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Predicted annual dosage

Simulation using a 3D model of the Staircase 
was undertaken using cumulative averaged 
sky data to generate annual dosage predic-
tions across the surface of Hambeltonian and 
adjacent surfaces. Reflectance and transmission 
values were recorded on site in January 2012 
and were as follows:

Exterior Glazing 

 Transmittance 59% +/-3%
 (assumed to be a ‘perfect’ diffuser ie. sun-

light is dispersed evenly in all directions)

Internal Finishes

 Wall, greeny white  60% +/-3%
 Ceiling, white  80% +/-2%
 Staircarpet, greeny grey  25% +/-2%
 Stone steps, grey  55% +/-2%

The scale on the right shows the predicted 
annual dosage using false colours. As may 
be expected dosages are higher closer to the 
rooflight. Dosage levels on Hambletonian are 
shown in more detail on the following page.
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False colour scale for 
illuminance dosage

Fig.8 Predicted annual dosage levels presented using a ‘fisheye’ projection

Fig.9   View of the Staircase 

Mount Stewart, Belfast



6Analysis of daylighting conditions on Hambletonian and the Stone Staircase, Mount Stewart Cannon-Brookes Lighting & Design and De Montfort University, 12th March 2012

Predicted annual dosage

Simulation using a 3D model of the Staircase 
was undertaken using cumulative averaged 
sky data to generate annual dosage predic-
tions across the surface of Hambeltonian and 
adjacent surfaces. Reflectance and transmission 
values were recorded on site in January 2012 
and were as follows:

Exterior Glazing 

 Transmittance 59% +/-3%
 (assumed to be a ‘perfect’ diffuser ie. sun-

light is dispersed evenly in all directions)

Internal Finishes

 Wall, greeny white  60% +/-3%
 Ceiling, white  80% +/-2%
 Staircarpet, greeny grey  25% +/-2%
 Stone steps, grey  55% +/-2%

The scale on the right shows the predicted 
annual dosage using false colours. As may 
be expected dosages are higher closer to the 
rooflight. Dosage levels on Hambletonian are 
shown in more detail on the following page.

klux hrs

1000

10000

False colour scale for 
illuminance dosage

Fig.8 Predicted annual dosage levels presented using a ‘fisheye’ projection

Fig.9   View of the Staircase 

Mardaljevic, J. et al. ILLUMINATION AND CONSERVATION: A CASE STUDY EVALUATION OF DAYLIGHT . . .

A photograph of the staircase from a similar vantage point is shown for comparison. The false-
colour image reveals that the daylight exposure for Hambletonian is in the range ⇠4,000 klx-hrs to
⇠2,000 klx-hrs. A similar gradient in annual exposure is evident for the other two staircase walls.
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Figure 4 – Photograph of the Stone Staircase and predicted cumulative annual exposure

Figure 5 shows a close-up of the simulated exposure with the scale adjusted to better show the
data in the plots. The painting area is divided into nine sections and each one is annotated with
the average of annual daylight exposure in klx hrs. The simulation results showed that the painting
was receiving between 2.8 and 4.4 Mlx hrs with an area-weighted average for the entire painting
of 3.5 Mlx hrs. This is nearly six times the recommended value of 0.6 Mlx hrs.

Also shown in Figure 5 are the individual contributions from the sun and the sky to the total
exposure. As expected from the Belfast climate data (Figure 3, the sun contributes rather less to
the total exposure than light from the sky. The separation of the total daylight exposure into the
sun and the sky components allows a test to be made regarding the assumption that the rooflight
acts as a perfect diffuser. Table 2 gives the total annual illuminance from the sky and the sun
received on an unobstructed horizontal surface, say, just above the rooflights. In parentheses
are shown the percentage contribution to the total amount. Also given are the sun and sky
components of the area-weighted average daylight exposure across the painting. For the climate
data, the percentage contributions (to the total) from the sky and the sun were 75% and 25%,
respectively. For the daylight received at the painting the split was 77% and 23% for the sky and
sun components, respectively. These values are fairly close, indicating that the rooflight does
indeed ‘reprocess’ incident light, whatever its direction, into diffuse that light enters the space
below. If that were not the case, the ratio of the sky to sun components inside would be unlikely to
match closely that outside. Note, the rationale for this would not hold if the rooflight did not have
rotational symmetry around the zenith axis.

Cumulative annual illumination
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Predicted annual dosage on Hambetonian
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Data from the simulation process suggests 
that Hambletonian receives several times 
the widely quoted recommended maximum 
dosage of 600klhrs. The plot to the right in-
dicates that the painting receives an average 
of 3.5mlxhrs, roughly six times the recom-
mendation. The painting’s exposure is not 
uniform and due to the location the upper 
half receives more than the lower. Values 
from the corners indicate a ratio of approxi-
mately 3:2 

The simulation allows the exposure to be 
broken down between the diffuse light from 
the sky and that from the sun.
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This indicates that three quarters of the light 
reaching the painting is from the diffuse sky 
rather than sun, an important observation if 
fully diffusing glazing forms part of the day-
light control strategy.

Fig.10  Predicted annual dosage levels on Hambletonian
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Ickworth House 
Bury St. Edmunds



Illuminance can be derived from 
the luminance (i.e. HDR) image 

Illuminance Proxy HDR imaging



The Smoking Room 
Ickworth House



The practicalities



Long-term, autonomous 
HDR capture

• HDR capture every 10 minutes 

• Unattended duration ~6 to 9 months 

• On-the-fly deletion of ‘dark’ images 

• Status webpage broadcast on ad-hoc wifi network



‘Headless’ Mac Mini

Consumer 
DSLR
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Er =
⇡Lr

⇢r

Derive illuminance from 
HDR luminance



Reflectance map
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Reflectance - box average
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Reflectance - box average
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Reflectance - box average
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2x the minimum 
‘safe’ size



Apply vignetting correction,

subtract electric light contribution



Interpolate illumination field 
across target patches
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Validation of HDR-derived 
Illuminance + comparison of daily 
dose values @5sec and @10min 



Every 5 seconds Every 10 minutes



HDR capture every 10 mins 
Illuminance measurement every 5 secs

Centre Edge

74 days
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16-03-21 Dose @5sec interval =   2652 lux hrs
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Illuminance @10min vs. HDR
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Illuminance @10min vs. HDR
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Daily dose @5sec vs. @10min & HDR
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Comparison of HDR derived 
illuminances with the Hanwell Logger
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HDR dose  850 lx hrs
HAN dose  768 lx hrs
GH
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16-08-21 Smoking Room
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HDR dose  656 lx hrs
HAN dose  570 lx hrs
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16-08-23 Smoking Room

5 10 15 20
Time [hr]

0

50

100

150

200

250

300
Ill

um
in

an
ce

 [l
ux

]

16-08-23 Smoking Room
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HDR dose  933 lx hrs
HAN dose  859 lx hrs
GH
DH



16-11-06 Smoking Room
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Daily dose HAN1 vs. HDR
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m = 1.053 : c =  25.5 : rcorr = 0.988

**HDR capture fail**

HAN total dose 55318 lx hrs

HDR total dose 61761 lx hrs

Hanwell exposure 
10.4% less than 
HDR-derived



Which gives us the confidence to 
proceed with the interpolated 

illuminance maps
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