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Research on Hyperspectral Image Classification Algorithm
Based on Improved Residual Network

Yi Quan, Zhang Yuhang, Wang Qing, Zong Yantao
(Department of Weaponry and Control, Army Academy of Armed Forces, Beijing 100071, China)

Abstract: Aiming at the problem that it is impossible to construct an effective deep learning classification model for
hyperspectral images when there are few training samples, a “pyramid” residual block classification algorithm is proposed
by improving the traditional residual block model. A deep learning network containing dozens of convolution layers is
designed, which greatly reduces the number of parameters compared with the traditional residual model, and can fully
extract the deep spatial-spectral features of hyperspectral images; Experiments are carried out on two open source datasets
Indian Pines and University of Pavia, and three classical classification methods are selected for comparison. The
experimental results show that the algorithm has the best performance and can effectively improve the classification

accuracy of hyperspectral images.
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BRI 2 M 2% (convolutional neural network, CNN)
VE R H AL o R AE B2 U RE 7 5 IF B X 25,
N T E i S 4325 . CNN fE 1S T E L AT BLIE i
R BE W 28 11 E 32 B R 2 AR IE S B O vk BHE 4y
Ko ERIBUFFER S EP AT ENT 0, mHA
BIMRHE A R Rz RS, &G T /MR
s E ek B oy 2. SCHR[S-71 R I T
CNN HI T i ER 70 JE AT O R, {H CNN 2
— PP TR IR AR Y, BB VR U AR
SRR IE Bl R R TR I ke R 7R B AR R £ .
T a1 G B bm v R L o] AR AR /D 4 )
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DA IR J2 D61 — 75 TR SRR AIE
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LT PRI R ) G BB AT R 43 28 . #E CNN
W 2% o 5] N Bk 22 BT A Rk o B R e iR T 5 B0 400
A, T4 WAL 4 residual block 2, 51
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1x1 CNN FJEC “HRIZ 7, LI 5 N REAE 1 B 4
5 T4 0 A k2> 2 s, 4 i3 — 4k (batch
normalization, BN) .4 & T fr 5 B = 2 5 LUk
RN S AX T HAth 2D/3D-CNN #8, 235 fr
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HAl LA o R BEVEAM L, 73 BBOR & i -
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RF&51, Bl 2(a)fis. &4 residual block P45
FEUZ S0 N R AF R0 4 HE RRAE PO ZE FE AR IRD, &5 R b ¥
shortcut 75 21 [ 15 55 Wit 5 FH 5k 22 Wl 5 AR i, 3 7 50
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Prediction Classification
result
3 SREEGSERE
ol
2 EWRSH

SE 96 BT ok AT B F SEHLAE AR 28 5508 Intel(R)
Core(TM) i7-10870H CPU @ 2.20 GHz. W A% 16.0
GB, %if% IDE N Pycharm, X H Pytorch1.10.1 ¥ &
FOIRESE, GPU A5 0H 2060Ti. 3 id ks B
(average accuracy, AA). &K E (over accuracy,
OA) . Kappa RHU 73 K45 RIATHE L EO .

2.1 BIBEND

%1 EHE SR H ROSIS-3 1L/ T 2002 4E
7 H 8 H % KR A4 T H A 2 0 o v R
A University of Pavia . R NN S|
610x340 3 %, =R D HFE 1.3 m, HidxT 1154
BB, WKV 430~860 nm, 78 3% 0] WOGHILL Ak
BB, BB 12 AMEREE, &1 103 NMEEHT
SLIGIGAE. IS 9 KM, It 43 923 M
A, FEMPEB W T EAME, whE. &8
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WAL Hi A% 5 o AR E i R 1 O R B I AR B I
ground truth @11 4(a)fr~

B2 EHEE L AVIRIS 16280} 26 [H b
TR BN S 2 gy M R 15 B, #°N Indian Pines. &
BRNA 1445144 18 3R, 3 224 DNUEBE, 2S5 3%
20 m, WKIEHE 400~2 500 nm, HUH 4 ASEP
BOA 20 DKW B S S A2 R 200 AN B T SE 5
IO . 3 s AR A 12 2, K2 BRI D AR AR
Y, mRE. BoK. DNESE. REBIREENHEOE
Fr AVAH . [ ground truth 21 B 4(b) T

4 - Asphalt

Meadows
Gravel
Trees

Painted metal sheets

. Bare Soil
. Bitumen

. Self-blocking bricks

- Shadows

B Alflfa
Corn-notill
Corn-mintil
Corn
Grass pasture
Grass-tees
Gtass pashuremowed
Hay-windrowed
Oats

1 Soybean -notill
Soyben-nintill
Soybean-clean

| Wheat

I Woods

Il Buildings grass-treas

[l Stone-stesl-towars

(b) Indian pines # # %

4 HWWEWMAEEE (L) ground truth ()
22 ZWBHIRE

M3 AN B B R AR A S 00 BE AL B 20% 1118
FERNUNGLE, BIRBERAENRIEEAN KLE, I
SR R MM R e 2: 1 7. &l
RE LIRS R, BARREAE Z 80 o i e
WR e Seie i B R BRI AL AL B RN 32, AR
BEMKMIE N 11, &I SGD 1E itk ds. KH
PR BT I 2] B T IR SR SR m M A B R,
W, WG F 1N 0.01, FIHEN 0.93, HREPK
N 16, INZRIEAIREN 200.
23 XRERSHH

RBGAEZE A BT IR N 2% () e, R L — L

2B e BUE o BT IEE NS, il T
f& 48 Bl 4% % 21 M 32 #F % & L (support vector
machine, SVM) !B 7 3 s 4 41 1 R JiE 2 5] 7 9%
2D-CNN!'H1 3D-CNNI,
K2M3phlEREENRHN KT ESH
53 2K 7 EAE A R EHE 5 IR I
%< 2 Pavia University 53 &R 3ttt

Classification Name ~ SVM  2D-CNN 3D-CNN  Lroposed
Network
Asphalt 84.730 93.640 98.150 99.910
Meadows 92.240 94.750 95.920 99.990
Gravel 30.320 77.220 96.170 99.770
Trees 93.170 94.910 98.720 99.800
Painted metal sheets 99.400 99.800 99.930 100.000
Bare Soil 63.480 82.720 99.630 100.000
Bitumen 75.660 88.000 98.660 99.660
Self-Blocking Bricks 78.770 85.870 98.570 99.920
Shadows 100.000 99.800 99.940 100.000
AA/% 79.750 90.750 98.410 99.890
OA/% 84.160 91.420 95.480 99.940
Kappa coefficient 0.782 0.885 0.941 0.992
Time/s 1 008.920 140.290 172.090 269.190
# 3 Indian Pines > 245 R xftE
Classification name SVM  2D-CNN 3D-CNN Froposed
network
Alfalfa 33.370 44.450 1.000 93.040
Corn—notill 52.190 76.560 97.250 99.130
Corn—mintill 55.700 69.230 91.640  99.540
Corn 23.280 56.530 97.400 99.920
Grass—pasture 63.910 86.900 96.110 99.830
Grass—trees 87.440 92.340 99.960 99.890
Grass-pasture-mowed 64.680 57.110 100.000 99.290
Hay-windrowed 91.140 93.740  100.000 100.000
Oats 00.000 20.000 100.000 99.000
Soybean—notill 57.260 70.450 94.540  98.480
Soybean-mintill 67.590 79.380 96.370  99.580
Soybean—clean 29.330 71.760 96.210 98.550
Wheat: 86.750 98.910  100.000 99.510
Woods 87.810 93.600 99.800  99.810
Buildings-Grass—Trees—Drives  29.680  66.000 87.630  99.530
Stone—Steel-Towers 91.840 91.780 97.910 98.490
AA/% 57.620 73.050 90.990  98.970
OA/% 66.760 80.230 94.120  99.400
Kappa coefficient 0.608 0.773 0.943 0.971
Time/s 308.980  56.450 79.620 103.210

M _EFK W LLE 2, 78 University of Pavia £ 45 4E
W, BB TR T VEAE BT 20 o 25 R BB EUAS T
S KGR . 7E Indian Pines BHEEEN) 3 N EEH &
fahr AA. OA F1 Kappa REH, ALK TIELLE
2 LK) 3D-CNN J5iE st 7.98%. 5.28%Al
0.028. %:T SVM 43Kk RER IR 2, X2
BT SVM U HE T BB 1 48685 B2,
T HL o A 1 0 L R R K3 B, SO
YIRS B 2 b B B R BT T30, B[R B
SEMMBLE, Kk SVM GHR £ Rl 2 #56 k 1E 7 17
Sl B SR 6 JEIR T AR 43 807 10 OAm v E i 1
IrREER,
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(d) 2D-CNN (e) 3D-CNN () AXLFF &
5 Indian Pines 7R ER

\{

(d) 2D-CNN (e) 3D-CNN () AXLFF ik
6 University of Pavia 53R 4R

M 5()ME 6(c)FT s 173 F 45 R m] LASE B
A H: XA TORIRE RN o RS A A4
AR EL R, RO E AT SR AR R IO %
H RS [E] 4, 1 3D-CNN FIZE 35 AT 42 t 0 9 4%
T8N 2 AR R &= B, W DA IRz B b . 7R
Indian Pines Al University of Pavia ¥ 5 %F W 1) 43
Ke 1, BFHHBIM ML 755 ground truth
B AL 43245 5. SVM 1 2D-CNN )43 2K &5
RAVF 2 M SRR R A, T HAE S AN SO0 il 5t
AbAE DR IR A A A, 3K B TR B REAE 2 UK
ZACPEA ISR . Rl 2 EE] 6 H SVM X} Bare soil
Al Meadow 33| T KW BRER, XLHTIX 2
T iy 490 1) Ot 15 fh 2 A B el B ASAHABA T 5 2 SVML e

FEABIX 5y . SUCAEEL, A W 4515 31 (1) 4 R Ik
AEA RS L, 1T Hor R AR AR T
i 7R A T AR 2 A R DG S R, FR I
FIRZ M GRE. WL AT DR, A
FE T U 72 X 4% 1 23 2 N 4 78 BT A B4 4 b
RER I, T SVM R F OGS B SO R IR 7%,
1E3 5 2 4410 Indian Pines ¥4+ OA HAEIAF
66.76%, F &7 6] 2D-CNN(80.23%) .

A, MIHEAFESR N FE, SVM FER & A,
2D-CNN. 3D-CNN FIASCH I ER R . BAR
SVM & A 3 Hh i 55 5 B e ] B 20 8 2, (T
SVM 25T CPU MHE 47 I ZRn, okl A
GPU Mhn#iz & /1, SHAR 3 MET GPU I
M7 EA LG, FERT B AR A . AR S 52 T
BRI ERIPELL I A 2 PR AR B 4%, FEOR 1M
X%, H N RERTERE M % . H % GPU
WA VEELRE R BR Ny, X Fh vl B TA) b ) 2 R A 2y
BN

3 g

2 N R T 5 SR vh ) B 2 BB i AT 2
B, WU 3 A CPRZE R IT MR B A )
W2, Horb A o R E 3 Aok i sk 2 B, Tp
DA i o 1 HOHE 1 98 2 23 (8] - B SRR A, 7 Indian
Pines A University of Pavia ¥4 L5 3 T
98.98%71 99.89%1 OA 4554, 5 HAth 3 F 43 2 75 vk
G, BESREH P TIER & & X TVEERSE b
O BT BT ROR, T — 24 LU J7 18 it ek -
1) EFWEEZETAIHEE, TP H X
— G 77 ) )R R B AR, SIEEIL O R 0 R
HHR BRI 2) SLI8 b AN F 80 2 A48 & 1 £ &
AT, AR ZR 2 BT AT LA TN — S8 E 4 1 0 5 v
Wt AR IR R B AT “CBREE T “ AR FaRAE, BRI
VEREIUFEAR DAY e B 4, M oA ) S8 /N FE AR I
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