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 Review of Lumen method 

 Point-by-point method 

 Lighting design
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 Step I: determine cavity ratios

 Ceiling cavity: the space between the luminaire mounting plane and the ceiling

 Room cavity: the space between work plane and the luminaire mounting plane

 Floor cavity: the space between the work plane and the floor

 Step II: determine effective cavity reflectances

 Depend on their cavity depths, surface reflectances, and cavity ratios; the deeper the 
cavity, the poorer light reflected; some of the reflected light at the ceiling or floor is 
bounced off the walls

 Step III: select coefficient of utilization from manufacturer’s data sheet

 The effective floor cavity reflectance 𝞺fc is normally 20%. If this value varies from20%, a 
correction factor is used to modify the CU

 Step IV: determine light loss factor (LLF)

 Step V: determine no. of luminaires required and layout

Lighting calculation by zonal cavity method 



 Step I: determine cavity ratios

 Ceiling cavity: the space between the luminaire mounting plane and the ceiling

 Room cavity: the space between work plane and the luminaire mounting plane

 Floor cavity: the space between the work plane and the floor

Determination of CU by zonal cavity method 

P. C. Sorcar (1987)
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 Step IV: determine the light loss factor (LLF)

 LLF: takes into account that light output diminishes with time and must be 
considered in the lighting calculation to make up for the expected loss in the 
lighting system

 Non-recoverable factors: represent the conditions of a lighting system that may reduce light 
output when nothing in terms of periodic maintenance can be done to recover the loss; 
these factors are unpredictable, for calculation purposes 1.0 used for all non-recoverable 
factors

 recoverable factors: can be predicted

 Luminaire dirt depreciation (LDD): mainly due to the accumulation of atmospheric dirt 
on lamps, lens, louvers and reflecting surfaces. Three factors must be considered in its 
determination: type of luminaire, atmospheric conditions and maintenance interval.

 Room surface dirt depreciation (RSDD): takes into account that dirt accumulates 
on room surfaces and reduces surface reflectance 

 Lamp lumen depreciation (LLD): takes into account that lamp lumens decrease 
with age
 Its value can be determined by manufacturer’s lumen depreciation chart or diving the maintained lumen 

by the initial lamps at 70% of the average rated life

 Lamp Burnout (LBO): predicts the no. of lamps that will burn out before the time of 
scheduled replacement, it is the ratio of the lamps remaining on to the total lamps 
used. LBO is 1.0 when it is known that burned out lamps will be replaced promptly

LLF=(nonrecoverable factor)*(LDD*RSDD*LLD*LBO)



Where,

𝞥, the total flux in lumen 

E is the required average illuminance in footcandels (or lux)

L is the total initial lumens per luminaire

N = number of luminaires

LLF = light-loss factor, due to dirt accumulation and 
depreciation in lumen output

CU = coefficient of utilization

A = is the floor area in sq.ft. (sq.m.)

Cavity (Lumen) method 

E=
(𝐿×𝑁)×𝐶𝑈×𝐿𝐿𝐹

𝐴
E=

𝞥×𝐶𝑈×𝐿𝐿𝐹

𝐴



Point-by-Point Method

 Only applicable for 

 Point sources (e.g. incandescents, HID)

 Perfectly diffused surfaces 

 Such as exterior lighting in parking lots, spot or flood lighting, or in interiors in which few 
luminaires are required and surface reflectances are negligible 

 Cannot be used for area sources (such as fluorescent troffers) 
unless some modifications are made

 The luminaires mounted high enough to act as point sources (at least five 
times of the length of the luminaire)

 The luminaires must be divided into small clusters, each of which can be 
treated as a point source

 To account for the room surface reflectances a number of separate 
calculations must be made by first evaluating the luminances and then 
treating them as groups of small sources



Point-by-Point Method

D=7.6’, length of the 
luminaire <1.5’

For distance less than 5L, break 
the luminaire into smaller 
clusters to satisfy the criteria as 
“point source”, then follow the 
procedure for “multi-point” 
source calculation 



Point-by-Point Method

E  =  I  /  D2

E : illuminance [lux]

I : luminous intensity   [candela]

D : distance  [m]

 Point-by-point method is based on the inverse-square law, which 
states that the illuminance at a point on a surface perpendicular to the 
light ray is equal to the luminous intensity of the source at that point, 
divided by the square of the distance between the source and the 
point of interest

Sorcar (1987)



Point-by-Point Method

 If the surface is not 
perpendicular to the light ray, 
the appropriate 
trigonometrical functions 
need to be applied to 
represent the component 
perpendicular to the surface

Sorcar (1987)



Point-by-Point Method

 Ex. 1: The candle-power (candela) distribution curve of the 
luminaire is shown below. The distance is D=15ft, determine the 
illuminace for a horizontal plane at an angle of 0o and 30o, and 
the illuminace for a vertical plane at an angle of 30o



Multi-point source
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Multi-point source
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Ex 2. 



Multi-point source
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Find the illumination at 
the seven points on the 
work plane under row 
2. Assume work plane 
is 3ft above the floor.   

D E F



Multi-point source
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Multi-point source
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Multi-point source
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Multi-point source
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Illumination gradients and contours:
Graphical representation of the increase or decrease of 
illumination levels along an axis of measurement.
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Illumination gradients and contours
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Light and form

Flynn’s luminance patterns
• Research by Prof. J. Flynn at Pennsylvania State University 

revealed that specific luminance patterns have a consistent 
and definable effect on an occupant’s subjective impression 
of a space

• Primary categories of impressions based on luminance 
patterns:
• Privacy
• Relaxation
• Visual clarity
• Spaciousness 



Light and form
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Light and form

D. Egan and V. Olgyay (2003)



Light and form
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Light and form
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Light distribution strategies
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Light distribution strategies
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Ceiling as a source of 
indirect light



Light distribution strategies
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Suspended fixtures 
to illuminate the 
ceiling



Light distribution strategies
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Cove lighting: coves 
can be used to direct 
light toward ceilings, 
providing overall 
diffuse illumination, 
called ambient 
luminescence.  



Light distribution strategies
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Ceiling as a source of 
direct light



Light distribution strategies
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Luminous ceiling: provide even illumination at low luminance; it 
appears visually as an overcast sky at low elevation, can be dull 
and gloomy due to its static nature. It often emphasize 
maintenance problems by showing dirt and uneven joints. It 
can be used to conceal mechanical services and structural 
elements. 



Light distribution strategies
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Illuminated walls: 
- human eye perceives vertical surfaces more readily than horizontal surfaces. 
- Illuminated vertical surfaces give the impression of a larger space
- Illuminated walls are most effective as a source of indirect illumination when the 

surface has a light, matte finish; 
- it can be a source of glare when highly reflective surfaces are lit

Wall washing: a smooth even distribution of light over a wall; luminaire located 
12” or more away from the wall; the farther away the luminaire, the flatter and 
more even the wall will appear 

Grazing light: located within 6 to 12”; emphasizes the wall texture; 



Light distribution strategies
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Line sources for illuminating walls: Valance and cornice lighting 



Light distribution strategies

D. Egan and V. Olgyay (2003)



Building applications: office lighting

• Tasks: a wide variety of tasks i.e. written communication, 
telephone conversation, reading, work at computers and 
conferences. It is best to respond to the illumination needs of 
each task individually, rather than assume that a single solution 
will work for all tasks.  

• Lighting: 
• ambient light should be generally uniform but also provide 

visual relief and spatial definition
• Avoidance of glare: locating light source behind the task or 

to the side will minimize reflected glare; vertical surfaces 
require different lighting than horizontal surfaces; reflected 
glare can be lessened by indirect lighting

• Daylight: best integrated with indirect uplighting system, where 
a high-reflectance ceiling can become the primary source of 
indirect illumination
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Building applications: office lighting
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Guideline for office lighting
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Guideline for office lighting
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Library lighting
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• A wide variety of lighting needs such as reading areas, office 
and circulation, exhibits and displays, and computer 
workstations. Two areas specific to libraries which requires 
special attention are: the study carrels and the book stacks.



Library lighting
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Library lighting
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Residential lighting
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• Light sources: lighting is used to provide an 
appropriate atmosphere, crate a comfortable 
environment and help create moods
• There are many diverse tasks in residence, most tasks are 

not critical. Flexibility in light placement and level control 
is important, uniformity is undesirable

• Residential light levels tend to be  low, which encourages 
use of warm color lamps

• Daylight: can be used to provide the majority of 
the ambient daytime illumination
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Residential lighting
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Residential lighting
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