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With%an%average%overall%ceiling%height%in%the%tower%of%13%feet,%
natural%daylight%will%penetrate%deep%into%work%spaces%

% % % %:Morphosis$







The%es<mates%for%ligh<ng%in%office%buildings,%they%range%between%30%–%40%%of%
the%total%energy%use,%so%if%we%can%absolutely%obviate%the%need%for%them,%and%get%
rid%of%the%heat%gains%that%the%lights%may%be%puDng%into%the%space,%we’ve%gone%a%
long%long%way%towards%a%sensible%solu<on%to%the%building.$$@$Morphosis$



Goal%and%?s%

•  Balance$energy$objecDves$with$visual$comfort$
–  In$buildings$where$daylight$transmission$is$
implemented$as$a$strategy$to$reduce$electrical$lighDng$
energy$consumpDon,$are$acceptable$visual$condiDons$
for$occupants$maintained?$

–  If$not,$what$are$the$condiDons$associated$with$visual$
discomfort$responses?$And,$how$do$discomfort$
responses$compare$to$exisDng$indicators$$(e.g.$glare$
metrics,$luminance$contrast$raDo$limits,$verDcal$
illuminance)?$$$



Can$bePer$indicators$be$developed$
from$the$field?$

Precision$and$control$over$$
confounding$variables$

Lab% Field%

Less$control$but$greater$
level$of$“reality”$



Field:$parDcularly$enDcing$for$examining$
visual$discomfort$for$core$workspaces$



Objec2ve%

•  Develop$method$of$pairing$HDR$images$acquired$in$
the$field$with$occupant$subjecDve$responses.$
–  In$real$buildings,$where$parDcipants$perform$real$work$
tasks$in$a$familiar$environment$

– With$mulDple$study$parDcipants$
– With$a$repeated$measures$study$design$



Problem%

•  HDR$imaging$is$expensive$
– Limits$number$of$study$parDcipants$

$750$ $600$$2100$



What’s$in$the$box?$

SoluDon!$



hPp://stereo.jpn.org/eng/sdm/index.htm$

Opteka$HD²$0.20X$$
$35$

Canon$A570$
$80$

Stereo$Data$Maker$
Firmware$“upgrade”$

Free!$$

$8$

Bracketed$JPEGs$for$composiDng$to$HDR$
(enough$space$for$

168$HDR/day$*$30$days)$



hdrgen$
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Percent Error (before calibration)
Percent Error (after calibration [coef. = 1.22])

N = 107

CalibraDon$.$.$.$does$it$work?$$



Enter$the$field$.$.$.$



Study$design:$mulD@week$phases$by$zone$

Northwest$$July$9$–$29$
$ $$$$$Oct$18$@$29$

Southeast$$Aug$3$–$Sept$3$
$ $$$$Nov$8$@$19$

Core%%Oct$4$–$15$
$$$Dec$6$@$17$

July$–$December$2010$

16th$

N$=$12$

N$=$18$

N$=$14$



Measurement$protocol$

•  1$Camera$at$each$parDcipant$workstaDon$

•  Image$acquisiDon$@$5min.$Intervals$6:00$–$20:00$
•  SubjecDve$assessments$collected$using$a$desktop$polling$

staDon$(parDcipants$can$record$responses$at$any$Dme)$



Example$viewpoint$from$workspace$located$in$“core$zone”$



Discomfort$scale$and$binary$“bins”$
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6 7 8 9 10 11 12 13 14 15 16 17 18 19

288

287

286

285

284

283

282

281

280

279

278

277

! ! !Very Uncomfortable Moderate Slight No Discomfort

D
ay

SubjecDve$responses$from$(N=11)$$study$parDcipants$
O
ct
ob

er
$4
$@$
15

$



SubjecDve$responses$compared$to$a$number$of$
independent$variables$.$.$.$



Unfortunately,$not$Evalglare$.$.$.$$



DescripDve$staDsDcs$for$core$zone$
parDcipants$
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LogisDc$models$fit$to$predict$binary$outcomes$

Discomfort$responses$



Ranking$of$logisDc$regression$models$

Indicator$of$“accuracy”$

Absolute$measures$of$window$luminance$(max,$average)$and$luminance$raDos$found$to$be$best$predictors$

Best$model$



ResulDng$models$



Max$luminance$of$upper$windows$
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Unified$Glare$RaDng$(UGR)$
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Other$applicaDons$.$.$.$





Summary$of$Dme@lapse$
ObservaDon$of$the$SE$façade$
Aug.$3$–$Sept.$3$
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Shade$control$behavioral$models$

N$=$186$operaDons$among$14$parDcipants$



Feedback$on$exisDng$indicators$of$
successful$daylighDng$performance$.$.$.$

Demonstrate%through%computer%simula<ons%that%at%least%75%%of%all%regularly%
occupied%spaces%achieve%a%minimum%DA%value%of%50%,%based%on%an%annual%
illuminance%of%300#lux%when%blinds%are%operated%to%block%direct%sunlight.$

500%lux$a$common$threshold$setpoint$for$photocontrolled$electrical$lighDng$
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(q7)$“Could$you$work$comfortably$with$the$
electric$lights$off$right$now?”$



%
 o

f r
es

po
ns

es
 =

 'Y
ES

'

0

1

2

3

4

5

6

(lux)

N = 11 (729)

99% −>88%73%

%
 o

f r
es

po
ns

es
 =

 'N
O

'

6

5

4

3

2

1

0
0 150 300 450 600 750 900 1100 1300 1500 1700 1900

300 500 lux

1% −>12%27%

(q7)$“Could$you$work$comfortably$with$the$
electric$lights$off$right$now?”$
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NW Phase 4 (Oct. 18 to 29) N=11

SE Phase 2 (Aug. 2 to Sept. 3) N=14
SE Phase 5 (Nov. 8 to 19) N=9

N = 29 (2422)

Probability$electric$lights$can$be$off.$.$.$$



(q3)$“How$saDsfied$are$you$with$the$amount$of$
daylight$in$your$workspace$right$now?”$
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DistribuDon$of$subjecDve$responses$to$(Q3)$by$subjecDve$window$discomfort$
raDng$(Q4)$for$Phase$1$and$Phase$4$combined.$$

Visual$discomfort$trumps$illuminance$



Conclusions%

•  Need$to$examine$exisDng$assumpDons$for$
daylight$sufficiency,$shade$control$behavior$and$
visual$discomfort$in$the$field.$
– Horizontal$illuminance$found$to$be$a$poor$predictor$of$
occupant$saDsfacDon$with$amount$of$daylight$and$
visual$discomfort$

•  Absolute$measures$from$HDR$images$found$to$be$
bePer$predictors$for$discomfort$than$more$
complex$glare$metrics$and$more$“basic”$
indicators$(e.g.$verDcal/horiz.$illuminance).$
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