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Render specifications Creating an annual simulation

1. Select a resolution for the output image from the drop - down
list or select "Custom" and enter a custom width and height.

2. Select the render quality. (Higher quality will increase rendering
time).

Still Image Annual Simulation Animation

Resolution Render quality Simulation

High Low High &7 Plan View 3. Click "Simulate" to start the simulation process on zones.

: 4. If sensor points are imported, click "Sensor Points" to start the
Width 50 o : £ "
simulation process on sensor points.

Height m

In the rendering window

Simulate 1. Right - click anywhere on the rendered image to see a point

value or left - click and draa to see an averaae value for the




Annual Simulation

CBDM in DViz
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Methodology

4 Component Method

Daylight Coefficients
Direct Sky Direct Sun
Shadow rays Shadow rays

Luminance

Indirect Sky Indirect Sun

Photon Mapping J Photon Mapping

Sky Luminance Sun Normal llluminance

gendaymtx Perez LE [1] with 3h sma DPT

[1] Perez, Richard, et al. "Modeling daylight availability and irradiance components from direct and global irradiance." Solar energy 44.5 (1990): 271-289.



Light Transport

Adaptive Progressive Photon Mapping
combined with Bidirectional Path Tracing [2][3][4]

In-House Engine: Dali



Scene

Geometry

Imported Modelled in DViz

Light Sources

Sky Sun

Environment Light — 360x180 “Directional” Light
0.5° or 11° opening angle

Sensor Point

Plane 4x4 cm

“Intercepts” photons

Interacts with primary rays

“Invisible” to other rays




Overview: Three Stages

|. Preparatory — review of CBDM approaches (with Eleonora
Brembilla).

ll. Developmental testing of the ‘evolving’ DVIZ CBDM engine.

lll. Validation against results from the 4 Component Method using
two complex/realistic scenarios.



CBDM 4 Component Method

Use an unmodified version of Radiance (circa 199595).

Maintain the efficiency advantage of using material type 1ight.

Maintain the efficiency advantage of employing ambient interpolation &
overture calculation.

Make (independent) use of multiple CPUs.
Tested against the best possible validation dataset at the time: BRE-IDMP.

Method determines direct and indirect components of sunlight and
skylight.



BRE IDMP Validation Dataset

Krochmann
sky scanner

Building 9, BRE,
Garston, UK

Standard Radiance and 4CM (CBDM) predictions
within +10% measurements



The ‘development sheebox model

I/Z/v@)é' KEaes @‘b@/@%@@@%@

Used to deflne/reflne the DVIZ CBDM workflow
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Sensor011 [ 420 -0.80 0.80][ 0 0 1]

ILLUMINATION [ 882 kix hrs]
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The validation scenarios

Summer House — 8 zones, 3D model comprised 51,291 polygons.
IT Factory — 5 zones, 3D model comprised 2,368,382 polygons.

3 weather files —

DNK_Copenhagen.061800_IWEC
FRA_Paris.Orly.071490_IWEC
ITA_Rome.162420_IWEC

4 cardinal orientations
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CBDM Metrics

Total annual illuminance (TAI) — including the four individual components
of daylight

Spatial daylight autonomy (SDA): 300, 500 and 750 lux

Summer House:

8 zones x 3 locations x 4 orientations x 3 DVIZ quality settings
= 288 cases

IT Factory:

5 zones x 3 locations x 4 orientations x 3 DVIZ quality settings
= 180 cases



Semantics:
Relative Error / Relative Difference



Total annual ILLUMINATION Direct SUN comp of TAl Indirect SUN comp of TAI

Direct SKY comp of TAI Indirect SKY comp of TAI

klux hrs

10000 F =
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100
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Summer-House-zone04-000

Total sensor area = 3.32 m* / 7341 4CM pnts / 44 DVIZ pnts

4CM stencil method

128 x 84 pixels
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Direct SUN comp of TAl

645 klux hrs / 2146 klm hrs
Direct SKY comp of TAI

2260 klux hrs / 7512 klm hrs

Total sensor area = 3.32 m* / 7341 4CM pnts / 347 DVIZ pnts

Summer-House-zone04-100-inside
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Summer House

TOTAL All 4 Components

MBD [%] RMSD [%)

Zone  Qual | 005-045 055-095 —050— | 005-045 055-095 —050—
zone02 Q000 0.0 1.3 0.1 4.1 4.9 2.5
zone02 Q050 0.1 0.0 1.2 2.9 4.0 3.1
zone02 Q100 -0.4 09  -0.6 2.4 4.1 3.3
zone04 Q000 4.9 36  -2.8 6.7 11.8 4.2
zone04 Q050 4.5 0.3 -3.8 5.4 4.8 4.3
zone04 Q100 4.2 1.1 4.2 5.2 3.2 4.2
zone05 Q000 4.8 3.9 48 5.4 10.6 5.2
zone05 Q050 4.9 47 5.7 5.4 9.0 6.4
zone05 Q100 4.6 5.7 6.2 5.3 8.4 6.7
zone06 Q000 3.2 1.2 29 4.8 77 5.7
zone06 Q050 3.3 0.6  -2.4 4.6 5.2 3.6
zone06 Q100 2.1 04  -1.9 2.9 2.5 2.7
zone07 Q000 3.1 1.4 25 3.8 2.1 2.7
zone07 Q050 1.7 0.5  -0.8 2.0 2.7 1.2
zone07 Q100 1.4 0.7  -15 1.6 1.1 1.8
zone08 Q000 4.1 02 24 5.9 8.9 2.9
zone08 Q050 4.0 26  -3.0 4.9 4.4 3.6
zone08 Q100 3.5 3.1  -34 4.1 4.4 4.0
zone09 Q000 6.0 71 74 6.5 9.2 77
zone09 Q050 6.6 75 =81 7.0 9.4 8.3
zone09 Q100 7.0 78 -84 7.3 9.7 8.7
zonel0 Q000 3.9 38  -1.6 45 9.5 2.4
zonel0 Q050 3.8 1.8  -25 4.1 4.7 2.5
zoneld Q100 3.3 0.1  -2.3 3.5 1.9 2.2
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Total annual ILLUMINATION

?

Klux hrs

10000 F -

Direct SUN comp of TAI Indirect SUN comp of TAI

1000

8033 klux hrs / 5277892 klm hrs

IT_Factory/w_zone1

LLLLLI

|

1649 klux hrs / 1083476 klm hrs 634 klux hrs / 416244 klm hrs
Direct SKY comp of TAI Indirect SKY comp of TAI

4469 klux hrs / 2936407 kim hrs 1281 klux hrs / 841759 kim hrs
DNK_Copenhagen.061800_IWEC



I'T Factory TOTAL All 4 Components
MBD |%)] RMSD |7

Zone Qual | 005-045 055-095 —050- | 005-045 055-095 —050-
w_zonel Q000 8.9 1.6 2.0 7.0 1.7 2.5
w_zonel Q050 8.1 1.7 2.8 6.7 1.8 3.2
w_zonel Q100 9.7 2.8 4.9 9.2 2.7 5.2
w_zone2 Q000 0.5 0.2 -0.1 1.1 1.7 0.9
w_zone2 Q050 0.7 0.7 0.1 1.1 1.6 0.9
w_zone2 Q100 1.4 1.4 1.3 1.7 2.3 1.4
w_zoned Q000 5.9 6.3 5.5 5.6 7.1 5.7
w_zoned Q050 5.0 4.9 5.0 4.8 5.1 5.0
w_zoned Q100 3.9 3.6 3.8 3.7 3.4 3.6
w_zoned Q000 1.9 3.3 1.8 2.3 4.4 2.0
w_zoned Q050 1.4 2.4 1.8 1.6 3.2 2.2
w_zoned Q100 1.7 1.6 1.4 1.7 1.8 1.5
w_zoneb Q000 -2.5 2.9 0.2 2.6 5.7 1.3
w_zoneb Q050 -3.6 1.6 -0.6 3.3 3.4 0.8
w_zoneb Q100 -3.7 0.9 -0.8 3.3 1.9 1.0




I'T Factory Direct SUN component
MBD |%)] RMSD %)

Zone Qual | 005-045 055-095 —050—- | 005-045 055-095 —050-
w_zonel Q000 1.6 -1.0 1.5 11.3 2.4 2.7
w_zonel Q050 0.8 -1.0 1.1 12.6 2.3 3.3
w_zonel Q100 3.7 -0.2 4.5 10.2 2.1 10.9
w_zone2 Q000 -7.4 -2.0 -12.2 10.2 5.4 6.4
w_zone2 Q050 1.2 -0.4 -11.9 8.2 4.6 7.2
w_zone2 Q100 2.5 0.5 -10.3 6.2 5.4 3.2
w_zoned Q000 6.4 7.3 2.7 5.8 11.0 6.4
w_zoned Q050 4.1 4.1 3.0 5.4 6.7 5.4
w_zoned Q100 2.6 2.2 0.5 2.2 3.2 1.9
w_zoned Q000 -1.2 2.1 0.2 3.2 6.9 5.0
w_zoned Q050 -3.9 1.0 -0.7 3.1 5.1 3.3
w_zoned Q100 -1.3 0.3 -0.9 1.4 1.9 1.2
w_zoneb Q000 -1.7 1.1 -3.8 8.2 8.1 5.4
w_zoneb Q050 -1.7 0.5 -0.8 6.1 4.0 2.0
w_zoned Q100 -0.7 0.1 -0.9 3.8 2.1 1.5




I'T Factory Indirect SUN component
MBD |%)] RMSD %)

Zone Qual | 005-045 055-095 —050- | 005-045 055-095 —050-
w_zonel Q000 14.4 14.2 14.1 14.3 14.2 14.1
w_zonel Q050 13.2 14.7 13.9 13.4 14.8 13.9
w_zonel Q100 14.3 18.7 16.0 14.9 19.4 16.1
w_zone2 Q000 0.3 0.9 1.2 1.8 2.1 2.0
w_zone2 Q050 -0.3 0.6 0.9 1.9 1.8 1.7
w_zone2 Q100 0.1 1.1 1.4 2.3 2.3 1.9
w_zoned Q000 7.2 7.0 7.3 7.5 7.0 7.4
w_zoned Q050 6.1 6.3 6.6 6.5 6.3 6.7
w_zoned Q100 5.5 6.2 6.2 6.0 6.1 6.3
w_zoned Q000 1.1 2.0 1.6 2.7 2.7 2.7
w_zoned (050 1.0 1.7 1.4 2.3 2.3 2.3
w_zoned Q100 1.1 1.9 1.6 2.4 2.5 2.5
w_zoned Q000 -7.5 4.6 -0.4 6.9 8.0 1.3
w_zoned Q050 -11.1 1.4 -3.6 9.9 4.6 3.0
w_zoned Q100 -12.1 0.3 -4.8 10.7 3.6 3.9




I'T Factory Direct SKY component
MBD |%)] RMSD %)

Zone Qual | 005-045 055-095 —050- | 005-045 055-095 —050-
w_zonel Q000 0.1 -2.1 -1.2 4.2 2.1 2.3
w_zonel Q050 2.8 -2.0 -0.8 3.6 1.9 1.7
w_zonel Q100 5.0 -1.7 1.6 5.5 1.8 2.5
w_zone2 Q000 -4.0 -1.4 -3.7 4.1 2.3 3.8
w_zone2 Q050 -2.9 -0.3 -2.9 2.9 1.4 2.9
w_zone2 Q100 -1.8 0.5 -1.5 1.8 1.6 1.5
w_zoned Q000 4.4 4.9 3.2 4.1 5.6 3.6
w_zoned Q050 3.0 3.1 2.1 2.8 3.5 2.3
w_zoned Q100 1.8 1.4 1.3 1.7 1.6 1.4
w_zoned Q000 0.5 3.1 1.0 1.2 3.8 1.2
w_zoned Q050 0.5 2.0 1.2 0.8 2.5 1.3
w_zoned Q100 0.5 1.1 0.6 0.7 1.3 0.7
w_zoneb Q000 -2.6 1.7 -0.8 2.9 3.7 1.9
w_zoneb Q050 -1.2 1.1 -0.3 1.4 2.4 1.0
w_zoneb (100 -0.4 0.6 -0.4 0.7 1.1 0.6




I'T Factory Indirect SKY component
MBD |%)] RMSD %)

Zone Qual | 005-045 055-095 —050- | 005-045 055-095 —050-
w_zonel Q000 13.6 16.5 14.5 14.4 16.7 14.6
w_zonel Q050 12.4 17.1 14.4 13.4 17.2 14.5
w_zonel Q100 13.5 20.6 17.0 14.9 20.8 17.0
w_zone2 Q000 6.0 3.7 5.2 6.4 3.7 5.3
w_zone2 Q050 5.6 3.4 4.9 6.0 3.5 5.0
w_zone2 Q100 6.0 3.8 5.2 6.4 3.9 5.3
w_zoned Q000 9.0 9.9 9.4 9.3 10.1 9.5
w_zoned Q050 7.8 9.2 8.6 8.2 9.4 8.7
w_zoned Q100 7.4 9.2 8.6 7.9 9.4 8.7
w_zoned Q000 4.7 3.8 4.1 4.8 3.9 4.2
w_zoned Q050 4.4 3.5 3.9 4.5 3.6 4.0
w_zoned Q100 4.6 3.7 4.2 4.7 3.8 4.3
w_zoned Q000 -0.3 6.3 3.3 1.8 7.3 3.4
w_zoned Q050 -2.7 3.7 0.6 2.9 4.7 1.0
w_zoned Q100 -3.5 2.8 -0.0 3.5 3.7 0.8




SDA Metrics
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Summer House

300 lux Spatial Daylight Autonomy metrics

MBD %] RMSD [%)]

Zone Qual | 000-100 005-095 AVG-050 | 000-100 005-095 AVG-050
zone02 Q000 -0.7 -1.8 -0.7 1.9 2.0 0.8
zone02 Q050 -0.7 -1.4 -0.8 1.5 1.8 0.9
zone(02 Q100 -1.0 -1.6 -0.9 1.6 1.9 0.9
zone04 Q000 -1.0 -1.6 -1.3 1.6 1.9 1.5
zone04 Q050 -1.1 -1.7 -1.3 1.5 1.9 1.4
zone04 Q100 -1.1 -1.6 -1.4 1.5 1.8 1.5
zone05 Q000 -3.2 -3.3 -2.3 4.5 3.8 2.3
zone05 Q050 -3.5 -3.5 -2.6 4.7 4.0 2.6
zone0d Q100 -3.4 -3.4 -2.7 4.7 4.0 2.7
zone06 Q000 -0.2 -0.7 -0.5 0.9 0.8 0.5
zone06 Q050 -0.5 -0.9 -0.5 0.9 1.1 0.5
zone06 Q100 -0.6 -0.8 -0.4 1.0 1.2 0.4
zone07 Q000 0.1 -0.2 0.1 0.5 0.4 0.1
zone07 Q050 0.1 -0.1 0.1 0.3 0.3 0.1
zoneO07 Q100 -0.1 -0.2 -0.0 0.4 0.4 0.0
zone08 Q000 -0.7 -1.1 -1.0 0.9 1.1 1.1
zone08 Q050 -1.4 -2.1 -1.4 1.9 2.4 1.4
zone08 Q100 -1.4 -1.9 -1.4 1.8 2.2 1.4
zone09 Q000 -2.5 -2.7 -2.6 3.5 3.2 2.6
zone09 Q050 -3.0 -3.2 -3.1 3.9 3.6 3.1
zone09 Q100 -3.2 -3.4 -3.3 4.0 3.8 3.3
zonel0D Q000 -0.5 -0.7 -0.4 0.7 0.8 0.4
zonelD Q050 -0.5 -0.7 -0.5 0.6 0.7 0.5
zonel0 Q100 -0.5 -0.7 -0.5 0.6 0.8 0.5




Summer House

500 lux Spatial Daylight Autonomy metrics

MBD [%) RMSD [%]

Zone  Qual | 000-100 005-095 AVG-050 | 000-100 005-095 AVG-050
zone02 Q000 1.2 3.7 1.1 3.1 3.5 1.3
zone02 Q050 1.4 2.7 1.4 3.0 3.6 1.4
zone02 Q100 -2.0 3.2 1.4 3.2 3.9 1.4
zone04 Q000 1.9 3.0 2.3 3.0 3.7 2.4
zone04 Q050 1.9 2.9 2.2 2.8 3.5 2.3
zone04 Q100 1.9 2.8 2.3 2.8 3.5 2.4
zone05 Q000 6.0 6.2 4.9 7.6 6.8 4.8
zone05 Q050 6.1 6.2 5.0 7.8 6.8 5.0
zone05 Q100 6.1 6.1 5.3 7.9 6.9 5.2
zone06 Q000 0.3 1.1 0.6 1.4 1.5 0.8
zone06 Q050 0.8 1.4 0.5 1.5 1.8 0.6
zone06 Q100 -1.0 1.3 0.4 1.8 2.1 0.5
zone07 Q000 0.2 0.3 0.1 0.9 0.5 0.1
zone07 Q050 0.2 0.1 0.2 0.5 0.3 0.2
zone07 Q100 -0.0 0.2 0.0 0.5 0.5 0.1
zone08 Q000 1.4 2.1 1.6 1.6 1.9 1.7
zone08 Q050 2.6 3.6 2.3 3.5 4.2 2.4
zone08 Q100 2.7 3.4 2.3 3.3 4.0 2.3
zone09 Q000 4.6 5.2 4.9 6.1 5.9 4.9
zone09 Q050 5.3 5.7 5.4 6.7 6.2 5.3
zone09 Q100 5.5 5.9 5.6 6.8 6.4 5.6
zonel0 Q000 0.6 1.0 0.6 0.9 1.1 0.6
zonel0 Q050 0.7 0.9 0.7 0.8 1.0 0.8
zonel0 Q100 0.7 0.9 0.6 0.9 1.0 0.7




Summer House

750 lux Spatial Daylight Autonomy metrics

MBD %] RMSD [%)]

Zone Qual | 000-100 005-095 AVG-050 | 000-100 005-095 AVG-050
zone02 Q000 Inf -7.8 -1.7 4.1 5.1 2.0
zone(02 Q050 -3.9 -5.7 -2.2 5.2 6.5 2.2
zone02 Q100 -4.6 -6.4 -2.4 5.5 6.8 2.3
zone04 Q000 -3.0 -4.8 -3.5 4.6 5.8 3.7
zone04 Q050 -3.0 -4.4 -3.2 4.3 5.4 3.3
zone04 Q100 -2.9 -4.2 -3.2 4.4 5.5 3.3
zone05 Q000 -12.2 -13.1 -8.7 14.0 12.9 8.5
zone(05 Q050 -12.4 -13.1 -9.2 14.4 13.0 9.0
zone0d Q100 -12.1 -11.9 -9.3 14.2 12.5 9.1
zone06 Q000 -1.3 -2.0 -0.9 2.1 2.6 1.2
zone06 Q050 -2.0 -2.5 -0.9 2.7 3.2 1.0
zone06 Q100 -2.2 2.1 -0.6 3.2 3.8 0.7
zoneO07 Q000 0.5 -0.7 0.2 1.4 0.9 0.3
zoneO07 Q050 0.3 -0.2 0.3 0.8 0.6 0.4
zoneO7 Q100 0.0 -0.4 -0.0 0.8 0.8 0.1
zone08 Q000 -4.1 -4.0 -2.8 2.7 3.1 2.8
zone08 Q050 -5.4 -6.6 -3.8 6.3 7.7 3.7
zone08 Q100 -5.7 -6.3 -3.8 5.9 7.2 3.7
zone09 Q000 -7.6 -8.5 -8.4 9.6 9.2 8.2
zone(09 Q050 -8.4 -9.0 -8.8 10.0 9.5 8.5
zone09 Q100 -8.7 -9.3 -9.2 10.3 9.8 9.0
zonel0 Q000 -1.2 -1.6 -0.9 1.4 1.7 0.9
zonel0 Q050 -1.3 -1.6 -1.1 1.4 1.6 1.2
zonel0 Q100 -1.3 -1.5 -1.0 1.4 1.6 1.1




I'T Factory 300 lux Spatial Daylight Autonomy metrics
MBD [%] RMSD [%)

Zone Qual | 000-100 005-095 AVG-050 | 000-100 005-095 AVG-050
w_zonel Q000 27.2 46.5 1.5 2.6 2.9 1.6
w_zonel Q050 20.7 36.9 1.4 2.5 2.6 1.6
w_zonel Q100 23.8 41.0 1.7 2.7 3.0 1.8
w_zone2 Q000 -7.5 0.1 0.8 6.4 0.9 0.8
w_zone2 Q050 -8.2 -0.2 0.8 6.9 1.1 0.8
w_zone2 Q100 -8.2 -0.1 0.8 7.1 1.1 0.8
w_zoned Q000 0.3 0.4 0.8 0.9 0.8 0.8
w_zoned Q050 -0.4 0.4 0.7 1.3 0.9 0.7
w_zoned Q100 -0.5 0.6 0.8 1.6 1.1 0.8
w_zoned Q000 -0.0 -0.1 0.1 0.3 0.3 0.1
w_zoned Q050 -0.0 -0.1 0.2 0.4 0.4 0.2
w_zoned Q100 -0.0 -0.0 0.2 0.4 0.5 0.2
w_zoned Q000 -10.3 -8.2 -0.7 2.2 2.3 1.2
w_zoned Q050 -11.5 -9.5 -1.6 2.9 3.1 2.0
w_zoneb Q100 -12.1 -9.9 -1.8 3.3 3.4 2.2




I'T Factory 500 lux Spatial Daylight Autonomy metrics
MBD [%] RMSD [%]

Zone Qual | 000-100 005-095 AVG-050 | 000-100 005-095 AVG-050
w_zonel Q000 Inf Int 1.8 1.4 1.5 1.8
w_zonel Q050 Inf Inf 1.7 1.3 1.4 1.7
w_zonel Q100 Int Inf 2.2 1.6 1.8 2.1
w_zone2 Q000 -4.1 -1.3 2.0 2.8 2.0 2.0
w_zone2 Q050 -4.8 -1.6 1.8 3.0 2.2 1.8
w_zone2 Q100 -4.9 -1.4 1.9 3.2 2.3 1.8
w_zone3d Q000 -0.6 1.6 1.6 2.5 2.0 1.6
w_zoned Q050 -4.8 1.4 1.6 3.1 1.9 1.6
w_zoned Q100 -4.8 1.9 1.7 3.5 2.4 1.7
w_zoned Q000 0.0 -0.1 0.2 0.4 0.5 0.2
w_zoned Q050 0.1 0.0 0.3 0.5 0.5 0.3
w_zoned Q100 0.2 0.1 0.3 0.6 0.7 0.4
w_zoned Q000 0.3 -1.1 1.6 2.2 2.7 1.9
w_zoned Q050 -2.1 -3.4 -2.0 2.8 3.5 2.3
w_zoned Q100 -2.8 -3.7 -2.6 3.0 3.7 2.4




I'T Factory 750 lux Spatial Daylight Autonomy metrics
MBD [%] RMSD [%]

Zone Qual | 000-100 005-095 AVG-050 | 000-100 005-095 AVG-050
w_zonel Q000 -2.8 -4.3 2.4 1.8 2.0 2.4
w_zonel Q050 -2.6 -4.0 2.3 1.7 1.9 2.3
w_zonel Q100 -0.8 -1.3 2.9 2.1 2.4 2.9
w_zone2 Q000 -6.1 1.1 4.5 4.0 3.5 3.7
w_zone2 (050 -6.6 0.8 3.9 4.2 3.9 3.3
w_zone2 Q100 -6.4 1.3 4.4 4.5 4.2 3.7
w_zoned Q000 -0.6 2.6 3.2 3.1 2.9 3.2
w_zoned Q050 -2.2 1.0 3.0 3.3 2.8 3.1
w_zoned Q100 -1.0 2.8 3.1 3.5 3.0 3.2
w_zoned Q000 0.1 0.0 0.5 0.7 0.7 0.5
w_zoned Q050 0.2 0.1 0.5 0.8 0.8 0.5
w_zoned Q100 0.3 0.3 0.6 1.0 1.1 0.7
w_zoned Q000 -0.2 -4.0 2.0 3.6 4.9 2.7
w_zoned Q050 -1.7 -4.9 0.8 4.5 6.1 1.0
w_zoned Q100 -2.1 -4.1 0.5 4.8 6.5 0.9




lake-home messages

* Overall, very good agreement between DVIZ and 4CM for
nearly all cases and metrics (+10% often better).

* TAl appears to be the most reliable metric for comparison.

 Small differences between DVIZ and 4CM predictions for
iIndirect sun & sky for certain cases (TAl).

» Use of SDA metrics metrics for comparison needs some
thought/care/caution.
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