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Abstract 
Car reverse image is transmitted by information bus. Because of the bad electromagnetic 

environment of the engine compartment, car’s information bus sometime will be blocked or not real-time, 
which can lead to the uncertainty of information transmission, and will cause the risks of security and 
reliability of the transmitted network. A GHM multi-wavelet is adopted by this paper to restore the 
interference car reverse image. After balanced processing the GHM multi-wavelet, constant module blind 
equalization algorithm based on balanced orthogonal multi-wavelet transform (MWTCMA) is used in this 
paper. Compared with the constant module blind equalization algorithm (CMA) and wavelet transform 
constant module blind equalization algorithm (WTCMA), results show that MWTCMA can eliminate the 
multi-wavelet pre-filtering process through multi-wavelet transform on input signal, and improve the 
convergence speed. The calculation error of MWTCMA is also smaller than the other two methods. 
 
Keywords: MWTCMA, Car Information Bus, Image Restoration 

    
Copyright © 2013 Universitas Ahmad Dahlan. All rights reserved. 

 
 
1. Introduction 

Applied on network protocol, some entertainment information of modern car is often 
transmitted by information bus with its differential transmission technology, communication non-
destructive arbitration and scheduling priority competition mechanism [1]. Because of the bad 
electromagnetic environment of the engine compartment, car’s information bus sometime will be 
blocked or not real-time, which can lead to the uncertainty of information transmission. Thus it 
will cause the risks of security and reliability of the transmitted network [2]. 

In order to solve this problem, many scholars begin to study on blind equalization 
technology, which was first applied by Sato to multi-amplitude modulation data transmission 
restoration from a balanced image. Miucic R. and YAN Nan-ming presented the presence of 
inter-symbol interference channels, using multilayer neural network structure based on decision 
feedback equalizer [3-4]. Yun Seok Choi and Kyun Hyon Tchah used two-order and four-order-
moment method, which is not only applicable to the non-Gaussian data transmission, but also 
suitable for Gauss data transmission [5]. And then study on the safety and reliability of the car 
network transmission scheduling appeared. Yu Linan and Shin studied the fixed priority 
scheduling and real-time analysis [6-7]. Goossens B and Ho S Hong applied neural network for 
equalization and decoding [8-9]. Hong SH and Kim WH discussed that the neural network can 
be used to simultaneously complete equalization and decoding scheme based on adaptive 
artificial neural network equalizer [10]. Niu Dejiao, Pascal Bianchi, et al. researched on 
scheduling algorithms united with controlling and communication [11-12]. Then Nolte T and 
Nolin M studied on blind equalization combining constant modulus algorithm with Gauss 
algorithm [13]. Afonso MV applied neural network on blind equalization [14]. Then multilayer 
neural network structure was applied to digital communication adaptive equalization by Johnson 
BR [15]. Now, the combination algorithm presented by Fowler JE can identify channels 
according to the channel change equalizer structure by different tracking and acquisition of 
adaptive algorithm [16]. 

Although these programs are relatively simple and have a small amount of computation, 
the convergence rate is slow, which can not meet modern car information transmission 
requirements on large data, long distance and high transmission speed. With the continuous 
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improvement of modern car on power, comfort, and safety, the quality of car information bus 
scheduling is also need continuously improve [17]. 

Because of symmetry, orthogonality and finite supporting, GHM multi-wavelet are 
adopted by this paper to restore the interference car reverse image, transmitted by information 
bus, through MWTCMA. Compared with the CMA and WTCMA [14], MWTCMA can eliminate 
the multi-wavelet pre-filtering process through multi-wavelet transform on the input signal, and 
improve the convergence speed. The calculation error of MWTCMA is also smaller than the 
other two methods. 

 
 

2. Mathematical Model 
The blind equalizer based on orthogonal multi-wavelet transform is constructed as 

shown in Figure 1. 
 
 

 
 

Figure 1. Blind equalization algorithm based on orthogonal multi-wavelet transform 
 
 

In Figure 1, )(ng is the equalizer input signal, and the output signal is )(
~

nf . The 

response of the equalizer )(nf  at time n  is )(nfi , (where 1,,1,0  Ni , N is the order 

number of the equalizer), )(  is the mean square error (MSE) determination unit. The 

maximum scale of multi-wavelet transform is ZJ , the maximum translation under scale j  is 
j

j Nk 2/ . Due to the impulse response of the equalizer )(nfi  is limited, hence it can be 

defined by multi-wavelet as: 
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where )(, il
kJ  is the l -th scaling function when the translation is k  and the scale 

parameter is j , and )(, il
kj  is the l -th wavelet-base function when the translation is k  and the 

scale parameter is j . 

When scaling function and wavelet function are selected, the characteristics of the 

equalizer can be decided by )(, nwl
kj  and )(, nvl

kJ . And the equalizer output signal )(
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So, Eq. (2) is the discrete orthogonal wavelet transform of the input signal )(ng . 

 
 
3. Research Method 
3.1. Orthogonal Multi-wavelet Transform Matrix 

The chosen wavelet should be avoided generating new errors when it’s reconstructed 
or truncated. And it also should have some good characteristics such as better approximation, 
less calculation, and no overlap in any scale and so on. According to the literature [18], GHM 
multi-wavelet, which can meet the orthogonality, short supporting, symmetry, two-order vanish 
moment and other requirements well, is used in this paper. GHM multi-wavelet equalizer is 
constructed following. 

The GHM multi-wavelet can be one-order balanced by using orthogonal unitary matrix 
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Now, the balanced multi-wavelet Mallat decomposition can be done. Selecting a 

discrete signal T
110 ],...,,[  mxxxx , ( Zm ), the blocked matrix jP  and jQ  can be defined 

as [15]: 
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where Jj ~1 ， 12/  jml ， ZlJ , , The definition of matrix jQ is similar to 

jP as iΗ  replaced by iG  in the matrix. So we can get [19]: 
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where jQ  is the balanced matrix consisted by multiple high-pass filters, jv  and jw  is 

the low-pass and high-pass coefficient of the input signal x  after j -th layer decomposition 

respectively. The Mallat decomposition of jv  and jw  is shown in Figure 2. 
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Figure 2. Mallat decomposition of jv  and jw  

 
 

Suppose that ],...,,...,,...,,,[ 121121012121 PPPPPPPQPPQPQQT  JJJJ , which is a 

balanced orthogonal multi-wavelet transform matrix, we can balanced transform any chosen 
multi-wavelet by using T [15]. 
 
3.2. Algorithm Description 

Suppose the input signal T)]1(),...,1(),([)(  Nngngngng , the balanced 

orthogonal multi-wavelet transform signal T)]1(),...,1(),([)(  Nnrnrnrnr . According to 

the minimum MSE criterion,  MWTCMA is: 
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where )(nr  is the transformed signal of the equalizer input signal )(ng  by the matrix 
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translation is k and the scale parameter is j , i.e. the elements of the matrix )(nr  of Eq. (5), 

and  is the iterative coefficient. So MWTCMA can be described by Eq. (5) and Eq. (6).  In this 

algorithm, the multi-wavelet transformed signal, normalized in the frequency domain, also 
makes the convergence further accelerated.  
 
 
4. Simulation 

The car reverse image, transmitted by information bus, is PAL/NTSC format, whose 
display distance is less than 2.5m. The real-time reversing image shown in Figure 3 is set as the 
input of the MWTCMA simulation system. 
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figure 6. Figure 4 is the restoration results by using the CMA algorithm [20], and Figure 5 shows 
the restoration results using MTCMA mentioned in literature. 

In addition, this paper also takes into account the input images used by three various 
methods all have interference noise, because they are collected by onboard camera. In order to 
make the simulation results more comparative, the paper also compares the simulation results 
with the photo collected by a digital camera at the same angle with the onboard camera. The 
photo collected in this way hasn’t the environment interference. 

 
 

Table 1. Simulation Settings 

Algorithm 
simulation 

Step 
wavelet Decomposition Plies 

 
Initialize weights 

CMA 
WTCMA 

MWTCMA 

0.00043 
0.00178 
0.00223 

 
DB5 
GHM 

3 
3 
3 

 
0.9903 
0.9999 

The initial value of the 
4th tap is set to 1, and 

others are set to 0. 

 
 

 
 

Figure 3. Original input image 
 
 

 
 

Figure 4. Output of CMA algorithm     
 
 

   
 

Figure 5. Output of WTCMA algorithm 
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Figure 6. Output of MWTCMA algorithm 
 
 

   
 

Figure 7. Digital camera photo 
 
 

 
 

Figure 8. MSE convergence curves of three different algorithms 
 
 

5. Results and Discussion 
Figure 4 to Figure 6 show the restoration effect of various algorithms. Figure 8 shows 

the MSE convergence curves of three different algorithms. From those figures, we can see that 
the influences of noise are clearest in CMA among the three algorithms. The restoration effect 
of CMA is poorest, and its computational amount also is the largest of the three algorithms. 
Using the image signal statistical information, MWTCMA and WTCMA are least influenced by 
simulation initial values, and the effect of their restoration is relatively similar to each other. 
Compared with CMA, MWTCMA and WTCMA also have the better robustness to noise. 
Simultaneously operating with matrix, MWTCMA and WTCMA also decrease the computational 
complexity, and improve the restoration effect. In three simulation results shown in those 
figures, MWTCMA is the clearest one. And compared to the digital camera photo, as shown in 
figure 7, MWTCMA output image is also the most closest to realistic images among the three 
simulation output images.  
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Figure 8 shows that the convergence speed is faster than CMA for approximate 5500 
steps, and faster than WTCMA for about 2200 steps. In the steady-state error, MSE of 
MWTCMA is smaller than CMA for 0.1dB, and is smaller than WTCMA for about 0.05dB.  
 
 

Table 2. Performance comparison of three various algorithms 

Algorithm CMA WTCMA MWTCMA 

PSNR 
Time/s 

23.912 
13.117 

24.231 
8.014 

26.575 
5.824 

 
 

Table 2 shows the car reversing image, transmitted by information bus, restoration time 
consumption of the three different algorithms, CMA, WTCMA and MWTCMA, simulated by the 
same computer with 1.60GHz CPU and 1GB ROM. MWTCMA, the proposed algorithm by this 
paper, improves operating efficiency, because it can avoid the high dimensional image matrix 
inverse operation and the repeatedly alternating iteration process. So, MWTCMA still has 
certain advantages on amount of computation, which is more conducive for real-time 
implementation. 

Table 2 also gives peak signal to noise ratio (PSNR, characterizes the approximation 
degree of a restored image on the original image.) of the three different blind restoration 
algorithms. The higher the PSNR is, the better it restores, and the closer to the original image. 
PSNR can be defined as:  
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Seen from Table 2, due to the presence of the image matrix operation and the iterative 

calculation of the inverse matrix, WTCMA increases the amount of computation. Increasing the 
complexity of the algorithm design and the complexity of the algorithm, CMA is constrained by 
the initial value significantly, which is not conducive to guarantee algorithm stability. And CMA is 
also easily affected by noise, which is not conducive to real-time implementation. Since the 
introduction of GHM multi-wavelet transform, MWTCMA reduces the time consumption, 
ameliorates the quality of restoration, and improves the convergence performance. So 
MWTCMA has the best balance in PSNR and computational complexity. 
 
 
6. Conclusion 

Charactering with orthogonality, 2-order vanish moment, symmetry and finite 
supporting, balanced GHM multi-wavelet is used in this paper to restore car reversing image, 
which is transmitted by information bus. The results show that, MWTCMA has faster 
convergence speed and higher computational efficiency, and the algorithm is more effective for 
real-time image signal restoration. MWTCMA can satisfy the requirements of modern car 
information bus scheduling better. But the multi-wavelet can still be selected manually by using 
the method of experiment at present. 
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