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Abstract 

In the area of information security, secure image transmission is one 

of the most challenging problems. This research is presented to 

increase color image security through an image encryption algorithm. 

The proposed algorithm uses circle map for key generation, 3D henon 

map for confusion and 3D logistic map for diffusion. To enhance the 

sensitivity of a plain image, SHA-1 is employed in our proposed 

method to calculate the hash value and use it as an input to circle map. 

Set of tests are used to evaluate the proposed algorithm. These tests 

include Key sensitivity, Information entropy, Correlation analysis, 

NPCR, and UACI. the results show that the proposed method 

efficiently improves encryption; It has good security performance and 

can resist common attacks. 

Keywords: 3D henon map, 3D logistic map, confusion, diffusion, 

Chaotic Map. 
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1. Introduction 

Data transmission and storage are now more heavily reliant on 

information security [1]. Text, audio, visual, and other multimedia 

make up this data. Images are used frequently in most people's daily 

lives. Yet, the security of the images becomes more [2]. Although 

there are many uses for conventional encryption techniques like DES, 

3DES, RC5, AES, and RSA in text encryption, they are insufficient to 

meet the security needs of image encryption. images have unique 

characteristics including the high correlation between adjacent pixels 

and the big size of the image [3][4]. The use of chaotic maps in 

cryptographic algorithms has gained a lot of interest and grown in 

importance [5]. For their unpredictable nature and randomness, 

chaotic maps are utilized in confusion and diffusion mechanisms, 

which provide great performance in image encryption techniques [6]. 

 In recent years, researchers have proposed several digital image 

encryption algorithms. In [7] a fast chaos-based image encryption 

scheme using fractal and 3D henon maps (FCIES-Fr-HP) is proposed 

for improving the degree of security in the image transmission. This is 

attained by integrating the merits of the predominant fractal function 

with the indispensable features of henon maps to generate an effective 

key stream which is essential for a reliable cryptosystem and the 

experimental result for Lena image in entropy was 7.9982, NPCR 

99.6124, UACI 33.1634 and the key space was 2^230.  in [8] A color 

image encryption algorithm combining Henon-zigzag-based 

permutation and chaotic restricted Boltzmann machine-based 

diffusion is proposed. During the diffusion phase, three pseudo-

random number sequences were generated by the chaotic restricted. 

Boltzmann machine are used to perform XOR operations with the R, 

G, and B components of the scrambled image. In [9] a novel 

symmetrical image encryption algorithm based on skew tent map is 

proposed. Utilizing a new chaos-based Line map, the proposed 

algorithm is suitable for the encryption of any size of the image. In 

order to disrupt the correlations between the R, G, B components of 



Journal of Electronic Systems and Programming                                       www.epc.ly 

 

 Issue: 7   Jun    2023                                                                                         Page 5 

the true color image, these three components are encrypted at bit level 

and operated at the same time. The proposed algorithm realizes fast 

encryption and decryption of both gray-scale image and color image. 

Authors in [10] presented a novel bit-level image encryption 

algorithm that is based on piecewise linear chaotic maps (PWLCM). 

Firstly, the plain image is transformed into two binary sequences of 

the same size. Second, a new diffusion strategy is introduced to 

diffuse the two sequences mutually. Then, the binary elements are 

swapped in the two sequences by the control of a chaotic map, which 

can permute the bits in one bit plane into any other bit planes. A color 

image encryption method that is based on chaos has been suggested 

by authors in [11]. The method involves three chaotic maps, namely 

the circle map for generating the encryption key, the 3D logistic map 

for confusion, and the 3D henon map for diffusion. The results 

showed a good encryption performance. This article introduces a new 

encryption method for color images that is based on 3D chaos. The 

method involves using the 3D Henon map to scramble the image, the 

3D logistic map for value transformation, and the circle map to 

generate a key. 

This paper is structured as follows: Section 2 provides a brief 

overview of the fundamental principles behind the proposed 

algorithm. Section 3 explains the steps of the proposed encryption 

algorithm, while Section 4 covers the performance measures and 

security analysis that are conducted on the algorithm. And finally, we 

summarize our conclusions in Section 5. 

 

2. Basic theory of the proposed algorithm 

2.1. 3D Henon Map 

The 3D Henon chaotic map is a three-dimensional map and 

mathematical in nature, and is used as a symmetric cryptographic 

system. The 3D Henon map has reversibility and simple geometric 

vision. Moreover, the errors in the calculation are decreased because 
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its coefficient is an integer, and can be represented by the following 

formula[12]: 

𝑋𝑖+1 = 𝛼 − 𝑦𝑖 
2 − 𝑏𝑧𝑖

𝑦𝑖+1 = 𝑥𝑖

𝑧𝑖+1 = 𝑦𝑖

                                      (1) 

Where 1.54<| a |<2, 0<|b |<1 and the range of 𝑥0, 𝑦0, 𝑧0  between 0 and 

1. In the introduced method a=1.7, b=0.1 and 𝑥0, 𝑦0, 𝑧0 are the keys 

generated by circle map. 

2.2. 3D Logistic Map 

The three dimensions logistic map is given by the following 

formula[13] 

𝑋𝑖+1 = 𝜆𝑥𝑖(1 − 𝑋𝑖) + 𝛽𝑦𝑖
2𝑥𝑖 + 𝛼𝑧𝑖

3

 𝑦𝑖+1 = 𝜆𝑦𝑖(1 − 𝑦𝑖) + 𝛽𝑧𝑖
2𝑦𝑖 + 𝛼𝑥𝑖

3

𝑧𝑖+1 = 𝜆𝑧𝑖(1 − 𝑧𝑖) + 𝛽𝑥𝑖
2𝑧𝑖 + 𝛼𝑦𝑖

3



When 0.35 < 𝜆 < 3.81; 0 < 𝛽 < 0.022; 0 < 𝛼 < 0.015 are set, the 3D 

logistic map (2) offers a chaotic behavior if the initial values 

𝑥0, 𝑦0, 𝑧0  ∈ (0, 1). In the proposed method the control parameters 𝜆 

,𝛽,𝛼 are gained chaotically from circle map, and 𝑥0, 𝑦0, 𝑧0 are set to 1. 

 

2.3. Circle Map 

The circle map is a dynamic system, which is a dynamic system that 

simplifies the determination of mechanical rotors. The formula for 

calculating the circle map is denoted by an equation and it is 

commonly used in electronics. The circle map can be mathematically 

represented by (3) [13]: 

𝑋𝑖+1 = {𝑋𝑖 + 𝑏 − (
𝑎

2𝜋
) 𝑠𝑖𝑛(2𝜋𝑥𝑖)} 𝑚𝑜𝑑(1)    (3) 
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In this situation, the circle map is used for key generation where 

a=0.2, b=0.5, 𝑥0 ∈ (0, 1). 

3. The Proposed Scheme 

In this part, the proposed encryption method is demonstrated. The 

method is made up of three stages: key generation, confusion, and 

diffusion. The key that is generated in the first stage is utilized as 

input for the confusion and diffusion stages. It is not secure to use 

only one round of confusion-diffusion for image encryption. To 

improve the security of the proposed algorithm, multiple rounds of 

confusion-diffusion are used in this approach. 

 

Figure 1: Block diagram of the proposed encryption algorithm. 

Encryption Steps: The process of encrypting an image involves 

several steps, as outlined in Figure 1.  

Step 1. Read the plain-image as matrix P and obtain its size m×n. 

Step 2. Calculate the hash values for the plain-image using SHA-1 

and convert them into hash vector ℎ which consist of 160 bits (20 

bytes). 

Step 3. Generate factors ℎ1,ℎ2, ℎ3, ℎ4, ℎ5and ℎ6 using equation 4. all 

these vectors are set as initial values of the circle map where h1, h2 and 

h3 are to generate the keys for diffusion by logistic map, h4, h5 and 

h6, is to generate the keys for confusion stages by henon map.  
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ℎ1 =
∑ ℎ(𝑖)3

𝑖=1

∑ ℎ(𝑖)3
𝑖=1 +1

ℎ2 =
∑ ℎ(𝑖)6

𝑖=4

∑ ℎ(𝑖)6
𝑖=4 +1

ℎ3 =
∑ ℎ(𝑖)9

𝑖=7

∑ ℎ(𝑖)9
𝑖=7 +1

ℎ4 =
∑ ℎ(𝑖)12

𝑖=10

∑ ℎ(𝑖)12
𝑖=10 +1

ℎ5 =
∑ ℎ(𝑖)15

𝑖=13

∑ ℎ(𝑖)15
𝑖=13 +1

ℎ6 =
∑ ℎ(𝑖)20

𝑖=16

∑ ℎ(𝑖)20
𝑖=16 +1

               (4) 

Step 4. Confuse the plain image P using 3D henon map. 

Step 5. Apply the 3D logistic map to diffuse the pixels of the image 

obtained from step 4.  

Step 6. Repeat steps 4 and 5 n times.  

Step 8. Obtain cipher-image C.  

decryption Steps: the decryption steps for our encryption algorithm 

are in inverse order of the encryption steps. 

4. Experimental Results 

To test the effectiveness of the proposed algorithm, five color images 

are chosen, refer to Fig. 2. Various tests are conducted to assess the 

impact of the proposed method on both the encrypted and decrypted 

images. These experiments are carried out on a computer equipped 

with an Intel Quad-Core i7-8550U CPU, and 16G RAM running on 

Windows 10 using MATLAB. The original images are encrypted 

using different rounds of encryption. The proposed algorithm is a 

lossless one, as demonstrated by the fact that the original image and 

the decrypted image are identical in every pixel, as represented in 

Figure 3. 
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(a) (b) (c) 

 

 

(d) (e) 
          

Figure 2: Original test images: (a)Lena, (b) Pepper, (c) Woman, (d) 

House and (e) Baboon 

 

4.1. Statistical Analysis 

Histogram and Entropy Analysis 

The key feature of randomness is information entropy, which 

measures the level of unpredictability and uncertainty in a given 

dataset. In order for the histogram of an encrypted image to appear as 

sufficiently uniform, the information entropy should be close to 8. The 

formula (7) is utilized to determine the entropy H(m) of a plaintext 

message m. 

H(m)= ∑ 𝑝(𝑚𝑖) 𝑙𝑜𝑔
1

𝑝(𝑚𝑖)

𝐿−1
𝑖=0       (7) 

Where L is the total number of symbols, p(𝑚𝑖) represents the 

probability of occurrence of symbol 𝑚𝑖 and log denotes the base 2 

logarithm so that the entropy is expressed in bits. 
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(a) (b) (c) 

Figure 3: Image encryption result. (a) original image; (b) encrypted 

image; (c) decrypted image; 

Table 1 demonstrates the values of entropy for cipher test images with 

different confusion-diffusion rounds. The results proved that the 

entropy values of encrypted images increase with an increase in the 

number of rounds and the entropy values of the proposed method and 

that proposed by [11] are very near to the ideal value which is eight. 

Based on the results, it is advised to perform five rounds for the 

efficiency of the proposed algorithm.  

Table 1: Entropy values of encrypted images 

Round 

Image 
1 2 3 4 5 6 7 

Lena 

(proposed) 
7.9997 7.9800 7.9956 7.9983 7.9989 7.9989 7.9991 

Lena [11] 7.9990 7.9991 7.9990 7.9991 7.9991   

Baboon 

(proposed) 
7.7968 7.9615 7.9884 7.9936 7.9953 7.9955 7.9984 

Baboon [11] 7.9986 7.9987 7.9988 7.9986 7.9989   

Woman 

(proposed) 
7.7046 7.9093 7.9802 7.9951 7.9978 7.9988 7.9990 

Woman [11] 7.9984 7.9989 7.9989 7.9991 7.9991   

House 

(proposed) 
7.8620 7.9781 7.9957 7.9987 7.9994 7.9996 7.9997 

House [11] 7.9995 7.9998 7.9998 7.9997 7.9998   

Peppers 

(proposed) 
7.7348 7.8978 7.9816 7.9948 7.9981 7.9994 7.9997 

Peppers [11] 7.9997 7.9997 7.9998 7.9997 7.9998   
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Figure 4 displays the histograms for the RGB channels in both the 

original image (figure 4a) and the encrypted image after undergoing 

five rounds of confusion and diffusion (figure 4b). It is evident that 

the histograms for the encrypted image are evenly distributed. 

 

 

 

 

 (a)  

   

 (b)  

Figure 4: Histogram analysis of Lena. (a) Histogram of the original 

image; (b) Histogram of the encrypted image 

 

Correlation analysis 

When it comes to plain images, the neighbour pixels that are next to each 

other (either horizontally, vertically, or diagonally) are usually highly 

correlated. However, in strong cipher systems, the correlation between 

adjacent pixels in encrypted images must be extremely low. To 

determine this correlation, Equation (8) is utilized. 

 

cov(u, v) = E {( u – E(u))(v – E(v))} 

  𝑟𝑢𝑣 = 
𝑐𝑜𝑣 (𝑢,𝑣)

√𝐷(𝑢)√𝐷(𝑣)
                                        (8) 
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Where u and v are pixel values of two adjacent pixels, E(u)= 
1

𝑃
 

∑ 𝑢𝑖
𝑃
𝑖=1 , and D(u)= 

1

𝑃
 ∑ (𝑢𝑖 −  𝐸(𝑢))𝑃

𝑖=1
2
.  

The correlation coefficient close to zero indicates that a low 

correlation exists between the pixels. Table 2 displays the correlation 

coefficient values for cipher images obtained from the proposed 

algorithm and the algorithm in [11] with various numbers of rounds. It 

is evident that the correlation coefficients are extremely low in both 

algorithms. 

Table 2: Correlations of the encrypted images 

     Round 

Image 
1 2 3 4 5 6 

Lena 

(proposed) 
-0.01269 -0.01364 -0.00178 0.006244 0.000967 -0.01149 

Lena [11] -0.0030968 -0.01259 0.0147 -0.0033 0.010611 
 

Baboon 

(proposed) 
0.019711 -0.00429 0.003789 0.003078 0.013915 -0.00176 

Baboon [11] -0.0116111 0.0005 0.02068 0.001756 0.023111  

Woman 

(proposed) 
-3.3E-05 -0.01174 -0.00416 -0.01279 0.007742 -0.00724 

Woman [11] -0.0023667 -0.00284 0.015033 -0.00766 0.022467  

House 

(proposed) 
0.1397 -0.00079 -0.01912 -0.00714 0.004522 0.015144 

House [11] -0.0166444 -0.00446 -0.00917 0.002186 0.003333  

Peppers 

(proposed) 
0.021378 0.014811 -0.00451 -0.01496 0.018922 -0.00507 

Peppers [11] 0.00005667 0.001933 -0.00164 0.003943 -0.01029  

 

Figure 5 displays the correlation distribution of neighbouring pixels in 

Lena's plain-image, both horizontally, vertically, and diagonally. On 

the other hand, Figure 6 shows the correlation distribution of 

encrypted pixels after four rounds in the same directions. The plain-

image pixels are closely grouped along a straight line, indicating high 
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correlation between pixel values in each direction. Conversely, the 

encrypted image pixels are scattered throughout the space, indicating a 

significant reduction in pixel value correlation for each direction. 

 

Horizontal Vertical Diagonal 

   

 (a)  

 

  

 (b)  

 

 

 

 (c)  

Figure 5: Correlations of two adjacent pixels in Lena plain-image. (a) 

Red; (b) Green; (c) Blue 

 

The results indicate that the optimal correlation outcomes are achieved 

after implementing the suggested algorithm for four rounds. 

Nevertheless, to maintain a balance between entropy and correlation 

results, it is recommended to carry out five rounds of confusion and 

diffusion. 
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Horizontal Vertical Diagonal 

 

 

 

 (a)  

 

 
 

 (b)  

  

 

 (c)  

Figure 6: Correlations of two adjacent pixels in the cipher-image. (a) 

Red; (b) Green; (c) Blue 

 

4.2. Differential Attack Analysis 

The main purpose of this measurement is to assess how altering a 

single pixel in the original image affects the entire encrypted image. 

This is achieved through the use of the Rate of Change of Pixel 

Number (NPCR) and Unified Average Changing Intensity (UACI). 

The results of NPCR and UACI are illustrated in table 3 and table 4, 

respectively. 
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Table 3: The results of NPCR 

Round 

Image 
1 2 3 4 5 6 7 

Lena 

(proposed) 
0.9958 0.9961 0.9960 0.9961 0.9960 0.9962 0.9962 

Lena [11] 0.9960 0.9963 0.9962 0.9960 0.9961   

Baboon 

(proposed) 
0.9962 0.9963 0.9960 0.9958 0.9959 0.9962 0.9962 

Baboon [11] 0.9959 0.9959 0.9960 0.9961 0.9961   

Woman 

(proposed) 
0.9962 0.9960 0.9962 0.9963 0.9960 0.9960 0.9960 

Woman [11] 0.9962 0.9960 0.9963 0.9961 0.9960   

House 

(proposed) 
0.9953 0.9958 0.9961 0.9962 0.9961 0.9962 0.9962 

House [11] 0.9961 0.9961 0.9963 0.9962 0.9962   

Peppers 

(proposed) 
0.9961 0.9960 0.9959 0.9960 0.9960 0.9961 0.9961 

Peppers [11] 0.9962 0.9961 0.9960 0.9962 0.9961   

 

From table 3, it is clearly seen that the NPCR values of both 

algorithms are very close to 1 in all iterations. 

Table-4: The values of UACI 

Round 

Image 
1 2 3 4 5 6 7 

Lena 

(proposed) 
0.3043 0.3217 0.3352 0.3347 0.3341 0.3347 0.3343 

Lena [11] 0.3332 0.3342 0.3342 0.3345 0.3349   

Baboon 

(proposed) 
0.3388 0.3310 0.3251 0.3246 0.3324 0.3392 0.3336 

Baboon 

[11] 
0.3326 0.3334 0.3347 0.3351 0.3340   

Woman 

(proposed) 
0.3292 0.3272 0.3283 0.3347 0.3353 0.3348 0.3351 

Woman 0.3347 0.3348 0.3346 0.3347 0.3339   
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[11] 

House 

(proposed) 
0.3073 0.3202 0.3312 0.3352 0.3347 0.3351 0.3344 

House 

[11] 
0.3337 0.33467 0.3346 0.3347 0.3344   

Peppers 

(proposed) 
0.3217 0.3273 0.3317 0.3344 0.3341 0.3345 0.3341 

Peppers 

[11] 
0.3337 0.3346 0.3342 0.3354 0.3348   

 

In the other hand, table 4 shows that the UACI values of both 

algorithms are acceptable starting from four rounds. 

4.3. Key sensitivity 

An effective cryptosystem should be sensitive to even minor 

alterations in secret keys during decoding process. The sensitivity 

results are depicted in Figure 7 which indicates that the suggested 

algorithm is extremely sensitive to encryption keys. Consequently, the 

encrypted plain image can only be retrieved using the correct key. 

 

   

(a) (b) (c) 

Figure 7: Key sensitivity results. (a) Decrypted with key 1; (b) 

Decrypted with key 2; (c) Decrypted with the correct key 

 

In general, to ensure the efficiency of the proposed algorithm, we need 

to perform five rounds of confusion and diffusion. In contrast, the 

algorithm proposed in [11] requires four rounds, which makes it a bit 

faster than the proposed one.  
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5. Conclusion  

This paper presents a color image encryption algorithm based on 3D 

chaotic maps. The algorithm uses three different chaotic maps: the 

circle map generates the encryption key, the 3D henon map is used for 

confusion, and the 3D logistic map is used for diffusion. To evaluate 

the effectiveness of this algorithm, various tests were conducted 

including information entropy, histogram analysis, adjacent pixels 

correlation coefficient, key sensitivity, NPCR and UACI. Statistical 

analysis shows that the scheme can well protect the image against 

statistical attack. The algorithm possesses high key sensitivity and has 

a good ability to resist differential attack.  
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Abstract 

This work is focused on assessing the train and test of different 

artificial neural networks. The different neural networks were tested in 

this paper were: Backpropagation Neural Network (BPNN), Radial 

Basis Function Neural Network (RBFNN), and Nonlinear 

Autoregressive model with eXogenous input Neural Network 

(NARXNN). The BPNN is a type of feedforward neural network; 

Levenberg-Marquardt algorithm used in this work to adapt the 

network weights to minimize the error between the desired output and 

the network output. The RBFNN is a type of feedforward neural 

network; least mean squares algorithm used in this paper to adapt the 

weights, and clustering algorithm used to select the centers, this lead 

to more accurate results. The NARXNN is a type of recurrent neural 

network; the network output fedback to the network input, then, the 

network output became a part of network training, and this will effect 

to weights adaption to get efficient training. The system used in this 

work to assessing the train and test the three types of artificial neural 

networks is a pH Neutralization process.    

Keywords:  Artificial neural network, train, test, accuracy, NARXNN, 

RBFNN, BPNN, and pH.       

 

                                                           
 

mailto:amershebani@gmail.com


Journal of Electronic Systems and Programming                              www.epc.ly 
 

  Issue: 7   Jun 2023                                                                                        Page 24 

1. Introduction to Artificial Neural Networks (ANNs) 

The idea of a neural network was firstly considered as challenge to 

model the biophysiology of the human brain. Artificial neural 

networks (ANNs) suggestion a possible solution for complex 

problems which needs complex investigations and complex data 

analysis. Several academics researchers reported that neural networks 

have several applications in many fields of study including modelling, 

simulation, and control of nonlinear systems. Artificial neural 

networks are learning from example and it often used for applications 

where it is difficult solve using the classical rules. There are a several 

application fields where ANNs can be used including prediction, 

classification, noise reduction, optimization, and controlling [1, 2].  

The neural networks consist of the input layer, an output layer and a 

number of intermediate layers called hidden layers such as shown in 

Figure 1.  

 

Figure 1: Neural network diagram [3] 

During the train of the network, a set of data as inputs are required, 

and the outputs of the input layer are then fed to the inputs as 

weighted to the first hidden layer, after that, the outputs from the first 

hidden layer are fed as weighted inputs to the second hidden layer and 

so on; this process continues until the output layer is reached, then, the 
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network output is compared with the actual output to calculate an 

error; finally, the weights of the network are adapted to minimize the 

error; this procedure is carried out repeatedly adjusting the weights to 

make the network output closer to the desired output. The work flow 

for the general neural network design process has seven primary steps 

[4]:  

 Collect data 

 Create the network 

 Configure the network 

 Initialize the weights and biases 

 Train the network 

 Validate the network (post-training analysis) 

 Use the network 

Neural networks are composed of simple elements operating in 

parallel. These elements are inspired by biological nervous systems. 

As in nature, the connections between elements largely determine the 

network function. Figure 2 illustrates the supervised training 

algorithm which is the common algorithm used to train the neural 

networks, it works to adjust the weights until the error tends to zero 

[3].  

 

Figure 2: Supervised training algorithm [3] 

There are several training algorithms to train the neural networks such 

as Gradient descent, Levenberg-Marquardt, Bayesian Regularization, 
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Quasi-Newton, Resilient Backpropagation, Scaled Conjugate 

Gradient, Conjugate Gradient with Powell/Beale Restarts, Fletcher-

Powell Conjugate Gradient, Polak-Ribiére Conjugate Gradient, One 

Step Secant, Variable Learning Rate Gradient Descent, and Gradient 

Descent with Momentum. The fastest training function is generally 

Levenberg-Marquardt which can be applied using “trainlm” Matlab 

command. There are typically two steps involved when using neural 

networks for control: System identification and Control design [1, 3, 

4]. 

2. Nonlinear Autoregressive model with eXogenous 

input neural network (NARXNN)  

A Nonlinear Autoregressive model with eXogenous input neural 

network (NARXNN) structure is shown in Figure 3. The NARXNN is 

a recurrent dynamic network, with feedback connections enclosing 

several layers of the network, where the output is a feedback to the 

input of the network. The NARXNN model is commonly used in 

time-series modeling. The delay line (D) is feed the neural network 

with the past values of inputs [5].  

 

 

Figure 3: The structure of NARXNN [3] 

 



Journal of Electronic Systems and Programming                                       www.epc.ly 

 

 Issue: 7   Jun    2023                                                                                       Page 27 

The output of the NARXNN is represented using the following 

equation:  

y(t) = f(u(t − 1), u(t − 2), … , u(t − n), y(t − 1), y(t − 2), … , y(t −

m), W)                                                                                                (1)        

There are many applications for the NARXNN, but the important 

application it can be used as a predictor, that to predict the next value 

of the input signal. The use of the NARX network is demonstrated in 

another important application, it uses to modeling of nonlinear 

dynamic systems. The distinctive performance function used in train 

the NARXNN is the mean square error (MSE).  The MSE is shown in 

the following equation used to reduce the error between actual output 

and network output [3].  

MSE =  
1

N
  ∑ (ei)

2N
i=1 =   

1

N
                                                                (2) 

Where ti the target output and yi is the estimated output.   

The most common training algorithm used to train the NARXNN is a 

Lavenberg-marquardt algorithm. The training of NARXNN stops 

when the validation error begins to rise.  

The NARXNN model used to predict future values of several 

applications such as a stock, chemical processes, system 

identification, manufacturing systems, robotics, financial, and 

aerospace vehicles. The NARXNN model offer better predictions than 

the classical models, that because it uses the additional information 

contained in the prior data of y(t). The data set (input vectors and 

target vectors) normally divided into three sets as follows: 70% used 

for training, 15% used to validation (it is to stop training before 

overfitting), and 15% used for testing. The typical NARXNN is a two-

layer feedforward network, with a sigmoid transfer function in the 

hidden layer and a linear transfer function in the output layer. This 

network also uses tapped delay lines to store prior data of the x(t) and 
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y(t) sequences. This has two advantages: The input to the feedforward 

network is more accurate, and the resulting network has a purely 

feedforward architecture, and therefore a more efficient algorithm can 

be used for training. If the network's performance unsatisfied with the 

used data, the following steps can have considered: retrain the 

network, increase the number of neurons and/or the number of delays, 

and get a more training data set. In case the performance of the 

training set is satisfied, but the test set performance is considerably 

worse, that indicate overfitting happened, then decreasing the number 

of neurons can improve the results. It is important to know that the 

increasing the number of neurons and the number of delays can cause 

overfit the data when the numbers are set too high, then the number of 

neurons must set carefully [3, 4, 5].  

 

3. Backpropagation Neural Network (BPNN) 

This section describes one of the most common types of artificial 

neural network. Multilayer feedforward (MLFF) neural network with 

backpropagation (BP) learning (multilayer perceptron). A general 

multilayer feedforward (MLFF) network is illustrated in Figure 3 [6].       

 

Figure 4: Backpropagation Neural Network (BPNN) [6] 
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The most common training algorithm which is used for training of 

BPNN is a Levenberg-Marquardt algorithm which adjusts the weights 

to reduce the error. The backpropagation training algorithm is 

designed to minimize the mean square error (MSE). The MSE is the 

function which is commonly used to optimize network performance, 

and it calculated using equation 5.  

The weights can updated using the following equation [6]: 

Wij
m(t + 1) = Wij

m(t) +  η δj
m Oi

m−1                                                  (3) 

Where Wij(t) is the old weight, Wij(t + 1) is the new weight, η is the 

learning factor (η = 0 … 1), δ is the error.    

During a training of the network using supervised training functions 

such as the Levenberg-Marquardt backpropagation, three sets of input 

and target data supplied to the network, the first data set trains the 

network, the second data set stops training when generalization begins 

to suffer, and the third data set provides an independent measure of 

network performance. Also, the multilayer network is sometimes 

referred to as a backpropagation network. However, the 

backpropagation technique that is used to compute gradients and 

Jacobians in a multilayer network can also be applied to many 

different network architectures [3].  

4. Radial basis function neural network (RBFNN)     

The RBFNN consists of three layers, the first layer is input, the second 

layer is hidden, and the third layers is the output layer (hidden layer) 

as shown in Figure 5. The activation function lays in the hidden layer 

of the RBFNN. The training of RBFNN is consists of main two steps: 

select the centers and adapt the weights. The centers of the RBFNN 

normally selected using different strategies, but the common methods 

are fixed centers chosen randomly, and clustering algorithm [7].    
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Figure 5: Radial Basis Function Network (RBFNN) Architecture 

[8] 

 

Where  Xm are the inputs, and  Cm are the centres.  

The output of RBFNN is:  

y =  ∑ Wj ∅j
m
j=1                                                                                    (4) 

Where W is the weights, and ∅ is the activation function.    

In this work, the activation function of RBFNN was the Gaussian 

function, the Euclidean distance method used to calculate the width of 

RBFNN, while the least mean square algorithm (LMS) used to adjust 

the weights of the output layer for the RBFNN [8, 9].    

The RBFNN can be designed and training using the following Matlab 

command (newrb). In the radial basis networks, the newrb Matlab 

command used in this work to create and train, and test the network, 

this command adds neurons to the hidden layer of a radial basis 
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network until it meets the specified mean squared error goal: net = 

newrb (P,T,goal,spread,MN,DF). 

Where: P is input vectors, T is target class vectors, spread is the mean 

squared error goal, MN is the spread of radial basis functions, and DF 

is the maximum number of neurons. The radial basis networks can 

require more neurons than standard feedforward backpropagation 

networks, but often they can be designed in a fraction of the time it 

takes to train standard feedforward networks. The Radial basis 

network is trained to respond to specific inputs with target outputs. 

However, because the spread of the radial basis neurons is too low, the 

network requires many neurons [10, 11, 12, 13, 14]. 

5. The accuracy of train and test different artificial 

neural networks 

The following equation was used to calculate the mean absolute error 

(MSE) [15]: 

MSE =  
1

N
  ∑ (ei)

2N
i=1 =   

1

N
  ∑ (ti − yi)

2N
i=1                                         (5) 

Where ti the target output and 𝑦𝑖 is the estimated output.   

The following equation was used to calculate the mean absolute 

percentage error (MAPE) [16]:    

MAPE =  
1

N
 ∑  

∣Ai− Pi ∣

Ai
 X 100N

i=1                                                          (6) 

Where Ai is the actual output, Pi is the predicted output, i is time 

period, and N is the number of time periods (number of observed 

values).   

The relative error calculated used the following equation:  

Errors = actual output – neural network output                           (7) 
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The error percentage calculated used the following equation: 

Error_Percentage = (abs(Errors)./x)                                             (8) 

The error percentage and the mean absolute percentage error (MAPE) 

calculated used the following Matlab command: 

MAPE = mean(Error_Percentage(~isinf(Error_Percentage))) 100      (9) 

The accuracy of the neural network for training and testing was 

calculated used the following equation:   

The accuracy = 100 – MAPE %                                                      (10) 

6. Simulation Tests, Results, and Discussion  

The system was used in this work to assessing the training and test the 

different types of artificial neural networks are the pH Neutralization 

process. The pH inputs are 2001 sample (acid flow and base flow) 

were used to train and test the neural networks, while the output 

(targets) representing 2001 timesteps of the pH in the tank [3]. The 

following sections described the training and the testing of pH process 

used the three types of artificial neural networks: NARXNN, BPNN, 

and RBFNN. The dataset was divided into 70% for training, 15% for 

validation, and 15% for testing of neural network. The performance 

function which was used in the training of neural network is the mean 

square error (MSE), it was used to reduce the error between actual 

output and estimated output. The mean absolute percentage error 

(MPAE) was used to calculate the neural network model accuracy for 

training and testing the neural network.  

The actual output and neural netwrok output at the training using 

NARXNN are shown in Figure 6.  
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Figure 6: The actual output and neural netwrok output at the training 

using NARXNN 

The actual output and neural netwrok output at the testing using 

NARXNN are shown in Figure 7.  

 

Figure 7: The actual output and neural netwrok output at the testing 

using NARXNN 
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The actual output and neural netwrok output at the training using 

BPNN are shown in Figure 8.  

 

Figure 8 The actual output and neural netwrok output at the training 

using BPFNN 

The actual output and neural netwrok output at the testing using 

BPNN are shown in Figure 8.  
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Figure 9 The actual output and neural netwrok output at the testing 

using BPNN 

The actual output and neural netwrok output at the training using 

RBFNN are shown in Figure 10. 
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Figure 10 The actual output and neural netwrok output at the training 

using RBFNN 

The actual output and neural netwrok output at the testing using 

RBFNN are shown in Figure 11.  
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Figure 11 The actual output and neural netwrok output at the testing 

using RBFNN 
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When the training is complete, it is important to check the network 

performance and decide if any modifications want to be made to the 

network training process or to the network design or the data sets. The 

check to the network performance of NARXNN, BPNN, and RBFNN 

in this work carried out for the pH process prediction, simulation 

results show a very good network performance, that because the 

validation error have very similar characteristics, and it does not seem 

that any major over fitting has happened such as shown in Figure 12.  
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Figure 12: The performance of the neural netwrok 

 

The Nonlinear Autoregressive model with eXogenous input neural 

network (NARXNN), backpropagation neural network (BPNN), and 

the radial basis function neural network (RBFNN) were developed to 

predict the pH process in the tank.  

The simulation results shown in Figure 6 to Figure 11 show that the 

three types of neural networks achieved good pH process prediction. 

The percentage error was calculated, the results show that actual pH 

process was close to pH predicted using the neural networks. The 

accuracy of the neural networks for training and testing was assessed 

by mean absolute percentage error (MAPE).  

In training stage, MAPE was 1.94% for NARXNN; therefore, the 

accuracy of neural network was 98.06%. 
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In testing stage, MAPE was 2.62% for NARXNN; therefore, the 

accuracy of neural network was 97.38%.  

In training stage, MAPE was 3.27% for BPNN; therefore, the 

accuracy of neural network was 96.73%. 

In testing stage, MAPE was 4.03% for BPNN; therefore, the accuracy 

of neural network was 95.9%.  

In training stage, MAPE was 2.31% for RBFNN; therefore, the 

accuracy of neural network was 97.69%. 

In testing stage, MAPE was 3.74% for RBFNN; therefore, the 

accuracy of neural network was 96.26%.  

   

7. Conclusion  

The three types of neural network were used in this work are: A 

Nonlinear Autoregressive model with eXogenous input Neural 

Network (NARXNN), Backpropagation Neural Network (BPNN), and 

Radial Basis Function Neural Network (RBFNN). The system was 

used in this work to assessing the training and test the three types of 

artificial neural networks are the pH Neutralization process. The 

accuracy of the three types of neural network for pH process 

prediction during training and testing was calculated, therefore, the 

accuracy of the NARXNN was the best, followed respectively by the 

RBFNN and BPNN. The accuracy of the three types of neural network 

was between 95.9% and 98.06%. It can therefore be concluded that 

the NARXNN, BPNN, and RBFNN are accurate models for pH 

process prediction, and it is a powerful tool for chemical process 

prediction.     
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Abstract 

The purpose of this study is to use an extra condenser as a design to 

utilize the waste heat recovery from the domestic refrigerator. To get 

this goal, it should put some tools to measure the pressures and 

temperatures at some points during the cycle of operation of the 

refrigerator that to determine the enthalpy h. Several studies of waste 

heat recovery from the condenser in a household refrigerator for water 

heating were performed by many researchers. In this study the results 

shows that the maximum temperature recorded in the tank water was 

50˚C. 

Keywords: heat recovery, a refrigerator, condenser, tank of water. 
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1. INTRODUCTION 

The purpose of this study is to use an extra condenser immersed in an 

external box tank filled with water as a design to utilize the waste heat 

recovery from the domestic refrigerator. Several studies of waste heat 

recovery from the condenser in a household refrigerator for water 

heating were performed by many researchers.  As an example 

M.M.Rahman & Adrian Ng (2006) presented the research on the 

establishment of the waste heat, recovery device from the split air 

conditioning system. The device may increase the water temperature 

from 30˚C to 75˚C with 8 hours of operation [1]. P. Elmalai et al 

(2015) presented an investigation in heat recovery from the condenser 

of the vapor compression refrigerator (VCR) system through hot oven 

and heater which is placed between the compressor and condenser 

components. The system gets the temperature up to 48 in oven and 42 

in water at a time period of 30 minutes continuous running [2]. Tanaji 

Balawant Shinde et al (2014) their study was to utilize the waste heat 

of the condenser by de superheating of compressor discharge gas. The 

results conclude that the system while operating under full load 

condition gives a better in coefficient of performance (COP) 

compared to no load condition [3]. N. B. Chaudhari et al (2015) 

presented a new design of the refrigeration with hot water heating 

system for domestic use. The results of the heat recovery and COP 

between the theoretical calculated and the actual results were wide 

variation [4]. Many researchers [5.14] were done in the field of waste 

heat, recovery and the effect of the heat recovery, water heater system 

on the performance of the domestic refrigerator and residential split 

air conditioner, so all results illustrate the improvement in COP and 

also reduction in the power consumption. In this study the results 

show that the maximum temperature recorded in the tank water it was 

50˚C. 
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2. THE THEORY OF THE REFRIGERATOR 

A typical domestic refrigerator system consists of four major 

components i.e. compressor, a condenser, an expansion device and 

evaporator are depicted schematically in figure 1. Figure 2 is the 

thermodynamic diagram of the process where numbered points 

correspond to the numbered points in figure 1. The operation cycle of 

the refrigerator system can be abbreviated in table 1. 
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Table 1: an abbreviated operation cycle of the refrigerator system 

The process The components 
The 

equations 

The power (watts) 

kg/kJ 

The line 

from point 1 

to 6 

Compressor Wc = h1 - h6 

The power needed 

to do the 

compression 

The line 

from point 2 

to 3 

heat exchanger 

inside box tank 
qw = h3 - h2 

Absorbed heat by 

the water inside 

the tank 
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The line 

from point 3 

to 4 

Condenser qc = h4 - h3 Heat rejected 

The line 

from point 4 

to 5 

Line frost, prevent qd = h5 - h4  

The line 

from point 5e 

to 5i 

Expansion valve h5e = h5i 

Throttling process 

through the 

capillary tube 

The line 

from point 5 

to 6 

Evaporator qe  = h6– h5 
absorbed heat by 

the evaporator 

 

Where the value of the enthalpy: h is determined by using the 

refrigerant properties database which it based on the temperature and 

pressure measurements. In this study we use the IRC electronic 

program to calculate the enthalpy h then it compared to the table of 

the physical properties tabulated in the Appendix of the Reference 

[16]. 

 

3. THE EXPERIMENTAL PROCEDURE 

3.1. The experimental apparatus 

The experimental apparatus unit was built from the domestic 

refrigerator with an extra condenser as water heater immersed in water 

in the box tank. The tank was made from the iron metal sheets that 

have 3mm thickness with (33cm x 33cm x33cm) dimensions. Figure 3 

shows the picture of the out tank until that has been used in this 

research. Figure 4 shows the extra condenser that is used in this study. 
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The domestic refrigerator type is a (CODAMA) Model L58CZ unit 

has a cooling capacity of 260L with R-134A as working fluid. The 

power of the compressor was 1PH. The extra condenser was 

immersed in water in the tank and it put over the refrigerator as shown 

in figure 5. 
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3.2. The Location of the Measurement Points 

The data were collected manually every 5 minutes during 3 hour and 

the temperature measurements are obtained using thermocouple 

sensors type (ST10un/S57/023 thermometer), digital thermometer and 

they were placed at six points inside the refrigeration circuit. Also, the 

pressures are measured by the pressure gauge in the condenser side 

(high pressure) and the evaporator side (low pressure) is shown in 

Figure1. Table 2 shows the location of the measurement points at all 

points in the system. 

 

Table 2 shows the location of the measurement points in the system 

Symbol component Symbol component 

P1 High pressure P2 Low pressure 

T1 (C˚) 
Temperature after 

compression 
T2 (C˚) Tank inlet temperature 

T3 (C˚) 
Tank outlet 

temperature 
T4 (C˚) 

Temperature after 

condensation 

T5 (C˚) 
Temperature of the 

Line frost, prevent 
T6 (C˚) 

Temperature of the 

Suction line 

Tw (C˚) 

Water heater 

temperature inside 

tank 
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4. RESULTS AND DISCUSSIONS 

The experimental test rig is carried out to investigate the waste heat 

recovery based on the heat reject from the extra condenser which is 

immersed in the box tank that was filled completely by the water. The 

water in the storage tank is heated by the absorption of the supper heat 

of the refrigerant. Therefore, the calculation of the refrigeration 

system which to investigate the waste heat recovery, is to calculate the 

enthalpy h which is based on different temperatures with high pressure 

and low pressure. The thermodynamics properties calculation is 

carried out by the (IRC) software bases on pressure and temperatures. 

Then, data collection is compared to the tables of the physical 

properties tabulated on the Appendix in Ref. [15]. According to the 

theory of the refrigeration system; the results are plotted as in figures 

(6, 7, and 8) to illustrate the heat rejected and the heat gained.  
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In figure 6 the graphs plotted indicate that the values of the heat 

rejected from the condenser of the refrigerator cycle increase 

gradually with the time operation until it reached the steady state 

condition after 160 minutes. 
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In figure 8 the increase of the temperature of the water heat in the box 

tank is plotted as a function of time, which shows that during three 

hours of running, the water temperature is raised from 14C to 50.1C. 

It is noted that the temperature raising are change with the increase in 

working time. That increase depends on the different values between 

the temperature of water and the liquid refrigerant. In general, the use 

of heat recovery does not affect on the performance of the refrigerator 

and hot water products can be used in domestic uses in the kitchen 

like washing etc. 
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5. CONCLUSION 

The experiment focuses in the utilizing of the heat recovery from the 

domestic refrigerator the temperature obtained inside the water tank it 

was 50˚C, and it can be used in domestic uses in the kitchen like 

washing etc.  
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