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Performance Comparison of Neural Network Models for the Estimation of Instantaneous
and Accumulated Powder Exhausts of a Bulk Trailer

Chang June Lee' and Jung Keun Lee™*

Abstract

Bulk trailers, used for the transportation of powdered materials, such as cement and fly ash, are crucial in the construction
industry. The speedy exhaustion of powdered materials stored in the tank of bulk trailers is relevant to improving transportation
efficiency and reducing transportation costs. The exhaust time can be reduced by developing an automatic control system to
replace the manual exhaust operation. The instantaneous or accumulated exhausts of powdered materials must be measured for
automatic control of the bulk trailer exhaust system. Accordingly, we previously proposed a recurrent neural network (RNN)
model that estimated the instantaneous exhaust based on low-cost pressure sensor signals without an expensive flowmeter for
powders. Although our previous study utilized only an RNN model, models such as multilayer perceptron (MLP) and con-
volutional neural network (CNN) are also widely utilized for time-series estimation. This study compares the performance of
three neural network models (MLP, CNN, and RNN) in estimating instantaneous and accumulated exhausts. In terms of the
instantaneous exhaust estimation, the difference in the performance of neural network models was insignificant (that is, 8.64,
8.62, and 8.56% for the MLP, CNN, and RNN, respectively, in terms of the normalized root mean squared error). However,
in the case of the accumulated exhaust, the performance was excellent in the order of CNN (1.67%), MLP (2.03%), and RNN
(2.20%).
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Fig. 1. Exhaust system of a bulk trailer.
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Fig. 2. Structures of (a) multi-layer perceptron, (b) convolutional
neural network, (c) recurrent neural network models
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Table 1. RMSE and NRMSE (with standard deviations) results of
instantaneous exhausts.

RMSE [kg/min] NRMSE [%]
Input 115.84 (52.26) 8.72 (3.56)
MLP  Input2 258.05 (28.10) 19.62 (2.15)
Input3 11447 (53.72) 8.64 (3.75)
Input 117.03 (54.05) 8.82 (3.73)
CNN  Input2 254.83 (24.32) 1938 (2.01)
Input3 114.13 (53.28) 8.62 (3.73)
Inputl 116.05 (46.52) 8.75 (3.17)
RNN  Input2 245.93 (29.77) 18.69 (2.3)
Input3 113.38 (48.44) 8.56 (3.37)

Table 2. RMSE and NRMSE (with standard deviation) results of
accumulated exhausts.

RMSE [ton] NRMSE [%]

Inputl 0.70 (0.52) 2.85 (2.36)

MLP  Inpu2 0.79 (0.67) 327 (3.26)
Input3 0.51 (0.26) 2.03 (1.00)

Inputl 0.62 (0.52) 2.54 (2.36)

CNN  Input2 0.73 (0.87) 3.12 (4.26)
Input3 042 (0.24) 1.67 (0.94)

Inputl 0.78 (0.56) 3.15 (2.48)

RNN  Input2 0.78 (0.69) 327 (3.41)
Input3 0.56 (0.24) 220 (0.93)

Table 3. RMSE and NRMSE (with standard deviation) results of
instantaneous exhausts determined from accumulated
exhaust estimation results.

RMSE [kg/min]

NRMSE [%]

MLP 812.42 (139.07) 61.79 (11.7)

CNN 834.76 (154.94) 62.99 (9.20)

RNN 898.57 (147.03) 67.98 (9.66)
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Table 4. RMSE and NRMSE (with standard deviation) results of

accumulated exhausts determined from instantaneous
exhaust estimation results.

RMSE [ton] NRMSE [%]
MLP 0.71 (0.59) 291 (2.76)
CNN 0.80 (0.74) 3.26 (3.21)
RNN 0.75 (0.68) 3.06 (2.99)
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