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Proportional Relations of  Traditional Houses 
in Mosul City, Iraq 

Assda A. H. Al-Tuhafi
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Abstract:
Organization expresses harmony and consistency in accordance with logical rules 

and systematic manners. The proportionality is considered as one of the important 
characteristics that express the geometric form and organization. The proportional relations 
are considered as a method of organizing portions of form according to coherent aesthetic 
dimensions. Previous studies show that this characteristic has not been given a due share of 
study and analysis, at the level of traditional houses plans in Mosul of Iraq, (research 
problem). The aim of this research is to identify the nature of proportional relations at the 
level the relationship of the whole to the parts, and of the parts with one another. To 
achieve the aim of the research, a set of variables was identified, measured and statistically 
analyzed. The research has arrived at results which clarified the nature of proportional 
relations of traditional houses' plans. 

Key Word: Ratio, Proportional Relationships, Traditional Houses, plans, Mosul.
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Figure 8. Samples of handwritten Greek alphabet. 

Figure 9. Samples of handwritten rotated isolated English capital alphabet. 



Al-Hindi: Teaching Multilayer Feedforward 43

Figure 6. Samples of Arabic handwritten isolated letters. 

Figure 7. Samples of handwritten isolated English capital alphabet. 
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Figure 5. Menu for training MFNN. 
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Figure 4. Menu for MFNN building.
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Figure 3. The main menu of MFNN platform.  
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Figure 1. The architecture of an MFNN with two hidden layers. 

Figure 2. Neuron model of MFNNs. 
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Testing the MFNN after having been fully trained is  achieved by the "Network 
Test" button. It simply shows the total number of correct classifications or the mean square 
error (MSE) after applying the testing set to the designed MFNN.

PLATFORM TESTING 
The platform was tested on a group of computer engineering students attending a 

neural network course at Umm Al-Qura University. They were required at the beginning of 
the course to collect sample data in order to construct MFNNs for pattern recognition tasks. 
Figures 6 to 9 show sample data collected by some students for classification application of 
handwritten isolated letters of Arabic, Greek, and English. The main goal was not to reach a 
100% correct classification rates rather to use the developed tool to easily construct 
MFNNs and test their performance for the predetermined tasks. Students were required to 
give their feedbacks at the end of the experiments. 

Students' response to the platform indicated that they appreciated the simplicity and 
clarity of the platform. Most of them liked the GUIs of the platform and had no difficulty to 
move between them in order to build up a MFNN. Some students indicated that the 
platform helped them a lot to get better understanding of not only MFNNs but also other 
major types of neural networks discussed in the course such as radial basis and Kohonen 
maps.  

In a previous semester, students were complaining about the programming effort 
that they needed to learn and complete in order to learn MFNNs. They were required to 
learn Matlab programming in order to take the course. Focusing on solving and developing 
systems instead of programming is more beneficial to engineers (except for computer 
majors). Thus the platform has been found to be a useful tool for enhancing both teaching 
and learning MFNNs.

CONCLUSIONS
In this paper, a software-based educational platform to assist the teaching of MFNN 

to engineering students has been presented. Teaching such a topic using traditional methods 
would be difficult to students. Thus, the developed software decreases the difficulties of 
introducing and teaching MFNNs. The platform has been implemented using Matlab that 
facilitates GUI design using an easy tool called GUIDE. Network development can be 
started easily by setting up network parameters then training process is dynamically viewed 
to users as error decreases and correct classification rate increases. The platform does not 
require programming skills which decreases the difficulties of introducing and teaching 
MFNNs. The students' response to the platform indicated that they appreciated the 
simplicity of the platform and it helped them get better understanding of MFNNs in 
addition to other types of neural networks such as radial basis and Kohonen maps.  
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MFNN Building 
 Building a new MFNN is achieved through the GUI presented in Figure 4. For  
convenience of simplifying, only a 2-layer network can be designed with one hidden layer 
and one output layer, although the platform can be easily improved to accommodate 3-layer 
MFNNs with two hidden layers. An optional network name can be entered in the 
designated GUI input area. The number of inputs and outputs of the problem also need to 
be specified. These parameters are related to the number of inputs and outputs of 
corresponding neural network layers. The number of nodes (neurons) of a hidden layer is 
specified and controlled by the user and need be entered in the designated input box. 

 The platform provides three types of neuron activation functions for hidden and 
output layers that can be selected from a list. The available types of activation functions are 
linear, logistic, and tan-sigmoid. The logistic function is defined as: 

xe
xf

1
1)(                                                          (6) 

that produces outputs between 0 and 1. The tan-sigmoid is given as: 

xx

xx

ee
eexf )(                                                          (7) 

that produces outputs between -1 and +1.

Training an MFNN for classification purposes requires the selection of target 
outputs from a given list in the "Target matrix type". Users are able to choose among 
different class labeling schemes such as (1,0,0,…) and (+1,-1,-1,…). After setting up all 
parameters, users are able to save network and return to the main menu.  

MFNN Training and Testing 
 When an MFNN is defined, the user can start the process of training the network by 
hitting the "Start Training" button of main menu. Then the training window shown in 
Figure 5 will display. The platform accommodates two well-known training methods: 
sequential and batch. In the sequential mode, weight updating is performed after presenting 
every training example. On the other hand, updating is done after presenting all samples in 
the batch mode. Learning rate and momentum coefficient of equation (5) are set in the 
designated input areas. Network weights are initialized randomly by small values in the 
range ],[  set in the input box labeled "Initialize factor".

 The GUI provides several stopping criterions of training process which are 
maximum number of iterations, correct classification rate, or MSE. After setting up all 
required parameters, starting the training process is started by hitting the "Start Training" 
button. It can be also temporally paused or permanently stopped. The GUI displays two 
curves that are dynamically updated during network training process. The upper plot shows 
the percentage number of correct classification rate versus iteration number that usually 
increases as the MFNN gets trained. The other plot views the performance of network  
MSE that usually decreases over time. Users can stop the training process when a desired 
performance is reached.  
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PLATFORM DESIGN 
The major difficulty of teaching neural networks is the requirement of outstanding 

skills in programming. For example, some existing neural network tools such as Matlab 
Neural Network Toolbox and its extended version, (Xu et. al. 2009) requires the knowledge 
of Matlab programming language. However engineering students from backgrounds such 
as civil and biomedical are less acquainted with such ability. This obstacle causes some 
engineers to refrain from learning MFNNs. As a result, the main goal of this paper is to 
design a learning platform that does not require any programming skills because it has been 
deployed as a standalone executable application. Users are only required to deal with GUIs 
that are easy to understand and follow. Also another goal is to keep the design of the 
platform simple and easy to understand by engineering students by incorporating minimal 
number of control settings. The implementation of these design goals and the development 
of the platform is described in detail in this section. 

The mathematical formulation of MFNNs used in the platform is similar to that 
introduced in the textbook by Hagan et. al. (Hagan, Demuth, and Bealen1996). Network 
weights are represented as matrices, whereas network biases, inputs, and layer outputs are 
represented by vectors. This formulation approach is the best to be handled by Matlab due 
to the fact that it is a specialized matrix laboratory environment based on matrices.  

Main Menu
Figure 3 shows the Main Menu of the developed platform. The function of each of 

its GUI element is described in the following. "New Project" button is used to create a new 
session for developing an MFNN of given input-output data. Users are also able to load 
stored projects using the "Old Project" button. The "Neural Network List" area lists all 
available neural networks that exist in system. These networks can be reused as the core of 
newly created projects. With network lists, users could create, open or delete a network 
using available buttons. "Data" button is used to load input/output mapping samples to be 
used to train and test the MFNN. The platform accepts data formatted as a Microsoft Excel 
file or a tab-delimited text file. Two separate files need to be loaded for input and output 
data. The platform automatically divides the data into two sets: a training set (70%) for 
building the network and a testing test (30%) for evaluating its performance. 

After creating or loading an available MFNN, its detailed parameters are displayed 
in the designated area of the GUI as shown in Figure 3. These parameters are discussed in 
more details in section 3.2. Users are required to create a new project in order to move to 
the next GUI. After setting up MFNN parameters, users are able to train the network buy 
hitting the "Start Training" button that leads to the GUI described in section 3.3.
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MULTILAYER FEEDFORWARD NEURAL NETWORKS 
The Multilayer feedforward Neural Network (MFNN) is the most popular type of 

artificial neural networks (Haykin 1999; Zurada 1992). It has been successfully applied 
enormously especially in pattern recognition due to its capability of global generalization. 
The MFNN has been proved to be a universal approximator as long as the number of 
neurons in the hidden layer are adequate (Stinchcombe and White 1989). Figure 1 shows 
the general structure of an MFNN that consists of three layers: input, hidden, and output 
layers that are interconnected  by processing units called neurons. Each neuron applies an 
activation function to the sum of the weighted inputs (products of synapse weights and the 
preceding inputs) as illustrated in Figure 2. For neurons in the hidden and output layers, the 
output (for neuron j) is governed by

i
ijijj xwfnetfy )()(                                           (1) 

where netj is the total weighted sum of inputs to the jth neuron, xi is an input from element i
in the preceding layer, wij is the synapse weight from element i to neuron j, and f is an 
activation function. Note that element i could be an input from outside or a neuron. Popular 
forms of the f function include the threshold, sigmoid function and hyperbolic tangent. 

Network weights are usually learned using the well-known error back-propagation 
procedure (Widrow and Lehr 1990; Werbos 1990). In this method, the back-propagated 
error j  is computed using 
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for a hidden neuron, where t
jy  is the target output for output neuron j. The network weights 

are then updated by
ijji xw                                                        (4) 

where  is a learning rate. 
Another updating technique is to introduce a momentum term  to the previous equation to 
help adaptation process to get out of local minima at a given time t  as 

)1()( twxtw jiijji                                          (5) 
where 10 .
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  MFNNs have been successfully applied to dealing with complex tasks in a wide 
range of applications including nonlinear control, signal and image processing, stock 
market analysis and prediction, speech synthesis and recognition, etc. Introducing and 
teaching MFNNs to senior engineering students is an important challenging task. From my 
past experience, in order for students to better understand the network they are required to 
do experimentation extensively. Concentrating and spending most of the course hours on 
theoretical foundation and network architectures would not be helpful for engineers. At the 
end of the ANN course students are found reluctant to integrate MFNNs in real engineering 
applications. Thus one of the main goals of this paper is to introduce a learning platform for 
teaching MFNNs and to let engineers to create them easily.  

Matlab is a well-known tool for most engineering teachers and students due to 
several reasons. First, it has a huge library of simple commands to perform complex 
mathematical and plotting operations. For example, matrix inversion is simply computed by 
the command inv(A) even if A is a huge square matrix of thousands of elements. This 
feature enables focusing on underlying engineering problems rather than programming. 
Also Matlab has been reported by many researchers to be faster than C (Nazari and Ersoy 
1992). This is due to the fact that Matlab's specialized libraries have been carefully 
developed and optimized to be carried out on different machines with high speed. Matlab 
also provides an easy graphical user interface (GUI) development tool called GUIDE 
(Graphical User Interface Development Environment) (Smith 2006). GUIs are preferred 
because they facilitate easy communication with the designed platform through the use of 
graphical buttons, lists, check boxes, input boxes, etc. 

Due to its popularity, Matlab has also been used as a teaching tool in numerous 
engineering courses such as fuzzy control (Zheying, Chaoying, and  Xueling 2009), 
engineering practice (Behrens et. al. 2010),  feedback control (Cortes and Dunbar 2007), 
digital video communications (Arnold and Cavenor 1996), wave propagation (Bachiller et
al. 2006), quasi-stationary electromagnetics (de Magistris 2005), designing antenna arrays 
(Raj and Kabilan 2007), and software engineering (Web 1997). On the other hand, limited 
use of Matlab has been noticed in literature to teach neural networks. Therefore, the main 
goal of this paper is to introduce a platform for teaching MFNNs based on Matlab 
programming language. Next section previews MFNNs and the developed platform is 
discussed in section 3 of this article. Testing the platform by a group of engineering 
students and the conclusions are presented in sections 4 and 5 respectively.
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ABSTRACT
This paper introduces an educational platform for teaching multilayer feedforward 

neural network to engineering students. The design is based on graphical user interfaces 
that have been developed using Matlab that provides a specialized  environment called 
GUIDE. The goal of the developed platform is to facilitate learning multilayer feedforward 
network that is the most common type of neural networks. Network development can be 
started easily by setting up network parameters such as type of activation functions and 
learning rates. Network training process is dynamically viewed to users as error decreases. 
The platform does not require programming skills which decreases the difficulties of 
introducing and teaching multilayer feedforward neural networks. 

Key words: Artificial neural network, multilayer feedforward network, graphical user 
interface, engineering education, computer assisted learning, Matlab. 

INTRODUCTION
A great deal of research has been devoted in the past decades to developing machine 

intelligence that enables systems to learn and adjust to unknown, uncertain, or changing 
situations. By subjecting a system to real examples, it can learn from experience and 
develop such capability.  Artificial Neural Networks (ANNs) that have been greatly 
inspired by the biological human brain are well known examples for such systems. 
Mathematically, ANNs can be viewed as a parallel mathematical structure made up of 
simple processing units that acquire knowledge for later retrieval. A well-known type of 
ANNs is the multilayer perceptron, known as the multilayer feedforward neural network 
(MFNN) (Werbos 1990; Widrow and Lehr 1990; Freeman and Skapura 1991).  It consists 
of a collection of interconnected identical processing units, called neurons, for fast parallel 
processing. Learning is acquired through the adjustment of parameters called neural 
network weights. 
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using the designed horizontal shading. The study revealed that sufficient sunlit distribution 
during winter could be obtained by allowing 25% and 50% sunlit penetration in summer. 
These ratios will allow only around 2m2 of internal sunlit area into the designed room.   

Horizontal shading is an efficient shading method for use in Saudi Arabia. The 
shading capability of this method in reducing solar radiation caused by the high sun angle 
during summer is very efficient, especially around noon. This is unlike vertical shading, 
which allows internal solar penetration from a high sun altitude. Obviously, egg-crate 
shading is an efficient solution to this problem but extra care must be taken to avoid the 
blocking of solar penetration during winter.
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Heating demand increases in winter when using egg-crate shading. Egg-crate shading 
prevents the winter solar radiation needed for natural heating from penetrating into the 
internal spaces while the thermal simulation for London, UK, shows that horizontal and 
egg-crate shading will reduce the demand for cooling loads in summer. Shading in this 
region is not recommended in winter, however, as heating demand will be increased when 
using egg-crate shading, horizontal louvers and vertical louvers. Movable shading is highly 
recommended in this case. 

Generally, extensive heat and high temperatures in Riyadh will strongly affect the 
performance of shading devices in summer, so the selected shading methods do not have a 
strong effect on the required cooling loads in that season. Other shading techniques could 
possibly have a more significant effect. Movable shading with efficient glazing could have 
a stronger effect on heat gain. However, shading will directly reduce the undesired heat 
gain caused by glare and extra sunlit area penetration.

During winter, heating loads will be increased in Riyadh as a result of the sunlit 
penetration being blocked by shading. Results reveal that maximum heating loads are 
achieved when using horizontal shading. Using egg-crate, horizontal louvers and light shelf 
shading will cause an extra heating load in winter, whereas vertical shading in Riyadh will 
have less effect on heating loads in that season. This is mainly due to the configuration of 
the vertical shading which allows sunlit penetration during the hours around noon. Sunlight 
is prevented from penetrating during the hours around noon, however, when horizontal 
shading is used.

In London, shading devices will have a significant effect on sunlit area penetration in 
summer. The graphical analysis for London shows that using egg-crate, horizontal louvers 
and light shelves will significantly reduce cooling demand in summer as an average cooling 
load in summer for a plain window is -239 W/h, while using egg-crate shading will reduce 
the cooling load average to -50 W/h., a saving of 79%. The three shading techniques 
mentioned above are efficient in London during the summer. However, the fairly low 
temperatures in this region in winter will reduce the shading effect. The related graphs 
show less variation in heating loads in winter while heating demand is always high so solar 
penetration in cold regions is essential during winter.

 The last part of the research is mainly concerned with examining the ratios of sunlit 
penetration in summer and winter. Riyadh and Jeddah were the two cities selected for the 
experiments and results showed that 7.6% of the total sunlit area penetrates the room in 
summer compared to the penetration in winter in Riyadh. In Jeddah, 4.8% of the total 
sunlight penetrates in summer compared to winter. By using the designed horizontal 
shading, 50% of the sunlight will penetrate the internal surfaces in winter. So this will allow 
1.6% of the total sunlight to penetrate in summer in Riyadh. On the other hand, 1.4% will 
penetrate in Jeddah. Owing to Riyadh’s location, this region is exposed to more solar 
radiation compared to other cities.

The last part of this study examines different dimensions of horizontal shading device 
which, in turn, allows for different solar radiation penetration ratios. Selected ratios were 
0%, 25%, 50% and 100%. This study investigates different horizontal shading areas which 
allow specific ratios of solar radiation to penetrate to the internal surfaces. Such an 
evaluation should be useful for architects to gain knowledge about the sizes of shading at an 
early design stage. Moreover, the desired sunlit area penetration ratio could be achieved 
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Figure 5: Different ratios of sunlit area penetration through the selected window. 
The required shading device areas are demonstrated for each penetration ratio in summer. 

Figure 5 summarizes the results regarding the sunlit area penetration ratios achieved 
by using various horizontal shading dimensions in Riyadh, Saudi Arabia. The efficiency of 
the horizontal shading against the high solar altitude angle in lower latitudes is the main 
reason for selecting this shading method in this study. The study has given an idea about the 
most effective dimensions for horizontal shading devices for each sunlit penetration ratio. 
This allows an architect to produce a wide range of options in designing the shading 
according to the desired solar penetration ratio. Movable shading devices could be designed 
to allow maximum solar penetration in winter and a minimum in summer, while sufficient 
sunlit area penetration in winter could be achieved when allowing 25% to 50% penetration 
in summer. Using these ratios in the case of the selected room in Riyadh will allow only 2 
m2 of sunlit penetration in summer.  

The study also reveals that sunlit penetration ratios of 50% and 75% in summer will 
result in slight variations in sunlit penetration during winter. Results also show that a 50% 
rate of summer penetration will allow a sunlit area of 52.6m2 in winter, while 75% will 
allow 54.99m2, a difference of only 4.3%. Moreover, research shows that 56.63m2 is the 
penetrated sunlit area using a plain window, with the high solar altitude angle in Riyadh 
during both summer and winter being the main reason for this slight variation. An initial 
investigation revealed that a greater sunlit area could be achieved by using other 
orientations as the sunlit area distribution during summer through east and west windows in 
Riyadh is higher than that for south windows. The same penetration ratio study could be 
conducted using different shading methods. For instance, horizontal louvers could be 
adjusted to allow the required penetration ratio.    

8   Conclusion 
It can be concluded from this study that investigating the efficiency of shading 

devices in different climatic zones is quite useful as knowledge is thus gained to assess the 
performance of shading devices in general. From the investigation results, an appropriate 
selection of a type of shading could be made for each climatic zone.   
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dimension will allow 11.6% of the total solar radiation to be admitted in the three selected 
months of summer. The total penetration in the summer months without shading is 
4.31m2.
Moreover, with selected shading, the total penetration is 0.5m2. So, 0.5/4.31x100= 11.6 
which is the ratio of solar penetration in summer.  
By using results from the SunCast model[6] for Jeddah, the total penetration of sunlight in 
the three selected days of winter is 52.62m2. To allow for 50% of this amount of solar 
radiation, 2m x 1m horizontal shading should be used. Such a shading dimension will 
allow 13.7 % of the total solar radiation to be admitted in the three selected days of 
summer. The total penetration in summer without shading is 2.55m2. Moreover, with 
selected shading, the total penetration is 0.35m2. So, 0.35/2.55x100= 13.7 which is the 
ratio of solar penetration in summer. These results are illustrated in Tables 1.
Reducing the sunlight penetration in winter by 50% could result in total solar radiation 
control in summer.
The penetration of solar radiation in winter is mainly through the south windows and 
through the east and west windows in summer. This also proved by Shaviv 1997[5]

The results show a higher penetration of sunlit areas in both seasons in Riyadh than in 
Jeddah. This is due mainly to their geographic locations. 

                Table 1: Solar shading design guidelines for architects in Saudi Arabia.  

7 Summer sunlight distribution in Riyadh 

This part of the study investigated different sunlit area penetration ratios on the model floor 
and was conducted during the summer period. Penetration ratios, specifically 0%, 25%, 

50%, 75% and 100%, were the main investigated ratios of sunlit area distribution on the 
internal model surface (the floor). Each penetration ratio required a specific horizontal 
shading size so, using the SunCast model, experiments were conducted to determine the 
exact shading size that would match the desired sunlit area penetration ratio into the 
internal space. 

 The penetration ratios were then compared with the base case: 100% sunlight 
penetration. The window in this example was designed without shading and, as evaluated 
earlier, it was aimed to obtain full penetration of sunlight in this case. Previous 
investigations by the researcher showed that the total amount of sunlight penetration was 
4.31m2 for the selected model in the selected summer period.  

All summer penetration results were compared with the original “without shading” case. 
The results showed that the total penetration of the sunlit area in summer is 4.31m2. As, In 
the case of 25% penetration, the total sunlit area was 1.08 m2 , so the percentage is 
calculated as 1.08/4.31= .2505 x100 = 25%.

City 
Window

Orientation
No of 

windows

Ratio of 
solar

penetration
(winter)

Ratio of 
solar

penetration
(summer) 

Shading
type

Room 
area

Window
area

Shading
size

Riyadh South 1 50% 11.6% H 36m2 2.56m2
2.2 x 
1m 

Jeddah South 1 50% 13.7 % H 36m2 2.56m2 2 x 1m 
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5   Indoor Sunlight Distribution Ratios

Due to the different solar altitude angle in summer and winter, the distribution of 
sunlight during the year varies. In turn, allowing a sufficient amount of solar radiation to 
penetrate in winter will reduce heating demands.  

A study was conducted to examine the penetration ratios of solar radiation in summer 
to those in winter in two major Saudi Arabian Cities, : Riyadh and Jeddah. The results were 
achieved by using the IES SunCast model.  

A room with the dimensions of 6m x 6m x 3m in height was designed for the 
experiment, while a window (1.6m x 1.6m) was designed on the south facing wall. The 
total penetration of sunlight onto the room’s floor was calculated in summer and winter. 
Three months were considered for each season: June, July and August for summer, and 
December, January and February for winter. The 21st of each month was the selected day 
for the experiments. 

Initially, the experiments were performed without shading devices to examine the 
total penetration of sunlight in each season. The total amount of sunlit penetration in winter 
was compared with the total amount in summer to examine the ratio between both. If x m2

is 100% of the sunlight that penetrates a window without shading in winter, then the study 
seeks to discover how much of the sunlight will penetrate under the same conditions in 
summer. The answer to this question will be the ratio of the sunlit penetration in summer 
compared to that in winter. Horizontal shading was used in the second stage of the study to 
reduce the penetration of the sunlight and the investigation was continued to examine the 
reduction in the sunlit area in summer if a 50% reduction was achieved in winter by using 
horizontal shading devices. A 50% penetration of sunlight in winter will provide a good 
amount of natural heating and could allow total penetration of solar radiation in summer. A 
total provision of solar penetration will result in reducing the demands for cooling. 
Athienitis 2002 [1] illustrated that the most efficient method for reducing cooling load 
demand is to dissipate the sun’s radiation before it reaches a building’s interior. This could 
be achieved through the provision of shading.

5.1 Solar penetration ratios: the Riyadh model 

From the SunCast model[6], it was found out that the total sunlight distribution on the 
room’s floor during the selected summer period was 4.31m2 , while in the winter period, the 
total penetration of sunlight was 56.63m2. This results in a ratio of 7.61% of the summer 
solar penetration to the penetrated radiation in winter. 

 So, if the total penetration is 100% in winter, it will equal 7.61 % in summer, 
whereas if penetration is 50% in winter, it will result in 3.8 % penetration in summer.

6 Results and shading design guidelines 

The following design guidelines for shading from the present study could be 
summarised as follows: 

  According to the SunCast model results for Riyadh, the total penetration of sunlight in 
the three selected days in the winter months is 56.63m2. To allow for 50% of this amount 
of solar radiation, 2.2m x 1m horizontal shading should be used. Such a shading 
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    Figure 4: Sunlit area distribution in Riyadh and London using various shading methods 
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Figure 3: Sunlit area distribution in Riyadh and London using various shading methods 
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The same shading methods will react efficiently during the summer in London where 
cooling loads will be clearly reduced. Generally, horizontal shading will exclude solar 
radiation generated from a high sun angle, which occurs during summer and a vertical 
shading configuration will allow sunlit penetration when the sun is at its highest. This 
shading technique is an efficient solution in winter as a natural heating element. Shading 
device configurations will strongly affect the internal sunlit distribution and, consequently, 
the required cooling and heating loads will, in turn, be affected. Movable shading could 
also be an effective solution. J Jorge 1993 [2]. Horizontal shading will act efficiently during 
the summer, and the same shading could move to a vertical position to act efficiently during 
the winter period.
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method in reducing solar penetration in summer and allows sunlit distribution in winter. 
The high efficiency of egg-crate shading is a result of the double effect of the horizontal 
and vertical shading devices.

The shading effect of horizontal louvers on the distributed sunlit area can be observed 
in the first graphs in Figure 4 (E and L) where it can be observed that the sunlit area is 
significantly reduced during the summer in both regions. In winter, the sunlit area is greatly 
reduced in Riyadh due to the shading configuration and the solar altitude angle which is 
41.9° in Riyadh. The low solar altitude angle in London allows a sufficient amount of solar 
penetration, as can be observed in the graph concerning the performance of the horizontal 
louvers. The maximum sunlit area is achieved at 11h, 12h and 13h during winter in London 
(Graph L), while the minimum solar penetration is achieved in Riyadh when using the same 
shading method (Graph E). The combination of the shading configuration of the horizontal 
louvers and the low solar altitude angle in Riyadh during winter allows maximum solar 
penetration at 9h and 15h (Graph E). The ECOTECT model shows that the solar altitude 
angle in Riyadh at 9h on 21 December is 26.5° and 23.6° at 15h. Viewing the internal sunlit 
area distribution by using the SunCast model shows more sunlight penetration at 9h and 
15h compared with other hours during the day.     

The distribution of sunlight by using light shelves in Riyadh is fairly low during both 
seasons, as can be observed in Graph G. However, in London, high internal solar 
penetration is achieved during winter by using this shading method. (see Graph N.) High 
solar penetration around noon affects the required heating loads significantly. In London, 
the sun’s altitude angle in winter will allow maximum internal sunlit distribution at 11h and 
13h. This can be observed in Graph N in Figure 4.

It can be seen in all the graphs that the distribution of the internal sunlit area in 
London is symmetrical around noon with all the shading methods as the solar noon angle in 
London occurs at around noon. In Riyadh, however, the distribution of the internal sunlit 
area is not symmetrical in most cases, as can be seen in the related graphs.  

The relationship between the results achieved for the sunlit area distribution and for 
the thermal shading effects can be observed when comparing the related graphs with one 
another.

Protecting the internal spaces from the penetration of solar radiation in summer by 
using horizontal shading in London reduces the required cooling loads, also illustrated by 
Smith 2001[4]. Further, it can be observed that, in Riyadh, preventing the penetration of 
solar radiation in winter by using shading devices will increase the demand for heating. 
Such an effect can be seen clearly when using egg-crate shading, horizontal louvers and 
light shelf shading in Riyadh during winter.
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Figure 2: Average heating/cooling loads 
using different shading methods in 
London W= without shading, H= 
horizontal shading, V=vertical shading, 
E=egg-crate shading, H L=horizontal 
louvers V L=vertical louvers, L S=light 
shelves

4   Sunlit area distribution analysis 

After reviewing the thermal effect 
of the selected shading methods, the 
distribution of the sunlit area was investigated. The sunlit area distribution results were 
obtained first by using a plain window to investigate the effects of various shading methods 
in both selected climatic zones. It can be observed from the graphs in Figures 3 and 4 that 
the sunlit area is generally higher in London than in Riyadh as a result of the latitude 
differences and the sun’s altitude. The distribution of sunlight in winter is higher than in 
summer in both regions.

The first two graphs (A and H) in Figure 3 compare the distribution of the sunlit area 
through a plain window in both Riyadh and London. In summer, the penetration of sunlight 
is prevented in Riyadh due to the high altitude angle of the sun. However, in London, the 
penetration of the sunlit area is significant in both summer and winter since the solar 
altitude angle in London on 21 June at noon is 62° and is 15.1° at noon on 21 December, 
(as calculated by the ECOTECT model) [15]. There is a considerable reduction in the 
distribution of the sunlit area on the room’s floor when using horizontal shading in Riyadh 
during winter, as shown in the second set of graphs (B and I) in Figure 3. However, in 
London, horizontal shading does not affect solar penetration in winter. The related graphs 
reveal that sunlit area distribution in winter through a plain window and a window with 
horizontal shading is similar (Graphs H and I). Nevertheless, in summer, horizontal shading 
reduces the distribution of sunlight, especially at noon.

Maximum solar penetration occurs at noon when using vertical shading in London 
during summer. This is shown in Graph J in Figure 3. However, during winter, sunlit area 
distribution will be significantly higher when using the same shading method; this is useful 
for natural heating. Using vertical shading in Riyadh also results in high internal solar 
exposure during winter, as shown in Graph C in the same figure.  

The third set of graphs (D and K) in Figure 3 represents the sunlit area distribution 
when using egg-crate shading. Solar penetration is totally prevented in summer in both 
regions due to high sun altitude. Moreover, the sunlit area distribution in winter is sufficient 
for natural heating. Therefore, egg-crate shading represents the most efficient shading 
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In a cold climate, using horizontal shading will result in a remarkable drop in the 
required cooling load due to the effect of the horizontal shading on the high summer sun. 
The decrease in the sunlit area in summer, as shown in the sunlit area graph (Graph H in 
Figure 3), could be one of the main reasons for the corresponding drop in the required 
cooling loads as the cooling load decreased from an average of -239 W/h in the case of the 
plain window to -69.1 W/h in the case of the window with horizontal shading. This shows a 
70% drop in the required cooling loads. These results illustrate that this type of shading is 
significantly efficient. 

The egg-crate shading showed itself to be the most efficient shading technique as 
summer cooling loads achieved an average of -50 W/h, a reduction of 79% from the 
original (-239 W/h). The average heating load was 354.7 W/h, which constitutes an 
increase in the required heating of 15 %, compared with the original case, which was 307 
W/h. This remarkable decrease in the required cooling load stems from the decrease in the 
sunlit area penetration in summer, as shown in the internal sunlit area penetration graphs. 
These graphs show that there is no penetration of the sunlight using this type of shading.

Results show the heating and cooling when using horizontal and vertical louvers, and 
light shelves. In this region, these shading methods will affect efficiently the cooling loads 
required in summer when cooling loads generally drop, as can be observed in the related 
graphs. Horizontal louvers and light shelves represent the shading devices which result in 
the lowest demand for cooling. Vertical louvers will slightly increase cooling load demands 
at around 14h but the sunlit area distribution is generally high when these shading methods 
are used in winter. 

 The required heating loads vary from one shading method to another Stephenon 
2003[5]. Using horizontal louvers in the designed room resulted in an average heating load 
of 345 W/h, showing a 12 % increase in heating in winter. 336.6 W/h was required in the 
case of vertical louvers, which makes a 9 % increase in the heating load. 

The average cooling load required by using light shelves was -54.7 W/h. This shows 
a drop of 77.5% when compared with 239 W/h, the figure arrived at if there was no 
shading. Such a high ratio of energy saving reflects the efficiency of this shading method 
during the summer period. In winter, the average required heating load during the selected 
day was 362 W/h. when the average heating load was originally 307 W/h, an increase of 
17%. Shading devices should be avoided during winter in this region.
The general results for the study could be illustrated in the following: 
1. Sunlit area graphs show that the distribution of sunlight in cold zones is higher than in 

hot zones, as will be demonstrated in the following section. 
2. The performance of the egg-crate shading device shows a high efficiency rate (up to 

79% less) in reducing cooling demands in summer. 
3. Shading devices could affect the required heating load in winter by increasing it as a 

result of the reduced penetration of the internal sunlit area. 
4. Vertical shading will generally allow greater penetration of the internal sunlit area in 

both seasons as a result of this shading configuration. 
5. The sunlit penetration study shows that the internal distribution of the sunlit area is 

symmetrical in London which represents the cold climate zone.  
6. The efficiency of shading devices is considerable during summer in cold climate zones. 
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Results show that heating load is required in the early morning hours from 2am to 
7am when using horizontal louvers. Increased heating demand in Riyadh is due to the low 
penetration of the sunlit area, together with the shading caused by this type of louver during 
winter. This can be clearly seen in both thermal analysis and sunlit area graphs illustrated in 
Graph E in Figure 4. 
 Using vertical shading louvers in this region will respond to the high demand of 
cooling load required in summer as this shading method will allow the penetration of solar 
radiation caused by the high angle of the summer sun. Nevertheless, there is reasonable 
penetration of sunlight in winter, as shown in the sunlit area graph for this case (Graph F in 
Figure 4), as the sunlit area can reach around 2m² on the floor space at noon. 
The general results for the study can be summarised as follows: 
1. There is a high demand for cooling in summer in the hot dry climate of Riyadh. 
2. Shading devices can be inefficient when increasing shade for the internal spaces; this 

could result in extra heating loads being required in winter. 
3. In this study, two types of shading system did not result in high heating load 

requirements in winter. These were the horizontal and vertical shading devices. 
4. A maximum amount of sunlit area could always be achieved using the vertical shading. 

This can be clearly seen in the sunlit area graphs of both the vertical shading devices 
and the louvers. 

5. A window without shading is the 
only one where a very low heating 
load is required in winter.

Figure 1: Average cooling/heating 
loads using different shading methods 
in Riyadh. W= without shading, H= 
horizontal shading, V=vertical shading, 
E=egg-crate shading, H L=horizontal 
louvers V L=vertical louvers, L 
S=light shelves 

3       Thermal analysis of shading 
devices in London, United Kingdom

In order to achieve an efficient evaluation of the different shading techniques and to 
carry out an effective thermal analysis and simulation of the sunlit area, another climatic 
zone was selected. The region chosen is contrasting: London has a cold, wet climate and 
Riyadh has a hot, dry one.

An evaluation of a plain window was conducted to assess the contribution of the 
selected shading methods in affecting both cooling and heating loads and the internal 
distribution of sunlight. Due to the climatic conditions in this zone, an average 307 W/h 
heating load is required in winter and an average -239 W/h cooling load is required in 
summer.

There is a considerable amount of cooling and heating load in this climate generally, 
unlike in the hot dry zones where the demand is mostly for cooling. The sunlit area graphs 
also show a high penetration of sunlight in cold regions, especially in winter. This can reach 
up to 4.8 m2 at noon in the first case (the plain window).
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1 Introduction

 Two climatic zones were selected for the evaluation of the thermal performance of 
shading devices: a hot dry zone (Riyadh, Saudi Arabia; latitude 24.65º N) and a cold 
climate zone (London, United Kingdom; latitude 51.50º N). Using two climatic zones 
makes the evaluation more efficient than if it is conducted in one climatic zone only.  
 In order to evaluate the shading devices, a simulation of the thermal performance of 
a window without shading needed to be achieved first. Subsequently, a comparison of the 
varying contributions made by the shading techniques could be made. Six shading 
techniques were selected for the thermal analysis: horizontal, vertical, egg-crate, horizontal 
louvers, vertical louvers and light shelves.
 The evaluation involves two main aspects. The first involves the simulation of the 
heat gain and loss that is required to achieve comfortable temperatures in the room using 
different shading methods. A negative result indicates that a heating load is required while a 
positive result indicates a cooling load is necessary.
 The second aspect is the calculation of the sunlit area distribution that penetrates 
through the window and onto the room’s internal floor when different shading methods are 
used. Both of the evaluations were performed in summer (21 June) and in winter (21 
December). The simulation investigates the relationship between the internal distribution of 
the sunlit area and the thermal performance of the shading devices in affecting the required 
cooling or heating loads. The efficiency of the selected shading methods is discussed with 
regard to both hot and cold climates.  
 The last part of the research evaluates sunlit penetration ratios in Riyadh and Jeddah 
by controlling sunlit penetration using horizontal shading. The investigation assesses the 
ratio of the sunlit area in summer compared to winter by allowing 100% and 50% solar 
penetration in winter. Various sunlit distribution ratios are also investigated in this study.

2   Thermal analysis for shading devices in Riyadh, Saudi Arabia

A study of the required cooling and heating loads for a plain window was conducted to 
examine the shading effect efficiently. Heating loads will be at a minimum in Riyadh 
during winter as a result of the extra solar radiation which penetrates through a window 
without shading. Minimum effect of shading devices could be observed due to the severely 
hot climate in summer, on the required cooling loads in Riyadh. 
 Horizontal shading allows more sunlight to penetrate the window in winter, which, 
as a result, leads to increase heating loads in winter. Heating loads using the first plain 
window are less than they are with horizontal shading.
  Regarding general performance results for the horizontal and vertical 
shading devices, it is clear that the vertical devices are more efficient due to the savings that 
can be made in the required heating loads in winter. The results show that, on average, 15.9 
W of heating was required in winter using the horizontal shading, while 11.8 W was 
required when using the vertical shading.
 An analysis of heating and cooling demand when using egg-crate shading shows 
that heating is required in winter for the whole day, yet the cooling load required in summer 
is very high. This shading method will contribute to reducing sunlit area penetration in 
winter, as can be seen clearly in the sunlit area penetration graph (Graph D) in Figure 3. As 
a result, the egg-crate shading is considered to be the most efficient type of shading, 
especially in this type of climatic conditions during summer.
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Abstract
 This study evaluates the performance of various types of shading devices, in terms 
of sunlight penetration and thermal performance. The computer model experiments are 
situated in Riyadh, Saudi Arabia, located at 24.6ºN and London, UK 51.5ºN. The selected 
window in the model for the shading performance assessment faces south, which is the 
target orientation for the assessment. The main aim of the experiment is to calculate the 
sunlit area penetrated through the selected shading device types and the thermal effect of 
the two selected climatic zones to illustrate the effect on both hot dry zones and cold zones. 
Average cooling and heating loads are presented for both regions. Results are plotted on 
graphs for comparison. Two main factors are involved in the study to be compared: sunlit 
area distribution analysis, and shading thermal analysis. Shading design guidelines is 
presented for Riyadh, Saudi Arabia. Furthermore, the research indicates that shading will 
have a significant effect in the reduction of cooling loads in summer is when using the 
horizontal shading in the location of London UK.

Keywords: Shading design, Thermal performance, Sunlit Area, Shading Guidelines. 
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