Gradient-Domain Path Tracing

Markus Kettunen
Marco Manzi
Miika Aittala
Jaakko Lehtinen
Fredo Durand
Matthias Zwicker

Aalto University

University of Bern

Aalto University

Aalto University and NVIDIA Research
MIT CSAIL

University of Bern

To appear in ACM Transactions on Graphics (Proc. SIGGRAPH 2015)

CGRAT DR & 32 2015
2015/07/26



Introduction



Introduction

L > &) > 7 HFER [Kajiya 1986]
L > 2 1B BB AR

LZ @) = L%, @) + j £(23,0) - Li(Z @) - cos Odu(a)
Q



Introduction

C ATSAULYRYY

TR

LG &) = L, (% @) + j (23 ) Li(Z @) - cos Odu(a)
Q



Introduction

« FTTAVLA ML=V ITFRIHZEFET S
« Unbiased%

Metropolis Light Transport
[Veach and Guibas 1997]

Figure 6. A sample image. All objects are neutral grey. Color on the objects
is due to caustics from the green glass balls and color bleeding from the base
polygon.

(a) Bidirectional path tracing with 25 sam- (b) Standard path tracing with 56 samples per

Path Tracing [Kajiya 1986] ples per pixel pixel (the same computation time as (a))

Bi-directional Path Tracing
[Veach and Guibas 1994]
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Progressive photon mapping

Photon Mapping [_jensen Progressive Photon Mapping [Hachisuka 2008]
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e 3 " ; PSSMLT (RMSE: 0.073906) Original MLT (RMSE: 0.042226) MMLT (RMSE: 0.041381)
Monte Carlo Path Integratiol MSE: 0.07836 Photon Density Estimation (RMSE: 0.04638 Unified Framework (RMSE: 0.01246
Vertex Connection and Merging [Georgiev 2012] Multiplexed Metropolis Light Transport
Unified Path Space sampling [Hachisuka 2012] [Hachisuka 2014]
Photon Mapping Metropolis Light Transport
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Bi-directional Path Tracing Bi-directional Path Tracing
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« Gradient-Domain Rendering

Coarse image Lo (OURS) Gradients (OURS) Lo (GDMLT) Gradients (GDMLT)
Improved Sampling for Gradient-Domain Metropolis Light Transport [Manzi 2014]
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"Metropolis light transport is notoriously hard to implement, however, and to the

best of our knowledge, Mitsuba [Jakob 2012] is the only publicly-available
implementation of Veach’s original algorithm [Veach and Guibas 1997].”
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Symmetric Gradients [Manji 2014]
Bug = (ha) [ 1) = Tl [T5] d0(p) ) 20

= (1) [ g (e.p)u(p)) (20 @

\ 4

.ﬁg;:j == h(i‘-) *

(
(-

wis . p)gij(-.r,ﬁ)cw)) (20)+

ST T

'wjfs,(il’aﬁ)gji(;ﬂsﬁ)d#(ﬁ)) (25)




2 Shift Map

Ti; (Q)



1547 &0 % Shift Map
4 Tij ()




2 Shift Map

|——-——-
l

Ti; (Q)



2 Shift Map

|——-——-
l

Ti; (Q)



S N =
LD E kK
luLLBéj\ZEFEﬁQA - -QB

° Tl]b§%$égczcié\$%jczﬁéo
%EL:%EH—%O (g\\j\jl/jj '7 >/ I\ L/—Z L/i :) @—Z\WU C‘:W]l—(\\%-&’?‘,jw—)

TNLNDZEREOR
« FRIADADINMANCTE B,
Non symmetric

HRLN\TTD
IZIB]] :I:FIEﬂQO . . . _ N
SR ADODORAICE LN T D REHFITR S EWOERDZE/—,
Non invertible
h(x) :fc/ l{.’ij(ﬁ.’-.p)gij(;1‘.?)(],(!-(13)) (x:)+
Q

h(x) x/ u..'-j.?;(;r_‘..f))gj.i(;r.f))d,u.(j__))> (x5).
Q



Non symmetric7x84&

—

A=

‘ Base Path

i—

2D

TCIR



Non symmetricZx 8482 D1

- /

Offset Path

Tij ( JCIR

A=

/ Offset PathHA 7 0w 7 TN B!
Z DK S 7EPathld@E DPath Tracing TH > 1) > 7 EnEW0
=QlcgEnizy



Non invertible/z &= DA

JEHT



Non invertibleZs 522D

_ Offset Path
A=

(" T;;

JEHT

BT HPathZShift LTciER. 2R LTcET 5,
PR LIcEREwShift L CHARARE L TRITDE X,



TVDEPR

HAM|IIEBICgZFTHMIT 5
Qan QB%*L%TLODJ:T% Nl LIRS (DT ’30)7’|tE I18)
Non symmetricfZ > fc ¥ Non invertiblefZ o o ) 9 255 & dw; = 1&£ LT
TA— =8 T 5

A= (h.(il‘-) :if:/ 'i‘_{..‘ij(il‘-‘f))gij(;11}3)(]_&(}3)) (z4)+
2

(h.(:r.) :1':/ -uﬂji(;znf))gji(;lnﬁ){lp.(ﬁ)> (x5).
2



SH DT

«  Multiple Importance Sampling CE&d+ DI+

Il

Pixels, 1spp Lo rec., with MIS  L» rec., without MIS



Gradient-Domain Path Tracing



GD-PT@Shift Map

A Novel Shift Mapping for GD-PT
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Jacobians
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L1 or L2 Reconstruction
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« L1 or L2 Reconstruction
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Image Ground truth
Improved Sampling for Gradient-Domain Metropolis nght Transport [I\/\anZ| 2014]
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Implementation

100 spp Path Tracing GD-PT (L1)



