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INTRODUCTION

Rendering software packages have become extremely photorealistic over the last few years. However, few
validations have been done to verify their accuracy against real life scenarios.

The following document describes the performance of NVIDIA® Iray® against the CIE Technical report CIE
171:2006 (Test Cases to Assess the Accuracy of Lighting Computer Programs), this document was prepared by
the CIE in order to help software users and developers in assessing the accuracy of lighting computer programs
and to identify their weaknesses. An abstract of the document can be found at
http://www.cie.co.at/publ/abst/171-06.html, this document provides a brief explanation of each test, in order
to save the reader the time and expense of purchasing the CIE 171:2006 document; however, for those readers
interested, the complete document can be purchased at http://www.techstreet.com/ciegate.tmpl

The validation approach is based on the concept of testing the different aspects of light propagation separately.
A suite of tests was designed and each test addressed a specific aspect of the lighting simulation domain.

ACKNOWLEDGMENTS

The author would like to thank all who contributed to the preparation of this report. In particular, the team at
NVIDIA® Iray® for their help generating the geometry for the case studies, answering our questions and
discussing openly the capabilities and limitations of NVIDIA® Iray®.

TESTING PROCEDURES:

Unless otherwise specified, all testing was conducted with NVIDIA® Iray® 2015.3 (246000.7141), [Scene 5.8
uses a non-standard maximum path length. Scene 5.13 was simulated using build 246000.12764] in the Iray®
Viewer application. The testing used the standard settings and features, unless otherwise specified, of the Iray®
Photoreal render mode. All scenes disable Firefly Filtering.

ERRORS AND UNCERTAINTIES:

Ranges presented in the tables of section 4 represent uncertainties of +/- 6.7% in the measured (physical) data
and uncertainties of +/- 10.5% in the simulation plus measured data. These uncertainties are due to different
factors, for more information on specific error and uncertainties calculations, refer directly to the CIE
171:2006 document. For section 5, the author has chosen 5% and 10% variations from the reference values as
measurement error and global error respectively.

REPORT FORMAT:

The report follows the document's recommendation on the presentation of experimental measurements. See
below for example.

Validation of NVIDIA® Iray® against CIE 171:2006 1



|
E (Ix) on measurement points

A1 A2 A3 Ad

Global error upper limit 296 574 606 388

Measurement upper limit 278 539 569 364
Simulation

Measurement lower limit 237 459 484 310

Global error lower limit 219 424 448 287

Table 1: Example of recommended presentation for experimental measurements
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EXECUTIVE SUMMARY

This report provides an analysis and evaluation of the capabilities and accuracy of NVIDIA® Iray® when
tested against CIE 171:2006 (Test cases to assess the accuracy of lighting computer programs). In particular the
report is focused on Test cases in Sections 4 and 5.

In Section 4, we found NVIDIA® Iray® performed well within the parameters set by the reference document
and within the range of measurement error. We found the software to be accurate and it met the requirements
set forth in the test document.

In section 5, we found NVIDIA® Iray® to be accurate. Again, it performed well within the parameters set by
the reference document. In the few instances where there are discrepancies between the software and the CIE
document, it has been documented in the past and in this analysis as well, that the differences are due to errors
in the design of the test itself, or inaccurate values being listed in the reference document.

We are satisfied with the performance of NVIDIA® Iray® under all the different scenarios tested.
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TEST CASES

SECTION 4

Room geometry

3 4 § - T |sensor
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Position
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4.1 ARTIFICIAL LIGHTING SCENARIO - CFL, GREY WALL

This scenario was designed to test the ability to measure a set of 4 “lamp only” luminaires in a rectangular

room, with grey walls.

Out of range measurement

Validation of NVIDIA® Iray® against CIE 171:2006

N Table 1 - Test Case 4.1
Position Sensor
1 2 3 4 5 6 7
[~ TE UL 91 107 15 18 116 107 93
MB UL 85 100 108 110 108 100 87
VIEW 69 79 87 87 86 79 70
MB LL 65 77 83 85 83 77 67
TE LL 59 70 75 77 76 70 61
Position Sensor
1 2 3 4 5 6 7
[~ TE UL 103 124 130 129 129 124 105
MB UL 9 116 122 120 121 116 98
VIEW 80 92 99 100 99 93 81
MB LL 74 89 94 93 93 89 75
TE LL 67 81 85 84 84 81 68
Position Sensor
1 2 3 4 5 6 7
[~ TE UL 12 132 141 141 141 131 13
MB UL 105 123 132 132 132 122 106
VIEW 86 98 106 108 106 99 88
MB LL 81 95 101 102 101 94 81
TE LL 73 86 2 A 9?2 86 74
Position Sensor
1 2 3 4 5 6 7
[~ TE UL 15 133 143 146 143 133 116
MB UL 108 124 133 137 133 124 108
VIEW 87 98 108 109 107 98 88
MB LL 83 96 103 105 103 9 83
TE LL 75 87 93 9 93 87 76
Position Sensor
1 2 3 4 5 6 7
[~ TE UL 13 132 141 140 141 132 12
MB UL 105 124 131 131 131 123 105
VIEW 87 98 107 108 106 99 87
MB LL 81 95 101 101 101 95 81
TE LL 74 86 9?2 A 9?2 86 73
Position Sensor
1 2 3 4 5 6 7
[~ TE UL 103 124 130 127 130 123 104
MB UL 97 116 121 119 121 115 97
VIEW 80 92 99 100 99 93 81
MB LL 74 89 93 92 93 89 75
TE LL 68 81 85 83 85 81 68
Position Sensor
1 2 3 4 5 6 7
[~ TE UL 92 108 16 17 115 108 92
MB UL 36 100 108 109 107 100 86
VIEW 69 79 86 87 86 79 70
MB LL 66 77 83 84 83 77 66
TE LL 60 70 76 76 75 70 60

_ Out of range global error

www.daudesignandconsulting.com 5



gGRAPHICAL REPRESENTATION OF MEASUREMENTS

Sensor vs. Simulation chart Test Case 4.1
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'RESULTS

THE SOFTWARE SIMULATION RESULTS ALL WERE INSIDE THE MEASUREMENT
UPPER AND LOWER LIMITS.
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4.2 ARTIFICIAL LIGHTING SCENARIO - OPAL LUMINAIRE, GREY WALL

This scenario was designed to test the ability to measure a set of 4 opal luminaires with specific photometric
distributions in a rectangular room, with grey walls. The test protocol is similar to 4.1

Table 2 - Test Case 4.2
Position Sensor
1 2 3 4 5 6 7
TE UL 50 68 66 60 66 68 51
MB UL 47 63 62 56 61 63 48
IVIEW 36 47 47 44 48 48 37
MB LL 36 49 48 43 47 49 37
TELL 33 44 43 39 43 44 33
Position Sensor
1 2 3 4 5 6 7
TE UL 65 93 88 77 87 93 67
MB UL 61 87 83 72 81 87 62
IVIEW 47 64 63 56 63 65 48
MB LL 47 67 64 55 63 67 48
TELL 43 61 58 50 57 61 44
Position Sensor
1 2 3 4 5 6 7
TE UL 65 90 87 77 85 90 66
MB UL 61 84 81 72 80 84 62
IVIEW 47 63 62 57 63 64 49
MB LL 47 65 62 56 61 65 48
TELL 42 59 57 50 56 59 43
Position Sensor
1 2 3 4 5 6 7
TE UL 61 79 77 72 77 79 61
MB UL 57 74 72 67 72 73 57
IVIEW 44 56 57 56 59 59 47
MB LL 44 57 55 52 55 56 44
TE LL 40 52 50 47 50 51 40
Position Sensor
1 2 3 4 5 6 7
TE UL 66 89 85 75 83 87 64
MB UL 61 83 79 70 78 82 60
IVIEW 47 63 63 59 67 68 51
MB LL 47 64 61 54 60 63 46
TE LL 43 58 55 49 54 57 42
Position Sensor
1 2 3 4 5 6 7
TE UL 65 92 85 74 83 89 63
MB UL 61 86 80 69 78 83 59
IVIEW 47 64 63 58 68 71 52
MB LL 47 66 61 53 60 64 46
TE LL 43 60 56 48 54 58 41
Position Sensor
1 2 3 4 5 6 7
TE UL 50 66 64 57 62 64 48
MB UL 47 62 60 54 58 60 45
IVIEW 36 47 48 46 51 52 40
MB LL 36 48 46 41 45 46 35
TELL 33 43 42 38 41 42 31
Out of range Measurement Out of range Global error
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gGRAPHICAL REPRESENTATION OF MEASUREMENTS

Sensor vs. Simulation chart Test Case 4.2
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‘RESULTS

SOME OF THE SOFTWARE SIMULATION RESULTS WERE OUTSIDE THE
MEASUREMENT LOWER LIMIT, HOWEVER, ALL WERE WITHIN THE GLOBAL ERROR
LIMITS.
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4.3 ARTIFICIAL LIGHTING SCENARIO - SEMI-SPECULAR REFLECTOR

LUMINAIRE, GREY WALL

This scenario was designed to test the ability to measure a set of 4 luminaires using semi-specular reflectors

with specific photometric distributions in a rectangular room, with grey walls. The test protocol is similar to

4.1
Table 3 - Test Case 4.3
Position Sensor
1 2 3 4 5 6 7
TE UL 178 279 265 222 265 279 180
MB UL 166 261 248 207 248 261 168
IVIEW 165 249 235 202 241 249 163
MB LL 128 201 191 159 191 201 130
TELL 116 182 173 145 173 182 118
Position Sensor
1 2 3 4 5 6 7
TE UL 206 312 305 258 308 317 214
MB UL 192 291 285 241 288 296 200
IVIEW 178 257 249 222 259 263 182
MB LL 148 224 219 186 222 228 154
TELL 135 203 199 169 201 207 140
Position Sensor
1 2 3 4 5 6 7
TE UL 229 353 337 281 342 358 232
MB UL 214 330 315 262 319 334 217
IVIEW 201 297 284 248 293 295 198
MB LL 165 254 242 202 246 257 167
TELL 149 230 220 183 223 234 152
Position Sensor
1 2 3 4 5 6 7
TE UL 209 310 303 265 311 315 207
MB UL 195 290 283 247 290 294 193
IVIEW 197 290 277 244 280 286 191
MB LL 150 223 218 191 224 227 149
TELL 136 203 198 173 203 206 135
Position Sensor
1 2 3 4 5 6 7
TE UL 230 358 345 286 344 356 229
MB UL 215 334 322 267 321 332 214
IVIEW 201 300 289 248 290 294 198
MB LL 165 257 248 206 247 256 165
TELL 150 234 225 187 225 232 150
Position Sensor
1 2 3 4 5 6 7
TE UL 221 329 317 264 312 317 209
MB UL 206 308 296 247 291 296 196
IVIEW 181 259 249 218 249 249 173
MB LL 159 237 228 190 224 228 151
TELL 144 215 207 173 204 207 137
Position Sensor
1 2 3 4 5 6 7
TE UL 188 289 273 229 274 283 180
MB UL 176 270 255 214 255 264 168
IVIEW 164 249 234 200 240 248 160
MB LL 135 208 196 | 165 | 197 204 129
TELL 123 189 178 179 185 117

Validation of NVIDIA® Iray® against CIE 171:2006

Out of range Measurement

150

Out of range Global error
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gGRAPHICAL REPRESENTATION OF MEASUREMENTS

Sensor vs. Simulation chart Test Case 4.3

300
250
g 200 w—TE UL
=
[ w—NE UL
§ 150 w— | EW
£
5 —E L
2 100

S—TE LL

&

' RESULTS

ONE OF THE SOFTWARE SIMULATION RESULTS WAS OUTSIDE THE MEASUREMENT
LOWER LIMIT, HOWEVER, ALL WERE WITHIN THE GLOBAL ERROR LIMITS.
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4.4 ARTIFICIAL LIGHTING SCENARIO - CFL, BLACK WALL.

This scenario was designed to test the ability to measure a set of 4 “lamp only” luminaires in a rectangular
room, with black walls in order to avoid errors related to inter-reflections. The test protocol is similar to 4.1

Table 4 - Test Case 4.4
Position Sensor
1 2 3 4 5 6 7
TE UL 30 32 39 43 40 33 31
MB UL 28 29 37 40 38 30 29
IVIEW 27 29 35 38 36 29 27
MB LL 22 23 28 31 29 23 22
TELL 20 21 26 28 26 21 20
Position Sensor
1 2 3 4 5 6 7
TE UL 31 32 39 42 41 33 31
MB UL 28 30 37 39 38 31 29
IVIEW 28 30 37 40 36 30 28
MB LL 22 23 28 30 29 24 23
TELL 20 21 26 28 27 21 21
Position Sensor
1 2 3 4 5 6 7
TE UL 39 41 51 54 51 40 38
MB UL 36 38 48 51 47 38 35
IVIEW 35 37 44 49 44 37 34
MB LL 28 29 37 39 37 29 27
TELL 25 27 33 36 33 26 25
Position Sensor
1 2 3 4 5 6 7
TE UL 43 46 57 62 57 46 43
MB UL 40 43 53 57 53 43 40
IVIEW 37 41 50 53 50 41 37
MB LL 31 33 41 44 41 33 31
TELL 28 30 37 40 37 30 28
Position Sensor
1 2 3 4 5 6 7
TE UL 38 40 51 54 51 41 38
MB UL 35 38 48 51 48 38 36
IVIEW 35 37 45 49 45 37 35
MB LL 27 29 37 39 37 29 28
TELL 25 26 33 35 34 27 25
Position Sensor
1 2 3 4 5 6 7
TE UL 31 33 41 43 40 33 31
MB UL 29 30 39 40 38 31 29
IVIEW 28 30 36 39 36 30 28
MB LL 23 23 30 31 29 23 23
TELL 20 21 27 28 26 21 20
Position Sensor
1 2 3 4 5 6 7
TE UL 31 33 42 44 41 33 32
MB UL 29 31 39 41 38 31 30
IVIEW 26 29 35 37 34 29 26
MB LL 22 24 30 32 29 24 23
TELL 20 21 27 29 26 22 21
Out of range Measurement _ Out of range Global error
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gGRAPHICAL REPRESENTATION OF MEASUREMENTS

Sensor vs. Simulation chart Test Case 4.4
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RESULTS

ONE OF THE SOFTWARE SIMULATION RESULTS WAS OUTSIDE THE MEASUREMENT
LIMIT, HOWEVER, ALL WERE WITHIN THE GLOBAL ERROR LIMITS.
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4.5 ARTIFICIAL LIGHTING SCENARIO - OPAL, BLACK WALL

This scenario was designed to test the ability to measure a set of 4 “Opal” luminaires with a specific

photometric distribution in a rectangular room, with black walls in order to avoid errors related to inter-
reflections. The test protocol is similar to 4.1

Validation of NVIDIA® Iray® against CIE 171:2006

Table 5 - Test Case 4.5
Position Sensor
1 2 3 4 5 6 7
TE UL 32 48 47 42 47 48 33
MB UL 30 44 44 40 44 45 31
1 24 35 36 33 36 36 25
MB LL 23 34 34 31 34 35 24
TELL 21 31 31 28 31 31 22
Position Sensor
1 2 3 4 5 6 7
TE UL 46 73 70 60 69 74 48
MB UL 43 68 66 56 64 69 44
2 35 53 52 46 53 54 36
MB LL 33 53 51 43 49 53 34
TELL 30 48 46 39 45 48 31
Position Sensor
1 2 3 4 5 6 7
TE UL 47 71 70 61 69 72 48
MB UL 44 66 65 57 65 67 45
3 36 52 53 48 54 54 37
MB LL 34 51 50 44 50 52 34
TELL 30 46 45 40 45 47 31
Position Sensor
1 2 3 4 5 6 7
TE UL 43 61 62 56 61 61 43
MB UL 40 57 57 53 57 57 40
4 33 46 48 46 50 49 89
MB LL 31 44 44 40 44 44 31
TELL 28 40 40 37 40 40 28
Position Sensor
1 2 3 4 5 6 7
TE UL 47 71 68 60 68 70 47
MB UL 44 66 64 56 63 65 43
5 35 52 53 49 57 57 39
MB LL 34 51 49 43 49 50 33
TELL 31 46 44 39 44 46 30
Position Sensor
1 2 3 4 5 6 7
TE UL 46 72 68 57 66 71 45
MB UL 43 67 63 54 62 66 42
6 35 53 53 48 57 59 39
MB LL 33 52 49 41 47 51 33
TELL 30 47 44 37 43 46 30
Position Sensor
1 2 3 4 5 6 7
TE UL 32 47 46 40 45 45 31
MB UL 30 44 43 38 42 42 29
7 24 35 36 34 39 39 27
MB LL 23 34 33 29 32 33 23
TELL 21 30 30 26 29 30 20
Out of range Measurement _ Out of range Global error

www.daudesignandconsulting.com 13



gGRAPHICAL REPRESENTATION OF MEASUREMENTS

Sensor vs. Simulation chart Test Case 4.5
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' RESULT

THE SOFTWARE SIMULATION RESULTS ALL WERE INSIDE THE MEASUREMENT
UPPER AND LOWER LIMITS.
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4.6 ARTIFICIAL LIGHTING SCENARIO - SEMI-SPECULAR REFLECTOR
LUMINAIRE, BLACK WALL

This scenario was designed to test the ability to measure a set of 4 luminaires using semi-specular reflectors
with a specific photometric distribution in a rectangular room, with black walls in order to avoid errors related
to inter-reflections. The test protocol is similar to 4.1

Table 6 - Test Case 4.6
Position Sensor
1 2 3 4 5 6 7
TE UL 146 249 237 197 237 252 149
MB UL 136 232 221 184 221 235 139
1 137 222 210 179 216 222 136
MB LL 105 179 170 142 170 181 107
TE LL 95 162 155 129 155 164 97
Position Sensor
1 2 3 4 5 6 7
TE UL 172 288 282 236 284 294 179
MB UL 161 269 263 221 265 275 168
2 151 237 231 204 240 242 154
MB LL 124 207 202 170 204 211 129
TE LL 113 188 184 154 185 192 117
Position Sensor
1 2 3 4 5 6 7
TE UL 195 329 313 258 317 335 196
MB UL 182 307 292 241 296 312 183
3 176 278 267 230 275 276 172
MB LL 140 237 225 185 228 241 141
TE LL 127 215 204 168 207 218 128
Position Sensor
1 2 3 4 5 6 7
TE UL 178 287 278 242 285 290 176
MB UL 166 268 259 226 266 271 164
4 173 272 259 227 263 267 168
MB LL 128 206 200 174 205 209 126
TE LL 116 187 181 158 186 190 115
Position Sensor
1 2 3 4 5 6 7
TE UL 196 334 320 262 319 333 196
MB UL 183 312 299 244 298 311 183
5 176 281 271 231 273 275 172
MB LL 141 240 230 188 230 239 141
TE LL 128 218 209 171 208 217 128
Position Sensor
1 2 3 4 5 6 7
TE UL 186 306 292 242 287 292 175
MB UL 174 286 273 226 268 273 163
6 155 240 231 201 231 229 146
MB LL 134 220 210 174 206 210 126
TE LL 122 200 191 158 187 191 114
Position Sensor
1 2 3 4 5 6 7
TE UL 155 258 241 202 242 251 146
MB UL 145 241 225 189 226 234 136
7 138 224 210 178 216 222 133
MB LL 111 186 173 145 174 180 105
TE LL 101 169 157 132 158 164 95
Out of range Measurement _ Out of range Global error
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GRAPHICAL REPRESENTATION OF MEASUREMENTS

Sensor vs. Simulation chart Test Case 4.6

250

g

—TE UL

S—mE UL

llluminance values Ix
[
&

8

S—TELL

&

RESULT

SOME OF THE SOFTWARE SIMULATION RESULTS WERE OUTSIDE THE
MEASUREMENT LIMIT, HOWEVER, ALL WERE WITHIN THE GLOBAL ERROR LIMITS

 CONCLUSION
NVIDIA® IRAY® PERFORMS WELL WITHIN THE PARAMETERS SET BY THE

DOCUMENT AND MOST OF THE TIME WITHIN THE PARAMETERS OF
MEASUREMENT ERROR.
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SECTION 5

5.2 SIMULATION OF POINT LIGHT SOURCES.

This scenario is designed to test the capabilities of the software to calculate the direct illuminance under a

point light source described by a photometric distribution file

Test case description

f.{. Diffuse
Y — intensit,
\I | 0  EnSiY
_ - distribution
B '1| L5 R=D5(la)
r o [
d o = Yo,
. |
| In i
ix 4x4 8.
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2m 2m
Measurement points distribution
£

:
r

1] | 05 05 03
Feed
Fif
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Table 7 - Test Case 5.2
Diffuse photometry Experimental IVIEW CIE T9 photometry Experimental IVIEW
Points d (m) incidence (°) | (cd) E (Ix) E (Ix) | (cd) E (Ix) E (Ix)
A 3 0 1000 111.11 111.22 1000 111.11 111.61
B 3.041 9.46 986.4 105.21 105.29 1146.1 122.25 122.81
C 3.162 18.43 948.7 90.02 90.08 1307.7 124.08 124.69
D 3.354 26.57 894.4 71.11 71.16 1475.5 117.31 117.90
E 3.082 13.26 973.3 99.73 99.82 1109.1 113.65 113.94
F 3.202 20.44 937 85.64 85.74 1240.9 113.41 113.77
G 3.391 27.79 884.7 68.06 68.10 1335.4 102.74 102.60
H 3.317 25.24 904.5 74.36 74.44 1113.8 91.57 91.99
| 3.5 31 857.2 59.98 60.01 1166.8 81.65 81.94
J 3.674 35.26 816.5 49.39 49.41 1027.5 62.16 62.44

GRAPHICAL REPRESENTATION OF MEASUREMENTS

5.2 Diffuse source
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5.2 Asymmetric source
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RESULT

THE SOFTWARE SIMULATION RESULTS ALL WERE CONSISTENT WITH THE
EXPERIMENTAL VALUES.
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5.3 SIMULATION OF AREA LIGHT SOURCES.

This scenario is designed to test the capabilities of the software to calculate the direct illuminance under an
area light source.

Test case description &
A—I" # .
|
B‘|_ fr l\.
. E
C4 =
.
4m
E+ ®
F4 2
+ -+ ++ R,
GH I JKIL N
105]05]05]05|05]05]05] |0.25
| | | 1 | ! | 1
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W1 A2 4it 7ha0 H1.40 fith, {10 a2 Aai.4 fil.a% T 2W 1,71 140, 2 1016, 12 1,71 i 2% fil.a%
W Varlaticn L i i L i i L i i L i i L i

GRAPHICAL REPRESENTATION OF MEASUREMENTS

5.3.3.1 Diffuse source
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Talile ¥ - TEil Case §.4.3.2
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GRAPHICAL REPRESENTATION OF MEASUREMENTS

5.3.3.2 Assymetric source
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12000 |
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RESULT

THE SOFTWARE SIMULATION RESULTS ALL WERE CONSISTENT WITH THE
EXPERIMENTAL VALUES.
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5.5 DIRECTIONAL TRANSMITTANCE OF CLEAR GLASS.

The objective of this section is to test if the transmittance of glass varied with the angle of incident light. The
test geometry is a room with an opening in the ceiling covered with glass and parallel beams of light incident
on the glass at varying angles.

The directional transmission of glass was determined as the ratio between the total flux in the room with the
glass divided by the total flux inside the room without the glass.

The reference table in the CIE document is shown below

g° 0 10 20 30 40 50 60 70 80 90
Ty 0.96 0.96 0.96 0.96 0.96 0.95 0.93 0.84 0.59 0.00
Ta/To 1.00 1.00 1.00 1.00 1.00 0.99 0.96 0.87 0.61 0.00

Table 13: Clear glass transmittance variation as a function of the incidence angle

Table 10 - Test Case 5.5
Reference Calculated

Scenario Tang tang /t0 |Avg. E Tang tang /10
0 deg 0.96 1| 1201.21 0.96 1.00
0 deg _no glass 1251.28

10 deg 0.96 1| 1155.06 0.96 1.00
10 deg _no glass 1203.19

20 deg 0.96 1( 1058.39 0.96 1.00
20 deg _no glass 1102.49

30 deg 0.96 1 927.14 0.96 1.00
30 deg _no glass 965.81

40 deg 0.96 1 768.50 0.96 1.00
40 deg_no glass 801.08

50 deg 0.95 0.99 592.33 0.95 0.99
50 deg_no glass 620.62

60 deg 0.93 0.96 382.24 0.93 0.97
60 deg_no glass 411.02

70 deg 0.84 0.87 158.20 0.84 0.88
70 deg_no glass 187.98

80 deg 0.59 0.61 0.00 0.00 0.00
80 deg_no glass 0.00

90 deg 0 0 0.00 0.00 0.00
90 deg_no glass 0.00

RESULT

THE CALCULATED VALUES ARE ALL IN CONSISTENT WITH THE ANALYTICAL
RESULTS, EXCEPT FOR THE 80-DEGREE MEASUREMENT, WHERE IT IS THE BELIEF
OF THE AUTHOR, THAT THE TEST SCENARIO DEFINITION IN THE ORIGINAL
DOCUMENT IS NOT ACCURATE AS IT DOES NOT CONSIDER THE THICKNESS OF THE
CEILING; AT 80 DEGREES, AND WITH A CEILING/GLASS THICKNESS OF 20 CMS. NO
LIGHT ENTERS THE ROOM.
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5.6 LIGHT REFLECTION OVER DIFFUSE SURFACES

This section is intended to test the ability of the software to calculate light reflection over diffuse surfaces.
Incident light from a specified angle hits a diffuse surface of a particular reflectance. Illuminance values are
measured on planes perpendicular to this surface and directly above (facing) the surface. Both these planes
don’t receive direct illuminance from the source. This test is repeated with varying source incident angles,
varying sizes of the reflective surface and varying the reflectance of the surface.

Shown below are the sketches for all 3 scenarios and a sketch showing the measurement points from the CIE

report.
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The table below lists the calculated values for E/ (Ey, x p) along with the reference values from the CIE for
comparison. E represents the illuminance at the different points, Ey, is the average horizontal illuminance on
the reflective surface and p is the reflectance of the surface.

Ilview IVIEW calculated
S2:50x50cm Table 11 Values p values/ p
A 0.246 0.20 0.80 0.25
S B 0.580 0.47 0.80 0.59
1 C 0.644 0.52 0.80 0.65
- D 0.556 0.45 0.80 0.56
v E 0.433 0.35 0.80 0.44
F 0.325 0.27 0.80 0.33
G 0.491 0.40 0.80 0.49
s H 0.639 0.51 0.80 0.64
1 | 0.778 0.63 0.80 0.78
) J 0.864 0.70 0.80 0.87
h K 0.864 0.70 0.80 0.87
7 L 0.778 0.63 0.80 0.78
M 0.639 0.51 0.80 0.64
N 0.491 0.39 0.80 0.49
Iview IVIEW calculated
S2:4x4m Table 12 Values p values/ p
A 13.54 0.30 4512
S B 35.901 10.77 0.30 35.89
1 C 27.992 8.39 0.30 27.98
- D 21.639 6.49 0.30 21.62
v E 16.716 5.01 0.30 16.70
F 12.967 3.89 0.30 12.97
G 26.28 8.07 0.30 26.88
s H 30.94 9.32 0.30 31.06
1 | 33.98 10.24 0.30 34.12
) J 35.57 10.72 0.30 35.72
h K 35.57 10.72 0.30 35.72
5 L 33.98 10.24 0.30 34.12
M 30.94 9.32 0.30 31.06
N 26.80 8.07 0.30 26.88
Iview IVIEW calculated
S2:500x500m Table 13 Values p values/ p
A 3.080 0.93 0.30 3.09
S B 9.097 2.74 0.30 9.12
1 C 14.718 443 0.30 14.76
- D 19.767 5.94 0.30 19.81
v E 24.161 7.26 0.30 24.21
F 27.896 8.39 0.30 27.96
G 10.95 3.27 0.30 10.90
s H 13.26 3.96 0.30 13.20
1 | 16.21 4.84 0.30 16.15
) J 20.00 5.98 0.30 19.93
h K 24.80 7.42 0.30 24.74
2 L 30.77 9.21 0.30 30.71
M 37.87 11.35 0.30 37.83
N 45.84 13.75 0.30 45.83

RESULT

THE CALCULATED VALUES ARE ALL IN CONSISTENT WITH THE ANALYTICAL
RESULTS. NOTE THAT THERE IS NO MEASUREMENT RECORDED IN THE CIE
DOCUMENT AT POSITION A S2 4X4M
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5.7 DIFFUSE REFLECTIONS WITH INTERNAL OBSTRUCTIONS

The objective of this test case is to verify the capability of a program to simulate the influence of an obstruction
to diffuse reflection.

Test case description // // / ; incident flux (60°)
T / -

¥ — 81V
82— /’ ’
\ 74
" /’
/
{
/ $1-Hz
/)
' i ‘
C 13 LT 25
Table 14 - Test Case 5.7
Table 19-Correct Iview
values E/E_V x p |Table 19 Correct |Values Iview calculated
values E/E_Hz |E/E_Hz values E/E_V x p
A 16.07 5.57 5.57 16.08
B 16.33 5.66 5.66 16.34
C 15.40 5.33 5.34 15.41
D 13.32 4.61 4.62 13.32
E 10.32 3.57 3.58 10.32
F 7.08 2.45 2.45 7.08
G 3.38 1.17 1.17 3.38
H 3.63 1.26 1.26 3.63
I 3.01 1.04 1.05 3.02
J 0.00 0.00 0.00 0.01
RESULT

TABLE 19 OF THE ORIGINAL DOCUMENT LISTS INCORRECT VALUES, THE CORRECT
VALUES ARE LISTED ABOVE AND SHOWN WITH A GREEN BACKGROUND. THE
CALCULATED VALUES ARE ALL CONSISTENT WITH THE ANALYTICAL RESULTS.
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5.8 INTERNAL REFLECTED COMPONENT FOR DIFFUSE SURFACES
The objective of this test case is to assess the accuracy of the diffuse inter-reflections inside a room.

Test case description: The test case geometry is a square room of dimensions 4mx4mx4m with all surfaces

being uniform diffusers and spectrally neutral. An isotropic point light source is positioned at the center of the

room with an output flux of 10,000 Im

Table 15 - Test Case 5.8

Reflectance

0.00

0.05

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

0.95

Ex

0.00

5.48

11.60

26.00

44.60

69.40

104.00

156.00

243.00

417.00

937.00

1979.00

IVIEW Direct

105.24

105.24

105.24

105.24

105.24

105.24

105.24

105.24

105.24

105.24

105.24

105.24

IVIEW Total

105.24

110.75

116.86

131.39

150.06

174.93

209.74

261.92

348.85

522.61

1041.61

2081.81

RESULT

THE CALCULATED VALUES ARE ALL CONSISTENT WITH THE ANALYTICAL

RESULTS. NOTE THAT NVIDIA® IRAY® IS ABLE TO GENERATE OUTPUT FOR
DIRECT AND INDIRECT ILLUMINATION SEPARATELY IN ONE SIMULATION STEP;
HOWEVER, THIS FEATURE IS CURRENTLY NOT EXPOSED BY IVIEW'S LIGHT

ANALYSIS TOOL. IT IS THEREFORE NECESSARY TO OBTAIN THE DIRECT
ILLUMINATION VALUE IN A SEPARATE TEST RUN. SUBTRACTING THAT VALUE

FROM THE FULL ILLUMINATION RESULT WILL YIELD THE INDIRECT

ILLUMINATION VALUE.
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5.9 SKY COMPONENT FOR ROOF UNGLAZED OPENING AND CIE GENERAL

SKY TYPES

This section is meant to test the ability of the software to calculate the sky component obtained under different
sky conditions. The figure for the test geometry from the CIE report is shown.

The sun position is defined as being at 60-degree elevation.

Test Case description

™
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A
B -2
B -Ce- _ ] 3
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H s FEANDS
7 GH 10 RLCMINTRY |

0.5]05]05]05/05/05]|05] |0.25

Figure 15: geometry and measurement points description

Table 16 Test Case 5.9 1x1 opening

Opening |CIE sky type |A |Io |e |F le I |y In
1x1 Reference 046 164 234 226 18 147 233 311 384 429 429 384 311 233
Type 1 046 163 231 224 189 145 233 311 384 429 429 384 311 233
Reference 040 172 286 315 290 244 400 500 547 537 473 376 276 190
Type 2 040 170 283 311 292 241 398 499 547 536 473 377 276 190
Reference 1.36 178 222 246 205 079 213 280 342 381 3.81 342 280 213
Type 3 079 204 244 220 179 135 212 279 342 380 380 342 280 212
Reference 071 247 306 315 279 230 372 458 497 485 427 342 253 177
Type 4 071 216 3.03 311 281 228 370 457 497 484 427 341 252 176
Reference 1.04 239 259 220 170 127 195 252 304 337 337 304 252 195
Type 5 1.04 238 257 218 171 126 195 252 305 336 3.36 305 252 1.95
Reference 094 258 327 316 271 219 347 420 449 436 384 309 231 165
Type 6 094 257 324 313 273 216 345 420 449 435 383 309 231 165
Reference 0.82 252 361 391 369 319 521 596 570 493 392 290 204 139
Type 7 0.82 251 357 386 371 315 518 595 571 492 391 290 204 139
Reference 072 243 386 456 460 418 694 765 678 538 393 271 180 117
Type 8 072 242 380 449 463 412 690 764 679 537 393 271 180 117
Reference 164 353 367 314 249 191 288 334 345 329 289 237 183 1.37
Type 9 164 352 364 311 250 1.89 287 333 345 328 288 236 183 1.36
Reference 146 352 413 396 345 284 442 485 449 380 3.02 227 165 1.18
Type 10 146 350 4.09 391 347 281 439 484 449 380 3.01 227 165 1.18
Reference 1.30 346 449 469 439 379 601 636 545 423 309 216 148  1.01
Type 11 1.30 344 444 463 441 374 597 635 545 422 309 216 148  1.01
Reference 174 376 455 461 424 363 572 601 512 397 290 203 140 0.96
Type 12 175 374 450 445 426 358 562 600 512 396 289 203 140 0.96
Reference 161 376 487 516 489 429 676 7.01 580 430 298 199 130 0.86
Type 13 161 374 481 509 491 421 671 700 580 429 298 198 130 0.86
Reference 222 401 488 505 472 408 643 664 547 405 281 187 123 082
Type 14 223 400 483 497 474 403 639 662 547 404 280 187 123 082
Reference 214 416 523 547 511 441 694 719 593 436 296 190 120 076
Type 15 215 414 517 539 514 435 689 747 593 435 295 190 120 076
Reference 056 178 232 220 18 143 229 307 3.8 429 429 382 307 229
Overcast 056 177 230 218 184 141 228 3.07 383 429 429 382 3.08 228
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Table 17 Test Case 5.9 4x4 opening
Opening JCIE sky type |A |s lc |Io |e |F le IH I Iy Jx JL [m In
4x4 Reference 37.84 31.72 26.85 2210 17.89 1438 31.87 3730 41.27 4335 4335 4127 3730 31.87
Type 1 3581 3153 26.80 2209 1791 1438 31.84 3726 4125 4330 4330 4125 3726 31.84
Reference 42,03 37.03 3275 28.13 23.70 19.79 42.01 46.99 49.85 50.08 47.76 42.89 36.40 29.02
Type 2 40.36 36.88 3269 28.13 23.75 19.78 41.93 46.95 49.79 50.04 47.70 42.89 36.34 29.00
Reference 42,77 34.03 27.43 2181 17.23 13.61 29.16 33.92 37.40 39.22 39.22 37.40 3392 29.16
Type 3 40.96 33.86 27.39 2180 17.26 13.61 2911 3385 37.35 39.15 39.15 37.36 33.86 29.11
Reference 46.85 39.59 33.65 28.08 23.16 19.04 39.19 43.59 46.07 46.17 43.97 3950 33.60 26.94
Type 4 4534 3945 3359 2807 2321 19.03 39.08 4352 4599 46.11 43.88 3948 33.53 26.91
Reference 46.74 36.05 28.05 2167 16.73 12.98 26.80 30.95 33.99 3558 3558 3399 30.95 26.80
Type 5 4512 3589 2801 2165 16.76 12.98 2675 30.89 3395 3552 3552 3395 30.89 26.75
Reference 5091 41.92 3458 2815 22.76 1841 36.63 40.47 4259 4257 4048 36.37 31.03 25.04
Type 6 4957 4179 3453 2813 2281 1840 3652 4041 4252 4250 4040 36.35 30.96 25.01
Reference 51.83 4495 3855 3255 27.23 22.77 44.08 47.33 4853 47.09 43.13 36.83 29.80 2281
Type 7 5149 4492 3850 3254 27.30 2272 4395 47.28 4844 47.04 43.06 36.84 2972 2279
Reference 5227 47.46 4191 3633 31.13 26.65 50.65 53.33 5373 51.05 4538 37.05 2856 20.78
Type 8 53.09 4753 41.85 36.32 3124 2653 5050 53.31 5363 51.03 4531 37.09 2847 20.78
Reference 61.28 47.22 36.33 27.92 2155 16.78 30.7 33.35 3469 3441 3258 2929 2519 20.69
Type 9 60.28 4712 3629 27.89 2159 16.77 3059 3327 3462 3434 3250 2926 2513 20.66
Reference 61.85 50.36 40.59 32.56 26.13 21.1 37.82 39.98 4052 3895 3542 30.18 2458 19.14
Type 10 61.71 50.33 4054 3252 2619 21.06 37.68 39.91 4042 3888 3534 30.17 2450 19.12
Reference 6199 53.01 4428 36.68 30.26 2508 4436 46.04 4585 431 37.95 30.84 23.89 17.68
Type 11 62.89 53.07 4423 36.64 30.35 25.03 4419 4599 4574 43.05 37.88 30.87 23.81 17.67
Reference 66.34 54.33 4425 361 29.48 24.25 4233 43.82 4354 40.85 3592 29.17 22.62 16.79
Type 12 67.25 5440 4421 36.05 2956 2420 4215 4375 4343 40.80 3584 2919 2254 16.78
Reference 66.63 56.51 47.18 39.24 32.56 27.15 47.07 4825 47.47 4396 37.92 2991 2238 15.95
Type 13 68.13 56.63 47.13 3920 3266 27.08 46.87 4820 47.35 4391 37.85 2994 2229 1595
Reference 71.83 57.51 46.84 38.44 3162 262 4495 4599 4515 4174 3596 2834 2122 15.16
Type 14 7333 5759 4677 3837 3169 2612 4473 4589 4501 4167 3586 2835 21.13 15.15
Reference 732 60.07 4966 41.13 34.02 2829 4842 4933 4819 4425 37.79 2937 2153 1491
Type 15 7480 60.17 4959 41.07 3411 2821 4819 4925 4804 4419 37.69 2939 2143 14.89
Reference 39.28 3232 2679 21.78 1753 1405 3136 36.76 40.71 4276 42.76 40.71 36.76 31.36
Overcast 37.35 3215 2674 2176 1754 14.05 31.31 36.71 40.67 4269 4270 4067 36.71 31.32
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GRAPHICAL REPRESENTATION OF MEASUREMENTS

Reference Chart for Imx1m aperture

Figure 16 sky component variation under CIE types 1, 9 and 12 1mx1m opening Figure 16A sky component variation under CIE types 1, 9 and 12 1mx1m opening G-N
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RESULT

A VERY SMALL PERCENTAGE OF THE SOFTWARE SIMULATION RESULTS WERE
OUTSIDE THE MEASUREMENT LIMIT IN THE 1X1 OPENING ANALYSIS, HOWEVER,
BASED ON PREVIOUS EXPERIENCE WITH SIMULATION SOFTWARE AND THIS
PARTICULAR DOCUMENT, THE AUTHOR BELIEVES THE VALUES LISTED FOR TYPE 3
COLUMNS A-F ARE TRANSPOSED IN THE ORIGINAL DOCUMENT ONCE THE VALUES
ARE CHANGED, THE TABLE MATCHES. SEE BELOW:

Reference 1.36 1.78 222 246 2.05 0.79
Type 3 0.79 2.04 2.44 2.20 1.79 1.35
Transposed 0.79 2.05 2.46 2.22 1.78 1.36

All other values fall within the margin of error.
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5.10 SKY COMPONENT UNDER A ROOF GLAZED OPENING.

The objective of this section is to test the ability of the software to calculate the sky component obtained under
different sky conditions, under the influence of a glazed opening.

The test geometry and conditions are similar to the one in Section 5.9 (Note: the document incorrectly refers to
section 5.8), except there is meant to be a 6mm thick pane of glass covering the opening on the ceiling. Since
NVIDIA® Iray® allows for specifying the transmittance of glass, a transmittance value of 0.91 was selected
for the tests. This was chosen based calculating values for the first case (Imx1m opening, sky type 1), varying
the transmittance values and using the value that yielded results closest to the reference values.

Table 18 Test Case 5.10 1x1 opening
Opening CEskytype | A | B Jc I DJEJF e ]JH]I JJ]IK]JL]IM]N
1x1 Reference 015 117 191 192 162 128 204 273 3.38 378 378 3.38 273 204
Type 1 018 123 193 191 162 125 200 269 332 371 372 332 269 201
Reference 013 122 234 268 250 212 350 439 481 472 416 331 242 167
Type 2 016 129 236 266 251 207 344 431 474 465 410 326 238 1.64
Reference 026 145 201 189 154 118 1.87 246 3.01 335 335 3.01 246 187
Type 3 032 153 203 187 154 116 1.83 215 296 329 329 296 242 183
Reference 024 154 251 268 241 201 326 4.03 437 426 376 3.01 222 155
Type 4 028 163 253 265 242 196 320 395 430 419 370 296 218 1.52
Reference 035 1.69 212 187 147 111 171 222 268 296 296 268 222 1.71
Type 5 042 179 214 186 147 109 168 218 264 291 291 264 218 168
Reference 031 1.82 267 269 234 190 3.04 369 395 383 337 272 203 144
Type 6 038 193 270 267 234 186 297 362 389 377 332 267 200 142
Reference 028 178 296 3.33 3.19 278 456 523 502 434 345 255 179 1.22
Type 7 033 1.89 298 329 319 271 447 514 493 426 339 251 176 1.20
Reference 024 173 316 3.89 398 364 608 672 597 473 346 238 158 1.03
Type 8 029 183 318 3.83 398 355 596 659 587 465 341 235 156 1.01
Reference 055 249 300 267 215 166 252 293 304 289 254 208 161 120
Type 9 065 264 303 264 215 163 247 288 299 284 250 205 158 1.18
Reference 049 248 338 337 298 247 387 426 395 334 265 200 145 1.03
Type 10 058 264 340 3.33 298 242 379 417 388 328 261 196 143 1.02
Reference 044 245 368 400 379 330 526 559 479 372 272 190 1.31 0.89
Type 11 052 259 370 395 379 322 516 548 471 365 267 187 129 087
Reference 058 265 372 392 366 316 501 528 451 349 255 179 123 0.84
Type 12 070 281 375 3.87 365 309 491 517 443 343 251 176 121 0.83
Reference 054 266 399 440 423 371 591 616 510 379 262 175 114 075
Type 13 064 2.81 401 434 422 362 580 603 501 372 258 172 113 074
Reference 074 283 399 430 408 355 563 58 481 356 247 165 1.08 0.72
Type 14 0.88 3.00 4.02 425 407 347 552 572 472 350 243 162 1.06 0.71
Reference 071 294 428 466 442 384 608 632 522 383 260 1.68 1.05 0.66
Type 15 085 3.11 431 460 441 375 595 618 512 376 256 165 1.04 0.65
Reference 019 126 190 1.87 157 124 200 270 3.36 378 378 336 270 200
Overcast 023 134 191 185 157 122 197 266 331 371 372 331 266 1.97
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Table 19 Test Case 5.10 4x4 opening

Opening CEskytype | A | B J c | DJE]JFJG|]H]I JJ]IK]JL]M]N

4x4 Reference 28.64 2536 22.25 18.71 15.34 12.43 27.88 32.69 36.22 38.07 38.07 36.22 32.69 27.88
Type 1 28.41 26.28 22.88 19.08 15.56 12.53 27.80 32.54 36.03 37.82 37.82 36.03 32.54 27.80
Reference 32.75 30.05 27.34 23.90 20.36 17.13 36.75 41.18 43.74 43.98 4196 37.67 31.94 2542
Type 2 32.73 31.02 28.00 24.33 20.65 17.24 36.61 41.01 43.49 4370 4166 37.48 31.74 2533
Reference 30.83 26.68 22.56 18.41 14.76 11.76 2550 29.73 32.82 34.45 3445 32.82 29.73 2550
Type 3 31.34 27.89 23.28 18.80 14.99 11.86 2541 29.56 32.63 34.20 34.19 32.63 29.56 25.41
Reference 35.03 31.59 27.90 23.79 19.87 16.46 34.27 38.19 40.42 40.55 38.63 34.69 29.48 23.59
Type 4 35.69 32.83 28.68 24.25 20.17 16.58 34.12 38.02 40.16 40.27 38.33 34.48 29.29 23.50
Reference 32.66 27.87 22.92 18.23 14.31 11.20 23.43 27.12 29.83 31.25 31.25 29.83 27.12 23.43
Type 5 33.78 29.31 23.74 18.65 14.54 11.31 23.35 26.99 29.65 31.02 31.02 29.65 26.98 23.36
Reference 37.02 33.01 28.50 23.78 19.50 15.91 32.02 35.45 37.37 37.38 3556 31.94 27.22 21.92
Type 6 28.26 34.51 29.38 24.27 19.81 16.03 31.89 35.29 37.14 37.13 3528 31.75 27.04 21.84
Reference 38.66 35.90 32.00 27.60 23.37 19.69 38.53 41.45 4256 41.35 37.90 32.35 26.15 19.98
Type 7 40.56 37.40 32.87 28.12 23.73 19.80 38.38 41.28 42.31 41.09 37.61 32.18 25.95 19.90
Reference 39.78 38.32 34.97 30.89 26.76 23.07 44.27 46.70 47.12 44.82 39.88 32.56 25.08 18.21
Type 8 42.50 39.83 35.83 31.42 27.16 23.17 44.09 46.56 46.85 44.57 39.58 32.40 24.88 18.14
Reference 41.84 36.14 29.54 2344 18.41 14.47 26.82 29.20 30.42 30.21 28.61 2572 22.09 18.10
Type 9 44.52 38.23 30.67 24.00 18.73 14.60 26.70 29.05 30.23 29.99 28.38 2556 21.95 18.04
Reference 4350 39.15 33.27 27.44 2236 18.22 33.03 34.99 3552 34.19 31.11 26.51 21.56 16.76
Type 10 46.65 4123 34.39 28.04 22.74 18.35 32.89 34.85 3530 33.97 30.87 26.36 21.40 16.70
Reference 4466 4173 36.52 31.00 2593 21.67 38.74 40.29 40.19 37.83 33.34 27.10 20.96 15.49
Type 11 48.47 43.80 37.64 31.62 26.36 21.81 38.57 40.16 39.95 37.60 33.08 26.97 20.80 15.43
Reference 46.30 42.34 36.37 30.47 25.25 20.95 36.96 38.34 38.16 35.86 31.56 25.63 19.85 14.71
Type 12 50.62 44.60 37.55 31.10 25.67 21.08 36.79 38.21 37.93 3563 31.31 2550 19.68 14.65
Reference 47.40 44.42 38.91 33.18 27.90 23.46 41.10 42.22 41.60 38.58 33.32 26.28 19.65 13.98
Type 13 52.05 46.68 40.11 33.84 28.37 23.59 40.92 42.10 41.37 38.36 33.06 26.15 19.46 13.93
Reference 49.09 44.76 38.51 32.46 27.08 22.63 39.24 40.23 39.57 36.64 31.60 24.91 18.63 13.29
Type 14 54.30 47.17 39.74 33.10 27.52 22.75 39.04 40.08 39.31 36.40 31.33 24.77 18.45 13.23
Reference 50.82 46.97 40.89 34.75 29.15 24.44 4227 43.16 4223 38.84 3321 2582 18.91 13.07
Type 15 56.04 49.43 42.17 3544 29.63 24.57 42.07 43.01 41.96 38.60 32.94 2567 18.72 13.01
Reference 29.21 2563 22.14 18.43 15.03 12.15 27.44 3223 3573 37.56 37.56 35.73 32.23 27.44
Overcast 29.24 26.66 22.79 18.78 1524 12.25 27.34 32.06 35.53 37.29 37.29 35.53 32.05 27.34

§RESULT

THE CALCULATED VALUES ARE ALL IN CONSISTENT WITH THE ANALYTICAL
RESULTS.
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5.11 SKY COMPONENT AND EXTERNAL REFLECTED COMPONENT FOR
FACADE UNGLAZED OPENING

This section is meant to test the ability of the software to calculate the separate portions of illuminance from
the sky and from reflection off the external ground.

Test case description
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Figure 20: description of geometry and measurement points

The reference tables list the Sky Component (SC) values on the floor, the SC values + External Reflected
Component (ERC) values for the wall and the ERC values on the ceiling.

Note that CIE 171:2006 provides only one reference, independent of sky type, for the sensor points on the
ceiling (G'--N"). This is incorrect because the shadow the building casts onto the ground affects the amount of
light that can be scattered towards wall and ceiling. The shape of the shadow depends on the type of sky. The
shape of the shadow furthermore depends on the outside shape of the building (wall thickness, other floors,
etc), which is not specified in the test case.
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Table 20 Test Case 5.11 2x1 opening
Opening  [CEskytypeJ] Af B J c I DJE]JF e i JTo]lxk]r]Im|nN]e]uw]rforirk]rwm]wN

2x1 Reference 095 106 125 151 170 186 0.87 131 202 320 507 764 933 509 038 0.53 0.75 1.08 1.56 2.14 24 1.24
Type 1 093 1.05 125 151 170 1.85 088 130 202 322 505 7.62 930 508 036 049 068 096 134 176 182 0.79
Reference 095 106 118 133 155 183 092 142 230 386 6.58 10.77 1366 6.33 0.38 0.53 0.75 1.08 1.56 2.14 24 124
Type 2 093 1.06 1.17 133 154 183 093 142 230 3.89 6.55 10.73 13.62 6.32 0.36 050 070 1.00 141 1.87 198 0.89
Reference 095 106 156 242 275 258 1.08 154 226 340 511 734 861 456 038 0.53 0.75 1.08 1.56 2.14 24 124
Type 3 092 1.05 157 243 273 257 109 153 226 342 509 732 858 457 035 049 068 095 133 174 180 0.79

095 106 145 214 253 258 116 171 262 4.16 6.73 1052 1282 580 0.38 0.53 0.75 1.08 1.56 2.14 24 124
Type 4 093 1.06 145 215 253 257 117 170 261 419 6.70 1047 1278 579 038 053 075 1.08 156 214 240 124
Reference 095 106 179 309 354 317 127 175 249 359 519 711 799 413 0.38 0.53 0.75 1.08 1.56 2.14 24 124
Type 5 092 1.05 181 310 352 315 127 173 248 362 515 710 797 412 035 048 067 094 132 172 179 0.79
Reference 095 1.06 165 276 332 322 137 197 292 446 691 1033 1207 530 038 053 075 1.08 1.56 2.14 24 124
Type 6 093 1.05 166 278 331 321 138 194 290 449 6.87 1028 12.03 529 036 050 069 098 139 1.84 195 0.89
Reference 095 1.06 153 243 296 301 134 198 3.04 486 804 13.00 1585 597 0.38 0.53 0.75 1.08 1.56 2.14 24 124
Type 7 093 1.06 153 244 295 3.01 136 1.96 3.03 491 799 1292 1579 596 0.36 050 070 1.00 142 1.90 204 0.96
Reference 095 106 142 213 264 281 130 196 3.10 516 896 1541 19.39 6.50 0.38 0.53 0.75 1.08 1.56 2.14 24 124
Type 8 094 1.06 143 214 264 281 132 194 309 520 892 1530 19.31 648 037 051 071 1.02 145 195 212 1.01
Reference 095 1.06 227 461 552 482 187 255 355 505 719 974 1030 4.19 0.38 0.53 0.75 1.08 1.56 2.14 240 1.24
Type 9 092 1.05 230 464 549 479 188 249 352 509 712 9.69 1026 4.18 036 049 068 097 1.37 1.81 1.92  0.89
Reference 095 1.06 208 4.10 503 461 187 261 377 561 850 1247 1377 481 038 0.53 0.75 1.08 1.56 2.14 24 124
Type 10 093 1.05 210 413 500 459 189 256 374 565 842 1238 13.71 4.80 036 050 070 099 140 1.87 201 0.95]
Reference 095 106 191 365 456 438 184 263 391 604 962 1500 17.13 533 0.38 0.53 0.75 1.08 1.56 2.14 24 124
Type 11 093 105 193 367 454 436 18 259 38 610 954 1490 17.05 631 036 050 071 101 143 193 209 1.00|
Reference 095 1.06 239 493 580 501 200 280 406 613 954 1457 1635 503 038 0.53 075 1.08 1.56 2.14 24 124
Type 12 093 1.05 242 496 577 498 202 274 403 6.19 946 1447 1627 5.02 0.36 050 070 1.00 143 1.92 208 1.00
Reference 095 1.06 223 452 543 487 200 285 421 652 1043 1641 1867 543 0.38 0.53 0.75 1.08 1.56 2.14 24 124
Type 13 094 1.06 225 454 540 4.85 203 279 419 6.59 10.35 16.29 18.58 541 0.37 051 071 102 145 1.96 214 1.04
Reference 095 106 334 687 712 551 214 298 432 6.55 1029 1589 17.28 5.14 0.38 0.53 0.75 1.08 1.56 2.14 24 124
Type 14 093 1.05 341 692 706 547 216 291 428 6.61 10.20 1576 17.73 513 0.36 0.50 071 1.01 145 1.95 213 1.03
Reference 095 1.06 317 6.54 696 558 222 312 457 699 11.08 17.18 19.25 552 0.38 0.53 0.75 1.08 1.56 2.14 24 124
Type 15 094 1.06 323 658 691 555 224 3.05 453 7.06 10.98 17.04 19.16 549 0.37 051 072 1.03 147 200 219 1.07
Reference 095 1.06 128 171 206 214 095 138 207 319 497 742 911 504 038 0.53 0.75 1.08 1.56 2.14 24 124
Overcast 092 105 127 171 206 214 095 137 206 321 495 741 9.09 503 036 049 068 096 134 175 1.81 0.79|

| Table 21 Test Case 5.11 4x3 opening
Opening I_CIEskytypelAIBlClDlElFIGlHII sk m]n]Je]r]rsxk]r]vm]w

4x3 Reference 525 6.11 6.98 7.99 877 935 427 592 833 11.82 16.84 23.83 33.05 4406 174 229 3.06 4.14 563 7.65 10.27 13.59
Type 1 487 579 673 7.72 860 932 429 594 832 11.83 16.84 23.82 33.02 44.08 148 194 258 349 474 647 872 1145
Reference 509 578 6.56 7.52 849 935 470 671 975 14.30 21.00 30.09 41.22 5294 174 229 3.06 4.14 563 7.65 10.27 13.59
Type 2 482 554 636 7.34 834 931 473 674 974 14.34 2099 30.08 41.19 5334 154 202 270 364 495 675 9.10 11.93
Reference 593 7.75 9.33 11.09 12.03 1260 509 6.84 9.33 12.87 17.86 24.72 33.68 44.76 174 229 3.06 4.14 563 7.65 10.27 13.59
Type 3 544 744 918 1069 11.84 1268 512 687 9.33 12.89 17.86 24.71 33.62 44.31 147 193 257 346 471 642 866 11.38
Reference 566 7.23 872 1043 11.64 1258 562 7.76 10.91 15.52 2217 31.06 41.86 53.53 174 229 3.06 4.14 563 7.65 10.27 13.59
Type 4 530 698 860 10.15 11.48 1263 565 7.80 10.90 15.56 22.16 31.04 41.80 53.51 1.53 201 268 3.63 4.93 672 9.05 11.87
Reference ~ 6.43 8.96 11.11 13.47 1457 1517 579 7.63 10.20 13.78 18.76 2550 34.24 4529 174 229 3.06 4.14 563 7.65 10.27 13.59
Type 5 585 864 11.03 12.98 14.36 1534 582 7.66 10.21 13.81 18.76 2549 34.18 44.51 146 1.92 2.55 345 469 639 861 11.31
Reference ~ 6.10 8.34 10.42 1276 14.21 1525 643 870 11.96 16.65 23.25 31.96 42.44 5402 174 229 3.06 4.14 563 7.65 10.27 13.59
Type 6 567 809 10.37 12.40 14.04 1537 647 874 11.96 16.68 23.24 31.94 42.37 5369 1.53 201 267 361 491 669 901 11.82
Reference 582 7.72 956 11.67 13.19 14.41 649 899 1270 18.22 26.22 36.60 48.26 5949 174 229 3.06 4.14 563 7.65 1027 13.59
Type 7 548 7.51 950 1140 13.03 1449 654 9.04 1270 18.26 26.21 36,59 48.19 59.78 156 205 274 370 503 685 922 12.09
Reference 559 7.18 8.81 10.70 12.23 1357 647 9.14 1323 19.48 28.80 40.72 53.40 64.13 174 229 3.06 4.14 563 7.65 10.27 13.59
Type 8 533 7.01 875 1049 1210 1362 6.52 920 1322 19.54 28.79 40.72 53.34 6509 159 209 279 377 513 699 941 1232
Reference  7.42 11.65 1525 19.22 21.12 2228 8.36 10.89 14.38 19.18 2567 33.95 43.73 5527 174 229 3.06 4.14 563 7.65 1027 13.59
Type 9 6.79 11.39 1539 18.60 20.91 2260 8.41 10.94 14.39 19.20 2565 33.92 43.61 5404 151 199 265 357 486 662 892 11.70
7.00 10.71 14.02 17.73 19.81 21.25 852 11.33 1532 20.96 28.76 3852 49.29 60.36 1.74 229 3.06 4.14 563 7.65 10.27 13.59
Type 10 6.47 1049 14.14 17.23 19.61 2151 858 11.39 1532 21.00 28.75 3850 49.18 59.81 1.55 203 271 366 4.98 678 913 11.96
Reference ~ 6.62 9.87 12.91 16.34 1851 20.18 8.58 11.61 16.02 22.45 31.52 42.70 54.36 64.85 174 229 3.06 4.14 563 7.65 10.27 13.59
Type 11 619 9.69 13.00 15.94 18.34 20.39 8.64 11.68 16.03 22.49 31.50 42.69 54.27 65.02 158 207 277 374 509 693 932 12.20
Reference  7.63 12.15 15.80 19.96 22.13 23.68 9.26 12.35 16.79 23.17 32.10 43.03 54.44 6507 174 229 3.06 4.14 563 7.65 10.27 13.59
Type 12 7.06 11.98 16.06 19.39 21.96 24.06 9.33 12.43 16.80 23.22 32.09 43.01 54.31 64.83 157 207 276 373 507 691 929 1216
Reference  7.27 11.39 14.85 18.82 21.13 22.89 9.38 12.66 17.43 24.38 34.19 46.11 58.17 6848 174 229 3.06 4.14 563 7.65 10.27 13.59
Type 13 6.79 11.25 15.08 18.33 20.97 2322 9.46 12.73 17.44 24.44 34.18 46.09 58.05 68.71 1.60 210 280 379 515 7.02 944 12.36
Reference  9.65 1554 19.50 24.59 26.56 28.04 10.12 1345 1823 25.12 34.76 46.43 58.29 68.51 174 229 3.06 4.14 563 7.65 10.27 13.59
Type 14 8.81 1547 20.11 23.69 26.46 28.74 1021 13.52 18.23 25.17 34.72 46.36 58.03 68.47 159 209 279 377 514 7.00 941 1231
Reference  9.25 14.90 18.88 23.94 26.17 27.92 10.48 14.00 19.08 26.41 36.64 48.97 61.35 71.65 174 229 3.06 4.14 563 7.65 10.27 13.59
Type 15 851 14.85 1945 23.14 26.07 2856 10.57 14.08 19.09 26.47 36.61 48.91 61.13 71.81 162 213 284 384 522 7.41 956 1251
Reference 529 646 7.67 883 973 1029 450 6.15 853 12.00 16.97 2391 33.08 4443 174 229 3.06 4.14 563 7.65 10.27 13.59
Overcast 491 614 741 860 954 1026 452 6.7 853 12.01 16.97 23.90 33.05 44.09 148 194 258 348 474 646 871 1144

RESULT

FOR COLUMNS A-N, SOME OF THE SOFTWARE SIMULATION RESULTS ON THE 4X3M
OPENING WERE LOWER THAN THE MEASUREMENT LIMIT, HOWEVER, ALL WERE
WITHIN THE GLOBAL ERROR LIMITS. IT IS NOT POSSIBLE TO ACCURATELY JUDGE
THE RESULTS FROM G’ TO N’. OUR ASSUMPTION BASED ON THE OTHER RESULTS
OBTAINED ON THE TABLE IS THAT THE RESULTS ARE ACCURATE (OR WITHIN THE
MARGIN OF ERROR), AND THE DISCREPANCY IS DUE TO WRONG REFERENCE
VALUES AS NOTED ON THE CASE DESCRIPTION ABOVE.
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5.12 SKY COMPONENT AND EXTERNAL REFLECTED COMPONENT FOR
FACADE GLAZED OPENING

This section is meant to test the ability of the program to calculate the contribution of reflected daylight from
the external ground into a room through a glazed opening. As in Section 5.10, a glass transmission value of
0.91 was assumed. The test geometry and measurements are the same as Section 5.11, except that the
openings are covered by glass.

Similar to 5.11, note that CIE 171:2006 provides only one reference, independent of sky type, for the sensor
points on the ceiling (G'--N"). This is incorrect because the shadow the building casts onto the ground affects
the amount of light that can be scattered towards wall and ceiling. The shape of the shadow depends on the
type of sky. The shape of the shadow furthermore depends on the outside shape of the building (wall thickness,
other floors, etc), which is not specified in the test case.
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Table 22 Test Case 5.12 2x1 opening
Opening IEIEskytypeIAIBICIDIEIFIGIHII JoJk]rmnNn]Jew]r]ox]rm]N

2x1 Reference 084 094 110 133 150 1.63 077 115 177 279 438 644 719 216 0.33 046 0.65 0.94 134 1.8 1.85 0.53
Type 1 081 092 109 132 148 162 077 114 177 281 440 660 768 272 031 043 060 084 1.17 153 152 044
Reference 0.84 094 104 117 136 161 081 125 201 336 567 9.07 1054 270 0.33 0.46 0.65 0.94 1.34 1.8 1.85 0.53
Type 2 082 092 103 116 135 1.60 081 124 201 339 571 929 1126 340 032 044 061 087 123 163 166 0.50
Reference 0.84 094 138 213 242 227 095 135 198 296 441 619 664 194 0.33 046 0.65 0.94 134 1.8 1.85 0.53
Type 3 0.80 092 137 212 239 225 096 134 197 298 444 634 709 245 031 043 059 083 1.16 151 151 044
Reference 0.84 094 127 1.8 223 227 1.02 150 229 362 580 886 990 247 0.33 0.46 0.65 0.94 134 1.8 1.85 0.53
Type 4 0.81 092 127 1.8 221 225 102 148 228 366 584 9.06 1057 3.11 032 044 061 087 122 161 1.65 0.50
Reference 0.84 094 158 272 312 279 111 154 218 313 447 600 6.17 175 0.33 0.46 0.65 0.94 134 1.8 1.85 0.53
Type 5 0.80 092 158 271 308 276 111 151 216 3.16 449 6.15 659 220 031 042 059 083 1.15 150 1.49 043
Reference 0.84 094 145 243 292 283 120 172 255 388 596 870 933 226 0.33 046 0.65 0.94 134 1.8 1.85 0.53
Type 6 0.81 092 145 243 289 280 121 170 254 392 599 890 995 284 032 043 061 086 122 160 1.63 049
Reference 0.84 094 134 213 261 265 1.18 173 266 423 693 1095 1227 256 0.33 0.46 0.65 0.94 1.34 1.8 1.85 0.53
Type 7 082 092 134 213 258 263 119 171 264 428 697 11.18 1308 322 032 044 061 088 125 166 171 0.53

084 094 125 188 232 247 114 172 271 449 772 1297 1503 279 0.33 046 0.65 094 134 1.8 1.85 053
Type 8 082 092 125 187 230 245 115 170 270 454 7.78 1324 1601 351 032 044 062 089 127 170 178 0.56
Reference 084 094 200 406 486 424 164 224 311 440 621 822 797 178 0.33 046 0.65 094 1.34 1.80 1.85 0.53
Type 9 081 092 201 405 479 419 164 218 308 444 621 839 850 225 031 043 060 085 120 158 161 049
Reference 0.84 094 183 361 442 405 164 229 330 488 733 1051 10.68 2.06 0.33 0.46 0.65 0.94 1.34 1.8 1.85 0.53
Type 10 0.81 092 184 361 437 4.01 165 224 327 494 735 1072 11.36 259 032 043 061 087 123 163 169 0.52
Reference 0.84 094 168 321 402 385 162 231 342 526 829 1264 13.30 229 0.33 0.46 0.65 0.94 134 1.8 1.85 0.53
Type 11 0.81 092 169 320 397 381 163 227 339 533 832 1290 1415 288 032 044 062 088 126 168 175 0.55
Reference 0.84 094 210 434 511 441 175 245 355 534 823 1228 1269 216 0.33 0.46 0.65 0.94 134 1.8 1.85 0.53
Type 12 0.81 092 212 433 504 435 176 239 352 540 825 1253 1349 272 032 044 061 088 125 167 174 0.55
Reference 0.84 094 196 397 478 429 176 250 3.69 567 9.00 13.82 1450 2.34 0.33 0.46 0.65 0.94 134 1.8 1.85 0.53
Type 13 0.82 092 197 397 472 424 177 244 366 575 09.03 1410 1542 294 032 044 062 089 127 171 179 057
Reference 0.84 094 294 6.04 626 484 188 261 378 570 887 13.39 13.85 221 0.33 0.46 0.65 0.94 134 1.8 1.85 0.53
Type 14 0.82 092 298 6.04 6.17 478 189 255 3.74 578 8.89 1365 1471 278 032 044 062 089 127 170 179 057
Reference 0.84 094 278 575 6.12 491 195 247 4.00 6.09 955 1448 1496 2.38 0.33 0.46 0.65 0.94 134 1.8 1.85 0.53
Type 15 0.82 092 282 575 6.03 485 196 267 395 6.17 957 1475 1589 298 0.32 045 063 090 129 174 1.84 0.59
Reference 0.84 094 112 150 181 1.89 083 121 1.81 278 428 626 7.02 213 0.33 0.46 0.65 0.94 134 1.8 1.85 0.53
Overcast 0.81 092 111 149 180 1.87 083 119 1.80 280 432 641 751 269 031 043 059 0.84 1.17 152 1.52 0.44

— Table 23 Test Case 5.12 4x3 opening
Opening CEskytypeJAf B Jc I DJEJFJe]HT T [y ]L]mMIN]Jew]r]o]rk]frm]N

4x3 Reference 462 538 615 7.03 7.72 821 374 517 723 10.18 14.30 19.66 2563 30.02 1.52 2 266 3.57 4.8 6.36 8.09 9.55
Type 1 429 510 591 677 753 814 375 519 7.26 10.31 14.58 20.33 27.10 3273 1.32 173 230 3.11 421 566 741 897
Reference 447 509 578 662 747 822 411 585 846 1230 17.78 24.74 3191 36.38 1.52 2 266 3.57 4.8 6.36 8.09 9.55
Type 2 425 487 559 644 731 814 413 589 850 1248 1816 25.63 33.78 39.93 137 181 241 325 441 593 774 932
Reference 521 683 822 976 1058 11.07 446 597 811 11.10 1520 20.48 26.34 31.03 1.52 2 266 357 4.8 6.36 8.09 9.55
Type 3 479 6.53 805 936 10.36 11.08 447 6.00 8.14 11.22 1548 21.13 27.73 33.22 131 172 229 3.09 418 563 7.36 891
Reference 498 636 7.68 918 1024 11.05 492 6.77 947 13.37 18.82 2564 32.64 37.32 1.52 2 266 3.57 4.8 6.36 8.09 9.55
Type 4 467 614 755 889 10.04 11.03 494 6.81 952 1355 1919 26.50 34.42 4040 1.37 1.80 240 324 439 590 7.69 9.27|
Reference 565 7.89 978 11.86 12.82 13.34 507 6.67 8.87 11.91 16.00 21.21 26.96 31.84 1.52 2 2.66 3.57 4.8 6.36 8.09 9.55
Type 5 514 758 966 11.36 12.56 1340 508 6.69 8.90 12.03 16.27 21.83 28.29 3366 1.30 1.71 227 3.07 4.16 559 7.32 885
Reference 536 7.34 9.18 11.24 1251 1340 563 7.59 10.39 14.35 19.78 26.47 33.31 38.14 1.52 2 266 357 4.8 6.36 8.09 9.55
Type 6 499 711 9.09 10.86 1229 1343 565 7.63 10.44 14.52 20.15 27.31 35.02 40.84 1.36 179 239 322 437 587 766 923
Reference 512 6.79 842 1028 11.60 1266 568 7.84 11.03 15.69 22.26 30.21 37.78 42.18 1.52 2 266 3.57 4.8 6.36 8.09 9.55
Type 7 483 660 834 998 11.41 1266 571 7.89 11.08 1590 22.70 3124 3978 4574 139 184 245 331 448 602 7.85 942

492 632 776 942 1076 1193 566 7.97 11.48 16.76 24.40 33.53 41.74 4563 1.52 2 266 3.57 4.8 6.36 8.09 9.55
Type 8 470 617 7.68 9.19 1059 11.91 570 8.04 11.54 17.01 24.92 34.74 4402 50.03 142 188 250 3.38 458 6.15 800 9.59
Reference 6.53 10.26 13.43 16.92 18.59 19.59 7.33 9.52 1251 16.58 21.92 28.33 34.80 40.12 1.52 2.00 2.66 3.57 4.80 6.36 8.09 9.55
Type 9 5.97 10.00 13.48 16.28 18.29 19.75 7.34 9.55 12,56 16.73 22.63 29.10 36.33 4180 135 177 236 3.19 432 581 758 9.3
Reference 6.15 9.43 12.35 1561 17.43 1868 7.47 9.90 13.32 18.09 24.51 32.03 39.11 43.91 1.52 2 266 3.57 4.8 6.36 8.09 9.55
Type 10 5.69 9.21 12.39 15.08 17.15 18.80 7.49 9.95 13.38 18.29 24.94 3298 40.91 4645 1.38 1.82 242 327 443 596 7.76 9.33
Reference 5.83 869 11.37 14.38 16.29 17.74 7.51 10.14 13.92 19.35 26.80 35.40 43.03 47.26 1.52 2 266 357 4.8 6.36 8.09 9.55
Type 11 545 851 11.39 13.95 16.05 17.82 7.55 10.20 13.99 19.59 27.31 36.52 45.09 50.68 1.41 1.86 248 3.34 453 6.09 7.93 9.50
Reference 6.71 10.70 13.92 17.58 19.48 20.82 8.11 10.79 14.60 20.00 27.33 3575 43.26 47.73 1.52 2 266 3.57 4.8 636 8.09 9.55
Type 12 6.21 10.51 14.07 16.97 19.20 21.02 8.16 10.85 14.66 20.23 27.82 36.83 4521 50.71 140 185 247 333 452 6.07 7.90 947
Reference 6.40 10.03 13.08 16.57 18.59 20.13 8.21 11.05 15.15 21.02 29.08 38.24 46.15 50.26 1.52 2 2.66 3.57 4.8 6.36 8.09 9.55
Type 13 597 9.87 13.22 16.04 18.33 20.29 8.26 11.12 1522 21.28 29.63 39.45 48.29 53.84 143 188 251 339 460 6.17 803 961
Reference 8.49 1368 17.17 21.65 23.37 24.65 8.87 11.75 1585 21.69 29.61 38.60 46.41 50.58 1.52 2 266 357 4.8 6.36 8.09 9.55
Type 14 7.74 13.56 17.60 20.72 23.14 25.11 891 11.80 15.91 21.92 30.11 39.71 48.37 53.83 142 188 250 338 4.58 6.15 800 9.58
Reference 8.14 13.12 16.63 21.08 23.03 24.54 9.18 12.23 16.59 22.79 31.19 40.68 48.81 52.90 1.52 2 266 3.57 4.8 6.36 8.09 9.55
Type 15 748 13.02 17.04 20.25 22.80 24.96 9.23 1230 16.66 23.05 31.74 41.88 50.93 5649 145 191 254 344 466 625 813 972
Reference 465 569 675 7.82 856 904 3.94 536 7.41 1034 14.42 19.74 2570 3040 1.52 2 266 3.57 4.8 6.36 8.09 9.55
Overcast 432 540 651 754 835 897 395 539 745 1046 14.70 2040 27.15 32.78 1.32 1.73 230 3.10 421 566 7.40 8.95

RESULT

SOME OF THE SOFTWARE SIMULATION RESULTS WERE OUTSIDE THE
MEASUREMENT LIMIT, SOME IN COLUMN N WERE ALSO OUTSIDE THE GLOBAL
ERROR LIMITS. IT IS NOT POSSIBLE TO ACCURATELY JUDGE THE RESULTS FROM
G’ TO N’. OUR ASSUMPTION BASED ON THE OTHER RESULTS OBTAINED ON THE
TABLE IS THAT THE RESULTS ARE ACCURATE (OR WITHIN THE MARGIN OF
ERROR), AND THE DISCREPANCY IS DUE TO WRONG REFERENCE VALUES AS
NOTED ON THE CASE DESCRIPTION ABOVE. IT IS ALSO WORTH NOTING THAT
PREVIOUS ANALYSES PERFORMED BY THE AUTHOR ON OTHER SOFTWARE
PACKAGES, SHOW A VERY SIMILAR BEHAVIOUR ON THE M-N COLUMNS.
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5.13 SC+ ERC FOR AN UNGLAZED FACADE OPENING WITH A CONTINUOUS
EEXTERNAL HORIZONTAL MASK

This section is meant to test the ability of the software to simulate the effect of a continuous external
horizontal mask on interior illuminance from daylighting.

The figure for the test geometry in the CIE report is shown below. The test was done for exterior canopy
widths of 0.5m, Im and 2m respectively.

Test Case description

Flgure 24: Geomatric description for the axternal horlizontal mask tast case
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Table 24 Test Case 5.13 2x1x.50 opening

Opening  |C'E sky A B c D E F G H
type

2x1x.50 Reference 0.87 1.31 2.02 3.20 5.07 7.64 8.27 0.21
Type 1 0.88 1.31 2.02 3.21 5.06 7.62 8.25 0.21
Reference 0.92 1.42 2.30 3.86 6.58 10.77 12.08 0.21
Type 2 0.93 1.42 2.30 3.88 6.56 10.73 12.05 0.21
Reference 1.08 1.54 2.26 3.40 511 7.34 7.65 0.21
Type 3 1.09 1.54 2.26 3.41 5.10 7.32 7.63 0.21
Reference 1.16 1.71 2.62 4.16 6.73 10.52 11.37 0.21
Type 4 1.17 1.70 2.61 4.18 6.71 10.47 11.33 0.21
Reference 1.27 1.75 2.49 3.59 5.19 7.1 713 0.21
Type 5 1.27 1.74 2.48 3.61 5.17 7.10 7.1 0.21
Reference 1.37 1.97 2.92 4.46 6.91 10.33 10.74 0.21
Type 6 1.38 1.95 2.90 4.48 6.88 10.29 10.70 0.21
Reference 1.34 1.98 3.04 4.86 8.04 13.00 14.11 0.21
Type 7 1.36 1.96 3.03 4.89 8.00 12.93 14.05 0.21
Reference 1.30 1.96 3.10 5.16 8.96 15.41 17.27 0.21
Type 8 1.31 1.95 3.09 5.19 8.93 15.30 17.19 0.21
Reference 1.87 2.55 3.55 5.05 7.19 9.74 9.24 0.21
Type 9 1.87 2.51 3.53 5.08 714 9.70 9.20 0.21
Reference 1.87 2.61 3.77 5.61 8.50 12.47 12.35 0.21
Type 10 1.88 2.57 3.74 5.64 8.44 12.39 12.29 0.21
Reference 1.84 2.63 3.91 6.04 9.62 15.00 15.36 0.21
Type 11 1.86 2.60 3.89 6.09 9.56 14.89 15.29 0.21
Reference 2.00 2.80 4.06 6.13 9.54 14.57 14.68 0.21
Type 12 2.02 2.75 4.03 6.17 9.48 14.47 14.60 0.21
Reference 2.00 2.85 4.21 6.52 10.43 16.41 16.76 0.21
Type 13 2.02 2.81 4.19 6.57 10.37 16.29 16.67 0.21
Reference 2.14 2.98 4.32 6.55 10.29 15.89 16.01 0.21
Type 14 2.15 2.92 4.29 6.59 10.20 15.76 15.92 0.21
Reference 2.22 3.12 4.57 6.99 11.08 17.18 17.29 0.21
Type 15 2.24 3.06 4.54 7.05 10.99 17.04 17.20 0.21
Reference 0.95 1.38 2.07 3.19 497 7.42 8.07 0.21
Overcast 0.95 1.37 2.06 3.20 4.96 7.41 8.05 0.21
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Table 25 Test Case 5.13 2x1x1 opening

Opening |CIE sky A B c D E F G H
type

2x1x1 Reference 0.87 1.31 2.02 3.20 4.68 5.69 4.08 0.21
Type 1 0.88 1.31 2.02 3.21 4.65 5.68 4.06 0.21
Reference 0.92 1.42 2.30 3.86 6.00 7.72 5.78 0.21
Type 2 0.93 1.42 2.30 3.88 5.96 7.72 5.75 0.21
Reference 1.08 1.54 2.26 3.40 474 5.53 3.83 0.21
Type 3 1.09 1.54 2.26 3.41 4.71 5.52 3.82 0.21
Reference 1.16 1.71 2.62 4.16 6.17 7.63 5.51 0.21
Type 4 1.17 1.70 2.61 418 6.12 7.63 5.48 0.21
Reference 1.27 1.75 2.49 3.59 4.82 5.42 3.63 0.21
Type 5 1.27 1.74 2.48 3.61 4.79 5.42 3.61 0.21
Reference 1.37 1.97 2.92 4.46 6.36 7.59 5.28 0.21
Type 6 1.38 1.95 2.90 4.48 6.31 7.58 5.25 0.21
Reference 1.34 1.98 3.04 4.86 7.33 9.24 6.79 0.21
Type 7 1.36 1.96 3.03 4.89 7.26 9.23 6.74 0.21
Reference 1.30 1.96 3.10 5.16 8.10 10.67 8.21 0.21
Type 8 1.31 1.95 3.09 5.19 8.03 10.66 8.14 0.21
Reference 1.87 2.55 3.55 5.05 6.67 7.36 4.71 0.21
Type 9 1.87 2.51 3.53 5.08 6.60 7.34 4.68 0.21
Reference 1.87 2.61 3.77 5.61 7.82 9.12 6.15 0.21
Type 10 1.88 2.57 3.74 5.64 7.73 9.09 6.10 0.21
Reference 1.84 2.63 3.91 6.04 8.79 10.70 7.54 0.21
Type 11 1.86 2.60 3.89 6.09 8.69 10.68 7.48 0.21
Reference 2.00 2.80 4.06 6.13 8.73 10.46 7.25 0.21
Type 12 2.02 2.75 4.03 6.17 8.64 10.44 7.19 0.21
Reference 2.00 2.85 4.21 6.52 9.52 11.64 8.21 0.21
Type 13 2.02 2.81 419 6.57 9.41 11.62 8.14 0.21
Reference 2.14 2.98 4.32 6.55 9.40 11.33 7.89 0.21
Type 14 2.15 2.92 4.29 6.59 9.28 11.29 7.81 0.21
Reference 2.22 3.12 4.57 6.99 10.11 12.24 8.50 0.21
Type 15 2.24 3.06 4.54 7.05 9.98 12.21 8.42 0.21
Reference 2.22 3.12 4.57 6.99 10.13 12.33 8.73 0.41
Overcast 0.95 1.37 2.06 3.20 4.56 5.52 3.96 0.21
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Table 26 Test Case 5.13 2x1x2 opening

Opening |CIE sky A B c D E F G H
type

2x1x2 Reference 0.83 1.09 1.44 1.88 2.22 1.72 0.40 0.21
Type 1 0.83 1.09 1.45 1.87 2.22 1.71 0.40 0.21
Reference 0.87 1.17 1.59 2.14 2.63 2.10 0.40 0.21
Type 2 0.87 1.17 1.59 2.13 2.63 2.10 0.40 0.21
Reference 1.03 1.31 1.66 2.06 2.33 1.72 0.40 0.21
Type 3 1.03 1.30 1.66 2.06 2.32 1.72 0.40 0.21
Reference 1.10 1.42 1.86 2.39 2.81 2.14 0.40 0.21
Type 4 1.10 1.42 1.85 2.38 2.80 2.14 0.40 0.21
Reference 1.21 1.50 1.86 2.24 2.44 1.73 0.40 0.21
Type 5 1.21 1.49 1.85 2.23 2.43 1.74 0.40 0.21
Reference 1.30 1.66 2.1 2.63 2.98 2.18 0.40 0.21
Type 6 1.31 1.65 2.10 2.62 2.97 2.18 0.40 0.21
Reference 1.27 1.65 2.14 2.74 3.23 2.45 0.40 0.21
Type 7 1.28 1.65 2.14 2.74 3.22 2.45 0.40 0.21
Reference 1.23 1.62 2.14 2.81 3.40 2.66 0.40 0.21
Type 8 1.24 1.62 2.14 2.80 3.39 2.66 0.40 0.21
Reference 1.78 2.18 2.66 3.13 3.33 2.25 0.40 0.21
Type 9 1.78 2.16 2.64 3.12 3.30 2.25 0.40 0.21
Reference 1.78 2.21 2.75 3.33 3.67 2.57 0.40 0.21
Type 10 1.78 2.20 2.73 3.33 3.64 2.56 0.40 0.21
Reference 1.75 2.21 2.80 3.47 3.93 2.84 0.40 0.21
Type 11 1.76 2.20 2.79 3.46 3.91 2.83 0.40 0.21
Reference 1.90 2.36 2.94 3.58 3.97 2.82 0.40 0.21
Type 12 1.91 2.34 2.92 3.57 3.94 2.81 0.40 0.21
Reference 1.90 2.39 3.01 3.72 4.21 3.04 0.40 0.21
Type 13 1.91 2.38 3.00 3.72 4.19 3.03 0.40 0.21
Reference 2.04 2.52 3.12 3.79 4.22 3.00 0.40 0.21
Type 14 2.04 2.49 3.09 3.78 4.18 2.98 0.40 0.21
Reference 2.1 2.63 3.28 4.02 4.50 3.20 0.40 0.21
Type 15 2.12 2.60 3.26 4.01 4.46 3.19 0.40 0.21
Reference 0.90 1.16 1.50 1.90 2.20 1.68 0.40 0.21
Overcast 0.90 1.16 1.50 1.90 2.20 1.68 0.40 0.21

 RESULT

THE SOFTWARE SIMULATION RESULTS WERE ALL WELL ALIGNED WITH THE
REFERENCE VALUES, EXCEPT FOR THE OVERCAST SKY SCENARIO WITH A 1M
CANOPY. PREVIOUS EXPERIENCE WITH THIS PARTICULAR TEST INDICATES THE
REFERENCE VALUES ARE WRONG:

e SKYTYPES 1 AND OVERCAST ARE SIMILAR IN NATURE AND SHOULD HAVE
VALUES THAT ARE SIMILAR.

e THE OVERCAST SKY IS MOSTLY UNIFORM, THE 1M OBSTRUCTION SHOULD
NOT STRONGLY DEVIATE FROM THE 0.5M AND THE 2M OBSTRUCTIONS (BUT
IT DOES IN THE REFERENCE)

e A CLOSER LOOK ALSO SEEMS TO INDICATE THAT THE CIE REPORT
INCORRECTLY USED THE SC FROM SKY TYPE 15 (SINCE THE VALUES MATCH
WITH THAT FOR POSITIONS A-D)
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5.14 SC+ ERC FOR AN UNGLAZED FACADE OPENING WITH A CONTINUOUS
EXTERNAL VERTICAL MASK

This section is meant to test the ability of the software to simulate the effect of a continuous external vertical
mask on interior illuminance from daylighting

The figure for the test geometry from the CIE report is shown below.

External canopy heights of 3m, 6m and 9m are considered for the test scenarios. As before a vertical sun angle
of 60 degrees was maintained.

Test Case description
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Table 27 Test Case 5.14 4x3_3 opening
Opening [ClEskytype ] Al BJC]JDJ E I F J G [H
4x3 3 Reference 0.82 1.28 2.02 320 5.07 7.64 9.33 5.09
Type 1 0.82 1.28 2.02 321 506 7.62 9.31 5.08
Reference 0.86 1.39 2.30 3.86 6.58 10.77 13.66 6.33
Type 2 0.86 1.39 2.30 3.88 6.56 10.73 13.63 6.32
Reference 1.00 150 2.26 3.40 511 7.34 8.61 4.56
Type 3 1.00 149 226 341 510 7.32 8.59 4.57
Reference 1.06 1.66 2.62 4.16 6.73 10.52 12.82 5.80
Type 4 1.07 165 2.61 4.18 6.71 10.47 12.78 5.79
Reference 115 1.70 249 359 519 7.11 7.99 4.13
Type 5 115 169 248 3.61 517 7.10 7.98 4.12
Reference 1.24 190 2.92 446 6.91 10.33 12.07 5.30
Type 6 124 1.89 2.90 4.48 6.88 10.29 12.03 5.29
Reference 1.22 1.92 3.04 4.86 8.04 13.00 15.85 5.97
Type 7 1.23 1.91 3.03 4.89 8.00 12.93 15.80 5.96
Reference 1.19 1.90 3.10 5.16 8.96 1541 19.39 6.50
Type 8 1.20 1.89 3.09 5.19 8.93 15.30 19.32 6.49
Reference 166 245 3,55 5.05 7.19 9.74 10.30 4.19
Type 9 165 242 353 5.08 7.14 9.70 10.26 4.19
Reference 1.67 251 3.77 5.61 8.50 12.47 13.77 4.81
Type 10 166 248 3.74 5.64 8.44 12.39 13.71 4.80
Reference 1.65 254 3.91 6.04 9.62 15.00 17.13 5.33
Type 11 1.65 252 3.89 6.09 9.56 14.89 17.06 5.32
Reference 1.78 269 4.06 6.13 9.54 14.57 16.35 5.03
Type 12 1.77 265 4.03 6.17 9.48 14.47 16.28 5.02
Reference 1.78 2.74 4.21 6.52 10.43 16.41 18.67 5.43
Type 13 1.78 2.71 4.19 6.57 10.37 16.29 18.59 5.42
Reference 1.89 2.86 4.32 6.55 10.29 15.89 17.82 5.14
Type 14 1.88 2.82 4.29 6.59 10.20 15.76 17.73 5.13
Reference 1.96 299 4.57 6.99 11.08 17.18 19.25 5.52
Type 15 1.95 295 454 7.05 10.99 17.04 19.16 5.50
Reference 0.88 1.34 2.07 319 497 742 911 5.04
Overcast 0.88 1.34 2.06 320 496 7.41 9.09 5.03

Validation of NVIDIA® Iray® against CIE 171:2006

www.daudesignandconsulting.com 40



Table 28 Test Case 5.14 4x3_6 opening
Opening [ClEskytype ] Al BJC]JDJ E I F J G [H
4x3 6 Reference 0.41 0.47 0.79 1.79 373 7.40 9.33 5.09
Type 1 0.30 0.42 0.80 1.80 3.72 7.38 9.31 5.08
Reference 0.31 0.36 0.73 2.02 4.77 10.43 13.66 6.33
Type 2 0.23 0.32 0.74 2.04 4.76 10.38 13.63 6.32
Reference 0.47 0.53 0.88 188 3.73 7.11 8.61 4.56
Type 3 0.35 0.48 0.88 1.89 3.73 7.08 8.59 4.57
Reference 0.35 0.40 0.80 2.11 4.80 10.17 12.82 5.80
Type 4 0.26 0.36 0.81 213 4.79 10.11 12.78 5.79
Reference 0.51 0.59 095 196 375 6.89 7.99 4.13
Type 5 0.38 0.53 0.95 197 375 6.86 7.98 4.12
Reference 0.38 0.44 0.86 220 4.86 9.97 12.07 5.30
Type 6 0.28 0.39 0.87 222 4.84 9.92 12.03 5.29
Reference 0.33 0.38 0.83 2.39 5.71 12.58 15.85 5.97
Type 7 0.24 0.34 0.85 242 570 12.50 15.80 5.96
Reference 0.28 0.32 0.80 2.54 6.44 14.93 19.39 6.50
Type 8 0.21 0.29 0.82 257 6.43 14.82 19.32 6.49
Reference 0.47 0.54 1.00 239 491 9.38 10.30 4.19
Type 9 0.35 0.48 1.02 241 490 9.32 10.26 4.19
Reference 0.40 0.46 0.98 262 5.85 12.03 13.77 4.81
Type 10 0.30 0.42 0.99 265 5.83 11.93 13.71 4.80
Reference 0.34 0.39 0.94 281 6.68 14.49 17.13 5.33
Type 11 0.26 0.35 0.96 2.85 6.66 14.37 17.06 5.32
Reference 0.38 0.44 0.99 284 6.61 14.07 16.35 5.03
Type 12 0.28 0.39 1.02 2.88 6.59 13.96 16.28 5.02
Reference 0.32 0.37 0.96 298 7.23 15.85 18.67 5.43
Type 13 0.24 0.33 0.98 3.02 7.21 15.71 18.59 5.42
Reference 0.37 0.43 1.02 3.01 7.13 15.36 17.82 5.14
Type 14 0.28 0.38 1.04 3.06 7.10 15.21 17.73 5.13
Reference 0.29 0.34 096 3.11 7.58 16.58 19.25 5.52
Type 15 0.22 0.30 0.99 3.16 7.55 16.43 19.16 5.50
Reference 0.42 0.48 0.81 1.78 365 7.19 9.11 5.04
Overcast 0.31 0.44 0.81 1.79 365 7.17 9.09 5.03
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Table 29 Test Case 5.14 4x3_9 opening
Opening [ClEskytype ] Al BJC]JDJ E I F J G [H
4x3 9 Reference 0.77 0.90 1.04 119 1.27 3.97 9.33 5.09
Type 1 0.30 0.42 0.60 0.86 1.24 3.95 9.31 5.08
Reference 0.59 0.69 0.79 0.90 0.97 5.18 13.66 6.33
Type 2 0.23 0.32 046 066 095 5.14 13.63 6.32
Reference 0.88 1.02 1.19 135 1.45 3.93 8.61 4.56
Type 3 0.35 0.48 0.68 0.98 1.42 3.92 859 4.57
Reference 0.66 0.77 0.89 1.02 1.09 5.08 12.82 5.80
Type 4 0.26 0.36 0.51 0.74 1.07 5.04 12.78 5.79
Reference 0.97 1.12 1.30 148 159 390 7.99 4.13
Type 5 0.38 0.53 0.75 1.08 1.56 3.89 7.98 4.12
Reference 0.72 0.84 097 111 1.19 4.98 12.07 5.30
Type 6 0.28 0.39 0.56 0.81 1.16 4.94 12.03 5.29
Reference 0.62 0.72 0.83 0.95 1.02 6.20 15.85 5.97
Type 7 0.24 0.34 048 069 1.00 6.13 15.80 5.96
Reference 0.53 0.61 0.71 0.81 0.87 7.35 19.39 6.50
Type 8 0.21 0.29 0.41 059 0.85 7.26 19.32 6.49
Reference 0.89 1.03 1.19 136 1.46 4.75 10.30 4.19
Type 9 0.35 0.48 0.68 099 1.42 4.72 10.26 4.19
Reference 0.76 0.89 1.03 117 1.26 5.88 13.77 4.81
Type 10 0.30 0.42 0.59 0.85 1.23 5.82 13.71 4.80
Reference 0.65 0.75 0.87 0.99 1.07 6.99 17.13 5.33
Type 11 0.26 0.35 0.50 0.72 1.04 6.90 17.06 5.32
Reference 0.72 0.84 097 110 1.19 1.02 16.35 5.03
Type 12 0.28 0.39 0.56 0.80 1.16 6.76 16.28 5.02
Reference 0.61 0.71 0.82 0.93 1.00 7.57 18.67 5.43
Type 13 0.24 0.33 0.47 0.68 098 7.45 18.59 5.42
Reference 0.70 0.82 0.95 1.08 1.16 7.43 17.82 5.14
Type 14 0.28 0.38 0.54 0.78 1.11 7.33 17.73 5.13
Reference 0.56 0.65 0.75 0.86 0.92 7.76 19.25 5.52
Type 15 0.22 0.30 043 0.62 090 7.64 19.16 5.50
Reference 0.80 0.93 1.08 123 132 393 9.11 5.04
Overcast 0.32 0.44 062 0.89 129 3.91 9.09 5.03
' RESULT

THE REFERENCE VALUES AND THE TEST VALUES ARE SIMILAR FOR ALL POINTS
FOR THE 3M HIGH CANOPY. FOR THE 6M CANOPY, THE TEST VALUES FOR POINTS
A AND B ARE LOWER THAN THE REFERENCE VALUES; FOR THE 9M HIGH CANOPY
THE TEST VALUES FOR POINTS A, B, C, AND D ARE AGAIN LOWER THAN THE
REFERENCE VALUES.

THIS ERROR IN THE REFRENCE FILE HAS ALREADY BEEN POINTED OUT. PLEASE
REFER TO APPENDIX A FOR A MORE DETAILED EXPLANATION.

THE AUTHOR CONSIDERS THE OUT-OF-RANGE VALUE ON TYPE 12 - F TO BE AN
ANOMALY AND LIKELY A TYPO IN THE REFERENCE DOCUMENT.
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 CONCLUSION

NVIDIA® IRAY® IS ACCURATE. IT PERFORMED WELL WITHIN THE PARAMETERS
SET BY THE REFERENCE DOCUMENT.

THERE ARE A FEW INSTANCES WHERE THERE ARE DISCREPANCIES BETWEEN THE
SOFTWARE AND THE CIE DOCUMENT, IN THESE SCENARIOS, IT HAS BEEN
DOCUMENTED IN PAST ANALYSES PERFORMED BY THE AUTHOR, AND IN THIS
ANALYSIS AS WELL, THAT THE DIFFERENCES ARE DUE TO ERRORS IN THE DESIGN
OF THE TEST, OR INACCURATE VALUES BEING LISTED IN THE REFERENCE
DOCUMENT.

IT IS IMPORTANT TO MENTION AS WELL THAT WHEN THE RESULTS DIFFER FROM
THE DOCUMENT, NVIDIA® IRAY® RESULTS ARE IN AGREEMENT WITH OTHER
SOFTWARE PACKAGES WE HAVE REVIEWED IN THE PAST, WHICH THE AUTHOR
HAS FOUND TO BE ACCURATE.
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APPENDIX

oo byfleart Consultants Limited

620 Ballantree Road Tel. (604) 922-6148
West Vancouver, BC ian_ashdown@helios32.com
Canada V7S 1W3

March 24", 2009

Analysis of Test Case 5.14
CIE 171:2006
Test Cases to Assess the Accuracy of Lighting Computer Programs

The objective of Test Case 5.14, “SC+ERC for an unglazed fagade opening with a continuous
external vertical mask,” is to “verify the capability of a lighting program to simulate the influence of
an external vertical mask on the internal direct illuminance.”

Unfortunately, this test case is fundamentally flawed. It assumes an external vertical mask of
uniform luminance Lo, Which is derived in Section 5.14.1.1 from the external horizontal ground
illuminance. It does not however consider the shadowing influence of the black room that it is
illuminating through the fagade opening.

As noted in Validation of AGi32 against CIE 171:2006, Dau Design and Consulting, 2007, pp. 41-
42:

“The reference values and the test values are similar for all points for the 3m high canopy.
For the 6m canopy, the test values for points A and B are lower than the reference values.
This tends to become more pronounced for the 9m high canopy where the test values for
points A, B, C, D, and E are lower than the reference values. This disparity in results that
increases with the height of canopy suggests that the Sky Component is being partially
blocked by the canopy. This blocking may not have been accounted for in the reference
values.”

As explained above, this empirical analysis is correct.

We thank llya Zimnovich of the scientific research group of Prof. Deomid V. Bakharev
(www.bakharev.org — Russian language Web site) for bringing this issue to our attention.
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