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B DAYLIGHTING IN SINGAPORE (2016-2018)

Post-Occupancy Evaluations (POEs)

Instantaneous measurements
or
Constant Monitoring

A

» Subjective data from occupants

Limited to single data points

Limitations of scale (expensive sensors)
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B DAYLIGHTING IN SINGAPORE (2016-2018)

Post-Occupancy Evaluations (POEs)

= = = = = = = = = = = = = = = = = = = = = = ==y

One-time field
measurements

|

Calibrated climate-based

daylight models

< » Subjective data from occupants

Annual daylighting and

__________________________ g electric lighting data

Calibration Process

()
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B DAYLIGHTING IN SINGAPORE (2016-2018)

It is challenging to build calibrated models based on
point-in-time measurements due to the presence of
electric lighting, transient use of dynamic
shades, limited information on the material
specifications, and short durations of
accessibility to the spaces being studied.
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B DAYLIGHTING IN SINGAPORE (2016-2018)

Calibrated lighting models of 10 offices (540 workspaces)
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B DAYLIGHTING IN SINGAPORE (2016-2018)

540 individual office desks across 10 offices
spaces in Singapore

Measurements:

Instantaneous lighting measurements
at each desk

HDR Photographs +
Physical Measurements (3D Scans)

Material Properties

Weather Data

Instantaneous and long-term
subjective perceptions on lighting
sufficiency and quality

Geraldine Quek
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B DAYLIGHTING IN SINGAPORE (2016-2018)

Process 3D Scan into

Physical and Material Measurements >
Point Clouds

3D Scan

Material Reflectance and Specularity Process Material Data

into .rad format

Build CBDM CBDM Simulations IES Simulations
Daylighting Model (Simulate Horizontal and (Simulate Electric
Generate, Calibrate and in Rhinoceros3D Vertical [lluminance) Lighting Illuminance)

RIDIR (el ey Validate HDRs

Series of 16 fisheye photographs

Create customized

W Radiance weather file

Calibrate IES files
Real-time Global Horizontal
Irradiation

Validation Process

Lighting Measurements (Comparing measured v.s.

total simulated illuminance)
- Horizontal Illuminance (on desktop)
- Vertical [lluminance (before and after HDR)
- Luminance (from a grey card)

Overall workflow for calibrating climate-based daylighting models from single point-in-time measurements.
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B DAYLIGHTING IN SINGAPORE (2016-2018)

3. X

1.  Camera setup for HDR photography
2. Vertical illuminance measurement location
3. Horizontal illuminance measurement location

Luminance measurement setup

Lighting Measurements and HDR Photography

©o
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B DAYLIGHTING IN SINGAPORE (2016-2018)

HDR Images

{
With illuminance and

luminance
measurements

|

Calibrated by
luminance
(Photosphere)

}

Validation by
measured Ev and
total pixel
contribution

\

With illuminance
measurements only

|

Calibrated by vertical
illuminance

0
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B DAYLIGHTING IN SINGAPORE (2016-2018)

06

HEN 4
0 200 (cd/m?)

Examples of calibrated HDR photographs from each of the 10 office spaces
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B DAYLIGHTING IN SINGAPORE (2016-2018)
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RMSE  =23.2%
log RMSE = 9.6%
MBE =-21.9 lux

MBE,, = -0.09%

100
Sensor Measured Ev (lux) in log scale

Validation of luminance-calibrated HDR Images: Total pixel
illuminance contribution v.s. Measured Vertical llluminance
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B DAYLIGHTING IN SINGAPORE (2016-2018)

Material Radiance Definition
Interior ~ Wood Laminate Table Top  void plastic TableTop 00 5 0.6112 0.4779 0.3081 0.0141 0.15
Beige Partition Fabric void plastic PartitionFabric 0 0 5 0.6249 0.5803 0.4762 0.0097 0.10
Grey Carpet void plastic GreyCarpet 5 0.0731 0.0708 0.0654 0.0000 0.40
Grey Mullions void plastic GreyMullions 5 0.4618 0.4716 0.4765 0.0374 0.05
White Wall void plastic WhiteWall 5 0.8911 0.8933 0.8495 0.0107 0.30
White Column void plastic WhiteColumn 5 0.8884 0.8896 0.8423 0.0113 0.30
Acoustic Ceiling Panels void plastic AcousticCeilingPanels 5 0.8752 0.8717 0.8471 0.0079 0.40
Light Shelf (Bottom) void plastic LightShelfBottom 5 0.4851 0.4963 0.4958 0.0552 0.05
Light Shelf (Top) void plastic LightShelfTop 5 0.4929 0.5007 0.4951 0.0515 0.05
Opaque Roller Shade void plastic OpaqueShade 5 0.5812 0.5560 0.4676 0.0059 0.20
Glazing void glass Glazing 3 0.3815 0.3815 0.3815
Roller Blinds void BRTDfunc RollerBlinds 10 0 0 0 tspec tspec tspec 0 0 0 mechoshade.cal
090.370.370.37 0.56 0.56 0.56 0.2 0.20.2
Exterior ~ White Painted Wall void plastic WhiteExteriorWall 0 0 5 0.4067 0.4968 0.5054 0.0050 0.3
External Mullions void plastic ExternalMullions 0 0 5 0.4732 0.5545 0.5009 0.0252 0.15
Decorative Floor Tiles void plastic DecorativeExternalFloorTiles 0 0 5 0.1545 0.1628 0.1390 0.0089 0.2
Specular Steel Handrail void plastic SpecularSteelHandrail 0 0 5 0.2247 0.2896 0.2991 0.3287 0.05
Asphalt void plastic Asphalt 00 5 0.1086 0.0998 0.0850 0.0004 0.4
Wood Plank Walkway void plastic WoodPlankWalkway 0 0 5 0.1162 0.0958 0.0841 0.0011 0.4
Monitor  Screen void trans MonitorScreen 0 0 7 0.575 0.575 0.575 0.033 0.01 0.88 1

High-State Pixel
Low-State Pixel
Dark Plastic
Light Plastic

void glow MonitorHigh 0 0 4 1.396 1.396 1.396 0

void glow MonitorLow 0 0 4 0.3352 0.3352 0.3352 0

void plastic MonitorPlasticBlack 0 0 5 0.054 0.054 0.062 0.013 0.1
void plastic MonitorPlasticSilver 5 0.464 0.470 0.452 0.078 0.1

An example list of Radiance material definitions from Office 5

Material Measurements (161 surface materials measured from 10 offices)
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B DAYLIGHTING IN SINGAPORE (2016-2018)

Solar Radiation
Wind Speed

Wind Direction

Rainfall

Temperature and Relative Humidity
Solar Panel
Data Logger / Communication

Weather Data (SUTD Rooftop 36m above ground)

Global horizontal solar
irradiation (every 5 min)

l

Direct-horizontal and
diffuse-horizontal
irradiance (gen_reindl)

l

Customized Radiance .wea weather file
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B DAYLIGHTING IN SINGAPORE (2016-2018)

3D Point-

cloud
Scans

Physical Measurements

Rhino 3D
Model

Radiance .rad
format
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Laser Scan of Ceiling

Laser Scan of
Office Interior

HDR Photograph
Radiance
Rendering
Simulation Model
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B DAYLIGHTING IN SINGAPORE (2016-2018)

Process 3D Scan into

Physical and Material Measurements >
Point Clouds

3D Scan

Material Reflectance and Specularity Process Material Data

into .rad format

Generate, Calibrate and

RIDIR (el ey Validate HDRs

Series of 16 fisheye photographs

Create customized

W Radiance weather file

Real-time Global Horizontal
Irradiation

Lighting Measurements

- Horizontal Illuminance (on desktop)
- Vertical [lluminance (before and after HDR)
- Luminance (from a grey card)

Build CBDM
Daylighting Model
in Rhinoceros3D

CBDM Simulations

(Simulate Horizontal and
Vertical [lluminance)

Calibrate IES files

Validation Process

(Comparing measured v.s.
total simulated illuminance)

Iterative calibration
/ validation process

IES Simulations

(Simulate Electric
Lighting Illuminance)
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B DAYLIGHTING IN SINGAPORE (2016-2018)

-m 2.44

HEN 4 e
0 200 (cd/m?)

Scaling IES files for electric lighting in the simulation models (-ies2rad)

HDR image
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B DAYLIGHTING IN SINGAPORE (2016-2018)

Calibrated HDR image Simulated Visualization

Luminance (¢d/m?)

0 300

Resolving (most) modelling issues by comparing
calibrated HDR images and simulated visualizations from
the same viewpoint
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B DAYLIGHTING IN SINGAPORE (2016-2018)

Simulated Horizontal Illuminance (lux)

Scatter plots of measured vs simulated horizontal and vertical illuminance

1000

750 A

500 -

250

RMSE , =25.8% .

log RMSE  =4.3% :
MBE = 0.3 lux L :
MBE_, = 0.0006% . ..

Note: 7 data points clipped
by axis dimensions

250 500 750 1000
Measured Horizontal Illuminance (lux)

Validation Results

Simulated Vertical Illuminance (lux)

1000

750 A

500 -

250

RMSE, =45.5% .
log RMSE = 6:8%

MBE = 61.8 lux
MBE , =23.3%

Note: 2 data points clipped
by axis dimensions

250 500 750 1000
Measured Vertical Illuminance (lux)
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B DAYLIGHTING IN SINGAPORE (2016-2018)

500
1000
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Simulated/Measured Illuminance / lux

Simulated/Measured Illuminance / lux
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5 10 15 20 25 0 20 40

ID ID

Simulated Daylight B Simulated Electric Light —— Measured Horizontal
Illuminance Illuminance Illuminance

Simulated daylight and electric light illuminances of Office 7 and 10 as
stacked column plots, and field-measured horizontal illuminance as a red line

Validation Results
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B DAYLIGHTING IN SINGAPORE (2016-2018)

Suggestions when dealing with errors

1. Identify problematic data points (large discreet errors):
resolve modelling issues depending on sources of error (daylight/electric lighting) by comparing HDR
images to visualizations

2. Typical electric lighting modeling issues:
missing luminaire fixtures, not coplanar with ceiling plane, incorrect luminous power

3. Typical daylighting related issues:
adjustments of roller blind position and missing roller blinds were common modelling errors, or
properties of rollerblinds (transmission and angular properties)

N
=
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B DAYLIGHTING IN SINGAPORE (2016-2018)

Still several limitations to proposed workflow... that can be improved

1. Difficulty in discerning source of modelling error as lighting measurements include

contributions from both daylight and electric light concurrently
(unless we ask the offices to turn lights off, which wasn’t an option)

2. Roller blind statuses may be uncertain throughout the year
(but can be further monitored/use blind control algorithms)

3. Difficulty in selecting IES photometric files

(unknown luminaire models, proxy geometry unlike reality, maintenance cycles, ...)

4. Difficult to obtain information of glazing transmittances and measuring roller blind
transmittances / angular properties

5. Location of weather-station can be far from the actual building (up to 25km away)
(portable irradiance data loggers can be utilized during field measurement period)

Geraldine Quek
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B DAYLIGHTING IN SINGAPORE (2016-2018)

Some practical limitations in modelling occupied spaces that must be accepted:

- variety monitor screen brightness (image, settings or turned off)
- main cause of discrepancies in vertical illuminance
- variety of objects on a typical work desk
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Models were calibrated based on the nearest public weather station’

Location of 17 studied residences in Singapore
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B DAYLIGHTING IN SINGAPORE (2016-2018)
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3D Scan and model of a single studied unit. Note the amount of furniture!
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residential models: Some more examples
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B DAYLIGHTING IN SINGAPORE (2016-2018)

Living Room

700
600
500
400
300
200
100

Illuminance (Ix)
Iluminance (Ix)

1 2 3 4 5 6
Distance from Facade (m)

e=@==|\casured e=@==Simulated

Measurements were taken every 1 m along a window centerline for validation

Dining Room
1200
1000
800
600
400
200

1 2 3 4 5
Distance from Facade (m)

e=@u=\easured e=@==Simulated

6
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B DAYLIGHTING IN SINGAPORE (2016-2018)

Simulated Illuminance (Ix)
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Measured vs. simulated illuminance for 17 residential units

RMSE
MBE

=168.2 Ix
=31.6 Ix
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500 750 1,000

Annual Mean Illuminance, Ix
250

17 calibrated residential models, mean annual illuminance of studied spaces
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Before we begin, a note on the climate of Singapore...

Hot Day
R A s
o 3 Typical Day 31.4% Direct Irradiation
T, | Oa (80% of Year) 68.6% Diffuse Irradiation
e 3 Cool Day
g 84 ‘E 29 Climatic
8 -l B Sy o iy | I Ay Average
E) 81 g 27
—
77 25
100
95
2 Climati
£ Average )
2 75
g 70
é 65
60
.‘,5. > 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
2 Hour of Day 0 850 1700
kWh/m?
Sunpath and Shadows Typical Daily Temperature and Annual Solar Irradiation
e The path of the sun is predominantly east Humidity Patterns e A horizontal surface receives
to west, high altitude, and overhead. e The weather is hot and humid year-round. around 1650 kWh/m? irradiation
per year of mostly diffuse light.
_ _ * A cool evening is about 26 °C. A hot day is about 35 °C.
Wind Velocity e The predominant sky condition is
e Averages 2.2 m/s during the year. e The annual average relative humidity is 83%. intermediate / partly cloudy.
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CBDM overview
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Comparison of CBDM's—Baseline calculation model

e Simple single-room model
e Toronto CWEC climate file
® 65% Tvis glazing

Overhangs

Windows
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Daylight Autonomies: DA, CDA, & sDA

Daylight Autonomy 300 Ix Continuous Daylight Spatial Daylight
Autonomy 300 Ix Autonomy 300 Ix
(Reinhart, Mardaljevic, Rogers 2006) (Rogers and Goldman 2006) (IES LM-83 2012)
% occ. hrs. >300 1x % occ. hrs. >300 1x w/ partial credit % occ. hrs. >300 1x w/ shades
L - - i - i
0 25 50 75 100 0 25 50 75 100 0 25 50 75 100

Jakubiec & Quek. Daylight Model Calibration for POE Studies Towards Subjective Metrics in the Tropics 23 August, 2019 5/40




Mean & median illuminance

Mean Occupied Median Occupied
llluminance (Ix) llluminance (Ix)
illuminance, 1x illuminance, 1x
B ] B ]
0 1,500 3,000 0 1,500 3,000
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Useful Daylight llluminances (UDI)

UDI f UDI s UDI a UDIl e

(fell short, <100 Ix) (supplemental, 100 Ix-300 Ix) (autonomous, 300 Ix-3,000 Ix) (exceeded, >3,000 Ix)
(Nabil and Mardaljevic 2006)

% occ.hrs. < 100 1lx % occ.hrs. 100 1x - 300 1x % occ.hrs. 300 1lx - 3000 1x % occ.hrs. > 3,000 1x
0 25 50 75 100 0 25 50 75 100 %) 25 50 75 100 %) 25 50 75 100
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Office: Brief methods and results
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Grouping data by predictor variables

25001 o e First, simulated data is grouped based on a predictor variable.
/>'-E\ .
= o e Group number and size are always based on the square root
8 2000- of the sample size. /543~23, so we have 23 groups based on
S % quantile cuts of the predictor variable.
S
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Simulated Mean Annual Horizontal llluminance of
(Daylight & Electric Light)
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Survey data is correlated with simulated results

100 y:
’ O
O
Q /
< 80 O 7
Q «—
S /
C’)Q O /
/
© 60 O /
% O »$— Best Fit Linear Regression Line
© /
> O /
P /
o 401 /
B /
< O
o /
c /
© 207 .
© ,0 adj. R?= 0.7321
= 7 p-value= 1.191-107
, O
0 W effect size: Strong effect (>0.64)
0 500 1000 1500 2000

Mean Annual Horizontal llluminance of Group (Ix)
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Simulated Horizontal llluminance (Ix)
(Daylight & Electric Light)

1000 é
500 B
=
il . 1 Grouped Data
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Simulated Mean Annual Horizontal llluminance of Group

(Daylight & Electric Light)

e Based on the grouped predictor variable, statistics from the
rest of the data are computed per group.

e Simple regression analysis is applied. The adjusted R?
(effect size) and p-value (probability of a false conclusion) are
calculated.

e These statistics are currently in the process of being refined
to remove grouping; however, at the Radiance Workshop we
can share some results and reflect on their meaning.
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Reporting satisfaction with access to daylight

100- 100- e Traditional CBDM'’s (DA, CDA,

UDI) correlate well with reported
satisfaction, especially when the
CBDM > 25% occupied hours.

e Log10(mean) and log10(median)
iluminance correlate very strongly
(adj. R > 0.8), partially because
they represent daylighting
differences below the CBDM
thresholds of 100 Ix, 300 Ix, and
500 Ix.

Satisfaction with Daylight Levels (%)

Percentage of Participants Reporting
Percentage of Participants Reporting
Satisfaction with Daylight Levels (%)

0- 0- e | ooking at the dashed line on
o NP NP B N B L iy :
: = o nn o 1 p e o the trad|t|qnal CBDM chart, this
Percent of Occupied Hours Climate-Based Mean or Median Daylight llluminance Level difference is very apparent.
Daylighting Metric is Achieved (%) During Occupied Hours (Ix)
® DA500 Ix Mean Daytime llluminance
adj. R* 0.3249, p-value 0.0010 adj. R20.8216, p-value 1.58 - 10°
DA300 Ix ® Median Daytime llluminance
adj. R? 0.4032, p-value 0.0016 adj. R20.8149, p-value 2.34 - 10°
® CDA300 Ix

adj.R?0.6190, p-value 5.14 - 10°¢
® UDIc=UDIs + UDla
adj. R?0.6593, p-value 4.76 - 10°®
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Reporting of an interesting or very interesting view

e Besides CBDM'’s, we add one
more predictor here—the view to
windows in solid angle steradian

(sr).

1001 1001 A 1001

80 -

e High-illuminance threshold
CBDM’s (DA500 Ix, DA300 Ix)
work poorly here.

60 -

o e CDA does a good job of
correlating with the subjective
response of an

40 -

Percentage of Participants Reporting
an Interesting or Very Interesting View (%
Percentage of Participants Reporting
an Interesting or Very Interesting View (%

Percentage of Participants Reporting
an Interesting or Very Interesting View (%

20 -

20 -

20 -

, e Mean illuminance has the best

Y IR FYTY! EERPRTITS FYTY| ERRPEPITS FYTY B
1000 0 /8 W4 38 correlation however (adj. R? ~

100 1 10 100

T T T T

0 25 50 75

Percent of Occupied Hours
Climate-Based Daylighting
Metric is Achieved (%)

Mean or Median Daylight
[lluminance Level During
Occupied Hours (Ix)

Solid Angle Size of Exterior
Windows in View (sr)

0.65), better than the actual view
to windows.

® DA500 Ix Horizontal Mean Illuminance
adj. R?-0.0067, p-value 0.3599 adj. R?0.6581, p-value 1.61-10° adj. R? 0.4098, p-value 0.0006
DA300 Ix Vertical Mean Illuminance
adj. R?0.1011, p-value 0.0935 adj. R? 0.3883, p-value 0.0009
® CDA300 Ix ® Horizontal Median llluminance

adj. R?20.5245, p-value 5.63 - 10°
® UDIc=UDIs+ UDla
adj. R? 0.2872, p-value 0.0072

adj. R20.5480, p-value 3.25-10°
A Vertical Median llluminance
adj. R? 0.3440, p-value 0.0019
12740
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Self-reported positive influence on lighting on productivity

0O 25 50 75 100

Percent of Occupied Hours
Climate-Based Daylighting
Metric is Achieved (%)

® DA500 Ix

adj. R%-0.0628, p-value 0.8192

DA300 Ix

adj. R?-0.0551, p-value 0.9358

® CDA300 Ix

1 10

100 1000
Mean or Median Daylight
[lluminance Level During
Occupied Hours (Ix)
Horizontal Mean llluminance
adj. R? 0.2448, p-value 0.0096
Vertical Mean llluminance
adj. R? 0.3609, p-value 0.0014
® Horizontal Median llluminance

10 100 1000
Simulated llluminance Levels
From Electric Lighting (Ix)

@® Horizontal Electric llluminance
adj. R?20.1119, p-value 0.0656

A Vertical Electric llluminance
adj. R20.1647, p-value 0.0311

0 | g | 2 | e Besides CBDM’s, we also add
2 100 2 100 2 100

1S o S o 39 one more predictor here—the
e p P iluminance from electric lighting.
o> 907 o= 907 0.2

= ° ° =5 o £ 5 .

S35 o o °* o | 83T ° o | 83 e ad]. R? values are overall less
N @ 801 ® o s | & o 80 o &’né when cqrelatmg with reported
£ S ° 2 S 2 S productivity, with the best

8 1 o 8 £ S £ correlations being around 0.35.
O %) =~ O % o %

E 5 o o E 5 E 5 | o

. == . <G e But most interesting is that

o O o O o O daylight illuminance has a clear
S S S S ) o

£3 £3 £3 positive and significant (p-value
%5 gf %’5 < 0.05) correlation while electric
o o NIRRT ERTI R o | ap el illuminance has a negative

correlation.

adj.R20.1151, p-value 0.0628
® UDIc=UDIs+ UDla
adj. R?0.1831, p-value 0.0303

adj. R? 0.2448, p-value 0.0096
A Vertical Median llluminance
adj. R? 0.2387, p-value 0.0105
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Reliability of results—Changing the group size

e \We changed the group size

1.00 + 0.075 '
for analysis from 23 to a range
[ J
‘ b-value = 0.05 from between 10 and 35 to
075 ‘ probability that the correlation estimate the impact of correlation
. . is not really significant | coefficients and significance, since
o ‘ ' many other studies use grouping
T oo | o % 23-group o mlethods for femaly5|s (see DGP,
® ‘ > p-value \ Hirning et al.’s work).
2, o
< o
‘ 00257 e adj. R? varies within a range of
0251 / ‘ ~40% per metric.
2:(;]*3”0:2" | | e p-values can vary up to 0.06
0.00 1 ' 0.000 ¥—e o in the case of loosely-correlated
Satbay Vi l PerProd  PerProd Satbay Vi ' PerProd  PerProd metrics like electric ||ght|ng'5
(Daylight)  (Electric) (Daylight)  (Electric)

Presented Regression Result impact on productivity.
e My argument: Almost all of

the p-values are still below 0.05,
so the results are real, but it is
possible to ‘hack’ your R? without
much effort...
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Thinking about thresholds for lighting design
300 Ix / 500 Ix

Daylight Autonomy 300 Ix

(21.8% Daylit / DA300Ix,50%)

% occ. hrs. >300 1x

%) 25 50 75 100
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Thinking about thresholds for lighting design

100 Ix
(51.7% satisfaction rate)

300 Ix / 500 Ix

Daylight Autonomy 300 Ix

(21.8% Daylit / DA300Ix,50%)

% occ. hrs. >300 1x

%) 25 50 75 100

Satisfaction with Daylight

(45.8% occupants satisfied)

% satisfied with daylight

%) 25 50 75 100

Jakubiec & Quek. Daylight Model Calibration for POE Studies Towards Subjective Metrics in the Tropics
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Thinking about thresholds for lighting design

300 Ix / 500 Ix 100 Ix 100 Ix
(51.7% satisfaction rate) (66.8% interest rate)

—
= — E F
e
Daylight Autonomy 300 Ix Satisfaction with Daylight Interesting View
(21.8% Daylit / DA300Ix,50%) (45.8% satisfied) (60.6% view interest)
% occ. hrs. >300 1x % satisfied with daylight % with interesting view
L - L - L -
(%] 25 50 75 100 (%] 25 50 75 100 (%] 25 50 75 100
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Residential: Introduction
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Reminder, 17 units, 35 participants, 53 rooms
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Data collection methodology

Two household visits:
(1) Initial visit
- Measure building and photometric
properties
- Explain the study and ask permission
- Leave ‘lighting journals’ in each room
to-be studied

(2) One week (or more) later
- Collect lighting journal data
- Engage participants in a long
form survey (~30 minutes)
- Pay $50/person for participation

e \We collected more data per household due to
the necessarily smaller sample size.

e 17 households
e n=35 participants

Jakubiec & Quek. Daylight Model Calibration for POE Studies Towards Subjective Metrics in the Tropics

Room name:

=

Liv) g

Date Time

Current Room Conditions

Optional Comments

‘ Direct sunlight Yes  No
D e O] f 4Sam | I o
Blind Usage / I ,/
R
Name Electric Lights off On
O Kl
Activity Lighting Quality (Select all that apply.)
: Gloomy | Dim | Comfortable | Bright | Glary
y
Wy w1 = ==
Direct sunlight Yes No
"y A
. O X
: QL(’WH }\(WV\ Blind Usage /’[
Name Electric Lights Ooff  On
O
Activity Lighting Quality (Select all that apply.)
4 Gloomy | Dim | Comfortable | Bright | Glary
NS 0|0l ® OO

23 August, 2019
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Calculating spatial metrics

DA3001x, 25%
DA3001x, 50%
DA3001x,75%

52.3%

DA5001x,50% = 32.18

Mean Occupied Daylight Autonomy 300 Ix

llluminance (Ix)
(Reinhart, Mardaljevic, Rogers 2006)

illuminance, 1x % occ. hrs. >300 1lx
B 1 P |
0 1,500 3,000 0 25 50 75 100

Jakubiec & Quek. Daylight Model Calibration for POE Studies Towards Subjective Metrics in the Tropics

e Unlike the office study, in residences
people don’t have a relatively fixed
position!

e \When calculating spatial metrics, we use
the percentile over a certain threshold, i.e.
sDA300Ix,50%, following the IES, LEED,

etc.

e For the mean and median values of a
space, the temporal mean of all sensors is
calculated before extracting a spatial mean
and median.

(One could argue this is not ideal.)

23 August, 2019 21740




Demographics

20 20

e Gender: 19 women  (54%),

16 men (46%)
15 e Mostly college-aged young
and middle-aged: 21-50 year
olds account for 30 (86%) of the
participants.

Participant Count
2
Participant Count

e Only 17 (49%) of the participants
wear corrective eyewear compared
to 64% in the office study

18-21 21-30 31-40 41-50 51-60 > 60 Contacts Glasses None
Age Eyewear

Jakubiec & Quek. Daylight Model Calibration for POE Studies Towards Subjective Metrics in the Tropics 23 August, 2019 22/40




Statistical methodology: Probit regression

0 1| iz e Grouping for statistical analysis becomes dangerous at small
®(z) = Wer e /2 dx samples (n=35, for example), so we use the data directly.
0.4 1
 Probit regression is a type of regression where the dependent

> variable is binary and is numerically limited between 0 and 1.
£ 0.3 The resulting probit function simply reports the probability that a
_3, member of a population will satisfy the binary criteria.
E
®
Eo‘z' e Because the input data is binary, the correlation coefficients

(adj. R?) are obviously much less than in a grouping methodology
where each group statistic can range between 0 and 100% of
the population.

0.11

e \We use McFadden’s R? to estimate strength of correlation—
results as low as 0.2-0.4 represent an excellent fit. 0.15

1 . represent a very good fit, 0.10 a good fit, and 0.07 a fair fit to
; the data.

Probability of Being True

o
1

0 1 2 3
X Variable Applied to the z-function
Jakubiec & Quek. Daylight Model Calibration for POE Studies Towards Subjective Metrics in the Tropics 23 August, 2019 23/40
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Residential: 3 early results
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Satisfaction with access to daylight by room

How satisfied are you with your access to daylight?

Living Room — 33
)
Q
> -
- o
= Bedroom -3 3
o) @
O
nd

Kitchen — 31
1 I | | | I |
40 20 0 20 40 60 80
Percent
Very Dissatisfied Dissatisfied [ Slightly Dissatisfied = Neutral Slightly Satisfied | Satisfied Very Satisfied [
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Correlation Matrix: McFadden’s R?

Kitchen

Program | DA200 | DA200 | DA300 | DA300 | DA500 | DA500 | UDIa+s | logl0 | logl0
(Schedule)| (25%) | (50%) | (25%) | (50%) | (25%) | (50%) | (50%) | Mean | Median
Be(gr_‘;‘)’m 0.0596 | 0.0737 | 0.0691 | 0.0668 | 0.0486 | 0.0076 0.0013
Bedroom
(-10&4.7)| 00681 | 00056 | 00391 | 0.0000 | 00003 | 0.0000 0.0002

9-5) 0.1006 | 0.0736 | 00792 | 0.0734 | 0.1011 | 0.0873
Kitchen

10&an| 00722 | 00779 | 00754 | 00593 | 00652 | 0.0545
L(lgv_?)g 0.0430 | 0.0249 | 0.0266 | 00156 | 0.0196 | 0.0243
Living

(0&4 7y 00243 | 00295 | 00259 | 00412 | 0.0455

Good and very good correlations, McFadden’s R* > 0.10

Fair correlations, McFadden’s R? > 0.07
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Satisfaction with access to daylight—Median illuminance

1 e o8 BReSRe ¥s .8

2 Bedroom
O Kitchen
@ Living Room

Probability of Being Satisfied
with Access to Daylight

0 1 O )
o o 0 4 8o .

10 100 1000
Median Sensor Value of Temporal Average
llluminance in Room of Respondent's Home (Ix)

Jakubiec & Quek. Daylight Model Calibration for POE Studies Towards Subjective Metrics in the Tropics

e Occupant response is much stronger kitchens.

e The bedroom and living room data is overwhelmingly positive with
respect to satisfaction with daylight access, so the response to most

daylight metrics is weaker.

23 August, 2019
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Descriptive terms applied to rooms: Gloomy, Dim, Comfortable, Bright, Glary

Which adjectives typically describe the lighting in the following rooms?
Living - - T

g |
(o
> -
- o
£ Bedroom — 45 3
S O
= |

I I 1 ! | |

60 40 20 0 20 40

Percent
Gloomy [0 Dim [ Comfortable Bright [ Glary B8
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Descriptive terms applied to rooms: Gloomy, Dim, Comfortable, Bright, Glary

° B EHD 8

O O
: 06.% %@@@O@g g

—
1
—
1

32 Bedroom
O Kitchen
@ Living Room

O Bedroom
O Kitchen
@ Living Room

as Typically Gloomy or Dim

Probability of Reporting a Room
as Typically Comfortable or Bright
Probability of Reporting a Room

o
|
o
1

O 80 O @ o © @0 630 ogP°
S, o8 o 6o 90 o &% &9%5?&)@0
10 100 1000 10 100 1000
Median Sensor Value of Temporal Average Median Sensor Value of Temporal Average
llluminance in Room of Respondent's Home (Ix)  Illluminance in Room of Respondent's Home (Ix)

Jakubiec & Quek. Daylight Model Calibration for POE Studies Towards Subjective Metrics in the Tropics 23 August, 2019 29/40



Daylight is often too high or too low

The total amount of light from daylight in the foIIowmg rooms |s often too high.
Living _ ; - I -
KitChen _ I ,'ll i 31
GJ ’l
Q
> ‘~~ -’ -—
- == S
g The total amount of light from daylight in the foIIowing rooms is often too low. 8
o)
e
Living _ _ -
|
|
50 0 50
Percent
Strongly Disagree [ Disagree [ Slightly Disagree = No Opinion Slightly Agree | Agree [ Strongly Agree [
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Daylight is often too low

@ e All 3 rooms have strong McFadden’s R? correlation coefficients:
S 88 .% Mmgo 9 8 0.1236 for bedrooms, 0.1987 for kitchens, and 0.1800 for living
room spaces.

—
1

e At 300 Ix median value in kitchens, ~20% of participants are

= likely to feel lighting levels are too low. A similar median illuminance
O percentile threshold is 150 Ix in living rooms and bedrooms—i.e.

8 they need half the daylight of kitchens.

|_

c O Bedroom

qﬂ:% g E_lt(;herp?

) Iving Room

N

Probability of Feeling Daylight

_ o 8e.& &6
0 @0 ‘g)%% Caﬁ. © O 0

10 100 1000

Median Sensor Value of Temporal Average
llluminance in Room of Respondent's Home (Ix)
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Thinking about illuminance thresholds again...
300 Ix / 500 Ix

40.7% Daylit
(Living Room) 32.5% Daylit

(Bedroom)

30.0% Daylit
(Kitchen)

% occ. hrs. >300 1x

%) 25 50 75 100

Jakubiec & Quek. Daylight Model Calibration for POE Studies Towards Subjective Metrics in the Tropics
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Thinking about illuminance thresholds again...

300 Ix / 500 Ix Varying, 150 Ix - 300 Ix
40.7% Daylit 17.6% Too Low
(Living Room) 32.5% Daylit (Living Room)
(Bedroom)

16.8% Too Low
(Bedroom)

30.0% Daylit 54.9% Too Low

(Kitchen) (Kitchen)
% occ. hrs. >300 1x % prob. lighting is often too low
L - I
0 25 50 75 100 1006 75 50 25 0
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Conclusions

e You can get away with a lot in the living room and bedroom in
terms of daylight access, but the kitchen needs light.

e Participants still notice when daylight levels are low in all space
types, but they are still satisfied in the case of living rooms and
bedrooms and the thresholds for ‘low” are lower.

e ‘Glare’ doesn’t manifest as an issue in tropical housing, despite
what should be a strong aversion to the sun.

e The median illuminance value tends to be the best predictor of

subjective output based on a small number of metrics tested thus
far.

Jakubiec & Quek. Daylight Model Calibration for POE Studies Towards Subjective Metrics in the Tropics
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DAvailability

Daylight Availability 300 Ix Annual Sunlight Exposure
>3000 Ix, 5% hrs. >1000 Ix direct, 250 hrs.
(Reinhart and Wienold 2011) (IES LM-83 2012)
% occ. hrs. >300 1x occ. hrs. >1,000 1x dir.
P - -
%) 25 50 75 100 125 250
B >3,000 1x, >5 % hrs. B >250 hrs.
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Glare Metrics: DGP & UGR (Point-in-time)

ig'}'ringa"ce 3,651 cd/m2 luminance
2,000 2,736 cd/m2 luminance 0.13 str solid angle

0.05 str solid angle 5.54 position index

1,500 ey .
3.67 position index

1,000

500

0

Ev = 1,746 1x

cd/m?
PIC

evalglare -b 2000 luminance.pic (> Glare Results

DGP = 0.265 (Wienold 2006)
UGR = 14.12 imperceptible (CIE 1995)

Luminance Image
(Measure or Simulation)
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Decomposition for annual calculations

contrast term e Older visual discomfort measures such as UGR are fully contrast-based.

n
. 0.25 2 L ws; * DGP on the other hand is based on contrast and total overall brightness—
= 910 p? vertical illuminance.

Ly

T

i=1
e Using a fast daylight coefficient-based raytracer, we can calculate annual

illuminance accounting for full ambient reflections—accounting for overall
brightness and the background portion of the contrast equation.

1lluminance-based

e Using ‘direct-only’ -ab 0 renderings, we can compute the source part of

illuminance term the contrast equation.

DGP = 5.87 - 10_5Ev + 9.18 - hour 1 hour n
n -ab ©
Lgiwsi
_2 ) )
107“log.o| 1 + 7187p2 + 0.16
| l=1 7 ' | | |
contrast term constant
term
N\ N\
annual - - ' annual
ILL I [ [ GLR

2,534 1x 3,475 1x 423 1x
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Annual DGP output, DIVA-for-Rhino

mm intolerable

mm disturbing

perceptible

imperceptible

o
F
~
o
<
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