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Abstract
Deep learning is widely used in medicine, industry, artificial intelligence, geography and other fields.

XESIH: kET, T, KEE, Gt EEH. £ T DenseNet AT ANIE 4 HER G T4 20 7). W
2RISR, 2021, 9(4): 139-145. DOI: 10.12677/g5t.2021.94017


http://www.hanspub.org/journal/gst
https://doi.org/10.12677/gst.2021.94017
https://doi.org/10.12677/gst.2021.94017
http://www.hanspub.org

This paper proposes an improved DenseNet_BL model based on DenseNet model. An improved
DenseNet_BL model is obtained by adding a 1 x 1 small convolution kernel between the Residual
Blocks as the Bottleneck Layer. Taking Langya Mountain Forest as the research area, DenseNet-
121_BL and DenseNet169_BL models were used to classify UAV high-resolution optical images in
the research area. The experimental results showed that DenseNet_BL121 model had the highest
accuracy in tree species classification, reaching 88.29%. The improved DenseNet_BL model is an
effective tree species classification algorithm.
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1. 51§

H 1 B 500 T3 sl R4 R AR Y], R wE 0 ARy, DL EAT AT RF SRR M BN T
ARARZEFIMOLBIE 701 B BRI [1] o 0 AR P s AR 1 23 0 T SRR AR AR AL R R AR BE YR AN T
FEE R Ah e A I U R AT BB L [2] [3]. FAAE S 773330 47 b ThT A 7 K BBl AR AR PR B2 A v B I G L AR
151 RORAR . HATEE T IC AHOG 2 RAR B BT O b 7 2R [4] 771 £ 2847 =38, 347 17 & AH1(Support Vector
Machine, SVM). ¥R 5H (Decision Tree, DT)f Y, 551 #1248 kX 4% (Convolutional Neural Network, CNN).

1) CHFFIRIENIAECT N T M2 B B IF iz e 7y, 7F HEEREA 2R, B E5%[5)
BT 7 AT SCR M BN E IR 7 RS0 A5 B 4518 UL 1 SCRF m LUK FE 6 1S (S B A RE
oy AT 2

2) RAETEEF[6]HAT T PRI 5 N T2 X 25 (10 LU 23 BT 75 H IR 285 10 U0 BR 17 4 SRR 7 A BRRRAIE G Bk
PEEL SR A I R BB — R, WE N LS MR e RS . I P S AT i K 2R S8 K
ZEEE 20 HAE, MHRT RGB FHHIRIHAE Z K EE, A Be S i fE BURHE .

3) BRI BAT H 85 2] 7 BRHERIRE I [7], Herb BRUE RES IS , P ARy 7r 25405,
G T AR SR 5 AR AR SR R M @ 1 AR [8],  BRAE 2N MBI AT 5 R UL S 1R 43 28
B, BRI EEAR . BRMEM S ZE0ZE, IR 2B 7, BUIARRIRZ
SRR TR . (Ha,  BEE 2 IR B 3G INBE P 2R I 2 tH I, 4% 1) IR IR AN RE AT R0 27 =)
B 5FFRFAE, I HG 00X 286 J2 H50 i i 2 R B B T A [l R

B T R 2% S S st FEE 9/ [ e, AR SR T B B B AL 1Y) DenseNet (5 SR 48 X 2 ) B Y,
R EHS I ITA = B, 93005 L0 Z5 g RS, MizzEpa R
S5 A AIHT 0 P R e R B s S R, R S AR, B S R R S B S
SFTAZE, RIE T BZE AR RTAURRIE. A5 N EMgh G N NE#ER:, MfE DenseNet
AT NN — 1)/2 N EER . IX RS LR XS 2 B Ah . % B R AR bR G I e i e 8k
Mo fHAE, FNHESHEREERA IR MtiiEd 2, K7 NG RSETHEE, AR
7 —7%h DenseNet_BL #&%, 757 FA R 5% 25 B 2 a4 NN SR AE R0 2 (Bottleneck Layer), X
B NTVRHIE I REATRE4E, WD SIS EL,  $Em IS BT IS5 %
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2. ARERBIEIFR
2.1. HARXER

HROH ol Ak IXAL T 22 B MR O T OB B X VG R R, MbAb AR & 118°07'357~118°18721" . AL 4
32°15'17"~32°21'49" 2 [f], J& FVLAEZ M AR L Ry, MU oAPERE &, RAUE, TN EL, EHRL
317 K, Heilhgm A EdR 200~300 K2 (8], KTHA 240 P57 A B, 26 AT A B L oV v
FERARIX, Wl 32 B R IR A RN N AR ST AR I ARAR B AR R R ACR &, FLTH
WIHITEAARM . 7R 2L . BRER. ZoisE, WILREARG LA AR, &5 B, (LS
IR, R, KR, UZE58, Fim DUz SA R o bEEFESES 15.2C, £FH
PERIRN 1.5C~45C, BZELB., \AFHAEN27C~28°C, 4 FHIREKELN 1050 2K, &ETH
Wi 217 Ko REFBISAE, 25 XKW BB A ALY R EATRIE T AR E9].

2.2. HIEKRESAE

ARSCAE I 2 70 40 20,480 x 20,480 0 AHLATIA K dil i i s £« A £ P 3t emy . 2ot
ZUMA R oA RELER SRR, 35Tt 300 dkPMR . AR BRSO SR eI I ZRER . U
PEEMIAESE, B 5 XTI 2R R B AR« 3 BELRIAL | /TRl LURe RS 90° A 180° Ty 3t AT Hudfe 1 5i2
BB EORI 6 £, BRI IEEIRE =311,

3. ARFE
3.1. DenseNet (ZFEEHZF4Z)

ARSI IR N Pyhthon3.7, 25T PyTorch FEZE, VI A ITHE AL N : RTX2060 &R, 47N 12GB.
HLT (it E K/ 32 (BATCH SIZE), HEAAIUE 2] %54 0.00001, YIZRXECH 300 Ik, KFHBENLERE T
B SR S HGIAT R, iR T URSOE %

A AR B9 A DenseNet (S5 4EFIZE R 2%) [10], DenseNet FERLLAL T W0 2% b EURIRE FE 4%
i, 173 DesneNet 158 58 iN%5 5y 4 I S &2 T LLE BRI F 43 2% o8 B0 5 DL S S T B I S Sk 4T
W, BT IIZEREM S, HEELE L 1 Dense Block (P4 #5% S5 H) A Transition Layer (i J2) 21
BT SR T ML R, MR AT U, RIFER A R R — 2 A AR E
THITH AT R RS, X “Hr24E6 7 77 206 208 G 186 EEIRE 08, ORIE T BRIRAS I 2% 2 (1 5
KAF R[] [12]. (FAI@Q AR @R X, AREHE n FH5E, H () 8E - ERAEL LR,
[ X1 Xypooe, X | A& R BB SR IE )

£ ResNet /1 RARFAEA% 326 77 XA 1H S AL -

Xy =Hy (X)) + Xos (1)

X} ResNet i &, n Z%H 2 | -1 2% N LS n—1 2B et 6. 35 5% H, 53
(3% A B SR T SRORE R o 3K 2 25 15 B AR % 52 2152
7t DenseNet HH FIRHIEAL I 7 KR “HTELH” , Rels 5 A MR B AR R IR AL 15 45 5 2 N 2% «
Xn:Hn([Xl’XZ"”'Xn—l]) (2)

i ) e 1
TERI M 0 RBEBURZ% b, BIEH n 23R, ii7E DenseNet 45 n(nz+ )

JEARIE” (AT 3). DenseNet MR ZE MR RFAEAL 1% F S BEAT 1 IREE, 10350 42 I8 LAAE R IR ) 2% B

/2 %% (DenseNet % FH“ |
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e 2% 1) 7 ANTF. AR DenseNet A 4 T A5

1) —EFRREE LR o

2) InsRAFAEAL HE

3) A MR L

7£ DenseNet # %1 Dense Block 71 3%/ 1 Residual Block [13] [14] [15] (R ZEH) 4%, HWINEH &
™ Residual Block #Hi%, #1> Residual Block 2 [AJ /775 Hi &l 4> %%, Residual Block P81 2 H &=
WA, FRAEEEAT A, IR R4 B . &3t /57E Residual Block 2 [a]4f A
Bottleneck Layer S F#ARIRJZ W25 7248 FH I 7 FH TSR BRI AP D5 U, $2 i AN 28 I BRI

Transition Layer Il & H—/MN&ERHZA 1 x 1 FERZES— ML Z AR A S 102 B 5 N RHIE
Pl ok P A 21 SR IR — 2, B2 TR ARFAE P& R DR/ B4 3 J5R (1 — 21, BRI T % &8 (Dense Block) 2
() A5 I R B AR A, 48 T B0 )

R4 Dense Block "' Residual Block & AN, 7] AR pAN R Z 401 DenseNet B8, A SCAfrfii A
f’) DenseNet121 #5241 Al DenseNet169 544 3= 7= 2 4E T 55 3 MHIES 4 4> Dense Block H %k 22 &5 F4 i 45 &
k.

3.2. DenseNet_BL

WEZEIRFERIIE N, 25| REGHETH NGNS SHRIEm, $im 7 MBI EE. AR CHT
1% 1E DenseNet Block FFFR ZEEL 2 [N 1 x 1 BN G FUAZ AR I #JZ (Bottleneck Layer) [16], Xif%
L IRFIE BT ST B LE[17] [18]. VS IIBEALH— AN 7 x 7 B RUETT UG, 1246 RUZ X\ A et 5
BHATARKRINN T x 73 DIRK/AINR 2 BREEAE, ZJa28KN 2 1 3 x 3 B Kb ER(E. a4
FH 4 /> Dense Block 41/%, Dense Block H1f#))Z 5 2 2 [l it 1 x 1 02 ERE, H R0 N RRRE B AT
Rt . Dense Block 2 [A] B I 2 145, 183 A A AW AL A5 E SR 838 R AE I 1) K /NATRSS - 4 A Dense Block
ZJERH T x 7 14 R TR Ao i MR T AR B, JETERE 1 x L MATERE, JEMin—AN 2k,
L p e S

FRUERIR ZE BN — D X xY xZ B LR (X Y ARHEER RS, Z viliEsr), 48— 3 x 3
MBERIZE, 2AJEHH— X xY xZ/2 F1EE.

PRAE TR R ZE T

X xY xZx3x3xZ/2 (3)
WRHETT IR ER SRR
Zx3x3xZ2/2 (4)
N> 1 x 1 EHWEIREZ 5, 7T A% 3650 R AR AIE 18] 2 St a2 P 2
KITPEFAREYH T
X XY XZxIxIxZ[4+ X xY xZ [ 4x3x3xZ/2 (5)

RITTERAN IR RS H
Zx1x1xZ[4+Z/4x3%x3xZ[2 (6)

PRAETTVE T TSR M SRR AL R A CTTER 3.3 £, UEM] JRIUZ RENS I N 2% (e, [
PR T A S B, A5 W4 W] DARIE BN & % I RHAE -
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4. FRIWERS T
WS RER S

A5 FH VI ZR 0 AR TR 0T P e Py BRAE L BEAT 73 25088, 19 B 70 RACR I 1 o, 43 35 S A e
PRI L FAE RN 1, 3% 2 o

FEth b DenseNet121 BL 433530 5H DenseNet169 BL 732550 R
Iy R L 5T RE R A

Figure 1. Effect of classification

Bl 5EHR

Table 1. Classification results of DenseNet121_BL
5% 1. DenseNet121 BL LR

e ERRE BEARKEE
et 89.17%
Fitd 92.92%

AR 89.52% 88.29%
it 73.48%
T 91.12%

Table 2. Classification results of DenseNet169_BL
3% 2. DenseNet169 BL 4r24h

EA 7S EffEE TR
e 86.55%
Fitd 85.29%

HEAEA 88.82% 83.73%
i) 63.05%
R 92.66%
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TERIRERIEILFE R, A TR P AAAE — L8 T 0 AR A i (H S8 B T8k f 11 7 Hh 25 Hh [ 2447,
TEBURII W ZS AR, B S8 1 B2 P3G 0, WP FR 2 Fl LA R R AE SRS 0, 775 3 1) SR iR 25
Fr S 3 DenseNet169_BL #5241 [ B {405 i 22 &K T- DenseNet121_BL.

T REIE I o R AT VAN, AR SCREGHIE &%k J1 (Jaccard Index) FIHER 2 (Accuracy) # F i
fhFRARxS o VR REEAT VRN, PRI F AR AT S A U T

J|:L @)
TP+FP+FN
AcC____TP+TN ®
TP+TN+FP+FN

Arf TP (FUBAPE) A IR LRI MR AR R H, TN (GLBAPE) A IR IRREAEX M AR R H , FP (fRFH
) A LR AR AR Xt B 5 3R s SR R R 2 i H BN (TREBA ) i R R et I R o 5 2 D A Xt I o
BRIEHE . PR I AR 2T RS 3 20 85 R Wk 3 s

Table 3. Rating of merit
= 3. MRETEN

L J ACC
DenseNet121_BL 0.7370 0.8829
DenseNet169_BL 0.7615 0.8373

Al DL LA BLE | DenseNet169 BL % i T DenseNet121 BL, B T 76 5 kA A LM L
DenseNet169 BL 5 . [fi7E#ERI % |- DenseNet121_BL % & T DenseNet169 BL, #thf | #EA< £ 7E />
B AEFR AR I S RO

5. 45

KL FA PR, HEGOIEFE ARG RES IS G, 1 DenseNetl21l_BL F
DenseNet169_BL M Z5 A FER Fh 2 2807 HIEAT 1 S5, FESREER FAS 2 5 2R IEM 2 i 50 89.17%,
X R WK DenseNet_BL HE7Y B F T T AW FP 4 KA IR S AT AT 1E . Z% BATR, A SCHE R F 73 A
BEA R B G RA BARAG . Ed 24 S s N AR . (HAEBUR Y DenseNet169_BL
BT A7 AE — 58 1S MO T 2 D 20 () 1), A Rk, 3 FLA STk AT S50 B AR P i 3520, 32
BT H0 s 52 1 J) PR P 75 g — 2D IR UE R RS Ry T AT, 5 2 m] a4 b e B 22 W R i gk A7 R

E&WmE

[E K H SRR A 4 100 H (41601455); 22808 K2R A0 Ak I 2k it-%I 50 H (S202010377068);  [E K 4%
KA AN 2RI H (202110377012); 58 %k 224 61038 Gk I 25 1% 551 H (202110377008) .
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