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Annual glare is a compact-source problem

DGP; 1 =5.87 X 107°E, ; + + 0.0918Ioglo<1 + %) +0.16

r’r

SATURATION TERM CONTRAST TERM a Viewpoint V1 b Viewpoint V2

Vertical eye Localized glare sources
illuminance
Broad-field accuracy and total Peak luminance - visible solid angle
flux are important. - Guth position
2 2 Every annual state needs a
EV L Q / P directional field for each observer.

Preserving luminous flux is not enough: source luminance and angular extent must also be preserved.
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Mainstream approaches to annual daylight-glare analysis

STATE OF THE ART

/ SIMPLIFIED / SCREENING

classes.

Limitation

\_

llluminance- or class-based methods
DGPs - adaptive zones - GLANCE-type workflows

strength Very fastannual and spatial screening using Ev or glare

Limited source luminance, solid-angle, and position
information when contrast dominates.

©

/

OARSE MATRIX / IMAGELESS

Low-resolution directional methods

Jones dcglare and related matrix workflows

Strength Reusable annual matrices provide excellent computational
efficiency.

Limitation Compact sources may be smoothed, and redirected light

k cannot be considered.

)

DAPTIVE RECONSTRUCTION

!

\_

Adaptive luminance-field methods

Raytraverse

Adaptive directional and solar sampling avoids a uniformly
dense image grid.

» Repeated refinement becomes costly for sharp TensorTree
peaks, many solar positions, and many views.

* ltis difficult to catch the very small light source such as specular
reflection light /

Strength

Limitation

Complementary CFS source treatments: high-resolution BSDFs - photon mapping - data-driven BSDFs - peak extraction

Representative literature: Wienold 2009; Jones 2019; Wasilewski et al. 2022; Geisler-Moroder et al. 2021; Ward et al. 2022. 3



Study objective and contributions

EIGCM keeps broad sky and interreflected transport on MF1 window patch, while reconstructing

high-intensity compact solar sources only where their physical angular structure matters.

/c Source-specific \ / Matched subtractioh

reconstruction and replacement

Dedicated solvers for finite Remove each explicitly
solar disks, reconstructed source from the
transmission/refraction lobes, MF1 field before adding its
1R—-2R mirror images, and resolved contrast and
BSDF/aBSDF peaks. illuminance.

N / = /

Resulting principle: adaptive resolution by source physics, not by a uniformly dense angular grid.

EIGCM - Radiance Workshop 2026 4



Unified EIGCM reconstruction

tot, rep, c
Gi,t= zcg,t[l.o C,’t—l.;?'_'t]+G lt+Gd/lt+Gmlr1t+GBSDFlt
1

(a D (a 0

/ MF1 - replacement \ / directlobecontrast \ / specularcontrast \ m dcglare2

Final
contrast
numerator

Residual MF1 —> | Finite solar disk+ |[— 1R-2R mirror — BSDF —
background lobe sources peaks

\_ /L 2N /U ) Y,

Complete coarse field — matched coarse source + resolved source once

The operator ¢ maps the residual MF1 luminance distribution to the DGP contrast numerator.
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Annual multi-view EIGCM workflow

€ COMMON ANNUAL PREPARATION

1 . . .
3~- Weatherand & Scene octrees c Viewpoints and HE Window-group
~ - - -
(fj) annual Sun records — /-\ view directions Bl  fames
o MF1 COARSE FIELD o directlobecontrast o specularcontrast o ttsuncontrast
1. Vtotal and Vreplacement Visible or undeviated solar One- and o Near-through/redirected
® 80080 . windowgroup N | disk two-reflection ideal/rough- S, peak BSDF/aBSDF
® ® ® ® ® 3 ynion of view-visible Transmission/refraction lobes specular solar images 7Q~' transmission peaks
® ® ® ® ® direction bins - = -~ :
® ® ® ® ® 3.Dtotal(-ab 5) on active bins ’ Outputs Outputs Output
® ® ® ® ® 4.Dreplacement(-ab 0, Solar-disk and direct-lobe Mirror-source DGP contrast
5"::;?;?":;::::;':3’ ¥ DGP contrast contributions a Mirror-induced vertical eye BSDF/aBSDF peak DGP
: Direct-Sun vertical eye illuminance (Ev) contrast contributions
| I\ illuminance (E,) J N J L )

v h 4

e ROUTE-SPECIFIC RECONSTRUCTION

Geometry: coarse total - direct non-diffuse + Sun + direct lobe + mirror

BSDF: coarse total - non-diffuse MF1 direct BSDF + through/redirected peaks + mirror
aBSDF: coarse total - non-diffuse MF1 direct aBSDF + redirected peaks + Sun + mirror

Add global explicit contributions Evaluate annual DGP
Assemb.le by int o - Add each global explicit contrast / Evaluat L DGP without
( grt:lut;f, viewpoin - matrix once. -H\E}aﬂqa e annua; GP withou
andtime. - Combine with route-specific vertical . ' Image rendering.

eye illuminance.

Four parallel source routes are assembled by group x viewpoint x time without rendering annual HDR images.




directlobecontrast: finite solar disk and transmission-lobe reconstruction Ll

Visible or undeviated transmitted solar disk

fo A i (- Visible fractionand ) _ [ AN,
Solar-disk samplin T ; # 9 Average solar-disk luminance # o Contrast contribution ‘
piing visible solid angle 8
N g)lft Esy ( )
foit= 5 Lo, = Ot If L, exceeds the
A ‘ g = A7
samp,i,t 2735, max(0,v,, - dg,) glare-source threshold
vis  _ e — ——c
Roit = foir Lot 3 &
Total samples Hit samples .29
: ";6"0 o™ : Ao o 2 vis
__-"‘0 oo0o0 o"~\l o 00 x _ LO'E'C QO,{,I,‘
iooooo;#{.xo .o:_i GO,E,E_ >
. 0040 O @ . X 0 0 O X/ PG)'
\ ,- . it
TR : . : Q0 Rl
0 Equal-weight samples over T
; solar disk ;
S e s Ngl'tr:'t: number of equal-weight
Radiance contribution calculation in solar-disk samples that reach the ® P+ Guth position index from
; ; ; hysical solar source the solar direction relative to
irradiance mode (equivalent to Y Convert vertical eye illuminance Eg, ; » Rissiwdbsetiof
rcontrib -l+) gi\a’eS solar vertical ® Nsampji,f: total number of samples to average luminance over the visible
eye illuminance E, ; ;. e g, solar-disk solid angle solar disk. . (’ca,.-{: DFiP contrast
. ' contribution
e 4 S 7 % o

Sample visibility determines 2"'S; gives average source luminance; if bright enough,

the source contributes G, ; ; to DGP.




directlobecontrast: finite solar disk and transmission-lobe reconstruction Ll

(a) Material-informed (b) Coarse observer-direction (c) Adaptive refinement (d) Source grouping and
directional proposals sampling near the lobe final contrast contribution
Solar disk ’ Observer hemisphere ’ Zoom on region containing ’ ‘ Cells with L > 2000 ¢d m~2
(outside) (Shirley—Chiu equal-solid-angle map) the transmission lobe are grouped into source s.
Proposals of
tra.nsm'itted +z (up) Sun path Source s;
directions (solar disk)
(solar-disk based) > Refine a cell
,ﬁ into
. ud 4 children Source s, |
Inside .
i) (optional) ‘
Directionally s +X ;l
t itti
‘;?:dsx !mg Nominal ElM Source area () is the union
material (RN . .--- > >transmitted = F13 of highlighted adjacent cells.
/.' direction , A ) " N |
/ ( Refine when: - | Physical glare-source solid angle ‘
A —z (down) « luminance near / above glare threshold comes from afihntfvely refined
/ : - 9 . \ « strong gradient between neighbours | observer-direction cells,
Observer / [C] Cells containing or neighbouring ' s. j o _di
% viewpoint a proposal (candidate cells) » high variance among siblings L not from s<_>lar disk samples.
D Other coarse cells S ASSVE R A PI'OPOSEI Solar disk Transmission lobe |
For trans / trans2: transmitted direction; b large uncertainty in accumulated | angular size) (angu|ar extent)
: P . : : -- le ray (observer - window — sun) | contrast term
For dielectric / interface / prism1 / prism2: > Example ray A [\ ) <
Snell-based proposal. : & R ¢
P ra;traci;d s | Retain sun-driven non-diffuse transmission; | Spatial extent is resolved in | Lobe may be much broader
actual validity and magnitude. exclude mirror and XML-BSDF paths. ) the observer-direction domain. than the solar disk.
‘\ v S s £ B s ik E——
= | o S | i
==p Incident rays / === Observer hemisphere grid === High-luminance lobe / L : Luminance (cd m~?) |
proposals (equal-solid-angle) refined cells P : Projected distance (m)
(solar-disk based) Q : Solid angle (sr) \

Material physics proposes candidate directions; Radiance determines the actual lobe, and adaptive observer-direction cells determine its physical solid angle.




specularcontrast: first- and second-order ideal reflections

e

mir

drlnfr = ds = z(ds ; nl) ny }

[ @ =R (Re@)) ]

{ drm'r‘ 5 vijt < 0 ‘

Reflection about unit normal n:

R,(d) =d —2(d-n)n

Two successive reflections:

apply reflection operations in reverse

order from Sun toward observer.

9 Luminance conversion and solar-disk representation

RGB radiance - photometric luminance |

Lyir = 179(0.265074R + 0.670115G + 0,0648118)|

Solar-disk sampling

o I

e e e e Equal-solid-angle
o wpe e samples resolve
Sur 8 SSRhwen) partial obstruction.
o I S S

Let M, ; be the set of validated reflected-
solar directions (candidates), and ‘D(Z),t the
set of solar-disk samples.

Do,
dm:‘r € Ml'.t i

’ S
* e 80
.

-=---# Surface normal

Reflected directions outside the
front hemisphere of the view are
excluded.

* Predicted directions used only
to find possible images.

Obstruction, visibility, material
response, shading-normal
perturbation, and luminance
determined by ray tracing.

Radiance extended to distinguish
specular (1 or 2 reflections)
from diffuse / other interactions.
Accept only paths that reach the
assigned solar source through
the required specular sequence
without diffuse interaction.

o First-order reflected direction e Second-order reflected direction 9 Front-hemisphere test o Radiance evaluation and filtering

Efficiency strategy
4 4. .. Use a small number
L T of preliminary solar-
. disk samples to reject

negligible directions.

. . Perform full solar-disk
integration only for
retained directions.

Include nearby annual
solar positions within
angular tolerance to
avoid missing narrow
images.

; 0 Ideal-specular contrast contribution

p.nit
2
GE = Lp,n.i,r Q@m
s P2 * Qon
. p.n,it
pEMLt ?’lGI)O,t s P
| pnit

|
‘ e EnEDGII

Eq. (22) accounts for partial obstruction and

avoids treating each solar-disk sample as a I °

complete solar source.

: luminance returned for disk

sample n of candidate p

. solid-angle weight of sample n

. Guth position index (relative

to vl-‘t)

Qon = Qo

Samples with Lp,n.:’.r < Ly, are

I excluded from the sum.

i
v

- Solar ray / disk sample

Path search is separated from annual solar evaluation; the same validated samples provide both contrast and mirror-induced vertical eye illuminance.

—p Reflected direction

=== Reflecting surface

g Observer

METHOD



specularcontrast: first- and second-order rough reflections

Predict reflection e Define sampling cap 9 Adaptive sampling o Overlap-corrected 9 Group samples into
directions around prediction in the cap solid-angle weight complete sources
Given Sun direction Angular radius: Sample the cap using For a sample direction w Samples with luminance
and reflection order N,., oo e i o \/EV— Shirley-Chiu mapping covered by cap set C, : > Ly, are connected
predict ideal reflection QDN aun 8 and equal-area projection. ~ - into sources.
direction. Qw
AQy, = ————
= STl
' k€Cy Qk
Predicted
direction Q. : solid angle of cap k
Ny, : sample count in cap k
e Start with coarse samples For source s,
e | Ogun : solar disk radius * Refine where luminance is high, compute solid angle €2,
varies strongly, near threshold, :
O:tder Nn v o : Radiance roughness P ddﬂed e S l“"t’":_a“cz 'L;st’_ a"dd
(1 or 279) | N, : reflection order * Use full fine sampling if source S gl ol
) | is large, hits boundary, or (Iur.mnance— and 'solld-angle-
) % SN > J = /
il iz = e
o Source properties o Contrast contribution 0 Outputs
Solid angle: Mean luminance: Guth position index: « Contrast contribution C, of each source
0 = E AQy, L, = Lwes Lo AQy  mp Gs = G(d,) (from dg relative to viewpoint) * Mirror-induced vertical eye illuminance E7*""
wEs Q Rough-specular contrast: i (using the same samples: L, AQ,,, projected cosine)
5 e T e 7 c 120, P : projected distance ‘ |
irection dg : luminance- and solid-angle-weighted centroid. = — . : = =
;i *T p2gG, iSpols toscures) L Annual DGP (contrast + illuminance)
. b S S B P

Path search is separated from annual solar evaluation; the same validated samples provide both contrast and mirror-induced vertical eye illuminance.
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ttsuncontrast: compact BSDF and aBSDF transmission peaks

s \: rd e T
o Define local BSDF Transform solar disk 9 Remove Lambertian
coordinate system to local incident directions component | with Radiance BSDF
For each fenestration group, At solar time step t, sample Exclude Lambertian For each w;, sample N, outgoing
use room-facing normal n finite solar disk (N; directions). transmittance (remains in MF1). ‘ directions w, according to the
and BSDF up vector u Transform to local BSDF Non-diffuse BTDF for peak non-diffuse directional
to define local axes. coordinates to get incident reconstruction: transmittance.
u directions w;. ¢
A = =p i
fnd(uhaﬂuo)‘—
| 71, (ws)
! L: o) - =
‘JT J
. 3 4 fra © complete BTDF
- / T : Lambertian transmittance
Local axes: Incident directions: w; m  : hemispherical reflectance | Importance sampling; directions with |
T XN Y= X2, 2 =N (=il NG of Lambertian higher transmittance get more samples. |
AN el o AL S

L, AQ
Ly (w,) = =22 Y f4(wisu,) cosd;
N,
(] Wi
Ly : solar luminance
Afdgyn : solar-disk solid angle
Ny;  : number of sampled
incident directions
0; : angle between n and w;

vl b1l
‘o Sample outgoing directions . 9 Outgoing luminance per direction

The transmitted luminance in
outgoing direction w, :

(local space)

¥

| 0 Outputs

Solid-angle weight of o Integrate outgoing luminance distribution

sampled outgoing direction
| For a total of N,, outgoing samples,

Use transmitted luminances and their solid-angle weights
to integrate the outgoing luminance distribution.

n No

out = z Z Lf. (L‘*’f)

i=1 j=1

| the solid-angle weight of sample j: =

Tnd (Wi) - and redirected)

| AQLJ: e Ty s
| " Ny fualwi, ) /]/ [\

I‘ \ « Directions with high transmittance — more samples

AR,

+ Used for glare evaluation, DA, and
other downstream metrics.

(smaller solid-angle weight per sample)

Trna(w;, w;) : non-diffuse directional L =k L
5 e T, i = Accurately resolves multiple transmission peaks
transmittance in direction w ~s g i
= without HDR images.

BSDF-guided importance sampling resolves multiple peaks without HDR images; outgoing directions, luminances, and weights are reused across viewpoints.

* Outgoing luminance distribution L, (w,)

+ Compact transmission peaks (near—undeviated

METHOD
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Test model and viewpoint sampling

a Spatial distribution b Three-dimensional context
: N
ol :' ° ° . ® ° . N . ° + Ny - W
. . ] . . ] [ . . . [ e . L "
* ° ° * . ) ° . . . ° B .
O - L L v . . bt s = e ¢ Sampling geometry Eight directions per paint
ag®
* ' 1 Viewpoint height
. ] [ ] [ . ] . . . .
| i 180° o
. . [ ] . . . . . . . L] z=130m !
i @ Viewpaints {n = 65) !
[
floor 2707
7 = 457

65 x 8 = 520

locations horizontal directions viewpoint-direction combinations

VALIDATION

a Viewpoint V1 b Viewpoint V2

Representative annual views V1 and V2

1.30 m 0.5m

eye height horizontal grid

Weather: Shanghai - full annual validation at V1/V2 - multi-view HDR reference on 21 Mar, 21 Jun, and 22 Dec

EIGCM - Radiance Workshop 2026
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Four fenestration systems stress different source types

Outgoing hemisphere - Conditional TensorTree

a West-facing window blind b South-facing window blinds slice
18 horizontal metal slats; embedded within the window reveal 20 slat levels per window; two adjacent window openings
| Incident hemisphere - Shirley—
—| Chiu
1400 mm VYV — 1500
«<—2000 MM——> «—1630mMMm——>  '«——1635 Mm——>'
c West blind section d South blind section
Glazing Room side (interior) Glazing Room side (interior)
Slat width (chord) \ Slat width (chord)
\ c=75mm \ c=75mm
\ p=75mm \ p=75mm
\ centre-to-centre spacing \ centre-to-centre spacing
\ 0 =-45° \ 0=-30° Theta 34.8° - Phi 90.0°

Shared geometry: ¢ = 75 mm (slat width); p = 75 mm (vertical centre spacing)
Slat thickness is exaggerated for visibilty; the Radiance polygons are planar.

Specular Venetian blind geometry PDRF conditional TensorTree distribution

Theta 50.1° - Phi 143.3° - BSDF 0.0282 - level 3

Specular Venetian blinds r;élsiggzgzrdayhght Electrochromic glazing Blinds + frosted glazing

Concentrated and redirected Darkest state: 1% visible Coupled mirror reflection and rough

Directional solar reflection from slats : o
TensorTree peaks transmittance transmission

C1: mirror sources - C2: BSDF peaks - C3: low-transmittance saturation regime - C4: specular + finite rough-transmission lobe

Blind settings: RGB reflectance 0.70, specularity 0.21; west slats —-45°, south slats —30°.

EIGCM - Radiance Workshop 2026 13



Reference, comparison methods, and evaluation metrics

REFERENCE COMPARISONS TASKS

rpict + evalglare — Jones dcglare — 2 annual representative views

Annual HDR fisheye

renderings Raytraverse Balanced / High 520-view spatial data set

CONTINUOUS AGREEMENT GLARE-EVENT PERFORMANCE

° MAE — typical error ¢ Recall and precision at DGP = 0.38
® RMSE — large deviations ¢ F, emphasizes missed glare events
® MBE — systematic bias ¢ 95th-percentile absolute error
® cccandRz— agreement ® Stratified error by DGP range

The evaluation tests both ordinary agreement and rare high-glare failures.

EIGCM - Radiance Workshop 2026 14



C1 - Specular Venetian blinds: two-view annual results

RESULTS

Jones dcglare

a EIGCM (MF1) (LL correction off)
10 ]
Method MAE RMSE CCC F2 score y = 0.998x - 0.002 y = 0.882¢ +0.029
R2=0991 R2=0799
08l MAE=00071 | MAE=0.0367
1 RMSE =0.0190 RMSE = 0.0910
MBE =-0.0031 MBE = -0.0093
o CCC=0.995 CCC=0893
Qs ]
3
‘EIGCM (MF1) 0.0071 0.0190 0.995 0.983 2. /
£ X 4
02
00 . : : . . ! ! .
HDR/evalglare DGP HDR/evalglare DGP
Jones dcglare 0.0367 0.0910 0.893 0.959
Raytraverse balanced Raytraverse high
10 ]
y=0923x+0.023 y=0921x +0.027
R2=0.834 R2=0.836
08l MAE=00227 | MAE =0.0204
®1 RMSE =0.0828 RMSE = 0.0823
MBE = -0.0014 MBE = +0.0021
5 CCC=0913 CCC=0914
Raytraverse balanced 0.0227 0.0828 0.913 0.950 %“ 1
£
B o4
o
02
Raytraverse high 0.0204 0.0823 0.914 0.975 R Y SR — Y

HDR/evalglare DGP

HDR/evalglare DGP

C1SVB

Event detection (Recall / Precision): EIGCM 0.983 / 0.982 - dcglare 0.980/ 0.883 - Balanced 0.946 / 0.967 - High 0.978 / 0.962

EIGCM gives the smallest errors; higher Raytraverse sampling improves event detection but not the large-error tail.
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C2 - Prismatic daylight redirector: two-view annual results

RESULTS
Jones dcglare
a EIGCM (MF1) b (LL correction off)
Method MAE RMSE cccC F2 score 10y .
y = 1.024x - 0.009 y=1.029¢- 0.025
R2=0997 R2=0973
MAE = 0.0088 MAE =0.0219
081 RMSE=00149 RMSE = 0.0419
MBE = -0.0000 MBE =-0.0136
o CCC =0.998 CCC =0.984
Qo6
‘EIGCM (MF1) 0.0088 0.0149 0.998 0.982 2.
go
02
00 -
0.0 02 04 06 08 10 0.0 02 04 06 08 10
HDR/evalglare DGP HDR/evalglare DGP
Jones dcglare 0.0219 0.0419 0.984 0.944
c Raytraverse balanced
y=0.980x + 0.005
R2=0976
MAE =0.0156
RMSE = 0.0353
MBE =-0.0027
CCC=0.988
Raytraverse balanced 0.0156 0.0353 0.988 0.963
0.0 0.2 0.4 06 038 10
Not evaluated n/a n/a n/a n/a HDRlevalglre DGP

C2 PDRF

Event detection (Recall / Precision): EIGCM 0.980 / 0.989 - dcglare 0.932 / 0.996 - Raytraverse balanced 0.963 / 0.966

EIGCM - Radiance Workshop 2026

The broad TensorTree peak is comparatively forgiving, yet EIGCM retains the best DGP agreement and F2 score.

16



C3 - Electrochromic glazing: two-view annual results

Jones dcglare

a EIGCM (MF1) b (LL correction off)
Method MAE RMSE ccc F2 score 067 y= 1.044x- 0007 1 y=0125+0.134
R?=0994 y R?=0034
051 MAE =0.0008 ¥ | MAE=0.0170
RMSE = 0.0047 RMSE = 0.0580
MBE = +0.0004 7 MBE = -0.0145
8 044 CCC=099% 1 ccc=0.163
a V
3
‘EIGCM (MF1) 0.0008 0.0047 0.996 0.991 g”
& g2 S B
0.1 -
0.0 : . : : .
HDR/evalglare DGP HDR/evalglare DGP
Jones dcglare 0.0170 0.0580 0.163 0.000
c Raytraverse balanced d Raytraverse high
081 y =1.010x - 0.001 1 y=1.014x-0.001
R2=0.948 R?=0.951
051 MAE =0.0021 1 MAE=0.0021
RMSE =0.0122 RMSE =0.0119
MBE = +0.0012 MBE = +0.0014
& 044 CCC=0973 1 ccc=0.974
Raytraverse balanced 0.0021 0.0122 0.973 0.970 S
ko 0.3
2
8- 021
0.1
Raytraverse high 0.0021 0.0119 0.974 0.973 005 2 0 7 00 2 0 7
HDR/evalglare DGP HDR/evalglare DGP

C3 ECG

Event detection (Recall / Precision): EIGCM 1.000 / 0.955 - dcglare 0.000 / 0.000 - Balanced 0.974 / 0.953 - High 0.978 / 0.954

EIGCM preserves the low-transmittance response; Jones dcglare misses the ECG glare events in this case.
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C4 - Specular blinds + frosted glazing: two-view results

Method MAE RMSE CCC F2 score
‘EIGCM (MF1) 0.0073 0.0245 0.992 0.973
Jones dcglare 0.0362 0.0913 0.891 0.960
Raytraverse balanced 0.0213 0.0827 0.912 0.955
Raytraverse high 0.0203 0.0835 0.910 0.968

g
=3

Predicted DGP
2

I
[N

e
o

EIGCM (MF1)

y =0.992x - 0.001
R?=0.985

MAE =0.0073
RMSE = 0.0245
MBE =-0.0039
CCC=0.992

Predicted DGP

I
~

I
[N

e
o

" HDRlevalglare DGP

Raytraverse balanced

y =0.925x +0.026
R?=0.833

MAE =0.0213
RMSE = 0.0827
MBE = +0.0016
CCC=0.912

o
o L
S

0.2 04 0.6 08
HDR/evalglare DGP

1.0

o

C4 SVB-FG

RESULTS

Jones dcglare
(LL correction off)

y =0.888x + 0.026

R2=0.797

| MAE=0.0362

RMSE = 0.0913
MBE =-0.0103

CCC=0.891

' HDR/evaIglaré DGP

Raytraverse high

y=0.916x +0.027

R?=0.828

| MAE=0.0203

RMSE = 0.0835
MBE = +0.0003

CCC=0.910

02 0.4 06 0.8
HDR/evalglare DGP

Event detection (Recall / Precision): EIGCM 0.970/ 0.985 - dcglare 0.974 / 0.908 - Balanced 0.963 / 0.926 - High 0.969 / 0.967

EIGCM - Radiance Workshop 2026

EIGCM best resolves the coupled mirror-reflection and rough-transmission source family.
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Spatial robustness over 520 viewpoint—direction combinations

a  Spatial distribution b Three-dimensional context

L 4
. e g C1-SVB 0.0066 0.0179 0.995 0.928
: &
° T * € Sampling geometry Elgh‘mfectg\ggs per point

C2 - PDRF 0.0075 0.0150 0.997 0.959

65 locations x 8 directions
C3 - ECG 0.0008 0.0053 0.996 0.996

Aggregate EIGCM range
e C4 - SVB-FG 0.0055 0.0137 0.997 0.960

RMSE 0.0053 - 0.0179

The representative-view advantage was retained spatially; EIGCM had the
narrowest typical and upper-tail errors in all four cases.

EIGCM - Radiance Workshop 2026 19



Computational efficiency: strongest gains for TensorTree and multi-view analysis RESULTS

520-view computation time (minutes)

o
D
o

120

Bl EIGCM B Raytraverse Balanced

EIGCM - Radiance Workshop 2026

180

240

300

Single viewpoints

1.17-7.52x% faster

than Raytraverse Balanced

Why C2 benefits most

® TensorTree loaded and cached
once

® Only active solar peaks are
sampled

® View-independent BSDF work is
reused

dcglare was fastest, but accuracy was not

reliable when compact-source contrast
dominated.

20



The methods fail in different regimes

Predicted normalized contrast, Z

i
=

0.2+

EIGCM (MF1)
Zrer < 0.5 (common-filtered)

n=31,504

v =0.674x - 0.0074
RZ=0791

1 MAE =0.0482
RMSE = 0.0846
MBE =-0.0476
CCC=0.803

o
w
g
3 e
hY

AY

\

AN

0.1
o
T
g ¢
0.0 - - T . !
0.0 0.1 0.2 03 04 0.5
HDR/evalglare normalized contrast, Z
EIGCM (MF1)
c Zrer = 0.5
,
n=15654 Vs
y = 1.067x-0.1388 2%
44 R?=0884 s
MAE = 02782 5
N RMSE = 0.4620 ’
> MBE = -0.0268 7
2 €CC=0.933 ,_/
52 /
-l
L5
N
T
E
2 27
k=]
£
° '}
9 ’
o
o 1_ ’I
7
v/
A
{4
,I
8
’
0 . . . .
0 1 2 3 4

HDR/evalglare normalized contrast, Z

b
051
n=31504
y=0.915x + 0.0034
RZ=0892
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The low-contrast row retains the comman sample set for which both predictions are below 0.5; the high-contrast row includes all valid samples.
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DISCUSSION

INTERPRETATION

e Raytraverse is strong for broad, smooth,
low-contrast distributions.

Its main weakness here is a small number of
large tail errors when compact sources are
smoothed or missed.

e EIGCM is strongest when compact
sources make the contrast term large.

e lts MF1 background can be less accurate
for broad, smoothly varying contrast.

dcglare can perform well when Ev and the
saturation term dominate.
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TensorTree cost and current method boundaries

CURRENT BOUNDARIES

e Explicit mirror paths are limited to selected first-
2,548 2,695 and second-order reflections.

[ Klems I TensorTree
Raytraverse stage-resolved computation time

e Diffuse effects and higher-order specular
transport remain in the MF1 field.

Wall time (s, log scale)

e A small number of C1 multi-view glare events
were still missed.

Scene Sky Solar Annual Total )
setup sampling sampling evaluation e The 520-view HDR reference covered three

representative days, not a full year.

Total runtime: Klems = 131.1 s; TensorTree = 2695.4 s (20.6x%)

EIGCM efficiency comes from cached optics and targeted solar-

Raytraverse total runtime: Klems 131.1 s — TensorTree 2695.4 s (20.6x) peak svaluation, not from approximating every interaction

EIGCM - Radiance Workshop 2026 22



BACKUP

Why TensorTree increased Raytraverse runtime

20.6x TOTAL RUNTIME

° Klems: fixed matrix-index lookup.

[ Klems B TensorTree

Raytraverse stage-resolved computation time

2,548 2,695

e TensorTree: hierarchical variable-
resolution traversal.

e Adaptive sky and solar sampling repeat
many BSDF queries and ray traces.

Wall time (s, log scale)

Annual Total ® ttsuncontrast caches the BSDF and samples
only active non-diffuse solar peaks.

Sky Solar
sampling evaluation

Scene
setup sampling

Total runtime: Klems =131.1 s; TensorTree = 2695.4 s (20.6x)

BACKUP - TensorTree runtime



Conclusions AKEAWAYS

1. EIGCM achieved the best balance of accuracy and efficiency. It showed the closest agreement with
the reference and reduced errors for compact glare sources. dcglare was faster but less reliable when
contrast dominated DGP.

2. Raytraverse was much slower for TensorTree BSDFs, especially in multi-view analysis, due to
repeated adaptive sampling and ray-tracing evaluations.

3. The performance of dcglare depended on the dominant DGP component. It performed well when
vertical eye illuminance dominated, but was less reliable for compact, contrast-dominated glare sources.
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Thank you 9

Questions & discussion

Yongging Zhao

Radiance Workshop 2026 Backup slides follow
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