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INTRODUCTION 

ight is a natural phenomenon which is vital 

to our existence. Lighting is the deliberate 

use of light to achieve a particular practical 

or aesthetic effect. Lighting includes the use of 

both artificial light sources like lamps and light 

fixtures as well as natural illumination by 

capturing daylight. Electricity exists in a form that 

is useful to exploit, however, it will also be 

important to install electricity as efficiently as 

possible, and design should also carry out 

according to specification for reliable and 

effective power distribution so as to reduce 

power losses and voltage drops. Every building or 

part of building apartment illumination level 

(Najeem et al) varies in terms of expected and 

required illumination vis-à-vis number of socket 

outlets, accessories and electrical appliance. 

Illumination level of each portion is different 

depends on the purpose it is really meant for as 

well as in accordance with the institution of 

electrical engineers (lEE) Regulations and relevant  
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ABSTRACT 
Lighting 

calculations have 

always been part 

of the basic 

practice of 

illumination for 

lighting design. 

Mostly, 

Engineers 

manually 

calculate 

required lighting 

fixture according 

to the building 

perspective. 

Most of them do 

not give exact 

solution. 

Analytical 

calculations of 

needed values 

are mostly used.. 

With the new 

trend in 

technology, the 

parameters of 
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standard regulatory bodies. 

Besides, flexibility should not also 

jettison so as to make provision 

for future expansion (Barrows , 

1972)  

Lighting design brings light into 

darkened spaces, requiring 

consideration of the amount of 

functional light provided, the 

energy consumed, as well as the 

aesthetic impact supplied by the 

lighting system. Some buildings, 

like surgical centers and sports 

facilities require huge amount of 

light for the associated task. 

Some buildings like warehouses 

and office buildings, the primary 

concern here is to save money 

through the energy efficiency of 

the lighting system. Other 

buildings like casinos and 

theatres, are mostly engulfed 

with beautiful appearance 

through lighting design system. 

Therefore, it is important that the 

science of light production and 

luminaires/photometric should 

be balanced using computer 

aided lighting design with the 

artistic application of light data 

fixture in our built environment. 

Light is the medium that makes 
visual perception possible. Light 
does not however, only serve 
vision; it also greatly influences 

Electrical Installation design can be 

embedded into a program and 

initiated as appropriate. In this 

respect, this work presents and 

analyses the implementation 

Electrical Installation design via 

Visual Basic Application. 

Installation parameter models 

were developed for Utilization 

Factor, Maintenance Factor, area at 

working plane height, luminance 

level required and average 

luminous flux from each lamp to 

determine numbers of fixtures 

required for the installation.The 

work considered Residential, 

School, Hospital, hall and Industry 

for the model. The result obtained 

was compared with manual 

calculation using Pearson’s 

Correlation Coefficient and Test of 

hypothesis, eventually the value 

given was absolutely one, indicates 

perfect correlation. As a result of 

validity from the analysis and test 

conducted, the model developed 

will work effectively and it is highly 

recommended that it should be 

chosen to replace the handy one to 

save time and for better accuracy. 
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our well being and our mood. Lighting intensity, light colour, the casting 
of shadow and the transition from light to dark all affect momentary 
sensations and determines the rhythms of life. Illuminance has proven to 
be a popular metric because it corresponds closely to the amount of 
energy needed to light a building. Lighting design software has been 
available in developed countries, but in most developing countries these 
software are used by the lighting manufacturers merely as a marketing 
tool for selling their lighting products. As a result, the aesthetic aspect of 
lighting designs was gaining greater focus as compared to the energy 
efficiency aspects. However, the recent interest in global energy 
conservation efforts has seen the development of various software 
solutions for professionals to analyse the energy saving potentials in 
lighting design system (Carlos et al). Finally, the success of this study will 
be beneficial to the society at large for a better lighting design system in 
respect to the pursuit of technological advancement. Specifically, the 
objective of this work is; 

➢ To develop a program that will calculate the number of lamps 
required at a particular wattage level for a lighting design. 

➢ To develop a program that will calculate total wattage of lighting 
fixtures required for a lighting design. 

➢ To develop a program that will calculate the lumen of a given 
lighting design parameters. 

 
Similarly, it is cumbersome to manually design illumination for a very 
large building and this has often led to assumptions by designers so as to 
meet target. It is on this basis that an approach to reduce assumption 
and to improve accuracy of calculation is being proposed. 
   

METHODOLOGY  
The model was developed using fundamental parameter of lighting 
design. The parameters such as lumen, luminous intensity, illuminance 
and luminance, room index were considerd 
 

Design Theory and Size Specification  
Lighting Design 
The work considered Residential, School, Hospital, hall and Industry for 

the model. The following factors were given adequate consideration for 

the implementation.. 

-  Sort of tasks to be carried out in the area to be lit. 
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-  Mood to be created. 

- Type of lighting that will create a comfortable and pleasant 

environment. 

These factors were used to express series of lighting criteria such as level 

of illumination or luminance required and how much glare would be 

acceptable. Factors such as Uniformity, Brightness, Illumination ratio, 

and luminance, Reflectance modelling and shadow, Colour Rendering 

and Appearance were taken care of by using data as recommended.. 

Illuminations were guided with basic laws such as Inverse Square Law( 

for a point source ) which states that illuminance E at a point on a surface 

produced by light from a point source varies inversely with the square of 

the distance r from the source and is proportional to the luminous 

intensity I towards that point    𝐸 =
𝐼

r2
   (1) 

  

This is very effective when distance between source and receptor is not 
greater than one fifth. 
Secondly, Cosine Law (sources where there are no reflection surfaces) 
which states that illumination on a surface is proportional to the cosine 
of the angle x between the direction of the incident light and the normal 
to the surface, due to the reduction of projected area as the angle of 
incidence increases from zero (normal incidence) to 900 
For a point source at distance r, the illumination for angle x is  
 𝐸 =  E0Cos X   (2) 

 =  𝐼 =
CosX

r2
     (3) 

 

Where E0 is the illumination for normal incidence X=0,  with the working 
surface, 

  E= I Cos 
2

h2
     (4)    

 
The above law was employed in areas such as Street and Stadium Light, 
also where Peak illumination is required  
 

Lumen Method Design and Calculation 

Visibility is a complex performance measure used in illumination (Rea, 

M.S), for the indoor illuminations a lot of factors may affect the 

luminance of the working plane such as; 
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- Reflection from the lamp fitting, wall and ceiling  

-  Absorption of light by lighting fittings 

- Colour of the walls  

- Deterioration due to lamp being covered by dust, fumes in 

case of spraying workshops and weather conditions. 

 

In respect to these, allowances needed to be given for increase in the 

candle output of the point source to overcome losses. Then, a lumen 

method was employed for the purposes of calculating illumination as 

pivoted on the formula below (Robbins, 1986) 

 

(i) 
on Utilizatioft Coefficienfactor x  eMaintenanc

(m2) plane  workingof Area x (lux)on Illuminati
=Lumen

 (5)

 
 

 

(ii) Illumination received from a group of light units 

Area

on  Utilizatioft Coefficienfactor x  Mlumen x  Total
=Lux

 (6)

 

(iii) number of lamps calculation is given by the formula:

    

  
 (7 

where, 

N = number of lamps required. 

E = luminance level required (lux) 

A = area at working plane height (m2) 

F = average luminous flux from each lamp (lm) 

UF= utilisation factor, an allowance for the light 

distribution of the luminaire and the room surfaces. 

MF= maintenance factor, an allowance for 

reduced light output because of 

deterioration and dirt. 

This method is mostly used if the light fittings (luminaires) are to 

be mounted overhead in a regular pattern so as to know 
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luminous flux output (lumens) of each lamp . However, the lamp 

efficiency depends on the type of lighting luminaire used. Also 

utilization factor value of 0.54 was chosen in the design, 

nevertheless, this may vary based on the lighting accessory and 

the room index. 

 

Room Index 

In order to measure the angular size of the room, that of rectangular 

shape  is given by (:Neddle, 1982) 

 

RI =  L × W

       (L     ) Hm +            W    (6) 

 

Where:L = the length of the room 

W = the width of the room 

Hm = the height of the luminaire plane above the horizontal 

reference plane. 

The aforementioned modelled parameters were used to develop 

algorithm, coded with Visual Basic and converted into Graphical user 

Interface (GUI) with following operational Instructions 

 
Testing procedure 

- Click on the start button on the task bar 
- Go to programs and then click on the computer aided lightning 

design system icon. 
-  OR open with the icon on the desktop 
- A menu page will be displayed showing the application package 

title and view options 
- Select the option which corresponds to the task to be performed. 
- Choose the design type which determines the building type 

options to be selected from the drop down menu. 
- Choose any design type from drop down design type menu bar in 

the windows 
- Enter the value of length, breath, height and wattage of the 

selected building on the design type 
- Select the choice of lighting accessories from the lighting 

accessories menu list. 
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- dRl= (Length* breath)* height 
- Read the corresponding utilization factor of the lighting 

accessories type selected based on the room index calculated. 
-  No of lamp  =  (Lux*(L*B) 

                        UF*MF* Wattage 
- Total wattage =No of Lamp Wattage 

Note: Utilization factor, maintenance factor, lamp efficiency and 
illuminance lux are embedded in the program based on the choice of 
lighting accessory and design type selected by the users 

 
Fig 1: Application Title and View Option 

 

 
Fig 2: Environment for task Option and choice selection 
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Fig 3: Parameter Selection Fig 4: Number of Lamps required 

 

 
Fig 5: Lumen per fixture 

The model result was compared to usual handy calculation of electrical 

Installation Design for residential building 

 

Result Analysis and Experimental Discussion 

The two results obtained were analyzed and compared using Pearson’s 

Correlation Coefficient. The table 1 shows the manual and CALD 

(Computer Aided Lightening Design) values obtained  

Table 1: Calculated values for the building Installation 

Parts of the building Manual Result (X) CALD Result (Y) 

Sitting Room 843.94 844.00 
Kitchen 66.01 66.00 
General Office 884.13 884.00 
Bed room 1 253.18 253.00 
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Bed room 2 81.85 80.00 
Bed room 3 273.44 273.00 

 

Table 2: Pearson’s Correlation Coefficient 

X Y RX RY D= RX-RY D2 

843.94 844.00 2 2 0 0 

66.01 66.00 6 6 0 0 

884.13 884.00 1 1 0 0 

253.18 253.00 4 4 0 0 

81.85 80.00 5 5 0 0 

273.44 273.00 3 3 0 0 

 

From the table above 

D2 = 0 

R=
1−6 ∑ 𝐷2

𝑁(𝑁2−1)
     

  (7) 

Where    D2 = 0, N = 6 

Given     R=1  

From the analysis, the correlation of both manual result and CALD is 1, 

which is a perfect correlation. This simply means one can be used as 

substitute to another. 

With test of hypothesis, at 5% of level of significance 

H0: r ≠ 0, there is no relationship between X and Y 

H0: r = 0, there is a strong relationship between X and Y 

Test Statistic   𝑇 = 𝑟
√𝑛−2

1−𝑟2
     

  (8) 

When n=6, r=1 

Given     T=∞ 

But    tn-2(5%) = t6-2(5%) =  t4(5%) 

At 5% level of significance 

t4(5%) = 2.132<t calculated 

we reject H0 and conclude that there is a strong linear relationship 

between  X and Y, which further confirms our deduction from above. 
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Conclusion and Recommendation 

The outcome of this model helps the designer to make vital decisions 

such as types of design and luminaries required, sizes of cables and 

nominal ratings of protective devices required by the circuit.Based on 

the analysis and test conducted, it could be seen that the CALD and 

manually calculated number of lamps have perfect correlation. This 

means that one of the two methods can be substituted for another. As a 

result of validity from the analysis and test conducted, the model 

developed will work effectively and it is highly recommended that it 

should be chosen to replace the handy one to save time and for better 

accuracy.  
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