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Optimization of Activation Function in Neural Network Based on ArcReLU Function

Xu Yunjie, Xu Feifei
(College of Computer Science and Technology, Shanghai University of Electric Power, Shanghai, 200090, China)

Abstract: Deep learning has developed rapidly in recent years. The concept of deep learning originates
from the neural networks. And the activation function is an indispensable part of the neural network model
in learning to understand non-linear functions. Therefore, the common activation functions are studied and
compared, aiming at the problems of slow convergence speed, local minimum or gradient disappearance of
the commonly used activation functions in back propagation neural networks. In this paper, the Sigmoid
and ReL.U activation functions are compared, their performances are discussed respectively, and the
advantages and disadvantages of several common activation functions are analyzed in detail. Finally, a new
activation function, ArcRel.U, is proposed by studying the possibility of applying Arctan functions in
neural networks and combining with ReLLU functions. Experiments show that the function can not only
significantly accelerate the training speed of BP neural network, but also effectively reduce the training
error and avoid the problem of gradient disappearance.
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Tab.7 AUC comparison of each activation function in the first data set

PRER RelLU ELU ArcRelLU
1 0.470 2 0.623 6 0.614 4
2 0.4257 0.752°9 0.763 9
3 0.555 1 0.756 4 0.8100
4 0.462 6 0.596 9 0.620 8
5 0.518 2 0.727 4 0.725 2
6 0.489 6 0.748 5 0.790 9
7 0.457 0 0.650 5 0.634 8
8 0.499 2 0.802 7 0.783 4
9 0.6727 0.6319 0.618 1
10 0.4156 0.743 7 0.700 7

FH 0.496 6 0.703 5 0.706 2

®8 FIAREERZHEFRBSLRBENE

Tab. 8 Mean classification accuracy of each activation function in the first data set %
PRIAL Rel.U ELU ArcRel.U
R Rl 65.63 65.93 69.24
I 0K 8 24 18 65.74 65.88 68.35
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YRS T I SRR B L DA TET 6 R DL S e R v A% pR R S B AN /N B K HESF A ReLU<XELU<C
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Tab.9 Calculating time of each activation function in the second data set

RelLU ELU ArcRelLU
1 0:00:20.51 0:00:21.91 0:00:23.08
2 0:00:20.72 0:00:21.80 0:00:22.58
3 0:00:21.38 0:00:22.02 0:00:22.81
4 0:00:20.99 0:00:22.72 0:00:23.44
5 0:00:21.53 0:00:21.71 0:00:23.28
6 0:00:20.99 0:00:21.63 0:00:23.53
7 0:00:20.70 0:00:21.78 0:00:22.60
8 0:00:21.06 0:00:21.66 0:00:22.55
9 0:00:20.78 0:00:21.56 0:00:22.57
10 0:00:20.57 0:00:21.68 0:00:22.75
Sy 0:00:20.92 0:00:21.85 0:00:22.92
012 Lor o
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0.10f ] il 08}
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Tab.10 AUC comparison of each activation function in the second data set

PR RelLU ELU ArcRelLU
1 0.983 2 0.976 7 0.984 2
2 0.983 2 0.9827 0.984 2
3 0.981 2 0.970 7 0.9797
4 0.983 7 0.980 1 0.984 7
5 0.981 2 0.980 7 0.981 2
6 0.477 8 0.977 6 0.986 2
7 0.980 2 0.979 7 0.9797
8 0.983 7 0.973 2 0.9827
9 0.990 6 0.980 1 0.989 6
10 0.982 7 0.979 7 0.981 2
P 0.932 8 0.978 1 0.983 3
F11 F2HBFEEPEHERBNSLBEENE
Tab. 11 Mean classification accuracy of each activation function in the second data set %
BRI RelLU ELU ArcRelLU
Y25 1 Y9 {E 58.56 92.33 92.56
A B 34 (A 59.00 93.00 93.10

F12 FIHEPFEE R EHTERHTE R E

Tab. 12 Calculating time of each activation function in the third data set

PR L ReLU ELU ArcReLU
1 0:09:17.69 0:09:47.49 0:10:12.74
2 0:09:07.61 0:09:34.86 0:10:00.52
3 0:08:40.51 0:09:17.14 0:09:53.02
4 0:09:04.49 0:09:12.60 0:09:36.44
5 0:08:47.47 0:09:15.80 0:09:37.68
6 0:08:49.29 0:09:16.88 0:09:40.56
7 0:09:43.18 0:10:15.65 0:10:04.45
8 0:09:29.01 0:10:12.80 0:10:45.25
9 0:09:17.57 0:09:50.08 0:10:26.01
10 0:09:19.51 0:10:05.43 0:10:24.07

-1 0:09:09.63 0:09:40.87 0:10:04.07

3.5 EEAOEETWRANERER

2 150 3 ok BRC7E 5 4 40800 4R b i ST ), /N B K B HE)F B ReLU<<ArcReLU<<ELU, {H It
A IR ZEAS RS2 50 vh EL U (935 AH 38T 55 A P AS R B8 Ry B 5t

XS5 RS H SH S R A AT . o TR A5 R AR A R RS AT IR RIS, L S
55 E  ELUGE A B B8/, ArcReLU 3 & 8048 2 K A9IT5 . 8 7 A B 2 5500 1 09 34 D
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tion function in the third data set
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Tab. 13 AUC comparison of each activation function in the third data set

PR AU ReLU ELU ArcReLLU
1 0.472 7 0.767 0 0.808 6
2 0.5451 0.807 3 0.8325
3 0.4415 0.768 4 0.816 5
4 0.514 9 0.777 4 0.799 3
5 0.808 3 0.793 7 0.8131
6 0.830 4 0.732 8 0.788 6
7 0.456 7 0.713 5 0.738 3
8 0.509 2 0.775 4 0.778 2
9 0.519 4 0.8156 0.821 3
10 0.480 2 0.768 3 0.766 6

T 0.557 9 0.771 9 0.796 3

R4 FBIAPFEEPEHBFRBSEBENE

Tab. 14 Mean classification accuracy of each activation function in the third data set %
PREL ReLLU ELU ArcReLLU

Y ok B 1 {E 73.65 75.69 76.79

WK B 341 73.78 75.58 77.46

750 ReL U R EL A 13 16 8] A 52 00, 76 3.6 7 P 20 B T3 T 540925 b, AreRe LU 148 T ELU #3151t
Ji] 384 B Il ArcReLU #H# T ReLU Y352 i fa) 4 8, 25 AN 22 16 s . & 10 o T 4% 300 2R B7E A ik
SEHS H A IS B . DAL 10 BT LA HY S 50 3k B e A R Y W SI0EE JEE A/NB K HEJF A ReLU<ELU<C
ArcReL U, H ] LAAS Y ArcRe LU B SR B /25 T 55 &1 195 o o %K

P11 J2 3R R AR ROC AL, DA e 1 3 3 i 1ok pR 85 i) 1 45, DRt 3 2o 1153 ROC
M2 T A T AUE AUC 47 X5 4518 . 2 BB AUC FIAr 25085 BE M 4 17,18 firon . A% 17,18
A LLE H ArcReLU pREH) AUC TR LA K 43 285 BE 24K F ReLU DL K ELU, i 0 AT LS, 78 224 i 54
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Tab. 15 Calculating time of each activation function in the fourth data set

PREL RelLU ELU ArcRelLU
1 0:33:33.83 0:37:04.69 0:36:36.00
2 0:33:54.20 0:37:06.58 0:38:25.26
3 0:34:00.34 0:37:04.62 0:36:03.46
4 0:34:09.22 0:37:07.00 0:36:22.22
5 0:33:54.67 0:37:15.03 0:36:27.91
6 0:34:45.88 0:37:50.40 0:36:46.70
7 0:35:37.62 0:38:01.66 0:37:17.77
8 0:33:49.48 0:37:01.78 0:37:51.61
9 0:36:26.11 0:39:55.57 0:37:56.82
10 0:36:16.60 0:40:31.25 0:39:14.33

1 0:34:44.79 0:41:42.02 0:37:24.31

F16 J[HERHEITEMNEIEEH LR

Tab. 16 Comparisons of calculating time increments among activation functions

ArcReLU#H# T ELU  ArcReLU #H# T ReLU

- . A o /KB
o i RN BOTHRE IR/ % A R %
1 R AR 525 1.74 4.9 9.56
2 J T PR 22 AW s 1) 04 4 1 23.4 2.43 6.95
3 KA 25.3 3.99 9.9
4 FE A OEAERA 90.5 —10.3 7.65
5 ] 4t 7 1140 1.12 1.28
2001 - ReLU Lor P
L7514 --- ELU I
150 b — ArcReLU el N
| 0.6F
o~
Ay
[

04} {1

0.2} --— ELU
. — ArcReLU
0.00 |, . . : i ) 0.0 A A . . ,
0 5 10 15 20 25 0.0 0.2 0.4 0.6 0.8 1.0
TEH IR EL FPR
B 10 56 4 21 80 4 b A5 0T R B0 S50 B L A BT 55 4 g BUE 4 P 45 3006 R ROC 8K
Fig.10 Convergence rate comparison of each activa- Fig.11 ROC comparison of each activation function
tion function in the fourth data set in the fourth data set

P 4L hr ArcRe LU [ 23 ECR A 53 S W Rl bR 4
3.6 MR KWHER

F19 0y 3P R BCAE 2R S A B A P R RE T, /N BRI HE S 8 ReLU<XELU<CArcRelU, H it
A LA FE AR IR S50 v ArcRe LU WY TF S AHER T 53 4D AN sR B By 5t . i 1 S 4L S0 B0 50 vh 5 4 21 1Y
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Tab.17 AUC comparison of each activation function in the fourth data set

PR RelLU ELU ArcRelLU
1 0.500 6 0.836 0 0.836 4
2 0.778 9 0.798 1 0.802 1
3 0.782 5 0.803 7 0.807 5
4 0.786 0 0.846 2 0.8518
5 0.761 9 0.837 5 0.8415
6 0.747 8 0.8412 0.841 3
7 0.777 5 0.752 3 0.783 5
8 0.536 4 0.803 6 0.808 4
9 0.763 2 0.793 6 0.7859
10 0.548 9 0.770 2 0.759 0

I 0.698 4 0.808 2 0.8117

F18 FAAYBEPEHERH S EBENE

Tab. 18 Mean classification accuracy of each activation function in the fourth data set %

PR ReLU ELU ArcRel.U
YIS BE ¥ fE 60.19 77.18 77.41
IR B2 $ 1E 60.12 76.74 77.23

F19 FSHFEPEHERBOITHEE
Tab. 19 Calculating time of each activation function in the fifth data set

PRER RelLU ELU ArcRelLU
1 2:24:43.66 2:25:54.31 2:29:51.45
2 2:28:03.93 2:29:07.71 2:33:03.55
3 2:49:25.60 2:34:03.75 2:34:47.67
4 2:39:48.43 2:39:25.50 2:40:57.36
5) 2:37:04.15 2:42:47.76 2:44:04 .48
6 2:40:25.60 2:43:18.96 2:46:54.79
7 2:51:43.59 2:52:32.24 2:56:51.12
8 2:23:15.66 2:27:16.91 2:30:43.26
9 2:47:21.39 2:48:32.57 2:50:29.54
10 2:33:36.81 2:34:53.21 2:27:42.96

S5 2:37:32.54 2:37:47.24 2:39:33.45

S 25 AN O] AR 43 T T S A SE 8 b, ArcRe LU A% T ELU B 3135 i 8] 38 18 A1 ArcRe LU #H
5 F ReL. U AY i1 fa] 8 B, UL 3 16,

FTF6,9,12, 15 F13R 19 Y £ 3006 BRI BT 0], 7T LS I 4598, Bl 7 BOHE 45 19 388 K, ArcReLU
ST A TE A B (B 2 30, W) B DA SE B 25 SR LUE = 2 MR R S E AR R LN . R SR
AR RS N 22 (6] Y Bt A 6 A TR A BRHE 4 S A AT T OEL HE R B R S G A9 R R L DA T R AT
Wt — 2 BT o



528 R E B L Journal of Data Acquisition and Processing Vol. 34, No. 3, 2019

P12 R T & 0 PR ACIEAS U SE 30 vh B WSO 8 . DAL 12 ) DL S 6 ot 2 v 4% o 0000 Wi B30k
JE M INEIRHEF i ReLU<ELU<CArcReLU, iy It 7] LA45 H ArcReL U [ Wi S5GH 3 = 1 53 S W ek 40

Pl 132 3PS PRI ROC Hu A L, IR sl & 1 3 3 80 e i O 45, PRt 5 31838 ROC
M4 T EBE AUC, J-47T XA 4518 . % sRELAUC R 200K B2 3 (E 36 20, 21 Bim . A3 20,21
A LLE 1 ArcReLU B EHY AUC TR LA K43 2 A5 BEH R T ReLU LA X2 EL U, 1 I AT RAAS i, 78 4 1l 4K

P ArcRe LU B 70 RBCRIE T 55 S Wl R 4L

101 1.0r
g.“.‘ --- ReLU 0.8
\ -— ELU
1 _ 0.6
j‘“’ﬂ 6F ll ArcReLU g
% ' 04}
Bk 4T
02t -— ELU
2t ; — ArcReLU
0.0 C 1 1 1 1 1 ]
ol 0.0 0.2 0.4 0.6 0.8 1.0
0 5 10 15 20 25 FPR
(GERVE: P13 5 5 418 B P A5 B0 AL ROC AL
12 55 5 A 2 i 2% 0 R 0 S56EUE L Fig.13 ROC comparison of each activation function

Fig.12 Convergence rate comparison of each activa-

tion function in the fifth data set

in the fifth data set

F20 FSHHBEPEHERBAUC

Tab.20 AUC comparison of each activation function in the fifth data set

BRI RelL.U ELU ArcRelLU
1 0.514 0 0.520 5 0.690 7
2 0.492 1 0.6558 0.667 1
3 0.5210 0.5816 0.633 3
4 0.769 8 0.7109 0.7511
5 0.5459 0.614 7 0.652 8
6 0.5211 0.523 3 0.580 2
7 0.619 2 0.635 3 0.573 1
8 0.673 7 0.699 7 0.703 3
9 0.538 8 0.5415 0.595 6
10 0.678 7 0.558 1 0.673 5
T 0.587 4 0.604 1 0.652 1
®21 FSHAYBEPEHERBSEBENE
Tab.21 Mean classification accuracy of each activation function in the fifth data set %
PRAL RelLU ELU ArcRelLU
I 2K B 18 68.66 69.94 70.69
DARS BE 3 1 68.05 68.37 70.59
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M E A 5 S 25 AT DL, B ArcReL U (31 55 15F (8] W £ F RelLU M ELU P4~ R 4L, {H 51K
ST 4t R 447 1 O AT SR B L2 2K T LA K AUC T B Tl R TS pR B, TR B3 T Arctan
PR T S B08 T 0 A9 B T O 2248, IR I 2 A A TE A Ul A, ArcRe LU oA A WS B 3 1 53 Ab
WA 0TS BB, BIIZ e BORT DA 2% s D I it 25

4 H5RIE

A S ik A3 AT 5T 28 B A TS BRI, &5 A Arctan pRIBCROPE B, A4 3 H —FORT AY IS PR 2T ArcRelLU
Wil 3 A 5 AN ) A B0 4 | 4 DK i R B T RP R R R Y Re LU 2R BB0TE pROBCHEA T X LU 5230 . A4S
RATLLE 1, ArcReLU BRECH AT 55 AR P A BRI, w106 19 BRI 25 /0, HOA B DR W B3 3 o 1 B A 3%
BN, ArcRe LU BRECH BB PG T 74, i — 20 Ud B & B AT 5 4 1 0 SR 9 e AT 250 1l e (IS )1 25
W2, AR, 454 ReLU & R BAY EE M , ArcRe LU R BCRE 05 A 250 25 fit A6 BE T JS A Im) 8L . G k3t 40l
Arctan PR EL, T DLZE fif Re LU pR A0 B 40 RN | 2 — 28 BT Arctan bR 8500 S 92 1, 445 67 4 119 48 0 X []
6 FIAH BT Sigmoid RPRECHE N 12 . L P WREE A i, ArcReLU [ AUC i Lt 55 b PIAS IRBUKR
B UL AT DL, AreRe LU W3z AL BE DL T 05 S W A ok K

Fi 40, T ArcRelLU BB T 4 Arctan pREL, = 1 pRBCTE T ML 1932 5552 4% A0 29 F e B
LT 53 A0 RR O BR A IS B A SO S T ks 5. BRI b ArcRe LU R TH 5 IS #E U7 1T
S KT 55 AW SR PR, TR T E SR B R G o 38 5 SR IR A5 AT LA B A R A
fin, ArcReLU TR ARG Ry By 5. R — 0138 TAER ST ArcReLU B9 € 4% M b 47 235, i afi A
HRERGEH T IRME 2]  ZFh o B8 R W B ) IR 2 2] o 3 Ah i 2 % L3530 i 8] 5 250 40 42
KNG SCIRAPE AT BT 3 0 S AN [] 1) B8l 4 B 52 AT S 3, AT A TA G 45 A T DR Bk o
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