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DezemingFamily % 7| B4 T HA AT H, AT MR G RETHE R ZHH KA 0 RIE
#1437 DezemingFamily #9 3|45, T AMNEAG W 35 [hitps://dezeming.top/] KB R AR . 3T
G TR R Ly SIS R AR e

0.1 ZAFHIS

HAE LTS RoR & — MREER T, HEE RS PR A BRI
HAEM—2ip e L2251 SR, RZ IR SRR A A LevrtHN, BRI AR ME TR i &

WS (1] BEFR 22 STE G R 3C, T BRVE )38 HEANTE RE ROz ATy 25 (5. FEsi, By
MR Z NE, Bl m A8 E: . Metropolis JefE FIR A EE AP B SR T . R
EREMPBERIEASMER (FRRIES S/RBERBENL, HEBHESE &SI, 102 72X B2k
B —EMIEIE.

AR AR EIE T SRR, KREMSERRPIRE, HRIERKH—BEEH,
IAEASAEIS [A] LT . A SRR S 2R s (1] TR, X2 i IESR MR R T,
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1. REHEIREEY

=3
-
-3

FEE 6
1.2 mearuse A 6
1.3 REMAE 7
14  IBRUGREE 7

AFHM—ERELL, AT EALL, HEREBE NI RME,

1.1 RESE

AT surface 1 manifold A28 H 75 EEf] R ERAAERI AT, AR B IS 350 A i SEAR S iy
BT, FEA BRI BRI B 96 T AR S5 (1 B A

W M B RTE: R EERNERN surfaces, MIZERITE M.

WHE A surface #& “FREAUAN” BT 4/ (manifold). 7EX AT A
A~ manifold (Fri2 M) #Z ML, W2 HELAE T ERLTT oM, Kbk 148
surfaces Z[AITEI PR (40, 25 Rt 7N AN IE 5 TR IS 54D

EE M IFA—ERL— manifold, ELIn—NET FHCT —PDBRIE,

surfaces 8 =4EZ5 BRI NFZ HIER cells CEEUTR L — NERIKH) furfaces, #4R— NS0
&1 surfaces), A cell RIMESA G S HA B (W2 Ui cell LTI S Z[E ), surfaces
A2 cell KILF . IR AT REAFAEAE TAEAT cell 1 surface, 14073 Al HEE I — A surface.

1.2 mearuse A

FATFHA D RIERNSFEEGHFEE, AR E IR,

X M BATE AN ER A (area measure), A(D) R FXI DcM, KD 1)
THIH

PTellm LAEEEAN M ERERTEAR I R 2 RN Ot HA R S8, T2 23 (B i —AN s, B
DLEE 9 2 ) LA FR 4> (Lebesgue integral ):

j f(x)dA(x) (1.2.1)
M
6



Chapter 1. SAEHEARBREN
1.3 [mEMAME
TR,

T w YNNI RE, FATREMITT RSN S?
SN DcS? ERERSNAAMA (solid angle) E XN o(D).
Hi surface P 5 51 x FXTRRISEAR A, JEIDK P BEERIDL x O BAL R b, T EAS

A5 TR SR AT AR CSLAAR Sy RN S0 B A ER DA T AR D SR 7€ 1)

N

W surface VERIEAN N(x), XTHEMHHE D cS?, n g XA A ({Eﬁ‘ M
&, X2 HRHfIE radiance B, B surface 4 FA7 AR A SR A B2 B R e
(1.3.1)

o(D) = LIw-N(x)IdO'(w)

X

1.4 QST UNARRYRERE

W Th(x) 2R x AP0,
S Ta) g iR . DR,

XA B R & REE T surface FERER (58 & WLEIY)
B, AR ED:

FAE, YA
Ty(x) :[yeIR3|y~N(x): o} (1.4.1)
VIR 82 73BT PIASEER, 7002 BB BRA R 2k
upward hemisphere : H2 ={w € 8’|w-N(x)>0 (1.4.2)
(1.4.3)

downward hemisphere : H* = {a)eé’zlw N(x )<0}

XfF—ATJrSE D AR, BORALAMA T LB D 5 E B BID) 4
Al D _EORAGE], KRB AR 1 XA B AT o Bl F8A EAEEk, ARR (3R X st /&

— RN, PRIATE of (K
AT — AR RO T AR EERRE (A x WNFRREOLRE R D TRE
D, FEERANTTRER A Do, REANT BREERE, FrelXIa R 7 —L8):

2)=m.



8 1.4, IRSSIIRFRIMERE

FTUAE R, PACEK b, DI 1 ST 2, SOl T B ER Y T AR A T O R R S A
FR/N, BT LA AN B BRI THIASUGS IS2 R $5 5 SLAA A AR 2 T TR S TR~ 1 R 3885 (e

cos0)o



2. phase space #ll trajec}iif“;,ory space

phase space 9
2.2 trajectory space 9
2.3 The measurement equation 10
2.4 Ihg5 11

RFEAE phase space F trajectory space 49 8 FHEA

2.1 phase space

AR ORL, b ECE SR, AT LA AT B R R R IR, XA T 3+
2+1=6 MEHMEMNE CREAER 3 4, EELRARMPERHRAE 2 4, &F 1 452358 K
Ao BTN AN, TR N 6N 4E phase space I RFRA .

it 2 AR IR A TR, WOEF sl DUERAM E x. B35 R o DLEEK A, i 6
. R N METI RS, phase space 272 6N 4E1,

B2, NFIEAMEAERPR-F (an)%F), ik phase space XN T B0 FHPIRSE AH
Hl. phase space ;2 —1~ 6 4 (fiE. A, HK) B

P =R’ xS* xR (2.1.1)

N METHRIRGAT RN N A RfE 6 4e48 aPIRESZ AL s
FR O PRSI LU I IS 45 SE 1Y) phase space XIRIDG TR B % B (FLlnde — s [a]

volume F1),

2.2 trajectory space

BATHE — T 4ERE . AT A 156711 phase space {37 B # 2 il J9 Bl & B (8] AR 4L 14 pR AL
AT PLAS BITE trajectory space (HLE=%[a]) b H)—4E R4

W=Rxy (2.2.1)

HAE—NSHEFRRNH . 5EYE (Radiometric measurements) J& il i E X L fh 245 e — 4
J6 T H A (photon events), #RJE PA 077 0 &R L0 1 SR 20 A1 K g S

9



10 2.3. The measurement equation

—AE TR RAAEPIE SR WP AN . AR ARIE S, Bl K
S5 MRMST BRI SR X B U G TR R B s (RS SO R BAZ R R N T I A
N BUATTIA @ RT3, TR EHUBAES:,; U, 5Ok ET, WKSHATLA
B . PR, FRATTA AR AE A 2 B R 2 R TR AR X 23 P I SR AN AU
.

P R E AT P, 6T AR S P IS T LLRE SO AR 22 (8] 5 3R A AL -

RxPxS*xR* (2.2.2)

— HE ST, BRATET DAFRAAS 2 7 PO A ) f AR, IR 2L S AR W] BB AT 7
AzEE] (Rl =S ) ,, WA A g8 R R 4E manifold H (Lbin R & X surface BT FH) o
FATI B X LA 1) o3 A, nT DASE SRR P R

H T FH AR ERIL K, B AR — A RS Mok & (HelE RERE Q) A
VTGS e IR ARG T AR .

2.3 The measurement equation

FH TV B (4R S B B I N AR X LD S BOIA R K g, T A R RAIA i TS 2
N, BATEBEMB L.

HoAL i H S 2 15 measurements, 0% TRUE, B2t HE j MEEM measurement
I,

—> measurement L LH S — MEEHME KA (hypothetical sensor), Wl & U 7EE FI
radiance. IX/MEEEE ] AE G ESLAHNLEE BSDF BRE—FE, TSR AR EAAS [ I
T3 1AM AN, PR R AT A FH A% SRR M S (responsivity) W, (x, w) RFEIA

I= W,(x, w)L;(x, w)dA(x)do} (w) (2.3.1)
MxS?

BAT— B2 IS AP T 1R e (RO IAR AR, 3RAT5E BRI ORI A
ERESRENER), —ADIRKASE Lix, 0) Bik:

Li(x, @) = L, (x (%, @), ~) (2.3.2)

Hrb, x(x, ) HSZRE—A ray-casting BRE, IRFEIN x IE T H o BRI HRTE N . RE
BT, 38 o —BERAANS TR ITE, XREE BSDF Fon 1 —fh > 85k r s




Chapter 2. phase space #[] trajectory space 11

ZKHE L, A EEMN x K HE6CL R AR 207Z SR 5 HUN 2] —o J7 1.

BATRAH— T EEMEFLERE /77 (Importance and adjoint methods), HAAE FE N HT
RUE FTERA IR CEIA e e, AT 2 AR — T .

Mo B W, (x, w) EHEBAEN—A KT (emitted quantity), fEIXMEFHEE T, B
it emitted importance function (FAEIEH 1 I TN LR 20 B & 1D,

2 J5 % X importance transport equation:

W(x,w)=W,(x,w)+ | W(xylx,w;),-w)fi(x, 0, > w;)do; (w;) (2.3.3)
82

Her, W(x,w) MHCEHE E%E R 2L (equilibrium importance function), i 1 75 [A137 H~FHRIR
A TG A2 B AR .

2.4 ING

T S B REIRTE BT AR N B, FRAT R A T — A TR Mg Bl 2 measures, func-
tion spaces, inner products, and linear operators, | — 2 A1 dH ) 8 AL H I EAE ST



3. HEFESHE

Ray space 12
3.2 throughput measure 12
3.3 FK=EHEbRT 13
3.4 Py s []: pRER S (25 14
3.5 ki) s E 15

AFEANBARE R 5B — LR fo LT

3.1 Ray space

T ray 258 R ALFE 7 Mg Fe R R H AR B ITE ray. — R, R 28 R /RFL (Cartesian
product, & XFHAME, KEATLATEMZE EHZR e 0O FRIRM:

R=MxS§S? (3.1.1)

Hrr, M BRGFEAPAR surfaces, §? LA RITH w. X TEA S5, &
AT W B RS2 (B TP R AR A BE DR R SRR A 3R R S FE AT A T

3.2  throughput measure

BAE R g L—MIHE measure p, EHHRLE ray S EF D RE. HIELE ray r = (x, w)
JAIAI — /N rays, WIXLE rays B A dA, J7EFT SRR MAA do, WEXASNERDG
WHFFE & (throughput) AT LLE SUM:

du(r)=du(x,w) = dA(x)do (w) (3.2.1)
HIp R AET

12



Chapter 3. YtE&EZEISERE 13

1

dA

XFF rays FI—MEE D c R, A — FH5:

D)= | dawic ) (322)
D
can be writen as f do}(D,)dA(x) where D, = {w|(x,w) € D} (3.2.3)
M
Xof A e B T DL O 5 A AR A
du(x, w) = lw - Ny(x)|dA(x)do(w) = dA(x)do(w) (3.2.4)

Hrp, At BESCIAE R (projected area measure). I IXFh 7 IRATTAT LR ZE 5 16 7€ S5 5
B, R R A A A DA

(3.2.5)

3.3 M= EpEMERR
AT TT LR S x — x7 O b f— A 2 B b 15 4h— A 2
R=MxM (3.3.1)

{HRRVERIXFERIRR N CHER R ray BRI m—1X B R VAL surfaces Z [E] [ ray f£4% .
IR AR T, ATRE L —FHFE u:

, ,.cos(0)cos(0’
dy(x%x):V(xHx)ﬁ

dA(x)dA(x') (3.3.2)

Hi, Vix ox') o] Wk EXERDT:




14 3.4. FHZ[EIRYSEEREL

WA IHIT dA(x) IERERIFZ x —> x' 77, W cos(0') MEMZ 1—NA] LUR
I 50 STAR A BEAT S TR R R R (R dA(x') 52K Z IR 5C B2 BE B 1P 7 R 20D
WATEIMTCZ IR RS |lx —x'|I> A 1, cos(0') =1, HMAMMUCZIRIFHE R, W

du(x — x’) = dA(x") cos(0)d A(x) (3.3.3)

XHE dA(x") cos(0) HaIF RS T BAL BRI _EAE x FrfE R M SO T AR

34 NEARPEEEREL

AT (radiance) B HEM: (importance) H53 A7 AT AR A — AN SHE B3

fiR-R (3.4.1)

AT RA T TR R BIVE BT, I pR B FEREEAT T IT, IR20 ioeteim b T ket A
.
FATE X L, ok CRXEIATIE L, #RARED:

171 = | 7ewautn) (3.42)
p A MIEEH, H*p— oo i

Iflleo = ess sup,erlf(r)l (3.4.3)

X H) ess sup & LS.

HIT L,(R) GXELAVEE R B IS H0E ray) KRR 2 (8] 2L DINEAbR B3R rh 2 B PG, i A
NIRN G 2 7]

YT —NRETH f, for . KUL, RS TAEM € >0, FFE—DRI N, MNTHEEij>N
KU L [f; - fill < e, XHR—MATPEFF (Cauchy sequences). MHIRAFE—NEE f €L, (R),
W2 limy_ollfi — fIl = 0, TIXAMT PG 7 B i s, WS SRIRIAR] 8 1 Z PR 9 5 6 1Y) R 42 T



Chapter 3. J&=SESERE] 15

3.5 HRE=HRIARTR

P BB AR (inner product) RonoA (WARRZRIEHE G 50 R, Hediks r
H2EE, FOVEW DALRIBERAI AR, oA HAR SRR AR )

(f.)= [ sngtrapn (35.1)

X NEENRI LML R, OIS 3T AR, TTRUE LN RIKTEEL (as-

sociated norm):

Ifl={r.£)" (3.5.2)
L T HIX T AR S EOR S4 , SORRN A R (TR



4. FHIEEMEF

HSET
4.2 (EEEF
43  EFHIRERE (Locality)
4.4 FlEMEF

4.5 fREF (solution operator)

16

16

17

17

18

A M T AT R, RBABAERE T

41 BHEF

EREADW “H17 A “BHEFF” ZEAM (JE3C operator), WIMAMHBLLGE— T .
WERMHT A, EEHT—REL By — kG

A: FoF (4.1.1)
JRy F I BT

Kh)(x,w,) = | filxw; - w)hx,0)dos (@) (4.1.2)
82
AN TR TSRS BERREC L, WS SRS FE L, = KL, o SX8 R B 5 SUE A ray
R M.

42 (EREEF

R 51 (propagation operator) J& A T il Y67 [ & B o A A& ki A8 A 1
TS E L—ANRMEE B R (boundary distance function):

dy(x, @) = infld > Ofx + dw € M) (4.2.1)

EIXH, inf Fox “BUR/ME”, Bl x IBE o JTETERY 5 R K /M EE . Wik
dy(x,w) = co, FREASHEANRMAAA.
IRIE AT E X ray-casting PREL:

X, w) =x+dy(x, w)w (4.2.2)

16




Chapter 4. Y(EHEF 17

HifrE BB FE R R N LA 8L 35 T (geometric or propagation operator) G:

(Gh)(x, ;) = h(xp(x, w;), —w;) if dpy(x,w) <oo (4.23)
0 otherwise

BEATRAZE TR T L, i GEEXRN L, f0RCE T MR, AR x G S
700, HSHAE L = GL,:

;//

RHEA L HEAREERNM TS . /£ BSDF 8, w; 7& L; KIAMIT A RITE, Hit, L
RIJT T —w; o XWRNTA BRI TR ;.
N f, ANFRHIR, G A K g2 B AR .

43 EFHISERE (Locality)

NTHEED JE o, MHEUNRENEE, FATA T BERIEZ A AT RS RN, X
PRI b B R S i (BR AR 3t b AR rays WAAERIOGR). Hb)ifill, XMNET A BT
(AR (r) WREEEADTEER ¢ REATA, MAE7R 2K v

PRIk T LR MR A /AN . T HARRR ST OO 5 7 B AT R e, BRIk T A
B RE AN B B ray, T0HUN 57 7 2T I B rays, X2 R T 4E A E (2
Yt: WA AABERIR).

LUK R, XA AR RO R ST URA M, X REAERITE T .

44 SEEWEF
AT

T =KG (4.4.1)
S IE P RAE B Sk b, T — SO S B3 10 AR S U 045«

L=L,+KGL=L,+TL (4.4.2)



18 4.5. BREF (solution operator)

Horh L(r) FoR RS HORRSS B R 8. VER X BRI iR AL B A T, BRATFBEE TG
L (L). ERJRAPERE:

Lo(xl C‘)o) = Le(xl C‘)o) + fs(x’ w; = wo)Lo(xM(xf wi)' _a)i)daxl(wi) (443)
82

4.5 R#EEF (solution operator)

FATAT CAIE R 5 1 5 9 i K

(I-T)L=L, (4.5.1)
= L=(I1-T)"L, (4.5.2)
—=S=(I-T)" (4.5.3)
L=SL, (4.5.4)

2T AR HESR FVE% (standard operator norm)||T|| W2 ||T|| < 1 B (GRAVSHEFERIEH) ,
I-T B2 rl . bedEs Fiase:

ITll = sup ITAI (4.5.5)
<1

HT T <1, HtnLAEY S~ Neumann 751:
S=(-T)"=) T'=T+T+T+-- (4.5.6)

i=0
A4 L=SL, 1R, 153
L=L,+TL,+TL,+--- (4.5.7)

XA R PR RIS 51 T .
DR, ||IT| <1 AW £ [2] Péath Ve, KRR AL —T:

1<p<oo= G, <1 (4.5.8)
IK|l, <1 For symmetric and energy — conserving scene (4.5.9)
ITll, = IKGIl, < [KI|,IGl, <1 (4.5.10)

0T BRSBTS R A RIS e, B, K], < 1.

R T LSRN T F B IE AR SO SR, FRMAEEE AT . A, st T <1
RRDIER, HEFHSEITT, Wi T k>1, L ITH < 1. 3 [1] *FiEs b
R Neumann J¥8EAEE b4 PR3 5rh #2 IEH10 .



5. EERH(&EH

fERieEs

5.2 nERE

5.3 {#FEEF (Adjoint operators)
54  BEHER

5.5 SRS

19

19

20

20

21

AFRKET R RIE—THEANE, REHETEREMGHT,

5.1 {&RES

HeALart B An 2l v 85 5 B (equilibrium radiance) L A FREE FII & (measurements)

tearet T — sk BE, AR MERE L. REETH AR ERIT# (finite-element so-
lution), W I; rEHEpR B R RN REO.

B AT LI 23 S TBCE MR AEAL S M N . a0, FRATA] LR R ME R AT
FEREARALF B — N R, IF R FRAE S HAR R AR S DR e el . 40K, K2 B AL
Tk RGEHBCA B A

SRTNT, 0 TARATER E G R, AR AT LR thE 57 3 8] honf HAE A Ttk DG 2 4R, IHRIRAAAE
A REIAR AR, T R XA D I ) A S L Y

T XAEAH R A HERE, W, BORS EEME R (exitant importance function),
ORI 2 K5 L EEE (emitting importance):

_dS(x,w)
We(x,w) = m (511)
Hrr, § FoRRRaRmRE (FTRER M. RS,
52 WEFHSE
FATBEAT — T )
dS(r) = W,(r)dD(r) = W,(r)L;(r)du(r) (5.2.1)
XF T A v B G ERNGEE, A3 2] Nicodemus #7712
I=(W,L)= f W, (r)L;(r)du(r) (5.2.2)
R

19




20 5.3. ¥BEEF (Adjoint operators)

ERMETTRERZE DA BRI L, BATTLMERE T G KGR, XL A Z T
R M b (RIRER e 2B W], At Asgm, Rt . Frblil &7 FEIE g

o

I=(W,L;)=(W,GL)=(W,GSL,) (5.2.3)

5.3 {¥FEEF (Adjoint operators)

TR AN — AN E RN A AR TR E . R E 0] DUERATH 2 R 72k
HME (measurements), X AT LUHT BT I WL AR FITE G502

BTAVS Ul — B S A B — e — i . YT — AR °H MR AR IE s HY, E
Xt

<H*f,g>:<f,Hg> forall f,g (5.3.1)

W H=H", XNMHETFHEE LT,
BAIRH—F B LR T

I= (we, GSLE> = <(GS)*WE, Le> (5.3.2)
XK B AT DLE IS AL E B (transporting importance) Kt & . A7 BEHHERIHE 7 (GS)
A ResiE B AT DL
B, G=G ZCHIM, KR AN RN —IRIB H—NERI. A5, RAOTFERB—T
K 5, B3 K F51 83 [1] FAHEIUEHEE:

K00 = [ fxw0 - 0h(x,0)do (@) (5.3.3)
SZ

(K*h)(x, w,) = 1 (x, w; = w,)h(x, w;)do (w;) (5.3.4)
52

use adjoint BSDF : f'(x,w; — w,) = fi(x,w, = w;) (5.3.5)

WERBATBE f, —XTT 25 x e M #HXFR BSDF, M K=K*. FrlliZ153] GS & HE:pam:
(GS)'=GS (5.3.6)
Fr AFRAT T e 2445 21

I=(W,, GSL,)=(GSW,,L,) (5.3.7)

54 BEERMEH

WERBA FaR S FrvE, B
M3 T &4 (light transport) WA E LM AT H T HE 4 (importance transport). 7E
EFFEOL T, S (concepts). B (quantities) 5 FEZ [IAF1E A KGR IS B OE R




Chapter 5. EEMEH) 21

FESEFRAT, equilibrium importance function it W = SW, K133, X & B E AL T2

(importance transport equation):
W=W,+TW (5.4.1)
RBIF W; = GW, 13 ZI NG EEME, gl a] DL Sl &5 7%
1=(W,L) or I=<W,L,> (5.4.2)

R R AEIENFE BSDF, A4 K =K', XIFAEWEERE T, TATBEILE T, = KG.
M EZARE TN Ty =K'Go RXFR—Bkd, SO ENE AT DUEAEAS [F] ()& 50 77 1% .

LAk, AL BEAH#FE transport operators FIAHNM A& L, M1 W, XS T HHFENERZ
FheTget, BT A RSB AR MR TR, FiEie, raX sy E 8B amE N —kgEm, o
T, RS R S TR

55 fISREE

—HH PN AR LR L, L, W, M W, 73RS E . NSRS A E 2
AR P S R A

L, =GL, W, = GW, (5.5.1)

L, =KL, W, =K'W, (5.5.2)

ERE K MK AR AME w; FT w, BT
FATT IR RIAF BT (FRATH Ty 0 X RER Lis L W, M1 W, HEER—

F

HiF (Exitant) | A4 (Incident)
Light T, =KG T, = GK
Importance Ty, =K'G Ty, = GK*

N T ARIXEEE IATE (equilibrium value), AT U477 F2:

X=X, +TyX (5.5.3)

Hp X, %4E X MRS RE. XA R X = SxX, o
P LA & T 5k o] DS A R T A 2 3Rk R AT 4
1=(W,L)=(W,L,) (5.5.4)
= (W, Lo) = (W, L) (5.5.5)
NN HX LT RE, AT ENIMELE € A RS R, — MR 7RSS B (emitted radi-
ance), — /MR 7RG EENE (emitted importance) (R L KRN .
FlIXE, RFHFSHIBMNRRERGE R T . BIRIX L — AR B I L 17E Y1 5
B, (HEMARRBARIBEZ B K. BETARNNZ RPN T AR IFAREE, B RE A
RElR 2 — . (HEEZENNNE RSN L



22

o GK EH TSRS, RRHRAGEH L.
o KG EFI T HI RS, 152002 B AR5

XA AT B NZ R R X B AN, A RERE AR

v A

B2

55 fFSREL
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