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HEy IE MR OB 22 2] B WAL DL 7+ 3 1Y LBl o
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BRI TEAN S B . A< SCLL ResNet18 A A i v 47 AiE
PRI 2%, R B T 42 R ~F- 241t Ak J2 (global average
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%6

R s 55 S TR I [ AR 22 MR M 20 80 26

- 1203 -

BURAFAE FEB 20 &, 45 AR R h 512 i
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W, R IESS AL, HAD AR SGRTIA T AR
FIRCTERLTR , e 90 28 B4 b 5C 1A ) 531 P 8 ol 22
BT Z0% £ (18

88 88 88
- 86.94 %
e £ @ 86.94 % L gl sessos  8694%
@ Sﬁt @ 86.47 % 86.47 % § 86,.00%
% 85 é%k 86.31 % 5033% % 86.31% 86.34%
& & 86 & 86 86.15 %
84
83.56 %
82512><72><>Z1 1I2><1 5 8><5'6><5632X2'8X ] §8><14'><l4 B s 07 0% o9 505010 015 020 035 030
FAERIK e ML
5 FHE B E A SEIR T Bl 6 ERALE LRIl 7 AR 8 AN
%3 FRSRN RHEHER
P £ S TR i S SR
ResNet18 " [ None,512,7,7] o S 11 178 395
Reorganization [ None,2,112,112] 0
FRM [ None,2,11,11] C=1,k=32,s=8,p=0 1 024
BN [ None,2,11,11] 4
Mean [ None,11,11] 0
weight [ None,11,11] 0
FC [ None, 12] FZ 121 ML, 12 AP ZonH 1 464

5 AT PR AR SCAR R0 4% A RO ) A
Bk, AFE ImageNet Z4E4E L #1251 ResNet18
LR 2% 7E Img_raw , Img_resample I Img_XYalign
3P TR S B AT Rl S g, RS
Jifi : L ResNet18 Sk JEfih 0 4% | 1532 25 in A ¢ fiF T 44
BEHE(FRM) , F 3B AU (weight ) FIHENT IE
Mt (RRM) |, IF7E 3 RS E o35 A7 5250
BAIE, lCEURA R o e, Horh AR
o BIHEAT T o3RI 2R . AR 4 1YTH
RSCER AR A o nl Bl 3 SRR 0 28 24 g 78
BERf 2% EERTT PP TIE A R TR AR TEILAR
B2 b5 ARFIE SRR, 25 2R WoR 3 R4
53 U RS IR = T 7.51%,0.11%,1.24% , 13
BRRRE B AG A5 R R 5 AT SR M L 215 B 2% 2R Y [W)
A, TR E A B R RCE AR R d 2% RE
% SN G B B H M 1 p 2 T TE SRR AIE P 22
JCHAIRR BT, el 5 0y W 8T RITE 3 Nl
M LT oy RS, A3 BIAE] 1795.19% ,87.67%,
87.18% 50 JEHETI

&4 FRSRN ZE 3N #HEZTHEEL
EHRMIEMNER(ZH%)

IIAUET R/ %

FRM weight RRM

Img raw Img_resample Img_XYalign
x x x 86.81 85.26 85.50
V x x 94.32 85.37 86.74
x vV x 93.14 84.26 85.93
x vV oV 94.82 86.75 85.34
vV ox 94.44 86.58 86.95
vV Vv 95.19 87.67 87.18

e 5 JBTE 3 MBI A LA T o T
AT ZE A SN 3 B A, A5 b 22
TOIGAS T ARG T i (0 3 2 e %, 7 3 R 4R
AR SRR AR5 5K 96.7% ,86.94% ,85.84% , H
PO Tk ilt 9 4%, o il B8 v T 9.05%, 2. 56%,
0.27%.
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Img_raw Img_resample Img_XYalign

FRM weight RRM

X X X 87.65 84.38 85.57
vV x x 94.15 85.47 85.81
X Vv X 93.16 84.44 85.52
x vV 94.63 85.48 85.11
vV x 95.09 85.90 84.56
veoovoV 96.70 86.94 85.84

I ALSE S B UE T R B LA 3 AR AT L
il AR GE A BRI SR AR BE T AN 2, I3 5 )
2SI IIRE ST, REAA A b3 8 i 28 O IR S R AE 110 36
TRAE T REE T 45 1) HE A R, DA T i e 1) 4 o) o
LTI AR
3.5 AEHEHEMEETLE

H T HICE T BAE LI S BG4 LR
AE 1, B A SCHR HE O 2 5 A 1 48 i [RLAR A3 2 I 4%
(ResNet'”' ResNeXt'?! fI k[ 16]) #F47X%F [ , a1
BIFE 3 AMEICIE S EIRE Fil T — 2+ =4
S AL, Zhang 25167 B H A [] 2 1Y 1) TR B
FR 45 AT LAAD AN [R) 4 X 1) b 28 008 AR A, X F
SWC 8 B G2 H T Tree-RNN AR X} F #2850
YRGB R 2 M2 (CNN) | FEHE 2 AR
e BURBUR L A 285 R . A S AR 40—
MG TRFFE , R TS24 B, S a et A 4L
PSR AE R 270 A PGB AR T o SR %

e 6 MO Jy AR SCH H 1 I 45 A7 5 H Al 432k
TrEAE 3 A B AR LI T A R SR g R, Hop
FRSRN 7E Img_raw $045 5 0 B EM R85 T
95.19% , 7F Img_resample FUda 45 I 53 JE I HERA K
87.67% , 7E Img_XYalign $(#E 4 IS T 87.18% 1
WERRAE, XF L IERE M 4% ResNet18, FRSRN 7 3 %k
e B oy MER R A4 5 T 8.38%,2.41%),
1.68% . 5 Zhang %"/ ffi ] CNN Jy i 4H tt, FRSRN
TE 3 AR T o R R A B T 7.32%,
3.63% ,1.52% , MM 0 S5 B T LU A3
P& A5 AR AL B A 2200 T AT S PR
IYRUER R,
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Classification of neuronal morphology based on feature reconstruction
and self-cure residual networks

HE Fuyun, WEI Yan, FENG Fangyu, QIAN Youwei

(School of Electronic and Information Engineering, Guangxi Normal University, Guilin 541004, China)

Abstract: Aiming at the problem of high morphological similarity between the different types of neurons and the
large intra-class difference, which is easy to lead to low accuracy of neuron classification, a neural morphology clas-
sification method based on feature reconstruction and self-cure residual network is proposed. Firstly, to address the
problems of edge pixel weakening and feature erosion by padding strategies that tend to occur during the convolution
process of conventional convolution, a feature reconstruction module is constructed at the back end of the backbone
network to retain important central features and filter damaged edge features. Then, the attention to neuronal mor-
phological features is enhanced by using a self-attentive weight module and a rank regularization loss method, where
the self-attention weight module assigns a weight to each sample to capture the sample importance for weighted loss.
In addition, the rank regularization module re-ranked these weights in descending order, dividing them into two
groups of high and low weights and regularizing the two groups by enforcing margins between the two average
weights. The method achieved superior classification results on the NeuroMorpho-rat dataset, with twelve-way classi-
fication accuracies of 96.7% , 86.94% and 85.84% on the Img_raw, Img_resample and Img_XYalign datasets, sep-
arately. Comparing with the other methods, the present method has a higher classification accuracy of neurons.

Comparing with the original ResNet18 network, it can effectively improve the neuron classification accuracy.

Keywords: neuronal morphological classification; self-cure residual networks; feature reconstruction; attention

weight; deep learning
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