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ABSTRACT: In order to overcome the defects of BP algorithm and the flaw in ultrasonic 

testing of concrete materials in slow convergence and low accuracy of ant colony optimization 

algorithm and the BP neural network is adopted fusion method, established the mathematical 

model of ant colony neural network, implements the ant colony neural network training, and the 

effectiveness of the method through examples. The experiment shows that when the neural 

network of ant colony recognizes concrete defects, it is more effective to identify the location 

than the size. 
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1 INTRODUCTION 

Concrete material often because of the 

production and maintenance of improper reasons, 

resulting in its internal cavity and crack defects. In 

order to ensure the quality of concrete materials, the 

type, size and location of concrete defects should be 

identified. Ultrasonic method is commonly used 

method of detection of current concrete has been 

applied to machinery, buildings, roads and other 

kinds of concrete engineering, application scope 

and application of the detection depth is also 

increasing, but because of the material properties of 

concrete, material internal complex interface, 

quantitative analysis to the imperfect area, cavity 

and crack size, the sound through the traditional 

measurement, sound velocity and amplitude method 

to judge the defects because of its will produce 

more mistakes and false negative and appear less 

than [1]. Some scholars adopted the wavelet 

analysis method with outstanding advantages in the 

field of signal processing to establish artificial 

neural network for quantitative identification of 

defect types, positions and sizes. This method can 

not only accurately identify the location and scope 

of defects in concrete, but also accurately determine 

the types of defects. 

The commonly used standard BP neural network 

algorithm is simple and easy to implement, but it 

has some defects such as slow convergence, easy 

oscillation in training, sensitive to the initial value, 

and can only find the local optimal value. Ant 

colony optimization (ACO) algorithm is a kind of 

algorithm developed in recent years. This algorithm 

is a new intelligent algorithm that imitates ant 

colony behavior, and introduces a positive feedback 

parallel mechanism, which has the advantages of 

better robustness, good distributed computing 

mechanism, and easy combination with other 

methods [2]. At present, ant colony optimization 

algorithm has been applied to many fields, from 

static optimization problem to dynamic 

optimization problem, from discrete problem to 

continuous problem, ant colony optimization 

algorithm has shown good performance and broad 

application prospect, which has attracted the 

attention of domestic and foreign scholars. So far, 

the application of ant colony optimization algorithm 

in the detection of concrete defects has just begun. 

The author USES the neural network optimized by 

ant colony algorithm to convert various nonlinear 

relations in ultrasonic signals into various 

parameters of concrete defects that can be 

quantitatively analyzed. 

2 LITERATURE REVIEW 

The existing dynamic capacity evaluation does 

not consider the cognitive load of the controller. In 

order to improve the accuracy of air traffic flow 

management, Wang, c. et al, proposed a new fan-

shaped dynamic traffic method and established a 

Pacity evaluation model based on controller 

cognitive load and improved ant colony algorithm. 

Finally, taking the sanya regulatory authority as an 

example, the dynamic traffic capacity of the 

authority at 9 moments in the next 2 hours was 

evaluated for 15 times in the interval of minutes. 

The verification results of an example show that the 

dynamic traffic capacity results obtained by the 

model are quite satisfactory with the actual 

operation results of the aircraft [3]. Zheng, f. et al, 

proposed an innovative parameter-adaptive strategy 

based on the control of ant colony optimization 

(ACO) algorithm to converge the trajectory in the 
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spatial decision following a predetermined path, 

aiming to find the best solution in a given, and 

limited, computational budget. The proposed 

convergence utility - trajectory control algorithm 

(ACOCTC) algorithm demonstrates the different 

complexities of using six water distribution system 

design problems (WDSDPs, combination of 

difficult types of problem water resources). The 

results show that the ACOCTC successfully makes 

the specified convergence trajectory is followed by 

the parameter value of the automatic adjustment 

algorithm. Different convergence trajectories 

significantly affect the final performance of the 

algorithm (quality solution). The trajectory of the 

first half of the year is slightly more diversified, 

with more emphasis on the second half of the year 

to enhance the search for exhibits than to 

substantially improve the performance of the best 

available path variation parameterization (without 

convergence control) for all WDSDPs 

considerations and calculation scenarios. Two large 

WDSDPs, new proposed ACOCTC most famous 

solutions were discovered [4]. XIE Luo-feng, et al, 

proposed a magnetic tile internal defect detection 

method called LSSVM based on double tree 

complex wavelet packet transform, neighborhood 

component analysis and least squares support vector 

mechanism. The impact sound is decomposed to 6 

levels, producing 64 sub-signals. Then the energy, 

skewness, kurtosis and fuzzy entropy are calculated 

to construct the feature set. T T USES NCA to 

reduce and optimize the dimension of feature set. 

The new feature set is entered into LSSVM to 

determine whether the tile has internal defects. The 

reliability experiment results of this method verify 

this point. The classification results show that the 

accuracy of the three tiles can reach 99%, higher 

than the bispectrum method. Experimental results 

show that this method is fast, adaptable, efficient 

and reliable, and provides technical support for the 

detection of internal defects of magnetic tiles [5]. 

3 ANT COLONY NEURAL NETWORK 

3.1 Basic ideas of ant colony optimization 

algorithm 

Inspired by the collective foraging behavior of 

real ants in nature, ant colony algorithm (aco) is a 

simulated evolutionary algorithm based on colony, 

which belongs to random search algorithm. When 

ants are looking for food, they release substances 

called pheromones as they pass by. Other ants 

within a certain range can sense these substances 

and tend to move in the direction of high density. 

The collective behavior of ant colony is a positive 

feedback phenomenon. This behavior process of 

path selection is called autocatalytic behavior, 

which belongs to a positive feedback mechanism. 

Therefore, the behavior of ant colony can be called 

an enhanced learning system. Ant colony 

optimization algorithm the basic idea: if in a given 

site, an ant to choose the food from different path, 

leading the ant selected most path (that is, the 

pheromone retained a strong path) is more likely to 

be selected, the more pheromone means short path, 

also means that a good answer. 

3.2 Description of ant colony algorithm 

Ant colony systems are commonly used to 

solve combinatorial optimization problems, as 

follows: Let C={c1，c2，…cn｝ is the set of n 

locations, L＝{lij｜ci，cj∈c｝ is the set of two 

connected elements in c, G = (c, L) is a graph, given 

the distance between each location, find the pairs of 

C={c1，c2，…cn｝ the shortest closed curve in 

which n sites are accessed and accessed only once. 

The ant colony algorithm can be expressed as 

follows: at the initial moment, m ants are randomly 

placed in n locations, and the amount of 

pheromones on each path is equal. At the next 

moment, each ant cannot stay in the same place. 

Then each ant independently selects the next 

location according to the pheromone quantity and 

heuristic information on each path, and the state 

transition rule used by the ant system is the rule of 

random proportion. At time t, the transfer 

probability  of ant k choosing location j at 

location I is: 

       (1) 

Where, τij(t) is the quantity of pheromones on 

edge (I, j) at time t; ηij is the visibility of the edge (I, 

j), reflecting the inspired degree of the transition 

from site I to site j; Relative importance of 

pheromones and heuristic factors; S is the s spot 

that the ant has passed. A = {1,2... N} -b (is the list 

of places the ant has traveled). When n places are 

added to B, ant k completes a journey, and the path 

that ant k has traveled is a feasible solution to the 

problem. When all the ants have completed a 

journey, the pheromones on each path can be 

updated according to the following formula: 

            (2) 

                    (3) 
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Where, Δτij is the pheromone increment on the 

edge (I, j) in this iteration; λ（ 0.＜λ＜１） is the 

information residue coefficient;  is calculated 

by using the method that the residual information is 

updated with every step of the ant. M is the number 

of ants [6]. 

 can be expressed as follows

     

(4) 

Where: dij is the distance between two 

locations I and j; Q is the total amount of 

information. 

3.3 Ant colony neural network 

The ant colony algorithm is used to optimize 

the initial weights and thresholds of BP neural 

network, and the optimal combination of weights 

and thresholds is used to optimize the performance 

of BP neural network, so as to overcome the defects 

of BP neural network, such as oscillation, instability 

and local optimal value. The main training steps are 

as follows: 

(1) Set the initial conditions: set the time t = 0. 

And the number of iterations N = 0., set the 

maximum number of iterations Nmax, and the 

number of ants is K; Make τij（0.）＝c， and 

Δτij＝0., put all the ants in the nest. 

(2) Start the ants. Each ant starts from the first 

parameter set, in which any ant k (k = 1, 2, k) 

randomly selects the JTH element in the parameter 

set according to the probability calculated by 

formula (2). Until all the ants reach the food source. 

(3) When all ants select an element in each 

parameter set and return to the ant nest according to 

the original path, let the time of the process be n 

time units, then the pheromone of the selected 

element is adjusted according to formula (2), (3), 

and Δτｉ is updated according to formula (4). In the 

network, dij can be defined as the output error of 

weights and thresholds, that is, the difference 

between the actual output and the expected output 

of the neural network. The smaller the error is, the 

more the corresponding pheromone increases. 

(4) Repeat the above steps until all ants 

converge to a path or reach the maximum number 

of iterations, and output the optimal solution. 

4 APPLICATION OF ANT COLONY 

NEURAL NETWORK DEFECT 

DETECTION 

4.1 Selection of ultrasonic signal 

eigenvectors 

For the defective materials, the difference of 

defect location, size and shape makes the frequency 

component of the reflected echo different. 

Therefore, the ultrasonic signals received by the 

ultrasonic detector are shown in figure. 1 as 

unstable time-varying signals. 

 

Figure. 1 unsteady time-varying signal of ultrasonic wave 

 

The time-varying characteristics of flaw 

detection signal have two meanings: one is that the 

amplitude of the signal changes with time; Second, 

the frequency component of the signal changes with 

time. Detecting these changes yields information 

about defects. As an advanced signal analysis 
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method, spectrum analysis maps the time signal into 

the frequency domain interval, and identifies the 

defects according to the amplitude, power spectrum, 

phase spectrum and so on. Therefore, it is especially 

suitable for the analysis of non-stationary signals. 

Spectrum analysis method, the author USES the 

wavelet transform to extract the signal's total 

energy, as one of the characteristic value, at the 

same time take the signal's time-frequency 

characteristic peak value (measure the attenuation 

of the signal level), fengfeng (measure of defect 

location) and multi-peak value spacing number 

(measure of defect waveform distortion degree) as a 

network of four eigenvalues of input layer. The total 

energy signal, peak signal and peak-to-peak 

distance signal are normalized by using equation (5) 

as parameters to be input. 

                      (5) 

Where:  is the ith signal value in A group of 

signals;  is the maximum value in a group of 

signals; is the minimum value in a set of 

signals [7]. 

4.2 Establishment of ant colony neural 

network 

Neural network is generally divided into three 

layers: input layer, hidden layer and output layer. 

The four feature vectors of the ultrasonic signal 

were used as the input neural units of the ant colony 

neural network. The number of hidden layer 

neurons design has its own rules, can be in 

accordance with m = n + 1 + a rule to select. Where 

m is the number of neurons in the hidden layer; N 

and 1 are the number of input layer neurons and 

output layer neurons respectively; A is a constant 

between 1 and 10. Therefore, m should be evaluated 

between 4 and 13. Now, 8 hidden layer neurons are 

selected. The excitation function of hidden layer 

and output layer is nonlinear Sigooid function, the 

number of iterations of the network is 1000, and the 

error convergence factor is 0.0001. According to the 

optimal selection rule, the residual coefficient is 

determined to be 0.7, the number of ants m is 30, 

and the total information Q is 100. 

The training sample input is 150mm
3 

standard 

cube concrete test block with defect made in the 

laboratory. The defect type is void, and spherical 

foam is used to replace the void. The size of 

spherical foam can be divided into five groups of 1, 

2, 3, 4, 5cm, five for each group. Each group of 5 

spherical foam defect models was placed in the 

middle of the concrete test block at a distance of 6, 

7, 8, 9, 10cm from the same test surface (i.e. defect 

depth). The output parameters of the network are 

defect size and depth. Defect size 1, 2, 3, 4 and 5cm 

correspond to five levels of 0.2, 0.4, 0.6, 0.8 and 1.0 

respectively, and depth 6, 7, 8, 9 and 10cm 

correspond to five levels of 0.2, 0.4, 0.6, 0.8 and 1.0 

respectively. The inputs and outputs of the 25 

specific samples are shown in table 1 [8-9]. 

Table 1 training samples 

(Cat.No.) 

input parameter out parameter 

Peak value 
Peak 

spacing 

total 

energy 

Number of 

peaks 
position size 

1 1.00 - 1．0.0. 1 0.2 0.2 

2 0.87  0.0.3  0．89 1 0.2 0.4 

3 0.77  0.0.6  0．67  2 0.2 0.6 

4 0.69  0.15  0.44  2 0.2 0.8 

5 0.60. 0.19 0.21  3 0.2 1.0 

6 0.93  0.20. 0.97  1 0.4 0.2 

7 0.85  0.23 0.79  2 0.4 0.4 

8 0.70.  0.27  0.54  2 0.4 0.6 

9 0.60.  0.29  0.34 2 0.4 0.8 

10 0.51  0.35 0.17  3 0.4 1.0 

11 0.82  0.39 0.80.  2 0.6 0.2 

12 0.71 0.45 0.60. 2 0.6 0.4 

13 0.62   0.48  0.41 2 0.6 0.6 

14 0.53  0.55  0.22 3 0.6 0.8 

15 0.46  0.56 0.12  3 0.6 1.0 

16 0.75   0.61 0.78 2 0.8 0.2 

17 0.67  0.66 0.60.  2 0.8 0.4 

18 0.59   0.69  0.39  2 0.8 0.6 

19 0.40.  0.73 0.22  3 0.8 0.8 

minmax

min

xx

xx
x

i
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x
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x
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20 0.33   0.78  0.0.9 3 0.8 1.0 

21 0.70.  0.80.  0.66  2 1.0 0.2 

22 0.53   0.85 0.38  2 1.0 0.4 

23 0.36   0.90.  0.24  3 1.0 0.6 

24 0.19  0.94  0.13 3 1.0 0.8 

25 0 1.00   3 1.0 1.0 

 

Table 2 comparison of the output results of neural network and the calculated results of linear 

interpolation with the real values 

(Cat. No.)  

output value  

true value /mm 
fractional 

error/mm nerve net 
Interpolation 

calculation/mm 

position size position size position size position size 

1 0.26  0.43  63.21 21.93 65 25 2.7 12.7 

2 0.50 0.21 71.05 10.72 75 10 0.1 7.3 

3 0.67 0.59  83.97 29.98 85 30 1.2 0.1 

4 0.88 0.77  94.37 38.80 95 40 0.7 3.0 

5 0.99  0.95 99.70 47.41 100 45 0.3 6.0 

 

4.3 Ant colony neural network training 

results 

Figure. 2 is the training curve of BP neural 

network (upper curve) and ant colony neural 

network (lower curve) simulated by matlab 

software. It is obvious that the ant colony neural 

network has a fast convergence rate [10]. 

 
Figure. 2 Simulated BP neural network and ant colony neural network training curves 

 

 

Five ultrasonic defect signals were selected to 

detect the network. The four feature vectors of the 

five ultrasonic signals are extracted and input into 

the ant colony neural network. 

According to the output position and size 

classification of the first 25 groups of training 

samples, the output values of these 5 groups were 

classified respectively. The actual depth of the no.1 

detection signal between 0.2 and 0.4 should be 

between 6 and 7cm, and the actual size of the hole 

between 0.4 and 0.6 should be between 2 and 3cm. 

The specific value can be determined by linear 

interpolation method (6.3215, 2.1830), that is, the 

distance between the hole and the test end surface is 

6.3215cm, and the size is 2.183cm. The network 

output results and the results calculated by 

interpolation method are paired with the real values 

as shown in table 2. 

5 CONCLUSION 

Aiming at the defects of BP algorithm and the 

problems of slow convergence and low accuracy 

when BP neural network detects defects of concrete 

structure, the mechanism of ant colony optimization 

algorithm and the fusion method with BP algorithm 
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are studied, and the effectiveness of the ant colony 

neural network method is verified by an example. It 

is concluded that the location recognition is more 

effective than the size when the ant colony neural 

network is used to identify the concrete defects. The 

next step is to improve the accuracy of defect size 

recognition. 

6 REFERENCES 

►Mafalda M, Welfer D, Gamarra D F T. Image 

processing algorithm to detect defects in optical 

fibers. 2018. 

►Jin X X, Liu J X, Zhang G X. Intelligent water 

model for mass concrete based on bp neural 

network and genetic algorithm%. Water 

Resources and Power, 2019, (8). 

►Wang C, Zhu M, Wang, M. Evaluation of sector 

dynamic traffic capacity based on controller's 

cognitive load and improved ant colony 

algorithm. Journal of Computer Applications, 

2018. 

►Zheng F, Zecchin A, Newman J, et al. An 

adaptive convergence-trajectory controlled ant 

colony optimization algorithm with application 

to water distribution system design 

problems. IEEE Transactions on Evolutionary 

Computation, 2017, (99):1-1. 

►Xie L F, Xu H N, Huang Q Y, et al. Application 

of dtcwpt and nca-lssvm to inspect internal 

defects of magnetic tile. Journal of Zhejiang 

University, 2017. 

►Chen X, Xu J W, Long D. Resource scheduling 

algorithm of cloud computing based on ant 

colony optimization-shuffled frog leading 

algorithm. Journal of Computer Applications, 

2018. 

►Yang L J, Zhao X M, He B H, et al. An ant 

colony optimization algorithm of stochastic user 

equilibrium traffic assignment problem. Journal 

of Traffic & Transportation Engineering, 2018. 

►Domenico D C, Consolatina L, Antonio P, et al. 

Using a SVD-based algorithm for T2 spectrum 

calculation in TD-NMR application to detect 

hidden defects in hazelnuts. IEEE International 

Instrumentation & Measurement Technology 

Conference. IEEE, 2017. 

►Khajeh M, Pourkarami A, Arefnejad E, et al. 

Application of chitosan-zinc oxide nanoparticles 

for lead extraction from water samples by 

combining ant colony optimization with artificial 

neural network. Journal of Applied 

Spectroscopy, 2017, 84(4):1-9. 

►Wang Y, Ma J M, Wang Y. Application of ant 

colony algorithm in path planning of the data 

center room robot. International Conference on 

Materials Science. AIP Publishing LLC, 2017. 

 

 


