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Natural illumination in buildings
'S characterised by huge
spatial and temporal
variation




Simulation of daylight exposure
Point in time



Computer simulation of a gallery space with rooflights







llluminance [lux] luminance [cd/m?]

First need to compute the light falling onto surfaces before we can
compute the brightness of those surfaces



Simulating the long-term exposure of

an art work to daylight

Climate-Based Daylight Modelling
(CBDM)




CBDM

Is the prediction of any luminous quantity
(illuminance and/or luminance) using realistic
sun and sky conditions derived from
standardised (or monitored) climate data, e.qg.
weather files.

Usually for a full year.



Mount Stewart, Belfast, NI
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Cumulative annual illumination
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INterventions to reduce annual
daylight exposure were first tested
using simulation



Reduce reflectivity of

key surfaces
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lluminance measurement using
High Dynamic Range
(HDR) imaging



H D R Fixed f-stop between
exposures, e.g. 2 stops

Imaging

Synthesis of a luminance
iImage from a sequence of
‘ordinary’ image captures

Tethered capture
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HDR gives measures of
luminance




HDR gives measures of
luminance, but what about illuminance”?

y




[luminance can be derived from

the luminance (i.e. HDR) image
llluminance Proxy HDR imaging



lckworth House
Bury St. EAdmunds
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he Smoking Room

lckworth House
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ThEOry Er _ 7TL7° Assumes that the

surface has an ideal
Pr diffuse reflectance

P(z,y)

P1

llluminance map HDR image 4 Albedo map




1he practicalities



| ong-term, autonomous
HDR capture

HDR capture every 10 minutes

Unattended duration ~6 to 9 months
On-the-fly deletion of ‘dark’ images
Automatic backup of images to ‘failsafe’ drive

Status webpage broadcast on ad-hoc wifi network



Consumer
DSLR

‘Headless’ Mac Mini
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Canon 550D + 10-18mm : @10mm, f8
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o+ months of unattended monitoring

> Daily ‘visual’ record sheets
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Derive llluminance from
HDR luminance







Interpolated illuminance field

llluminance [lux]
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% of wallpaper area

Reflectivity histogram
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Average for image = 0.157 or 15.7%



Random 350 pixels

Reflectance - box average
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Random 700 pixels

Reflectance box average
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Mean for image = 0.157 Mean [stdev] of box samples = 0.156 [0.007]




Random 1400 pixels

Reflectance - box average
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Apply vignetting correction; subtract
electrlc light contribution
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But...
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Need a fix...



cach wallpaper patch has a
distinctive ‘signature’
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‘Ghost’
removal




Cumulative daylight
eXposure



July 2016
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Valigation



Daily dose HDR [lux hrs]
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External monitoring of illuminance

Delta-T BF5 Sunshine Sensor
Measures global and diffuse radiation






But what It there are no suitable
target’ patches of known
reflectance”?



am House, Richmond
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The Volury

22/03/19




Use a known illumination fielc _
the reflectance map for each tape
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Need to use a Radiance
simulation to account for
both the direct and
reflected light from the
LED panel arriving at
the tapestry
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Simulated
Illumination map

lux
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Warp to O The simulated
align Illuminances were
precisely all within 10% of the

measured values

cd/m?

Measured (HDR)
luminance map




llluminated by LED 1 llluminated by LED 2
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HDR
capture




HDR
capture
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HDR
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Reflectance map




Between 10/04/19 and 16/10/19 there
were 159 days of useful data capture
— resulting in 4899 "non-dark’ HDR
captures (~265GDb)
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—ach reflectance map was based on a
single AHDR capture taken morning
22/03/19 — useful data capture was
from 10/04/19 and 16/10/19



Hypothesis: ‘Print through” will be
apparent If there Is anything less than
perfect pixel alignment between the
reflectance map and the (subsequent)
HDR captures



The following Is an Illustration to test
the hypothesis using only the
simulated llluminance map and the
nitial HDR capture taken to derive the
reflectance map



701 x 701 pixels
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Exact pixel
alignment



What happens when we don't have
exact pixel alignment between the
reflectance map and the HDR capture”




llluminance
with exact pixel
alignment
between the
HDR capture
and the
reflectance
map
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llluminance
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shift of 1 pixel
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lapestries are known to expand ano
contract resulting from variations in
relative humidity.

lypical pixel sizes across the tapestries

correspond to dimensions In the range
2.2 10 2.0mm.



‘Correct’ the illuminance map by
applying an energy-preserving filter



Left panel Right panel
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Unfiltered Filtered Relative
Tapestry licht dose map light dose map difference
area klux hrs] klux hrs] 0]
Left panel 81.61 81.57 -0.05
Right panel 74.64 74.65 0.01
Section 1 99.54 99.76 0.22
Section 2 80.06 80.17 0.14
Section 3 53.83 53.77 -0.11
Section 4 68.03 67.98 -0.07
Section 5 80.04 80.07 0.04
Section 6 72.53 72.55 0.03







HDR daily dose [Ix hrs]

1400

1200

=
o
-
o

800

600

400

200

Hanwell daily dose [Ix hrs]

+ —
H1 + i}
+
H2 ¢ ]
+ 7 ¥ .
H3 X _
+ + -
+ = X
++<> X"x B
"_‘I_ " ",<> i
X
+ v ]
+ _
N ++ P 2 & X ]
+ +* -
L *f' 'X} y ]
+ -:F_:- %0)2% 0'" -
X Xo . 1
+ + + + x<> <o
+ : —
+.|'|.'||-_-|,-_ Q% é? —
Tt R _
R
+ 4+ SN i
++% $0 .
+:|:"' ¥+ © _
++ §<><><><> .
+ + &)
Lode _
+
F A
+ O -
+ BKO T 8 —
+ %&o o® |
0 —
] | ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ]
200 400 600 800 1000 1200 1400



Measured HDR-derived Relative

1ight dose light dose error

klx hrs klx hrs 70
H1 74,012 (7,510 31.7
H2 69,089 6,071 -3.6

H3 65,772 0,680 7.5
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. essons Learnt

e Mount Stewart
e |ckworth

e Ham House
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