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1. Rk A2

1.1 8tk
RIFRRAL: 30%, [BIAESRAL: 30%, [BIHEKRAL: 30%, WEBAHHIL: 10%. 58t
— PR 4544, bonous20%
1.2 fRids S LR sy
« Disk.cpp. Cylinder.cpp. Cone.cpp SHFFHY todo J7:
o WEPRARESE MRS HE: bvh.cpp 5 octree.cpp U Y todo J5ik.

o SEPEBAILIG 58 ThinLens.cpp 1Y todo

1.3 TR
HIERIL TG ELA PDF A5 rpfiolk, SR A
o MTIASKAARSY, 4 R B SR A B R S 45 R I
o T REMCERSY, 4 I S R S BB DA B SR AT I BRI ZR 1 SR A A% LE
o WOEBTRPLRSHRACR, ARSI
o OF LI HECRI A

2. JeZ-PikRAZ N

21 fl 4 gk

{E Yedn il BRI CAAE S 5 AP R AR, X TR BT RO AP R B R <2 Hedn
FATAER T — S BHDEL, TAIHFEAEX LN drt Tk, ki
&, PR — A A 2P k. WARESIY AR T IS (O, RATEH
b AR AR, AR, SURARERAESE.

2.2 moer-lite PR O

fE moer-lite H7, PIARDELR KA H: O EZA A .

F— D ERBUR WL E L, LR BRIV AR . QIRAHAL , 4 FE primID (&
7€ 1d),uv A8F5.  primID FEFATARAEL HERESE 0 BIW],

F A HPUEE N primid, uv ARSI AAGE . BOALE AT RS e 5
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3 HEFRLRZMKR 4

AT AN, B ATRATTASRE X WA R B — o0 — Rl S 35 R SO SR TS TR
FERXUARAL A, FATATE EIRFEAN S R, AR B ]

virtual bool rayIntersectShape(Ray &ray, int *primID, float *u, float *v) const = 0;
2 virtual void filllntersection(float distance, int primID, float u, float v,Intersection *

intersection) const = 0;

TELENCE G, Vit h MRS AR I AN 5 K AE, IR

std::optional<Intersection> rayIntersect(Ray &ray) const {
int primID, geomID = -1;
float u, v;
1 bool hit = rayIntersect(ray, &geomID, &primID, &u, &v);
if (!'hit)
return std::nullopt;
Intersection its;
shapes [geomID]->fillIntersection(ray.tFar, primID, u, v, &its);

9 return std::make_optional(its);

Horp rayIntersect JRMIELTM TR L LA 7k, BRI DA e it Dy 41
TP ARY rayIntersectShape J5{k. 355 ICAMRAGZIB M RIS W AR EA
YAk ] std:mullopt fCRBA LY. AR 2 BT R R id.
MR id SRR, ARGE primld F1 uv ARBREEARIETEAN RS BG4 A. TiibFk
IR S N = MB G YR (SR < 2 S B !

3. BIXASeZkir k=g

3.1 moer-lite P REA

TE=4E=s ), [ AT, A2, AR E Lo QAR ETT R MBS AL, 7l
DA TS 2 5P 1l Y A8 SO T SR R S IR B B R SE . {H 2 =4S (R N Y
Jieke SR M EARBRIT I A o FATAYRRFRIE AU, HHALEIRAER T 2§ B
FTERST- 7% 2 AL Bt s AR B R e fl . 7 transform Jerp, FRATHRAL T inverseRay
JiE e BITIR A DA A MR Rl i) . © AL BRI AR S R cube (i1 1%
POFESERCRAZH. AR SEIR R A, [ HE S 2 1 e Y AR e B W) 4 Je i s )
PEATRA

A TARAEE, 20— MRS AT T N TR, &
fITIAY innerRadius R W42, N T BEGTE JLARERIFIPE, FATIMA phiMax k5%
A EIA R ()

I class Disk{

float radius;
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1

S ESPPTE S 5

float phiMax;

float innerRadius;

5}

. radius

© www scratchapixel com

B 10 SN AR

B 20 WA R R ST HR A AN SR i

3.2 k=g

HEFHAT T SRR ray FBZHEHERIB2SAM ray. 7R HDEL 5 R
skt AR T, T Tw_ﬂﬂmﬂ;ﬁ%ﬂﬂuLum BT, XL
Fo TAVEH B 2=0 XA TR . BRTFEERIELR T T 2 S EEHH
0. ZHARK 0, L ﬁ¥ﬁﬁﬂﬁﬂﬂﬁﬂt—w&ﬂ]Tuﬁﬂﬂ ray.at

ray.direction.z

PRARAT RN RUARAR, FERFEDEA S PR na, A7 2R A LA

o WANTHEH B RUEAESADELMTEE A, RIFIE ¢ 5620 tFar Al tNear 1
KINKZR

o AR BERREEN, RAFEITBAL SRR FIWrZ% R 2 7 2
INEE RPN T

o XS SREOIAERGAEER, FEITEASMELC e, FIW e A
phiMax FJR/NKFR

Xj‘jfiiﬁ p HELOJEA phi, AT DRI R tanphi = 22, 41

p.x

A DA ERE, IR ARG A E SR AR AT R @A S R . FAT AT 2R



4 RAirbhEmmEx 6

76 wv ARFREIGCRAR KR . SUARFRIE— A T4 (wy), PN AIDAE lab0. X H
ST RIFFATHE uv W PAR u FRRAC A B FIREE, v 2Rk FRR.
u= Py = _radiseminliadive bt g e av AR, FRATREAT DATE R LA

HiE—1 R

3.3 HFERZGEE

T EIHFERY A MR SN B IYE S, R transform AT toWorld K55 B &k
FIHH 23 1A .
3.4 USUEPRITR 45

154135 labl-test /labl-test-disk H1SRAVRAYSZIVEA M, AR AR5 DA
T g,

4. [H: 5 RZ R 28
4.1 moer-lite JiyEf:

[ B ER—FE, AT —HEAE SRl as AR AR UEA RS . AT AR RraR s |
I A RO BL, JREN 2 Bl A8 v (I BIHEE N he (L, AR
T PR E X, radius F height. [FJEPR—HE, FATN T REMSIEASRSR B, Bl
FIAT phiMax FREIHERAME. HE, moer-lite A B R AL 5 Ml .

I class cylinder{
float height;
float radius;

| float phiMax;



4 EihR&eg R 7

Bl 3t WA R AL SE R A A3l

4.2 KA

TE SRR A AT SR A 5 [ A A AR A FRATT IR R S,y RR AR ke . SRR
[F]2 Al A R U E AT
ZRICRR R, ok o®+y2 = v RNV IL RN p = ray.direction x
t+ ray.origin. B3 3, FAVGEH]:

(ray.origin.x + ray.direction.z x t)* + (ray.origin.y + ray.direction.y * t)* = r?

X — AR — s RO FEA, FRATFE Function.h SCF AL T—AM &
B8 By eR EICK i -

11 inline bool Quadratic(float A, float B, float C, float *tO, float *t1);

AB.C 7 HIAX R REL, to, 61 ATTRERIH. to<ty {HIEEE, FRATIXHUR M
VO TR KB L, RIS . BRI 0E, ROTHERR t.

o HAFTEHIELZ RURTEL BRI, BIFIET ¢ 5820 tFar A1 tNear 1
RINFRAR

o RRGEBTEFIAN, R 2 A AR B R FEVE R A

o K2R IR T A A B R AT B EOKR T E TSRS R RE LT BT A
FIWTIe A phiMax BRI FR

e t AT PAIE S DA F AT, B AFRATA AN B A A 52 A5 %E%H"Jﬁ)ﬁ%ﬁﬂ
RABAMWAR, HHEFEGZOR, OFEERBSIAED t0. it t 5354k
3, FATATAE u = S8 v = 25 THHEIARLR.




5 HELREMRR 8

4.3 HRRZEEE

T ZIH A A A AL EFNEL, R transform 2R toWorld (5 B4
FIHEF A A2 AR AL E AT DARSE uv ARPRITH, A RALRE IR Z A 1
n = (cos(phi), sin(phi),0).

4.4 BSUEPRIgRAZ G5

121745 labl-test/labl-test-cylinder UIARRIYSEIBA M, AL AVRFFE
BILA 4R

'\/'

5. e 5 e RAE

5.1 moer-lite H15HE

[FIRER, FRAT—HEFE SRR s R B A TR 22 . FATANFERERAS |, R
HE AR SO BRLG, YR 2 i, 2Bk v iyl RIS he B, R R
WK E X radius Fl height . [R]HTTE PN NME—FE, FRATH T BRISTE Yeokal FHE, 3
i1 AT phiMax FIRBIHER KA. RN TIHHETE, RADCKBEHEI AT cos H.
R, moer-lite H 51 HE AL 2 Dl

I class cylinder{
float height;
float radius;

1 float phiMax;

float cosTheta;
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Bl 4 [ 1A

5.2 k=g

e Jay B S [RGB HE A A2 AT T 8 B YRS T R R ff e o SRR Y
[ 2] AT B LT E AT

K| 5: cone-ray-intersection

4 L OERE A P HIE (P — ) - T = [P — C] x cos§ FIRDEZAG ) P —



5 Bh k&R 10
O +tD, BErHHAL:

t2((D-V)?—cos® 0)+2t((D-V)(CO-V)—D-CO cos® )+ (CO-V)?—CO-CO cos? 6 = 0
AT RN REEARE] to,t10 XK R R 2 56 81 HLm 2 TokR
), FATFERL t.

o WANIHEH B RURAESADELMTEE A, RIFIRE ¢ 5620 tFar Al tNear (1)
PNANT A

o ZRGETTERIFEN, R z AR AR B HE s FE T A

o K2 IR IV T ) 5L ) AR BE R R AT B BRI s RB L T BT A
FAWTIE AN phiMax R/ R

MR ¢ AT PAE LA EARES , IR AFATHC LA HERA S RIS SRl 1 A
I ¢ AR AR, AT DA v = B v = g T AHAL R,

5.3 HisRZER

T BIE SR MR S AL E VAL, R transform 28R toWorld R E 45
F 25 6] .

K| 6: compoute-cone-normal
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A M ALRAZE AT DA L uv AAARTTEARE] . 1EFATH ES A M AL [ HETR
2k, VAT HSCRE MK . M ASFRTTDAEIS uv ARSI RFEIE K
FIARHT, 3t C + CK BIATSE] K A bREm ok

5.4 BSUEVRIIRAS S
12175 labl-test /labl-test-conel QSRR SEINEA [F, AR AARGASR] DA
THEF455E

6. MG T4

A F Ry o RMEASSE MRS 250 o 8. MR PR RESRf, Mifs ik —Fh
IS e W H ]

6.1 &SRR

TEX AL, AR 52 B R 5 37 5 Wy ORI B 454 . e
ZIBEAEAA T, ORI TR R B IO SR IS X R 5, A
RRAPTFOLL SRR — M RIERER, MT R ErEL, Hk
Pish st AR, TTEOEER RS S AR SO S X AT 55 . AR AREAN T
cornell-box XFEHIH R AT HEVFZ S F P REAIL T BCEEZ R A1
JU BN TriangleMesh W EEHJL A =AM A 4UR, BATREHRILT 1%
h 2o 5% T30 Iy 04 75 2 P ) AN SR X LA 32 1) o BT T DAARPE ) (AAE = 4k 25 1]
PN AT LART 23 A1 A (A S R S A A X — 1 A
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K| 7: cornell-box test-ball curly-hair

6.2 BoundingBox

TERRE, BT EMNPAR LS T o SRITA R USSP R, AR
MG —F . ARSI AR &X S, LS UEERNRA R ER A ST
J. AR, MR SUBE &AL, WL SYE—2E AME. FATALA
A — 2T . ¥ moer-lite 1, BoudingBox X ANZRALGIMR G L, H A5 205
box 8/ AR K ST A

class AABB{
Point3f pMin, pMax;
bool RayIntersect(const Ray &ray, float *tMin = nullptr,
float *tMax = nullptr) const;

X Bk i BoundingBox f)—A~ AT (RayIntersect), HitHEIEL 2 RS
W EAHAL, AT xyz = AR AP , TR SAe X B 79 4T 2F H 1l
BIEEE], BOETCER S SRS Fe/MHAZ )5 BRI TR . B -5 A Sk
HAHAZ 24 HLAL 24 F5 /N A I 18] K T fie KA 52 BT
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HIT MISS

YPlane 1 Yplane 2 YPlane 1 YPlane 2

ftFar X

trar\_’/d
XPlane 1

/ XPlane 1
/tNearK
XPlane 2 XPlane 2

tNeary tNearY

tFarY /] tNear X

K 8: ray intersect with AABB

BoudingBox 254 il 5 ¥ 0] PAYE BoudingBox 28 04 HHIAE .

6.3 kgt n
1E moer-lite 1, fNEREEA F A D4R

[/ FrARZBmEEMTFELRG &R
class Acceleration {
virtual bool rayIntersect(Ray &ray, int *geomID, int *primID, float *u,
float *v) const = 0;
virtual void build() = 0;
std::optional<Intersection> rayIntersect(Ray &ray) comnst {
int primID, geomID = -1;
float u, v;
bool hit = rayIntersect(ray, &geomID, &primID, &u, &v);
if ('hit)
return std::nullopt;
Intersection its;
shapes [geomID]->fillIntersection(ray.tFar, primID, u, v, &its);

return std::make_optional(its);

TATE SR EE— AW, BT WL R T 5 YR A FRATIE 75 2L sk Hf L
FE. RATTREILSRE O EL, SOMEES% . XUHE AT EAE R A MY
PR A To i W 24 B SR A2 R @A @ s ARSIk o BT DATESR A it A v, FRATTHLRR
PSR 2R YA TE Y e ) shapeld Fl primId. 35 5@ A WA TES =
A ME—FRiR FLEARFIY RN OT (—h 0, BRAER triangleMesh XA 2 ]
TCILME5H)) AHAZ .

AT XFER RS, PSS AR R R T . AEJEE BRER rayIntersect 7
b, AT RS R S5 B OSBRI SR A2 v, 105k shapeld 1 primld. K5
RSP, HEIRAT 4 EHRAE primId 1 uv A84R, ARAE—E R FAT4E
FEUf Intersection {3 B,

Build pRE & R IIE S5 75 BAE 3 s ) AR i vk . AR in s &
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PRI TEA—FE, FrOABCECARERREL, L2 A TR AR P g 2 B

£ moer-lite H', FIFRIPANMELTHE , FA> mesh HSIA A SHIIEL Y . [7]
ARG, KRBT HRF mesh 73 BSZR/ N =T, SR R — 335
g — IR SE . SE A SR AT

7. Octree (&%)

7.1 Octree 44

AATHEABATA VA A — A IEELEH-Octree (\IURF) S8 . X FIEESE
T 0o 25 ) BEA T 4] 73 A 58 R AT o /N SR B R = 45 1] 23 5 8 A [) 8K/ MY
TS, AR B\ e, PURFRATAS R =R, AR Py . IR
IAE ZdE=S (AR g, FRATHE TR 20 DU SRS . FoTT st I b 4 5 ) 7 1 18
/NS, TR S EA MR id. BRI TSRS AL
INTHEA BHEECENE TR, TESRACHT, AR SGLAN Y {1 O Y i 25 () A
FAAZHIE , BATHL AT AR B 2 i35 i, SRR BB R 5 1R AR
USRS GRS T A ARSI, 3 mT DA Y3k Iy 24 W39 5 139 R 58 R A

B 9: octree

K 10: octree
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7.2 Octree YigE1

AT RXFERBRAE R, FATH AT LABEITH OctNode HG5H o XFFAEM 74550, 3
175 A 8 AT R R AT R Py, DA i [l S e 2oh
AT RERT S HY A I RRI AL . A A, AT R T A R AR
ik 1d ZBEH— 2%,

I struct Octree::0ctreeNode {

BoundingBox box;

std::unique_ptr < std::vector <int > > indexBuffer;
| OctreeNode * subNodes[nSub];

7.3 Octree ik

TEA T E5 RS IG , BATTREE5 FE AT\ SUR . ARPEFRAT L SCHR 2 AT mi 4k
Ha), M IR AT 5 S e P B BT 3 DA B 2 WYY 7 AL B R 5 1 AR R
BIA R KAE S LAY SRV NT — 2 EI, ST RN T R A TR 24 A
TR AT RN, T R E B Sl 2 w58 71 R RS
B AT A S A KA AR X B DA .

Node recuriseveBuild(box,indexBuffers,depth):
if (indexBuffers.size()<MaxLeafSize or depth > maxDepth)

3 reutrn node (indexBuffers)

1 else :
Node node (box)
6 subBoxes = getSubBoxes (box)

vector<vector<int>> subBuffers(8)
for(i = 0; i<8 ;i++)
9 for(index : indexBuffers)
10 if (shapes[index].getAABB() .overlaps (subBoxes[i]))
11 subBuffers[i].push(index)
12 for(int i = 0;i<8;i++)
13 node.subNodes[i] = recuriseveBuild(subBoxes[i],subBuffers[i])

14 return node

7.4 Octree R3¢

ISR AR ARAE N XM T AT E 2522 1 FER— AR,
A R A G 5 R A S A T O R AT o AR YA, E I
AR FIELAN S, ARAFI A AT DA AR 0], 5 W3k B A 119 il il Py 3]
I R AT Tkt Py P R B B ) R A RS R
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7.5 Bk

175 labl-test/labl-test-octree UIHRARA) octree SEIUPA M@, HRAR
FHERFERITE N (OB 5s) 58 GE Y4452 monkey.obj A&

8. BVH (&ff)

8.1 BVH #4j

AR HEAFATARRAE ) — A 25E#)-BVH (Bounding Volume Hierarchies) 11
. 5 Octree X} 73 [T 53 A A, BVH sl i X 4R 3-4 7300 4 % 52 g . BVH |y
10 FEAEURE 2 FH AR FEOM T LA AR ke 5 0 1 B 5 R i (A IR B =i LA 42, 5
Hix o & mEn, FATHFE R G ST 2P A, i n] DABCE B
T SEFR AT G o FESRACHT, ARG Fi 7 a0 Y 1) 6 1Bl & Y A A AL G, FRATTaE
A DAE I M w0y i, XS A R R TR AR . R AN Y H T A
FHAH T, g n] AR I Iy 24 59 I 254 15 R e K AL

8.2 BVH TYixigity

[FIRER, bvh WRRITEE . 4 145 iR T45 0, 145 P iR R
51, ARM TS AT A & A R A R T (RGP T (AR Bl
SBRSEHA LA )

struct BVH::BVHNode {

BVHNode * left;
BVHNode * right;
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BoundingBox box;
int firstShapeOffset;
int nShape = 0;

int splitAxis;

Hrp firstShapeOffset 1 nShape & NF&5 g SRS (RESE MR
RE|FIM-T45 507 T 2/ DY) . splitAxis QR ARM-T-45 S &4l (78 )5 22K 2235
e HE])

8.3 BVH iyt

AT TH5 S MR , Tl B ATl BVHL X T4 S e R R , 3
I AL BRSO R R | BUAETRA B Fh A BT, S b
UL, FERCAZEAT T A MR . SRR B R BRI (T A A R SR
ST, 437 sUR AT L5500 BVH [P, — RS WA 7 s el A
B, KT YIIRIG b DAESE S bR Y, e b DA R R I A /N 50 53 TR

T

ol

e =

-]
[e ]
®) EF
-]

Bl 12w

XA AR, ERRRERA—EY. W EEPR. 75 (a) FHFREIRED, R
B T DA BT i 2 19 Th ORI T 0 L2 A RN - p B AR S TR £ L
MR, R, XFH% (b) HEURBEM, ks RIn, PiAHiae
&M EEE S FEERE TR, L, (o) Wk T — AR FFE (2E),
FEARWEESEE/NHSEEAER, IR G R E L1 TERE.

SRR [ 24 T DAE B S B SAH, I H BN SAH A m 2 #IRY M RE 22 57
SAH 2% BA [R5 R A8 AR . SAH 73 51Z%

X HEIATHR LB R IR A % B R Do, PR D LA 21


https://medium.com/@bromanz/how-to-create-awesome-accelerators-the-surface-area-heuristic-e14b5dec6160
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AL & Do TE bvh AR 2 AR5 AL VT JATTB0E B T4 S o R 1
Rk AT AT AZS ARG, R[] — A4

BVHNode * BVH::recursiveBuild(std::vector < BVHShapeInfo > & shapeInfos, int 1, int r,
std::vector < std::shared_ptr < Shape>> & orderedShapes) {
if ( r-1 <= LeafMaxSize ) {
node->firstShapeOffset = orderedShapes.size();
node->nShape = nShapes;
for (int i =1 ; i <r ; ++ i ) {
orderedShaps.push_back(shapes [shapeInfos[i].id]);
}
return node;
}
\... handle no-left case

}

145 L 5 BT S A I AR5 ], FRATRT AR\ SU— AR 5 15
HXFTF bvh K5t , T3 EIREN AT YR THE T, B 145 R 2 i 51571
FRARFW, BTSRRI RT R EN R DA, SRR T4 A,
A 1#f 2 1] orderedShapes HLAFBHELFHIMIIA . 76 bvh MESE NS, FNT&HF shapes
HEh orderedShapes, PAGRIUEM:T-45 il PAFAERI R T IH bvh sy (AR5 5 n] AR .

8.4 BVH k%2

BVH KRB HARF . freesk, FATESCHIWY o2 M T s, Wik
M AT, FRATR Y 1 S AR BIT o FF R R, AT w9
e T MRS R ] o 2 IRORAZ W R DA I, ) — R Al T A PR
TREUE B A . X B EER N — 02, FAEIEIRN 227 sk
AT W o AN [ B VR I 2 48 2 S M SRS o BN E 2k PR R A e 14 s A
SIS 1 tFar A2 5411 ni A e B G AHAL. XA D0 R Se i 221719 i
SRAZHIE AT AP SRAZ TR IEAFFATAY splitAxis XA @M, FATHER- —4
il K5 AR AR INEHES o FATT AT AR E BAE XAl A4 7 i) b e 3 PP o
UARIEEAETX AT 0] B RR T 0, SR Ieif i 22135 i

8.5 Wilk

SE{7 5 labl-test/labl-test-bvh WIHLRAY bvh SBLLEA MR, T4 ke
BT ORI 5s) S2irfe 755) monkey.obj HH:ZK
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9. StiR

H i moer-lite $£fL7 pinhole (BIEFFLAHNL) AISEEL, BIZSLIF/NMLEUE . E
SERYAHMLE 5 o] DAVE TR R ZE S50, PAEIRIE (Depth of field) MYRCEE.

K 13: PBRT-vAFRRCR /N =

BAEBA RO EHALAIDL, BB -
I Ray PinholeCamera::sampleRay(const CameraSample &sample, Vector2f NDC) const {
2 // B ORAILAE LR RO & B E
3/ REHW x, 5, z2RAWRT, UHAFLAOAREANARALE
4 float x = (NDC[0] - 0.5f) * film->size[0] + sample.xyl[O0],
y = (0.5f - NDC[1]) * film->size[1] + sample.xy[1];

3}
6
7 float tanHalfFov = fm::tan(verticalFov * 0.5f);
8

float z = -film->size[1] * 0.5f / tanHalfFov;

o/ DHAREARE, WH LW ALH T A

11 Vector3f direction = Vector3f{x, y, z};

13/ Wh& TR, REEBRIAFERLERT
14 direction = normalize(transform.toWorld(direction));

15 Point3f origin = transform.toWorld(Point3f (0));

17 // TODO #n R E LIS ASHEM, 4k FEREsanple ¥ i time R — 4 B 7

18 return Ray(origin, direction, tNear, tFar, timeStart);


https://pbr-book.org/

9 FER 20

ML film

T,Y, %)

pinhole (Jf &)

B 14: HAETEHLAPIE R E R, RATRYE NDC MR RN jitter, #i5E film ERAE A AIE

9.1 SCHEBIAIAL

// ThinLens.h % % 4 L B & X

class ThinLensCamera : public PerspectiveCamera {

public:

ThinLensCamera() = delete;
ThinLensCamera(const Json& json);
virtual Ray sampleRay(const CameraSample& sample, Vector2f NDC) const override;
virtual Ray sampleRayDifferentials(const CameraSample& sample, Vector2f NDC) const override;
private:
float lensRadius, focalDistance;
1
// ThinLens.cpp ZH MW LA, KEFE T RN HF L
/[ ZEEBATMERELZ LA
ThinLensCamera::ThinLensCamera(const Json& json) : PerspectiveCamera(json) {

lensRadius = json["lensRadius"].get<float>();

focalDistance = json["focalDistance"].get<float>();

Ray ThinLensCamera::sampleRay(const CameraSample& sample, Vector2f NDC) const
{
// TODO

Ray ThinLensCamera::sampleRayDifferentials(const CameraSample& sample, Vector2f NDC) const
{
// TODO

ThinLensCamera [AFEEA T BAAIHLATEE T, FRATIER T 8240, HA lensRa-
dius 2 HBEE LR KN, focalDistance 355 £ - 1 B 25

P EGANUER, FAMERSE BATRL TPl BRI, ST E B nil R £l
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WA P B —ANad, W ER

FE T (focal plane)

pFocus AAAL film eS|

————————— > 2 4

LR A

thin lens

dy

Bl 15: EBAIPLR A, Ho dy R

B, RSB A
« HR4E NDC AR 1R jitter, A pFocus ffE

o FEMLAIAE thinlens FOREE—A N, BEVLEUE ] CameraSample H1HY lens, YR75
FESE A AEBEE b, LS N SE A T BEHL R RE Y 2 4
o DA thinlens FHRAE S M S, 8] pFocus I BIAYEER ) (R ERICH
Attt B ARR)
SISEER G, WA examples/cornell-box-dof /E NS Ete A TIEYY, 1RIFHE
53] A SRSCRE e E,, Hgs T :
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Kl 16: SEElm, 2 AlFAIPLEY focalDistance ZHURE Y 5.7 Al 6.5 AYZER, W LA 2 AI#H R AR
TESERIR IR L, MR REFE KI5k L.
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10.

2

2

. I L)
iR & thse
Update : 2026-4-13, Bl PR A [R5 DA 9 1 17 AL

XTI SRR AR bR A 2 AR BRI 24, B ™R S B =0 PBRT-v4
Applying Transformations—35H{# A, Bl toWorld i ¥4 ¥, ixX
TR RENS BT AL BN RN ) scale (BPWTASIRI T W 4O R BR80T, 51ER
EEARE) o BT H IR AR Sc R, HAT cube i 1 iXFh scale, {H
cube [f] normal fEZBfb gl 1 rotate (BAEMI cube 5284k -
PE) .

o T Bt A8, A Transform ZEH Y inverseRay AR, FRATAISEILH

// Transform.cpp : 89 line

pan—

Ray Transform::inverseRay(const Ray &ray) const {
Point3f origin = ray.origin;

Vector3f direction = ray.direction;

vecmat::vec4f o{origin[0], origin[1], origin[2], 1.f},
d{direction[0], direction[1], direction[2], 0.f};

o = invRotate * invTranslate * o;

invRotate * invTranslate * d;

o /= ol3];
origin = Point3f{o[0], o[1], o[2]};
direction = Vector3f{d[0], d[1], d[2]};

return {origin,direction,ray.tNear,ray.tFar};

A PAE B B RE R AL T A T rotate FI translate A, HR
RAETHAES L Cube e}, FEIALH T Cube HIHTIL

// Cube.cpp : 6 line
Cube::Cube(const Json &json) : Shape(json) {
// CubeZ A £ H & fLF (0, 0, 0)4, &K #2HAABB, H R T I # it transformif ¥
boxMin = Point3f{-1.f, -1.f, -1.f};
boxMax = Point3f{1.f, 1.f, 1.f};

// 4 # AABB

for (int i = 0; i < 8; ++i) {
Point3f p;
pl0] = (i & 0b100) ? boxMax[0] : boxMin[0];
pl1]l = (i & 0b010) 7 boxMax[1] : boxMin[1];
pl2] = (i & 0b001) ? boxMax[2] : boxMin[2];
p = transform.toWorld(p);

for (int j = 0; j < 3; ++j) {
boundingBox .Expand (p) ;
}
}


https://pbr-book.org/4ed/Geometry_and_Transformations/Applying_Transformations#Normals
https://pbr-book.org/4ed/Geometry_and_Transformations/Applying_Transformations#Normals
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20 // ERHEE, FAAABEERBLARRN T AN, B E 2 X boxMinfiboxMax # scale i {f
21 Matrix4f scale = transform.scale; //!iX 2

2 vecmat ::vec4f min{boxMin[0], boxMin[1], boxMin[2], 1.f},

max{boxMax [0], boxMax[1], boxMax[2], 1.f};

4 min = scale * min, max = scale * max;

min /= min[3], max /= max[3];

boxMin = Point3f{min[0], min[1], min[2]};

7 boxMax = Point3f{max[0], max[1], max[2]};

0%
[

MO N NN N NN

R —ANs P L, S EEA 1 LT g BE AT shape ) scale i) -
HMFATEAE T labl-test-disk i3, fJ5—4> disk B scale. i, HHj
T Cube (HEZEHELALH), AWK scale 1 transform, FLlE T X5 B
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