XA R,(p) = qpg™s HH g N—ADBANCEL AN p N2l ok,
HEIcE R, (p) W —AAV ek, XA R, BB IER, E” p MR
U SRR T R, (p) XL =4 ) gkl B0 X Aok, BAIDJTH g WU
MTRR =W e R, ©5 LK IE SRR AL A S8 1. B DY 78
q=[r-sing,y-sing,z sing,cosg] WIUTE SO —ANGEH 4 = 2i + yj + 2k §Eh o
AR . AHECRRR A, R 1T )RR . AH B IE ST R R R, B RIS UL

17
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Sk, T AR TR, 8 LIOREIE ST SLERP (BRILIEE) T P e ¥kt
FHE. WERRT FVHT S 0 S, AT R e R AR, B Y. A IR

Slerp(gg; ¢15t) = q0(q0 ' @)"

=q, (g1 q0)" "
(2.18)

2.9 SLERP

2.2.3 gUIERY UV IGE

AR ETER EEEE, KRS AAE, K ERAE. W
D.10(b), —/NERTARR T 58 LT &A1 fhr B, 3852 LT A UV Map, 103 T S0
77K, 3 RE A H R 2 T I B H G R P 2 T A = M EREE . OpenGL
SR e, TR SESOR, BP0 RSO, A/NGS X 4 SO AR
N8,

__Zenith 3-D Model UV Map 0,1 11
2l , ,
& S
v sy N fiaaes
3! ; P‘| fipi A
} Observer, =:=-n| p=(ryz) n =) Texture
\ HD”ZOI'I / . 1“6\
-\ Az\‘“ -~ S
=
0,0 U 1.0
(a) & ) SCE A (c) ZHESUHALbR R

2.10 & xRN B
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L3P0I R B A SRRSO S B, T S 2 o T2 R Y — T R R
s B ) T LT i TR A 3k S50 2 T 0 I 17 0 P 0 MR SR ik B 3 T 4% 5
Hb 10 S S R e T 2B L P T o PSR, SRR A B R O B S, R
FE 0 IR (0 925 ) KA M R AL B S 2 . S P T LIRS SR G ], 3
A DU R FEE (Depth Map), FISRFEMIAF LM AR s ] LU B (Normal
Map), FIRZFEMIE RIS Lk 7 i, 455, 8 Threejs . B T iEL00 05,
W EESEE (Alpha Map). JEHESE (Light Map). &K HESEE (Emissive Map) .
BT SR S5 B 4038 (Specular Map) 28530 -0 /S [ & A S0 G 1]

SE I — GO, A T P R R S At 8 P b R T B
SO EG AR R . W R.10(c), T A TMEER, BEAREEAN (u,v), H
tfous v BAEEER I — LB T [0,1], u MG EMBIAMFTR 0 — 1, v MEHE T E]
RS 0 — 1. Lot BUEA—A SR, TR RIR Vs Vy. Vi BUR—IE
SR, PUTE, RATATLELHI=MIBZH, ATUE Vi Vo V, SRS ADR, 1)
SHF— AN E —A uv AR t, = (uy,v;), i e {1,2,3}. A0S AL bR
IS I SO AT —— X . = TR 4, T4 2E OpenGL AbTHAE £ Py ik 1 330 28
PA(E 1,

Three.js H— NS I 8 SCOREUNT
JSON Texture format 4
images
+— uuid: "A430CF4-AD77-11E3-914E-00248C62C323"
L___ url: "concrete.co.png"

+ textures
L uuid: "F430CF4-AD77-11E3-914E-00248C62C323"
+ image: "A430CF4-AD77-11E3-914E-00248C62C323"

+  wrap: ["repeat", "repeat"]

L repeat: [2, 2]

,  materials
L___ uuid: "5C5C9C6A-4453-4827-869D-187COBD53BCB"
4+ name: "planeMAT"
+ type: "MeshPhongMaterial"
+ color: 16777215
ambient: 16777215

L emissive: O
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4 specular: 1118481

+— shininess: 30

4+ side: 2

4+ opacity: 1

transparent: false

+ wireframe: false

. map: "F430CF4-AD77-11E3-914E-00248C62C323"

AUES], Ao FEaS ARk, UASENEE SR, Ha08
B RIMEL (Material) I, wHE SRR, LA ERERINEBREOE ., IRZL
PLORASOHE. NS FEOR, wiReil =4V ik BN AR, PR T E
=R

2.2.4 ELMRRESHERRERIVEELEN

ZaXT H AR R (Absolute Barycentric Coordinates) & — MUk 2 E A bR, Wl
B R, TE =R, =TGN AGA SR AR B AR A, X
43 8 AT PR 0 AR o /NG T B A 8 5 AR AR 2L A R R T

(1,00} (1:2,1/20) (0,1,0) (10,00 (172 1/2.0) (01,0

(-2, UJ.'I ) (la"ﬂl‘] 2,104 (L2.0d4,104) (L4214

(13,173,113 (/3,173,173

(L/2,0,1/2) (L4, |-"4: 153y 0,1/2,172) {1/201:2) :l.‘u:-l:l,’zj (0, 1/2,1:2)

©.0.1) {0,0.1)

211 TOARAKEBT A AN AN T {ZE

W =ATA A B A C REX—AN=ME AABC. &l A. B FC R
IRAARRAT IR i~ mg R gy B v, = (x,,y;),0 € {1,2,3}. W AABC WAE— s P ¥7]
RIARN =T AR I S M2 A

P=X 1+ 15+ X515 (2.19)
Hd AL A, Ay >0 Bl A+, + X = 1. ZEEE P SEALNE LSRR K
(A A, Ag)e FERIRT, A. B Al O MELAFRKIKN (1,0,0)s (0,1,0) F1 (0,0,1),

20
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M =HAIEHN—r P IERIRAERA r = (z,y), BOBFEA N = (A, Ay, Ag), T
fE:
T = ANT]+ ATy + A3Ty = ATy + Ay + (1 — A — Ay (2.20)
Y = MY+ Ay + A3y =)\1y1+)\2y2—|—(1—)\ —A )
EANRFTE A P EOAFRFE WA R IR A R 8 S R IE

~ - A
ANT A=r—1, HhT=|" x3x21ﬂ,A{llwﬁﬁ,ﬁﬂu&ﬁﬁ
Ao

Y1 —Ys Yz — Y3
A:

A (Wo—ys)(@—z3)+(T3—T9)(y—y3) (Yo—ys)(@—3)+(T3—29)(y—y3)
1 =T (r—ry) = det(T) — | Wa—w3)(zy w3)+($ z3)(y1—y3)
A (Yo—ys)(@—23)+(T3—29)(y—Y3) (Y3—y1)(@—23)+(x1—23)(y—y3)
2 det(T) (y2—y3)(z1 953)‘*‘(95 z9)(y1—Y3)

(2.21)
B 5E % T 5 R JR AR AR [ B 0o A s (1) A1 (16890

2.3 REYESESRBERIREFLE

LB PHE R AR R SRR, SR T B AL 360° x
180° K/NIRIFR o FRHGBHEE 0 T 57 T RS0 R v MR SR AR K B R B30,
UMM B R, TS .

—FRAT WP T VR AR A AR 1) A PR S 1 A SR M AT 35, i .3 (b),
SR R, TR S AR, R B, AL K i) it
AR BR T R, FOEIIRRY . DR R AR IE, By o R,
T B AR SR R ) R.2(b) A RESERAIR, (ERAE, BRI, BT
ER AR Ry % ha2iby,

I R.3(c), BATHA R RERER EAE— AR L, AT A AT i
Bl RTT R — AT AL RSB PTG #EATH B3] Plate
Carrée R m LA 2:1 45K,

Rigel () & — AN T 30 48 3 S O RS2 Kot 4% B E L 1
e 4 R B R G AR 7 R IR AR . I R2(a), ATEH RIEGL VZ-400 %8
B = AEBOR I BOR 2R3 5 4 A 2, HCEERE S 600 K, IIEREFE AT 3 5K
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LN 22 8 | DA e

8¢ 5 =K, ARNEEE N 122,000 & /F, $4KF 360°. FEE 100° %2 AT
B, 1 HRA T ANIRZ AT I 1 R aWot. RIEGL VZ-400 1821 5 = % 4R

W, i R12(b).

(a) RIEGL VZ-400 ###1% (b) FRETFRII H o BLRY

Kl 2.12 RIEGL #k& &= F

HEHMBRE R, XA AL R VE G R OB, T AN s S AT
HAEH Point Cloud Library (PCL) #H4T TRALHE, FE1EM W% #M1 5 H . RIEGL VZ-400
R[S HN 1) ASCII (x.%); ii) Wavefront (*.obj); iii) VRML (*.wrl); iv) PLY (*.ply);
v) LAS (x.las); vi) KMZ (Google Earth) %%, JLrHiidT M =4tk =02& Obj,
)& Wavefront [FIAR#HE 3D BEALSCAE, 58 ST R R JUATAIH & 19— Sekp itk . BRI
SCAFGE R AR (T R, BROE A 78 B AR o A = AR 2 Sl R AT = 4 SO 2R e 4t
PR 32 87 - 4 SRR, Bt Maya. Blender 27, Obj e 2 i = 4i 7 B
ARAERC ASICL SUA, 44N .obj, FEFRIANIRIS THHN: tha L& ik 5L
H, BN mod, FHAMEESCAHARE /N, T OpenGL Hiflt T BEEANIH
2N TG IE = HERRL ) T 10, DRt mT DA77 (68 i A = 4k PR 50 SCA SR Obyj A5 24 4
PEHHTE OpenGL H&:Hil. A TE s B FEAON AT H N Obj k3. K = 4Epi iy
A SRS B —RFEZRHEANF LIRS, N BB HIX I HE
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2.4 AKREBINGE

REFENA T EN2FEW RGN 1) 525 BRI E WA ik %

LT EEE | Plate Carrée 852, 0T T AR MRS S IGE &, HfEA
S BB A T 8 A0 2 B R B T 58, AR T B AR 4 s A B AR DAAS 35
A i) BOREERL, PR T BB W AR R A . =R R S
=M EoRid: (R R BB DUTeH) SR B s LA B — 4SO AR S SR,
SR AR AR 2% )R XS 30 3R U P A K IR ) T g8 1) R = A 2R R 4 S B4 AN S TR 3 o
AR IV ) B A ) AR AN A SR R AR ANAL B, R T A REE A LA
LA EPHEA R FIR, RIEGL VZ-400 BOGIRA S H fi s a3 B G AR SS RN .
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3 Z==E55=EENMEFMERETE

T 51N = 237 AR TR SR G0 A% 4 S ) W IS Ui oty A AT B R R G AR R, R
B PRI WA 7E 2% 8] G — 3 oA A 5 4 i W ER DL A dR] 76 B 18] b AEr 4 5 AR e Y R
AR A H 7 5

3.1 =E5EEREEFEENTE

FEREI S R, 4 B PRI 4 SRSB4
B =UEMUN, BT AR E A D I e . R Ak, 7E
ST S R A BN 2 AR, WA REOR AN, M DA ZE B
HEN A Bl S . IR R B R ER, SRS, o 7
FOAER . s S R S AP S FO K ), S 2 M I i 2 /R S o 200
P BN FI PR, % A P A DB e U5 At Ao
i3 il .
S, MG B G B, W T A RTINS E
SBERERO R Y A B, I SO HL 0 A5 R R S £ DL 4
ST . B, S RERRE R, WEALIRE R E R, M
RGNS, DR RAREFIAZ . Tio T =B o m s, WE A
o B RS EH . OrbitControls A —Fs I SHEBI RS FLRSHE, 1T AR A AL
FOMEEAAS o e BRI, ALSEAHLIG 2 A R, A 4E = S Bk P b 38,
IR 0 FE PR, BB i TR SRR T i o e 7 2% L
X5, S 5 3 R £ f A i 2 95 2 b 0 AL B0 o 48 25 8 1
B DA %58 75 2 M e
LA E], 4P 50 B R A7 2RI T 55 2 ) L P . Dt R = ASB
PLART S
1) =4 RN B
2) Bl LT = e R o
3) kb SR 1 e A S £ R
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3.2 =HIFRRAUERSEIER

ENEFIEW RFL LT RGES), HFESHEHEY (Reference Frame) I
HH FRAR bR 2218 R BB 8 I8N X RS R T LA R T 1 et 7 AR 18 R g
WA LE SRR A AR HOE 1B A s A —FF, BRI RE B A5 D
U1 Three.js "R HE )

JSON Geometry format 4
+ metadata
version: 4

+ type: "BufferGeometry"
. generator: "BufferGeometryExporter"

« data
attributes
L POSItiom.......iiiiiiiiiii R =4 FR
itemSize: 3
+ type: "Float32Array"
array: [50,50,50,...]
+  normal

itemSize: 3

+ type: "Float32Array"

array: [1,1,0,...]
S 3T R B SIEB AL KR

itemSize: 2

+ type: "Float32Array"

array: [0,1,...]

+— boundingSphere
center: [0,0,0]
radius: 86.60254037844386

AT, BREER AR SIS  (Goometry) FIATR (Material) 414, [0
TR & SR B R, R0 T RO R S

BRI 1 B A SO D, BT B MR S MR TG T T, A B = 2
BRIk, B R IR R, B SR A S TH . AT
Z, W IR S NI, TR S, WTTAS T S e — O, i
T TS, T B 2 SO L & SO b B, SRR
[y AT 28 B A I8 e R S FE UM RGN PE A, T 5 SR Herp 37, e
1 7 BRI VAR . SRR R ELH R R At A b, 35 5 T4 M o
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2, WARE B prR.

B 3.1 XA a4z 4

var R = new Matrix4();

R.set (
rotation[0] [0], rotation[1][0], rotatiomn[2][0],
rotation[0][1], rotation[1][1], rotation[2][1],

rotation[0][2], rotation[1][2], rotation[2][2],

= O O O

0, o, 0,
/S WERABRNMLE AL

model.position.set( x, y, z );

© 00 N O Ut ks W N =

model.quaternion.setFromRotationMatrix( R );

7 BT T AR AR TR B e e R O R AR B e (6 P AR R PR A i 5 AT BEAS —
Blo — s, VESCRIMAZH N AATE AT 2P AOFERE i1 TSRO P A i >R
FIEFP. ERNLEE SN F 2RSS HR R IR A .

3.3 ERMRMT=417RERZF

— B SR A — A A SR, AT — B A . BT
SHESRAERS (AL E AL, i — 2 (0 M8 hRE Bt B 4 SRR 7 AL XA 2%
R T RERALE b, AR R E KT 250 b1,
4o SRR TT UATE R4 Bt G & FEBR AT AR SR 1 FE B.1(b), &
T A U — BB, A SR L, B S AR . SRR A
FERTE b, A0 B.2(a)s B.2(D) B.2(c), TLARERA . 55 M b S0 B0 B AT 4T 4 5 25 1)
W, TPl B2(d). I3 R Y ROK T A A BRI 87 24 (R A B “ W pa i,
TS RAT . (RS, TSR A x BT

(a) LB RIARAR (b) A=EREUH AR

K 3.1 A% T S s 3L 247
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N 360 AR NI RIS BRI T

e e e o
===

7
=
—\
L—7 = =
= —

=]
=t

Al
i
L
MY T
i \ R
\v\“‘ ‘ \\‘\\“‘“’@7
i Wi
\

(c) 95% (d) 100%

B 3.2 &F s R

e, RABUE T s Ek O IR IR A AP LE S B ThEe, BRI B =
U7y 5 P e RO RCR -

3.4 ZHHREBEE B LS RIBNHNBAEE

W — A =GR, J@E EH OrbitControls (K177 sORIERE B, I A 4l i E 78
e g, EE SIS AR E R R W — R, R AL E,
S AL B IR AS R A R (M B) ORI, SEELA i,
RAEH AN EANL, W75 B 2 AR AL AL S AT RS, DMEIR AR —
MAZ B ) oy — M ARG, IR AR HBON E 0k, N T TS L, TR = 43R
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BEP R R TV ARNL, 03 R AL D AT 3 SR AT = 37 S MR 5 — of 4 IR
R 1,

BA RN P AT M, S RBERANL ¢ Rl C,, W, RAEN
SRS NN = He s SR, IR SR R R R R I — ). C,, TR
LiONIE B3(b), KB x B EJ T, FEleh IE el BBy 4 Shili 45 P T I 4 5
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L |\// Bk AESEZ ¢t HERIEAN cz 0%

2 |/ N AFWERMN cp, BREAEZMEMN om, B A ¢

3|/ Hd: co £t BEE AR

4

5 | // M= R JUE R i & T

6 |var strengthM = 2,

7 strengthP = 1;

8 |var trajectory = new CubicBezierCurve(

9 Cm.position.clone(),

10 Cm.position.clone().add(getTargetDirecton(Cm) .multiplyScalar(strengthM)),
11 Cp.position.clone().add(getTargetDirecton(Cp) .multiplyScalar(strengthM)),
12 Cp.position.clone()

13 |)

14

5 |/ 2HARTELRFE-AHAA t (0 <=t <= 1)

16 |// ERERE ¢t EEHFHENG QL

17 | Cx.position.copy(

18 trajectory.getPoint( t )

19 |);

20 | Cx.quaternion.copy(

21 Cm.quaternion.clone().lerp(Cp.quaternion.clone(), t)

22 1)

23

24 |/ MENRFHE @ E

25 | function getTargetDirecton(cam) {

26 var dir = new Vector3(0,1,0);

27 var R = new Matrix4() .makeRotationFromQuaternion( cam.quaternion );
28 return dir.applyMatrix4(R).normalize();

29 |}
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