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Abstract 
By studying the relevant data of the experimental process of preparing C4 olefins, an 
XGBoost model based on the optimization of beetle antenna search algorithm is 
established to solve the optimal catalyst combination to maximize the product under 
different conditions. In order to select the optimal combination of experimental 
conditions to improve the yield of C4 olefins, beetle antenna search algorithm is 
introduced to optimize the XGBoost prediction model. The results showed that the yield 
of C4 olefins was the highest when the temperature was 400℃  under the optimal 
catalyst combination. When the temperature is limited to 350℃, the highest yield is still 
guaranteed. Considering the actual process production and the optimization effect of the 
model, when the error of each index value is 5%, the deviation between the lowest and 
highest C4 olefin yield is no more than 4.4%. The established model is reasonable and 
has good effect. 
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1. Introduction 

With the development of biological science and technology, the production and preparation of C4 
olefins plays an important role in the field of chemical engineering and medicine. Ethanol is the raw 
material for the preparation of C4 olefins. Nowadays, the world calls for the use of green and clean 
energy. Ethanol can be prepared by biomass fermentation, with a wide range of sources and no 
pollution. Therefore, the preparation of C4 olefins from ethanol has great application prospects and 
will be more competitive in the field of chemical industry. In order to improve the yield of C4 olefins, 
an optimization model based on bas-xgboost was established to explore the best combination of 
conditions for preparing products. 

2. The XGBoost Model based on BAS Algorithm is Established 

2.1 Prediction Model of XGBoost 

Under the same experimental conditions, the catalyst combination and temperature are selected 
according to the existing experimental data to make the C4 olefin yield higher (the yield is expressed 
by the C4 olefin yield). The catalyst combination includes: Co loading, Co/SiO2 and HAP loading 
ratio and ethanol concentration. To solve this problem, the best combination and temperature to make 
the output of the target product higher are obtained by using the beetle antenna search algorithm (BAS) 
[1]. 

The effects of different catalyst combinations and temperatures on C4 olefin yield were studied. A 
model was established according to the structure XGBoost prediction algorithm [2], and the 
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relationship function between each factor and C4 olefin yield was obtained. The objective function 
of XGBoost consists of loss function and regular term: 
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Among them, iy  is the yield of C4 olefins and )(ˆ t
iy  is the result of the second round of prediction. 

 kf  represents the regular term of the k-th tree. The complexity of the model is described by the 

number of leaf nodes T and the smoothness of leaf weight j  of the base classification regression 
tree: 
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Among them, for the complexity cost of the new leaf node, the optimal weight of the leaf is 
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2.2 Build BAS-XGBoost Model 

BAS is an intelligent bionic optimization algorithm, which is mainly based on the principle of 
longicorn foraging. It is a technology for multi-objective function optimization, which can find the 
global optimal solution [3]. Parameter initialization. At any position, the head orientation of longicorn 
beetle is random. 

By establishing BAS-XGBoost model, we can find the combination of independent variables when 
the C4 olefin yield is the largest, improve the calculation speed and accuracy, and make the model 
more reliable and efficient. In the experiment of ethanol coupling to prepare C4 olefins, the catalyst 
combination is very important for the yield of C4 olefins in the experiment. The best catalyst 
combination is found through BAS algorithm combined with XGBoost model, so as to improve the 
experimental effect. The process of finding the optimal catalyst based on BAS-XGBoost model is 
shown in the figure. 

 

 
Figure 1. algorithm flow of BAS-XGBoost model 



International Core Journal of Engineering Volume 8 Issue 3, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202203_8(3).0085

 

690 

 

The steps of establishing the BAS-XGBoost algorithm model are as follows: 

Step1: Determine the random vector of tentacles and the dimension K of space. 

Step2: Set the step factor to  . The expression specifying the step factor is: 
 

 1 (0,1, 2, , )t t eta t n                                (3) 
 

In this paper, eta is selected according to the principle of experimental design. 

Step3: The experimental effect predicted by the forward model is taken as the fitness evaluation 
function. The fitness function expression is: 
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Update the location of beetle antenna. Initialize the position of beetle antenna, take the range of 
catalyst in the experiment as the activity range of beetle antenna, generate a random vector in the 
range as the initial position of beetle antenna, save the generated random variable in bestx, calculate 
the fitness function value, save the function value in besty, and finally update the position coordinates 
of beetle antenna. 

Step5: Update bestX and bestY. Use functions  rf x  and  lf x  to update the left and right 

positions of longicorn whiskers, obtain the real-time position of longicorn, that is, the combination of 
catalyst parameters, and update bestX and bestY through real-time calculation. 

Step6: Stop rule. When the fitness function meets the requirements, execute step 7, otherwise execute 
step 4 to update the position of the longicorn. 

Step7: Generate the optimal catalyst parameter combination. 

3. Solution of Model 

Based on the XGBoost model, this question uses BAS algorithm to find the optimal catalyst parameter 
combination. According to laboratory standards and the relevant requirements of experimental design, 
the model is used to train the experimental data set to find the optimal catalyst combination in the 
experimental reaction. Firstly, the initial random coordinate vector of longicorn beetle is determined, 
and the optimal catalyst combination is determined by iterative updating. 

According to the reference data, different temperatures take 350℃ as the limit, which has an impact 
on the yield of the product. If the temperature is limited to no more than 350℃, set the maximum 
temperature to 350℃ in the initialization vector of longicorn, and set the value of the temperature 
corresponding coordinate to no more than 350℃ in the iterative update. The results are as follows: 

 

Table 1. optimal combination of experimental conditions 

reaction temperature Not less than 350℃ lower than 350℃ 

Co/SiO2 and HAP loading ratio 1:1 1:1 

reaction temperature(℃) 400 340 

Co load 1wt% 1.1wt% 

Ethanol concentration(ml/min) 1.91 1.52 

C4 olefin yield 0.4452 0.3245 

C4 olefin yield under 5% error 0.4258 0.3168 
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According to the analysis in the above table, considering the industrial factors such as process 
production level, when the values of the four experimental independent variables change with a 
deviation of 5%, the proportion between the lowest level and the highest deviation of C4 olefin yield 
does not exceed 4.4%, which is within a reasonable range. When there are some errors, the influence 
on the results is very small, which proves that the optimization model is scientific and effective. At 
the same time, it can also provide reference for the production fluctuation of C4 olefins in industrial 
production. 

4. Conclusion 

The optimization using beetle antenna algorithm is more concise and efficient. In this paper, the 
optimal combination is solved based on the optimization model of XGBoost based on BAS. 
Combined with the experimental design principle and considering the industrial factors, the 
combination of indicators under the optimal C4 olefin yield is fitted. Among them, the highest and 
lowest yields are calculated within a reasonable range, and the results are more reliable. 
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