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Learning performance of convolutional neural networks

with different pooling models

Liu Wanjun, Liang Xuejian, Qu Haicheng
College of Software, Liaoning Technical University, Huludao 125105, China

Abstract: Objective Deep learning algorithms based on convolutional neural networks are attracting attention in the field of
image processing. To improve the accuracy of the feature extraction process and the convergence rate of parameters, as well
as optimize the learning performance of the network, an improved dynamic adaptive pooling algorithm is proposed, which
compares the effect of different pooling models on learning performance. Method A convolutional neural network model,
which is trained with different pooling models, is constructed. The results of the trained model are verified in different itera-
tions. To compensate for low accuracy and slow convergence speed, a dynamic adaptive pooling model is proposed, which
trains the network with different pooling models. The effect of the model on the accuracy and convergence rate in different
iterations are then studied. Result Contrast experiment shows that the dynamic pooling model has optimal learning perform-
ance. The maximum improvement of the convergence rate on handwritten database is 18. 55% and the maximum decrement
of the accuracy rate is 20% . Conclusion A dynamic adaptive pooling algorithm can improve the accuracy of feature extrac-

tion, convergence rate, and accuracy of the convolutional neural network, thereby optimizing network learning performance.
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The dynamic adaptive pooling model can be further extended to other deep learning algorithms related to convolutional neu-

ral networks.

Key words: deep learning; convolutional neural network; image recognition; feature extraction; algorithm convergence;

dynamic adaptive pooling
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Fig. 1  Convolutional neural network structure
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Fig. 7 The process of realizing pooling
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Table 1 Time and model error rate of mean pooling

HAE AW s JAl 2 SIS/ RIR/%
1 89.002 3 11.13
2 87.624 1 86.196 6 7.75
3 86.4380 89.5312 88.5724 6.10
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Fig. 8 Mean square error curve of mean pooling
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Table 2 Time and model error rate of max pooling

BAEC AW s 2/ A3/ BRIR/%
1 97.3319 10.25
2 95.0496 95.662 1 6.27
3 95.170 1 95.2226 95.9712 4.99
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Fig. 9 Mean square error curve of max pooling
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Table 3 Time and model error rate

of intermediate value pooling

HARWE AW s JEWI2/s 0 A3/ BRER/%
1 98.395 0 10.73
2 97.4753  97.5770 7.02
3 101.590 9 101.2710 100.5388  5.34
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Fig. 10 Mean square error curve of intermediate value pooling
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Table 4 Time and model error rate of dynamic

adaptive pooling

EAE AW s A2 A3 RIEER/%
1 98.292 8 9.59
2 96.536 0 98.865 2 6.20
3 95.8965 96.0118 96.0794  4.99
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x5 AEERRBTHFERMIRIAE
Table 5 Error rate of each model with different

iteration times

x8 HEREMUITHRIREA R
Table 8 The error ratereduction of dynamic

adaptive pooling

/% /%
At Sy wh BRI EEN PARRE BT BohEMERE BERRL
W Ak Ak Ak Ak 1 13.83 10. 62 6.45

1 11.13 10.73 10.25 9.59 2 20.00 11.68 1.12

2 7.75 7.02 6.27 6.20 3 18.20 6.55 0.00

3 6.10 5.34 4.99 4.99

F6 AN n KELER m RIRIRFFH DAL
Table 6 Error rate percentage reduction of

iterations n than m

/%
N REE RK SEAE
Wik it et i
2 1 30.37 34.58 38.83 35.35
3 2 21.29 23.93 20.41 19.52

2) Bl A A I I AR R X W SECE R A R )
HRE AT R 3 T PR I 2 S HAE AT 1~ 3 Y
DRZE T AR BRI B2 [ 3 It A A R 0o WA S B 1Y
SN 3 Al 25 B 3 R R R A A R U S
R RTIHCR , 45— NR T s o

R7T B BIENBEITEHEE R

Table 7 The Improvement of convergence speed

/%
HAE BeFEmAe. BhmfEE BRI
1 15. 66 14.96 11.35
2 16.03 8.92 0.01
3 18.55 7.89 0.02
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Fig. 12 Experimental data sample
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Table 9 Error rate and time of each pooling model in iterations

o BRIHE/ % JEIARERT /s
AR N T O
AT A2 IR A3 W 1A~ 2 A 3AEM

SEH AL 12.7 11.4 9.9 53.401 3 104.292 4 158.731 0
SHIEIE(ERTIR 12.3 9.1 7.5 59.036 9 117.031 35 182.045 1
A bAL 11.9 8.3 7.2 58.399 1 114.427 1 171.818 5
7S A S Ak 11.3 8.2 7.1 58.975 6 117.240 7 172.792'5

10 HEEEBATIRIAER HAE R UHUMEBUH , 1K A B, (R

Table 10 - The error ratereduction of dynamic
adaptive pooling
/%
EAWEL BOPBA BRrbEEmie Bk

1 11.02 8.13 5.04
2 28.07 9.89 1.20
3 28.28 5.33 1.38
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Fig. 14  Convergence of each model in iterations
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Table 11 Error rate of each pooling model in iterations
/%

otk PR
BERIR B2k B3R
L 19.5 16.7 133
HrRlME Ak 18.3 12.9 10.1
Rk 17.8 11.8 9.6
A A IS M AL 16.6 11.7 9.5
IEPN I 14.87 29.94 28.57
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Fig. 16  Convergence and time in iterations
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