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Abstract: Accurate identification of slope soil types is vital for stability assessment and protective design in transmission
engineering. However, conventional field surveys and laboratory analyses have low efficiency and high subjectivity, thus
making them difficult to satisfy the requirements for real-time identification in complex engineering scenarios. To this
end, this study proposes a lightweight deep learning model based on texture integration SSR-MobileNetV2-T, which
employs a dual-branch network structure combining multi-scale Gabor filtering and local binary pattern (LBP) to enhance
the ability to extract soil micro-texture. Meanwhile, a multi-source soil image dataset is constructed, and the samples are
enlarged via HSV-based threshold segmentation and diverse data augmentation to simulate complex field conditions and
thus train the model in an end-to-end manner. The experiments show that on a five-class slope-soil image classification
task, the SSR-MobileNetV2-T model achieves an average accuracy of 98.1% and an Fl-score of 97.9%, generally
outperforming typical lightweight models such as SVM, CNN, and EfficientNet, with prominent performance for gravel
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and sandy soils in particular. Parameter sensitivity analysis and ablation experiments confirm the effectiveness of each

module’s design. The study indicates that SSR-MobileNetV2-T is both lightweight and highly accurate, providing

efficient and reliable technical support for the intelligent identification of slope soil in transmission projects.

Key words: texture feature; lightweight model; SSR-MobileNetV2-T model; Gabor filtering; local binary pattern (LBP)
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Accuracy = n ;;I;x+FNXIOO% 1)
Precision = TP7:|- 7P x100% 2
Recall = % x100% 3)

P Sttt

Horhr, TP (true positive) 7215 84 TR T A 1E 28 B FE A
#0; TN (true negative) &A% A IEAA TN Ay 7 R AL A
B (247 — B A BT BD); FP (false positive) 215
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RUES R TR IE R FIFEAEL, FN (false negative) /215
JR a6 A IR 2RI

(a) BRAT

(b) it

() #rt

(d) >

(e) AALE

.
Y1-1
Y2-1
.
Y3-1
.
Y4-1
.
Y5-1

ESCIEANE 2 oS

TR R TN D G R RE A KL
SO FER LR

Y1-4

Y2-3 Y2-4

Y3-3

Y3-4
Y4-3 Y4-4
- Y5-4

B 13 SSR-MobileNetV2-T HHF IR

3 SEIGEE RS0
3.1 HRASCI

SZGLE L % NVIDIA RTX 4060 GPU () T/E % |
HEAT, {5 PyTorch V% 2% STHESE. BRI 2K H Adam
Ak 3, WI0hF ) B E N 1E-3, I 45438 K SR
BEAT 22 2 R, #HEE K/ (batch size) 32, L)I145%
100 MR epoch. 512k B BN A X Id k.

AT ) SSR-MobileNetV2-T i3 + 3% K15 iR
WS, JEAE MobileNetV2 25 #) 3t F &% 7
K SUHE RS R R AL SRR ) SO Y. O R
G VTl A5 A5 B AR P B (1 DTk, A SO IR T
I R ST Y S 6 ok 328 A5 2% Bk ml B e B e ) O
SR, 3 M AN RIASEHT 7 2RG FE R e . B S ae &

8

BWF.

(1) Baseline: f & 5AE] MobileNetV2 3= 2%;

(2) Baseline+SS: 7F Baseline J&fifi I3 in 23 ] 2
JE (SS) ik,

(3) Baseline+SS+CA: 7£ b —it & Feails - 39 e i
R (CA) i

(4) Baseline+T (Gabor): 7t Baseline FEfith_F3 %
2 RJE Gabor JEi (S0 73 3 (texture branch);

(5) Baseline+T (Gabor+LBP): fES(EL /> il &
Gabor J&i 5 LBP HFik;

(6) SSR-MobileNetV2-T (Ours): AL 5g ¥ A 4
FSORG3 SCEERE (SS BEHL. CA BEHL K S8 B4 I S 53 3 T).

K2XH T HELRAE TSR dE A
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Fl-score, SEB 25 RN R .

M 2 AT LR, BB I NS, A RE R
ZRERTE. SS BEHL G N JE HER IR TH L) 2.2%, iIFHZ R
JEE R AR B O 47 3% 4 338 L 45 45 B A . ik —
S CA JEHRTFZ 1.7%, Fl-score [Fl:G4E 5, & W
TR TNV REA 280 5 AR S B R IE T8, H) S T3
PR BSR4y 3 (T) AR ER T ok e 3, Hoh 84y
¥ (Gabor) 77 3KZ) 3.4% 12 TF, Gabor+LBP F T4
0.6%, HrilE 7 — F AR O SR F i BAME.

2 ARSI A R

SIG D B ZHE M) R (%) Fl-score (%)
Baseline 34 86.0 85.7
Baseline+SS 3.7 88.2 87.9
Baseline+SS+CA 38 89.9 89.5
Baseline+T (Gabor) 4.1 89.4 89.0
Baseline+T (Gabor+LBP) 43 91.0 90.7
SSR-MobileNetV2-T (Ours) 4.8 98.1 97.9

PRAL T SIS K.
33 XJEESRIEHER

VPG AN [ UG R 5l 5 VETE 2 3 3 B 4 2R AT
T RE, AR RGN L T ARG 7 BT T TRRE
(HOG- LBP) 1] SVM; £ IR 2% > #7: VGG16+ Res-
Net50; B EAL A bRk MobileNetV2. EfficientNet-
BO. ShuffleNetV2 DA ASCHE H ) SSR-MobileNetV2-
T AR XL N BB KN IR Fl-score.
SRR, Mg R 3.

3 Xthszie sl R

AR e RS T BT A I, B A PR
(RN 98.1%, Fl-score N 97.9%), HZHEA/INE
B0, CRRF TR AR AR T RS2G4 IE B %
BT (1) BV 5
3.2 SHBRMS

P, R SUBR AR BB ) OG5 2 AT U
Iy M, CLBRAIE AT i e B 1A B . 76 Gabor JEU: 28 R
SR, MR T 2 R R A RSF A (W[3,5] [3.5,7]
HI[5,7,97) ALY RE R 20, 45 SR E W, 4HA(3,5,71HE
FHIEFRIA R S5 TR0 2 A S e A P4l e 33
/N RUBE I 75 Re A U ok L AN G - S5 A b - 4R
O SCHESAE, T 5x5 A1 7x7 H R EE I 2538 TR
Hb FORR A S AR 38 R 225 1. A B2, R R
P (UN]5,7,9]) BARGHRR A IR A BE A 3R T, (H4
L S ) SR B U AR T 2, A RUER R AR, I
N T AT R

76 LBP 5050 HrHh, 0Pl T AR S 40 (P) AR
B4R (R) MR X 2> M RE Y RE M. S0 45
R, P=8. R=1 ML E RIEAE, ARV R HRAE -
158 PG 1) JR) 0 SO 45 K FE OR P BLRR (M UM B 7 1T L
KRS AN 42 (40 P=16. R=2) BSRFEL AT LRt
B2 AR, (AT 552 3 UG M 75 A R AR Y
SO, S B0 AR LSS AR A M R T B AL,
KW FTE S HCE A P

PR EURAE A3 BT 45 RAIRAE T AR SCATiE S H
G, 1R 5 B AR BT 5T SURRHAE 1 B2 S AL

HWRIKN 88 R Fl-score

ik MB) M) 6 (%)

SVM (HOG+LBP) ~0.5 — 84.6 83.9
VGG16 ~528 138.4 90.2 89.1
ResNet50 ~08 25.6 91.2 91.7
MobileNetV2 =14 3.4 93.2 92.8
EfficientNet-BO 21 53 94.6 94.3
ShuffleNetV2 1.0x ~9 2.3 94.3 94.0

SSR-MobileNetV2-T (Ours) 18.5 4.8 98.1 97.9

MR 3 A, A SCHEH ) SSR-MobileNetV2-T 45
RLEHER R AN Fl-score 3T Fi xf LA, (44
SVM J ik ERe A, (i 1 F TRRETE &R 26 T4y
RAE EWRBRIE. BHR VGG16 Al ResNet50 PEBE AT,
HFPE K S5 (G A AR 7Y ) A5 A DL & e RS
s b R R A R, FR1E MobileNetV2 [ PEfE
UESE T HAE i K2R 10 R, (EATIAS S A ST A,
EfficientNet-B0 1 ShuffleNetV2 1 A7 i i 2 2844,
PEREAL T MobileNetV?2, 1H 5 4 AR 4 #H B 2 B
(HER A 3.5% LA b)), IX Ak B A LS AN 2 R
SUH Bl A 5 = ML 9 AR R AT 55
P, TELRFFRR AR S IR [RIIN, SEEL T pe e PR R A
3.4 SSR-MobileNetV2-T {2 BISLIG£E R 434

SSR-MobileNetV2-T # R 7E 100 4 ill Zrid F2
SO UFSEHER R IZ D B, MR RE D TR i H &
S 3 P DU AR A5 2 R A S T LA A AT AR R F I R K
TS R IR I MR R LK 4.

M 4 ATLLE Hi, SSR-MobileNetV2-T f& 7 7F %
AT A A v PR RE B, AN 283 b R i
R 0] RN, HIAE 96% LL_E, ¥R
. HAEZEM Fl-score L 96%, H kA (G).
HAHLL (O) A (S) 271 1 Rl HE s Z AT 1K 29 98%
A, AN PP i b AT 5t v X 0 A 48 3ok 22 A 1
1k, JoH AR SUHR I 3 5 R ML 5N, B R
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H S PR AR T

TH 25 AT AL R B a0 ] 14 BT, (2)—(f) 233 %
ROAME 1 AP 2. A3 KihY 4 fESEG. i@
ANTE) £ B AR A N R AR B BT 45 SR 4 R SSR-
MobileNetV2-T & 1 iffi i 5l 75 UG 1) 315 382 Y,
W58 T OTE R SRR 7).

Fl: #b+ (sand) BER{SE

(d) ¥4 (58, M

*4 BRBEIIEER (%)

251 HERf R KRR Pl EE Fl-score
A (G) 98.6 98.4 98.6 98.5
7 (S) 98.8 98.6 98.8 98.7
wmL M) 96.5 96.7 96.5 96.6
it (© 96.2 96.5 96.2 96.3
HHLE (0) 98.2 98.0 98.2 98.1

(e) ¥4 (I, FAFED)

a ¥

fall: $4t (clay)

Tl Bt (sand) HE{SE: 97.2

() B34 (EE, f112)

14 T 3R R T LA

SSR-MobileNetV2-T & 8 f Vi & 5 R Wi & 15 F
7. A LA s SSR-MobileNetV2-T BB X A A7 . b
s BRI AX 5 2 g R A A 2R 2 i
95%. o, BRI AE I S AR AT AR R B RO A
(531N 98.6% 1 98.8%); SCEEAHALIKY + 5% - HAH
WAL B R (93 N 2.22% F1 2.55%), {E AT {4 ¢
96% 77 A7 I R FE ; A ML R BIR 2 AR, o Bk
S AN K. AT 5, SSR-MobileNetV2-T &% -1
R =ik 98.1%, WAL T MobileNetV2 5 SVM 14
BB, JE I B T S TR S i) B B B AL
Gabor JEW S AL, A B —DIRFHERL 1 73 H8ER.

R TP R R A HER R BE I ZREE RN R R,
W 16— 17 fis.

10

EH T 16 ATAN, I ZRA0 2k i 2 Bl I 25 TR 38 hn 52 300
HH = B RF L R B, IR 5 IR T 0, ZEVIZRTT
GEHT 10-15 N YIZREE IR, B RAE IR KOk T
R, S Wt BT R 20 2 5] L SRR I, f TG
P BRI B, % 40 #2 J5, HERIZRIEF] 90%,
Wi BRI RS FE L Bl I GRS R I, $ 2% i 421 T
Bif ol P T % T P AR, Ul B RBE B R EARAE O R
520, AGE I N BRSO SR AR 2. 5 R B e
BUN, Fon R PR e, A D0 5 i 0 & Bk
JERRIES . X — IR EWE RN GE PR LT
Al PLSE I X 4 -8 ). 25 B0 AE 4 B R4 T B e AR 4
rEERA 2, JUI U B AR Y B R AT 4G R DR — S 1)
A ERE.
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100%

WA (G) 0.43% 0.165% 0.30% 0.52% 90%
80%

() 0.49% 0.15% 0.30% 0.27% 70%
= - 60%
ﬁé Bt | 031% 0‘45%. 2.22% 0.54% || F50%
= - 40%
Ft ()| 033% 0.27% 2.55%. 0.66%
HHLE (0)] 0.46% 0.25% 0.43% 0.67%.

WA (G) 1 (S) ¥t M) &t (©) HHLE (0)
TR 51

B 15 SSR-MobileNetV2-T 574 VB 17 5

-30%

F20%

F10%

0%

3.0
—— I
25 —— M4
20}
=
K 15F)
5}\%

1.0 +

0.5 F

0.0 . .
0 20 40 60 80 100

YIZREE IR (Epoch)

16 #REAZL

099 [ 5@
0.97 o1
0.95}
0.93}
0.91}
0.89}
os7| [ 4

HER 2R (Accuracy)

0.85 L '; 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90 100
YRR (Epoch)

K17 R

B 17 v 2% SR R A AE B R B I SR B OB AR
PUREE L%, (AR DU W & iS00 2 57 . kA A
KA [ HERA R LT R AR, £ I 2RI Bl Rk
S, Ja 39Tt 2 B/ IN, AR IR T 3K A 5 g T S F
AR L3 BA RAFRY2 A RE ). ML Z T, Bt
AN L I HER R SE TR BEAR X 518, HL v i 3 it 25
ENBOR, S AT AEAIRL . SCERAH T 3 b R AE
BRI 2 57— € MERL. AL I HERS R S THid
FEP RS, RYILRHE & T R . AR, A
REMEAE K 22 B H R T b S e R I R SR TH A

OSSR, R R R ZRBOR R B K2 AL g

Kl 15— 17 LR E7R T SSR-MobileNetV2-T
AU IS B T SCR R AR SR IO, A 1 # 3 o
- 358 PG R S 0 AR RS B, IR AR R A L R
355 v Fe 30 H R A [i] L 398288 31 A s S0 P R ) )
gt iefae . HEMER (>96%), HAE R 135k
Sl B AR RS 43 26, B i M AR e PEVEAL T
RIS A = T T S AR T R

4 ZwhERE

AR SCEE X % By v 198 UG AR AT 55 Hh IR R 5 %
Pt SOHRFRESR A 55 0B r) L, $2 th 7 — ik
HEH) SSR-MobileNetV2-T # A 1Z A5 A 7F (R #5742 B4k
et (0 R, S5 2 B TH 0 - SR ROU SCH 1 [X 0 RE 9, 45
WUF.

(1) B33k SSR-MobileNetV2-T 5 7 7F 11 3 + 4
5 AT S HHUT 98.1% MI-FX IR HER R A 97.9%
i) Fl-score, ‘BB T4 SVM AL, £l CNN #7Y
(VGG16. ResNet50) M 2 Fp E iz &AL (Mobile-
NetV2. EfficientNet-BO. ShuffleNetV2). # Y5} AN A
FA 3, SRR SR AR AR LRI L, BRI
Faoe Homks B R Bl e 71, gl BRI S Aa, iz ek
RE R 4T,

(2) AL SLIRAIF L, 25 F) 2 FROF LB, JBIEEE S
MU K fil & Gabor 5 LBP HILUHL 4y 3¢, $ B A M g
FRTHI ST H A S TTRR, T AT R AR

(3) B AELRFF SRS BE 1 AN, S HEAUA 4.8M,
BRI SCAF R/ 18.5 MB, 5 TH#IE fER B & b, i 2
A L T RE I Sz I L S ) R

25 BT, ASCHEH ) SSR-MobileNetV2-T 7Y
FEID Y LRI 55 RS2 T B B 5 ks FE
HEML, Ay AL TR A5 37 5 RS Bl 2 g TR B 4t
T M. PIEERIR R T S, A HE M TR
W fE. SRTH, 7 T8 2, R B LE R B s P |
F I R B P, B 7E B ST R B R T T A
I 5 T Bh AR, 0, e AR T & R 2 S
B T SRR Bl o 1 55, AL AR £ R S da i e
5 A A 2 R B Sk 1R RORE 222 S, T L 3R B SRR )
SNASAR AL TR T B85 M S0 HE v L IX 2 R K Y AT R R
R RAE DI B 2 A5 T I n] Sk, tb Ak, H a1
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