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BT RIENHE, e i REERMERAZ] 1 x 1 pRJERIZ S 20 BRI,
JERT R AR IEA T /AR _E R, 45315 IR R B R/ IR ) A AR

TEYUHDE B A GAR LSS, ZBREAE . BRI RN ERZR L, KB
S SRR I AR R NHURGE, L, AETE SO B 45 A A 25 ) 465 5%
REHA B T8 A A P 1824 mh A AN ) RO AR AL A 50 i SRFAE o

RASES M FRIDAR G NIE 14 T Fs. H9E, TORFEZXT gntdaii i 2 R
ARFE AT DU RS B R AR EoRAE o IR AR {EL R — ] T 4 s () o 3 JERE %L
At ERRE AT, BN T RGO, PAREEE G o R A A e A AR
(CY IR =

ANMEATE T AR ARG« 8 e 8] LRy FHLE A Qi1 Qu2, Q215 @22,
FEAR (2, y), EEHEAE o By m ERBANEE, 23160 Qu il Q2 Z A PA K Q12
M Qop Z 18], FH{E AL N (13) Frn iRm0 3 .

w21 (13)
Ry = Q12+($2—1’>'Q227Q12

r2—x1

{Rl = Q11+(5F2—$)‘M

TR HEEAS 2 Ry Il Ry i THE ELARAE, WX (14) Frs.
Ry — Ry
Y2 — Y1

P=Ri+(y2—y)- (14)

PRI EAS AL (2, ) AEHE{EES

Z RIER A FAE 2 Wl EHOCR 5ok B A TR RS BUM 2 (0 IR)2 IR UEA T 1
%, RV TR G Z Bnd 2 2l — BRI 1 x 1 RSERUZ AR B
o PUMRZ RAFEA & KB ARHLEE , A5 I FLRIER INE. FHEfa)s, 6
=4~ 3 x 3 BB BURM Bl & 5 ARHERE— 22404, FF FREA T DU AR M E R
B, SR SRR I EB RN S R A B B N—2K.

FEAE BRI T4 A5 SCHE BURRAF SR BT 55 r 1) 28 B ) 2% 5 25 i 28 I 2% ResNet 5
DeepLab v3+ H AR AESRECE T MR [WE, S T 3288 E15 h hTE o AR Z AR
{1 ResNet H1JZERUR ) ResNet-101 X1 R A THFERE BT 55

PRI 4% (ResNet) [2] BliEMEdn | A T SkERIER:, KRRE ik
2 T URIZ 25 R0 BETH R SRR FEJR I A0 AL, Lo 28 D) 2% 1) J2 B BB 0% 0 158 1T BB ST S
MBI NS 2 )i SCRRAIE . R 25 5 B BRIE R S5 N 17 i

B i ResNet il 5| AFRFREEH, 5 FI45 )2 Z AR5 A (5SS D A5 Z 1)
MIZEFAE N Z A>T AR, AR E I s B RS, 2007 Xk (15) .

F(z)=H(x)—=z (15)



L

CV B3k E 2
onv ///

RelLU T
¢ iz gt

Conv

%47

F(z)+ =z
Pl 17 BledzdhefoBkikidi e sl kb

Horb o IR, H (x) NSRS IS, F (o) BRI %A S 5 R 22 18] 5%
%, RMAEIEZTNE . XERMAEEINES G, H oG E 5 A G SR
TRk, Mg AR AR S AL, AN R 2T M A B i Y 5 R
TR I M ARk A BETH K L

BRERIEHE  ResNet R PATIA T BRERIES:, AVFESTER AR 2 Z 18]
feids, JREMEE P AERAGBE R, W4T ARz T fHAEMUY, A &2
B ZR 2RSS AT . XA B TR A 1%, PR AR T I RIRBE I 28 A ML

5.1.6 B2

AT T BRSO N ST D S TR BERFAE . EHX ResNet [ 45 41 p g
TRV 254545 ResNet-101 AEMFFAESR U T %%, SR, IZR— I RIZ IR M 25 A 2
T LR BB LAE A RE AT RAFHZALRE Sy, WM 2545 5 B A W e AEARSC
e, AT ISR AR R R D UnRXT DeepLab v3+ [ I M 2 21 T RED LA 4
e, RGBT E B AR B A TN SR, IR 2 B XN SRR A v i T
HEFAA LG, Hk R RE ) Jovh Sz AL BV AL 717 S A 2R iy e A b

iE#52#>] (Transfer Learning) @—FbLa2A I SR, RAE— LS5 LA B AIRE
F BN EAH AT 55 AR AL b Semipless I M Eics UM RIS, RFEEE0AT 2448 55 B Bk
PR H bRt 25~ 1 B AR AR PRI _E o o] — MR XM R R I S
IR JE R LI A 20 I A H At Lo

N T Z RN GRS DA R U & S 1, AR SO AT A% 27 ~J K ResNet-101 7
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ImageNet | i) FYIZRAL F AN E] DeepLab v3+ A HYFHIESEIUE T M4, LM 24K
M TPl 2 A i R AR AL SR HRAE ST o 85 PO T T3 B B 1 SO 100 G B X0 el A
DeepLab v3+ (4L, b/ 45 2 A XTYIEEE S AT L FIRE Sy . TR I AR tnlal 18 fr
Zi

A BRINERE

ResNet-101 DeepLab v3+
N G iR
HIERIREE S EXSFRS
A ERAIRERKAE
B AR 3R

Pl 18 Bidkidiwiss Loy Wirp e RS °F 2]

ImageNet & — A RHUBHY R G B dE 2, it B SiEs b i — AN EEEE. &
8ok B A HBOE T K B, X 28 K15 45 I WordNet J2 IR Z5H0 04T TARYE , JLi
FECTANTS I, M H BN L BE SR K SRS, 1572 S8 N T4 i 2%
ZEMIER AT TS ImageNet b 11| 254

AT A S B ARl S, i #aE > W AR AT S5 1 R B, (TS EiaY
BopZ B HAMESS o RIS, I SRBAE AR LT T4k, RA LML
BBy TR 2], W ARz AL RE SR B H R T45 b 3 (A G e
PRCEEE AT, 15827 > J5 1Y DeepLab v3+ B4 RE T A LT W HTTE B B 5 L0
EHdE

5.1.7 fiftas il

VR 24 ) WA S8 e R R s M i S8, 24 > B e es ok 8
BRI 2= S BN ARSI REVLER B R % (SGD) fE NS 8thifkes, (M
PolyScheduler {E k27> A k45 .

BEDLEEEE FIE BRI T R IR S5 R DT ik, SRR (16) P,
T 0 R t INZISH, L FRRREE, n Fomd K.
00 = O — (16)
TERGRIBRE TEITAT , B — B AER A B R AR RT3 I B
iR Z%L . 1 SGD (Stochastic Gradient Descent) £F AL A N BHEE F ) —1
FEAL TR VT SRR BRI A, (A SRR TH T QIR BE IR
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T BERURS B M U LB — /MRS, BT SReRAIT A s, BAEARBER
MBI A —EM L. 2R, T EA R LR, ISud R e
BT RIS EH  REASAEAT XA A I i) PN R 2 e b me DA o

PolyScheduler &4 [# & 1 5 27 >) A YA TR F S AL N rad A2 i) 45 186 7 1 1]
BRI TR XS T R — SO R, Rl 2 e A IR AR
2SI AR ER AR o (8 8T 127 ) 8 BARAE N SR S RE SR A i PRl SO B, (ELAE
FATERMAEIN , 27 > FRIRHEIS B KRR T RE B e L (B, A RAVN ST RE R
SR ARG o

AT B S T ARSI PolyScheduler SRIFHIAUEA T2 2] K5 Hr, Ak (17)
PR .

epoch

Nepoch = Tbase X ( )power (17)

Nepoch

H, Nepoen FAHTINGREIK epoch T I ZERIN, Mhase FHPTIRZE T FR RN, epoch
FAHNGIFIK, Nepoen WEBLEKRINGIEL, power FESEL, W TIERIAE) FE
TR .

BT FE 2] 0] DATE B S5EVA S Rl S R e A AR R0, AR
2 ) AT DR SE TR, AR S B, W N > AT DB Y SR ff b
TS, Bk S U, [FEE, hAS2E ) SBIEFT DA A S R s 3 5, fRdEi
SR B2 v AR RE AN 43 11 28 A0 R R TG M R RE 27 o) 2 XM B P (AR VA T A
SR, P DATE G i Y AN W) B A5 e R )

5.1.8 i oy IS B AR Fe

DeepLab v3-+ %45 B 221 45 113825 ) oA SR S I e B0 i
o, BEARET s A e (DR 5 RS S— AEIUR BB U SR, SRR
ENBRES, AR Rk SR, L5 S ML

SR HIA OB R S0 AN S, e R B SO B T R (R R S
B TE R B A, X, B IRITIATR (18) % 0 — 4 K5 SRR S o
DeepLab v3+ i B, BIXHEN R Fhig— MR M IS4 SR AL

1 | HxW N _ _ . _
b 5 S e ) + () e (1)

Ht N JoREGEELH 5 W S 5I0EG SR, PRI GE RSN, v &
IRFEAR o PR A ORREE, p] BB B SN IE A S S . 1 DeepLab v3+
PRI IS 2 s



Algorithm 2: £ XTHUIEE P H L7 #1#) DeepLab v3 + )l %5

Data: Y| ZAEA SAREEIE D(X, Xiave): SEALALAT Optimizer; 22 3] R k4R
Scheduler

Result: |55 IR ZHL f)

1 VIR BIRLSEY £y, R 1, Nepoch, Noatehs

2 forn =1 to Nepocr, do

3| FEPATELINZRERE D;

4 | for — P HRINZAEA (X, Xjaper) to D_do

5 PBIZIHZE: nograd();

6 HI &R fo(x) = X;

7 TR RE: £ = IR RE(X, Xiaber);

8 BLl : THE R RO T BB SR IBE

9 /| BT — RS

10 WO Wb 0L

oW
11 b < b0 — n%;

12 | B3] % Scheduler.step();
13 return Y| Z5 )5 IR SEL f)

5.1.9 BREESE i 0o T OR

FFVEE A SCREHETT SR 1600 Gk KR FENLI 53 A NGREE Dirain SRR Drest, MR
UESEIR AR AN TEFTEE ) Dirain N Diest = D HH Dipain F75 1400 TKEG, Diest £5 200
KEMR . XTZSEAAS SGD, B A>3, 0.07, T hiEE SGD #iAH 77 [ UL
SO R A B BB 0.9, AU R IE ML E 0.0005, Ff )5 ] Nesterov
g, ISR IS B SEER AR BK Tesla A100 2K Fizf7.

sk A SGERUE Z R % (Pixel Accuracy, PA) , KRG ZHEMZ (Class Pixel
Accuracy, CPA) , “F#xH: . (Mean Interesection over Union, MIoU) , AfiAL%Z I Lkt
(Frequency Weighted Intersection over Union, FWIoU) 1F A& & 15 4 Bk e LIS AR [4].
G B B TR A ER R AR AR A 2R, R A — MR R S
GLEE 5 IEREWAN S T2 KRB A T4 E FF86R . FLES] TP (True Postitive) . fi
1Ef FP (False Positives) . i)zl FN (False Negatives). E.JZfil TN (True Negatives),
FEbR & LANF R o
o TP: LoRBALRE IE S HIREA IR 7 20 IR 5 R £l
« FP: FORGALR 51 IR AT R M7 20 IE 28 R
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« FN: FORBALREIE ZERIRE A R H 2> 20 T 2R B R
« TN: FoRBIAURE IR RIFEASEE R 2 A e i 3k .

X #EES B RBIR B+ 128 (& EADFEsEM L ERE), 2 pa F8IE
TR EEG iy X5« AR SR J 2Rm9 G R, QR PA S #128 5 1
WA E L B E RG], sk (19) Prs. R EERR PA 5 H T 80 EIRER Y
flivt, BBz 1 R RE AT
- TP+ TN DY
_TP+TN+FN+TN_§X$2Lf”

GEEITEEFEEAR, ZEaHE R0 ERCRZEMBIS, XTI DA
PG R YN CPA SRIEAT MRS PEAG . XI55 @ R BIgs kit CPA IR
A= (20) Frs .

SO 9O

PA

(19)

R Y S
TP+FP Y5 p,
I ToU J& Y HiiE o HIWEFE e IR 4EHs, 20m 0 BIHERS SARZR R 5L
AR, N Q2D iR,
ANB| TP B S D
[AUB|  TP+FP+FN Zf:o <Z§:0Pﬁ + Z?:o (

CPA

(20)

IoU =

(21)
Pij — pzz))

TR J1 e MIoU @ 13R85 ToU EHIMBEECFIME, HT B dm s g g
FESN, HHEI W 22) frr.

1 TP TN
MIoU = 3 [TP+FP+FN + TN+FN+FP]

(22)

1 Zk Dii
= — - E k
k41 £4i=0 2 im0 Pii 25— (Pji—Pii)

PR MAL 2T L FWIoU 25t MIoU St J5 (g PO bl , i BB s i35

MR BRI R R B A, A= (23) Fis.
TPLFN TP
FWIoU = TPTFPITNTEN X TPTFPiFN

(23)

_ 1 Zk Z?:o DijPii
- k k — k k
S0 Do i 0N\ SN+ o (pji—pii)

FEAESR A TP LE o8 T SEA SCRAESE BUE T M 25 i PERE , A0 BIEEAE Im-
ageNet | Fii)l|Z5i:L ) DRN, MobileNet, ResNet-101 1>k DeepLab-v3 4 HEHUM 2%
SGD 1 Z4ifiiftds, PolyScheduler /27 ) & Midesd, TEAAIEIN Divain L #EAT 50 %2
WSy, BRI IR AEbm v ok s 3l 43 i i 4 E 43 51l AP CAP. MlIoU,
FWIoU, &l 19 7.

ME 19 ] LA Y, FE=ARHEFEEUN 25 H, BT MobileNet B S HUIELEL /)N, 4
AERH AT B A M 2% . 1 ResNet-101 {1 REXE AP. CAP. MloU, FWIoU [4-/~48
Frrp e T DRN. BE8FE H AR IR Diese PHEREBUELNZR 1 FR.
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AP
cAP
I
FWioU

078
DRN DRN DRN DRN

MobileNet - MobileNet oeso MobileNet - MobileNet
ResNet-101 ResNet-101 ResNet-101 ResNet-101

o 30 o) E) o 0 E) E) o) E) ) o0 ) 30 ) E) o 0 ) )
Epoch Epoch Epoch Epoch

P19 DeepLab v3+ i AR RFAESE U T- P2 4 71: fE
#% 1 DeepLab v3+ \PURFRIRHESE U T IS AE B b B S P i PE

B AP M 44 AP CAP MlIoU FWIoU
DeepLab v3+ (DRN) 0.9220 0.8994 0.8051 0.8608

DeepLab v3+ (MobileNet)  0.9091 0.8622 0.7710 0.8383

DeepLab v3+ (ResNet-101) 0.9272 0.9014 0.8151 0.8689

WSO RIBRIREEE h T IRk A SO e HI i o FIBE AL DeepLab v3+ HPERE, 45304 51
&8 U-Net, SegNet. DeepLab v3+ FifiM 45, SGD 1E S8 1bes, PolyScheduler {F
e By, FEAHEI) Diain EIEFT 50 BRI, RIS LEAR T ECE Tl
SEX A ISR Dres: L4351 AP, CAP, MloU., FWIoU, 4 20 fiiR.

e
SegNet 3
Deeplab V3+

AP
cAP
I

UNet UNet e UNet
SegNet SegNet 05 SegNet

Deeplab V3+ 00 Deeplab V3+ Deeplab V3+

o 30 k) E) o ) ) E) ) E) ) ) ) E) ) E) ) T E) E)
Epoch Epoch Epoch Epoch

20 i SOy B PE RE X LE

ML 20 HA] DATES A B B G 5 S #5951, & ) UNet [ DeepLab v3+ 5Pk g
ZePRRLL, HARUL 2 —RINF G ASCRAS . UNet 7RIl ZRdFir, CAP $52h
%, PR E Xt e E B R E THMEE ), REG TR RN 2 IEHE
FEEEIZE . R UNet BEBYR 2R EEMECA TR B, AHAARBEERIT YT B 2R Zem 2
T SCRHE , AEAUTE I 2R BB TN GRS, A PRaIES 28 i dme/ M T B4 00 T Bk
KESRESIR

M XTF SegNet, HEIKTE AP 5 FWIoU [t DeepLab v3+ W% 5, {HW%L8] CAP 5
MIoU H{{ A 0.7274 55 0.7888, iLfli T 0.9014 5 0.8151, $iBHHXHTHES 2 i 7 HfE
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TIMKIRIEAR T ResNet-101, HA P HEAR 2 RO STHEE AT 58 o5 BB SRR R D . K8
AR AN 2 B

2 NS SOy BIBRAE 1 bR E RS T P i

1B F 42 AP CAP MIoU FWIoU

UNet 0.8177 0.0000 0.4088 0.6687
SegNet 0.9384 0.7274 0.7888 0.8865

DeepLab v3+  0.9272 0.9014 0.8151 0.8689

BER 262 BT DA EXT SRR SR, AR SCIEEL DeepLab v3+ {1 SO HIRI
ResNet-101 AEARFESRIUE T M 45, TE Dyrain LIEFT 150 KA, H—RIN%)5
TE Dyest EREATINGL, RAI AP. CAP. MloU. FWIoU PUANEARZEATPERESRIE, 58
& 21578 .

AP CAP

AP
CAP

80 100 120 140 o 20 40 60 80
Epoch Epoch

0.925
MioU FWioU

MioU
° °
FWloU

80 100 120 140 o 20 40 60 80
Epoch Epoch

¥ 21 DeepLab v3+ J5 25205 Pk fik

DeepLab v3+7F Diest L AP, CAP.MlIoU. FWIoU 43 j5li5%] 0.9563.0.9353.,0.8816.
09177,

5.1.10 Yk i e A FEAS b PO

B S R T H ARSI B R TTEEE PR R . 25T ST SR
IR SEMEREAS BORSIACR . 0T DAt A I S50 i S Fg l UTAE S (5750 TR Frg Ak 2t
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AR E EAMERARY . PO B ARk, peidfs BEca s sl R= %, kg
HEIYTEERFE AR R SR 2 RE . H RIS JeTAAE A RURE [ HE AR A U R4 DL R X
BRI IR ISR A AR TR

e Y ER I GR R TR B 2T 18 U7 I DeepLab v3+, i FabT TR
PR TE SCE BARE,  HLlad 3 FK-F B . s B S5 B i By e TR
e, P EA R BRI S YA AAE ST, REAE RO HERR R A5 SRR A Y
DUHERFE. P 22 7R T DeepLab v3+ XfTIE B FUEREAS ) 73 HIS5R .

A

Pl 22 i o WIS AE DU B P G e A TP IR A R . (A) BiBlEl%. (B) ZoiikK&. (C)
IRERS ELI- R IR

5.2 PRRSLTEm B e

FEATCH, 18 S 170 A S 1) 0 SR 2 AR L T 28 500 v 7 8 1 e B v
8, ARG NGRSO SRR ST i MR EA T SO R T S i AR,
SERB ARG A AR AR A 23 FrR .

¥ E P4 . s
o *o kB Rt A B AR
ok AR i

BRMEEL DeepLab v3+ Gt yuEp &
G £ AR S B A EAK

Pel 23l S B A

5.2.1 hiikisws ko %

X ESCHE A 4942 5K IFHG A THIEE L SR E SR BOT TH BT i A 5 H T
B, RTEACTTERL, A S FH) 28 100 A 7. - Dk A 2 i )™ 1 i 1 58y ey
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b s PR o BN Dyesr WHTAH BRI T 7338, (O30 “HlEms” rEB
PEATYIEETE T S

L FRRIEAT I3 R)G , Drestd942 SRIERNIA 3725 SRIEBRPERAN “HrinE
BREMRY, ASO Ead FR S BT SR AR T BT AR 5 EE

5.2.2 B e

(o I R — S ST ) R P > o SO0 B RS 7328 HE A 0 T s P AR A T 1 S
o FE BT SRR AN B o BB BT SO B SR R UL R 5%
A B

24 DeepLab v3+ PR Hn s 3L

MIE 24 T DAE H, 76T S0 BB S H s SR, gl Bk E R 15
FRONLA, BRBIAE R E RGO BA . A% RGB HE M ARG FE
fE>R (128,0,0), BABGELHN (0,0,0). FEik, XT0HHAE LA Xy, HFHHEIE
TARF 5 BRI 15 2 A LA R T A5t i B v g T AR b BT SRA=
1 (24) Ir7m. N

Ppothole
__Prothole 24
Hxseg X Wxseg ( )

HA Nypoinore T Xseg PAEFEZ AL, Hy,,, B Wi, 5 BIF0R Xoey FES
o, WA MTARIN Xoeg HIGZ RS

TR IR BRI Spothote , FFHTAEERIEAF test result2.csv SCHHr . ) 815¢ B
A PRRAR AN 3 PR

Spothole -

AL B i)
6.1 BRI

o BETURESE T R 0 FIRALR R TE SUE EAS T RNR R, M RR REIS RS EH)
RFFIEA AT %, IF AERIE S . Syt EG . SRR R
S T 0% 1R (R AR HE R A AT BB O SR BOCR



Algorithm 3: 43 i) i — i A
Data: i H Fr 45885 Diest s WIFE S I ZREF AT E B R 0 IR fos T
G i R TP I R i1 SCor BB
1 for: =1 to D, do
2 | /X K Diest 155 1 NEES
3| fo MEMGIFTE;
4 | if x; HIEHEME then

5 RAE S AE test_result2.csv HHE A 0;
6 else
7 Xseg - f(;(xz)a
8 Bt Xeeg TAEFIREEE Npyoinores
9 i—r%: Xseg %—E Hxseg Qﬁg Wxseg;
Nppothole .
10 Spothole = Hyeog *Waaeg
1 FRIE LA AE test_resultlOcsv FIE A Spothoies

12 return JE S IR FH 5 LS5 F Y test result2.csv U4

o RO A IR R BT TS, (ORI R, RO < R
JUERB HEEAE PR S R AE A A, (R R RETE Y 3 S W AR AN R S
FIT5 T AEAE

* DeepLab v3+ BFUR ] 4 b d- IR A g 25 R AT U TS5, RERS 520 f s 11 1R
SEAS JFUSUE IR AR B RS RIS, i) 115 S5 SRk . [, DeepLab v3+
BRMGIASTER, SARHE e 7L, SRR i iR Bt R h i 2
REZHFAL, XA R ST s PR 3 H % 7 I fE

6.2 YR A,
o BB R ) REFB S RO B I TR AT .
o BRI .

6.3 BXYHfE) ™

AT I T T UUEETE R X HIE) DeepLab v3+ 15 (7 HIRA . %
BERAAGE T IO TE ], XSmRS 2% . 2 FE . B RIS 2
AT BAE L FUE S S8 o (RIS, ASSORZHER T 1 e R, xR
BN S FIAT 55 TR R BE U DB 1R E
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2.1 |8 —JRACY
2.1.1 NG EMEAIRCIS

train.py

import argparse
import csv

import os

import numpy as np

from tqdm import tqdm

from mypath import Path

from dataloaders import make_data_loader

from modeling.sync_batchnorm.replicate import patch_replication_callback
from modeling.deeplab import *

from utils.loss import SegmentationLosses

from utils.calculate_weights import calculate_weigths_labels

from utils.lr_scheduler import LR_Scheduler

from utils.saver import Saver

from utils.summaries import TensorboardSummary

from utils.metrics import Evaluator

class Trainer(object):
def __init__(self, args):
self.args = args
self.epoch_data = []

self.csv_filename = '../../output.csv'

# Define Saver

self.saver = Saver(args)

self .saver.save_experiment_config()

# Define Tensorboard Summary

self.summary = TensorboardSummary(self.saver.experiment_dir)

self .writer = self.summary.create_summary()

# Define Dataloader
kwargs = {'num_workers': args.workers, 'pin_memory': Truel}
self.train_loader, self.val_loader, self.test_loader, self.nclass =

make_data_loader(args, **kwargs)

# Define network
model = DeepLab(num_classes=self.nclass,

backbone=args.backbone,



output_stride=args.out_stride,
sync_bn=args.sync_bn,

freeze_bn=args.freeze_bn)

train_params = [{'params': model.get_1x_lr_params(), 'lr': args.lr},

{'params': model.get_10x_lr_params(), 'lr': args.lr * 10}]

# Define Optimizer
optimizer = torch.optim.SGD(train_params, momentum=args.momentum,

weight_decay=args.weight_decay, nesterov=args.nesterov)

# Define Criterion
# whether to use class balanced weights
if args.use_balanced_weights:
classes_weights_path = os.path.join(Path.db_root_dir(args.dataset),
args.dataset+'_classes_weights.npy')
if os.path.isfile(classes_weights_path):
weight = np.load(classes_weights_path)
else:
weight = calculate_weigths_labels(args.dataset, self.train_loader, self.nclass)
weight = torch.from_numpy(weight.astype(np.float32))
else:
weight = None
self.criterion = SegmentationLosses(weight=weight,
cuda=args.cuda) .build_loss(mode=args.loss_type)

self .model, self.optimizer = model, optimizer

# Define Evaluator

self.evaluator = Evaluator(self.nclass)

# Define 1lr scheduler

self.scheduler = LR_Scheduler(args.lr_scheduler, args.lr,

args.epochs, len(self.train_loader))

# Using cuda

if args.cuda:
self.model = torch.nn.DataParallel(self.model, device_ids=self.args.gpu_ids)
patch_replication_callback(self.model)
self .model = self.model.cuda()

# Resuming checkpoint
self.best_pred = 0.0
if args.resume is not None:
if not os.path.isfile(args.resume):
raise RuntimeError("=> no checkpoint found at '{}'" .format(args.resume))
checkpoint = torch.load(args.resume)
args.start_epoch = checkpoint['epoch']

if args.cuda:



self .model.module.load_state_dict(checkpoint['state_dict'])
else:

self .model.load_state_dict(checkpoint['state_dict'])
if not args.ft:

self .optimizer.load_state_dict(checkpoint['optimizer'])
self.best_pred = checkpoint['best_pred']
print ("=> loaded checkpoint '{}' (epoch {})"

.format (args.resume, checkpoint['epoch']))

# Clear start epoch if fine-tuning
if args.ft:

args.start_epoch = 0

def training(self, epoch):
train_loss = 0.0
self .model.train()
tbar = tqdm(self.train_loader)
num_img_tr = len(self.train_loader)
for i, sample in enumerate(tbar):
image, target = sample['image'], sample['label']
if self.args.cuda:
image, target = image.cuda(), target.cuda()
self.scheduler(self.optimizer, i, epoch, self.best_pred)
self.optimizer.zero_grad()
output = self.model(image)
loss = self.criterion(output, target)
loss.backward()
self.optimizer.step()
train_loss += loss.item()
tbar.set_description('Train loss: %.3f' % (train_loss / (i + 1)))

self .writer.add_scalar('train/total_loss_iter', loss.item(), i + num_img_tr * epoch)

# Show 10 * 3 inference results each epoch

if 1 % (num_img_tr // 10) == O:
global_step = i + num_img_tr * epoch
self.summary.visualize_image(self.writer, self.args.dataset, image, target,

output, global_step)

self .writer.add_scalar('train/total_loss_epoch', train_loss, epoch)

print (' [Epoch: %d, numImages: %5d]"' % (epoch, i * self.args.batch_size +
image.data.shape[0]))

print('Loss: %.3f' % train_loss)

if self.args.no_val:
# save checkpoint every epoch
is_best = False

self.saver.save_checkpoint ({



'epoch': epoch + 1,
'state_dict': self.model.module.state_dict(),
'optimizer': self.optimizer.state_dict(),
'best_pred': self.best_pred,

}, is_best)

def validation(self, epoch):

self .model.eval()
self.evaluator.reset ()
tbar = tqdm(self.val_loader, desc='\r')
test_loss = 0.0
for i, sample in enumerate(tbar):
image, target = sample['image'], sample['label']
if self.args.cuda:
image, target = image.cuda(), target.cuda()
with torch.no_grad():
output = self.model(image)
loss = self.criterion(output, target)
test_loss += loss.item()
tbar.set_description('Test loss: %.3f' % (test_loss / (i + 1)))
pred = output.data.cpu() .numpy ()
target = target.cpu() .numpy()
pred = np.argmax(pred, axis=1)
# Add batch sample into evaluator
self.evaluator.add_batch(target, pred)

# Fast test during the training

Acc = self.evaluator.Pixel_Accuracy()

Acc_class = self.evaluator.Pixel_Accuracy_Class()

mIoU = self.evaluator.Mean_Intersection_over_Union()

FWIoU = self.evaluator.Frequency_Weighted_Intersection_over_Union()

self .writer.add_scalar('val/total_loss_epoch', test_loss, epoch)

self .writer.add_scalar('val/mIoU', mIoU, epoch)

self.writer.add_scalar('val/Acc', Acc, epoch)

self.writer.add_scalar('val/Acc_class', Acc_class, epoch)

self.writer.add_scalar('val/fwIoU', FWIoU, epoch)

print('Validation:"')

print (' [Epoch: %d, numImages: %5d]"' % (epoch, i * self.args.batch_size +
image.data.shape[0]))

print ("Acc:{}, Acc_class:{}, mIoU:{}, fwIoU: {}".format(Acc, Acc_class, mIoU, FWIoU))

print('Loss: 7%.3f' 7 test_loss)

self.epoch_data.append((epoch, Acc, Acc_class, mIoU, FWIoU, test_loss))

new_pred = mIoU

if new_pred > self.best_pred:



is_best = True
self.best_pred = new_pred
self.saver.save_checkpoint ({
'epoch': epoch + 1,
'state_dict': self.model.module.state_dict(),
'optimizer': self.optimizer.state_dict(),
'best_pred': self.best_pred,
}, is_best)

def record(self):
with open(self.csv_filename, 'w', newline='') as csvfile:
# A ECSVE AX £

csv_writer = csv.writer(csvfile)

# BEANEKk

csv_writer.writerow(['Epoch', 'Acc', 'Acc_class', 'mIoU', 'FWIoU', 'Loss'])

# B NIE

csv_writer.writerows(self.epoch_data)

def main():
parser = argparse.ArgumentParser(description="PyTorch DeeplabV3Plus Training")
parser.add_argument ('--backbone', type=str, default='resnet',
choices=['resnet', 'xception', 'drn', 'mobilenet'],
help='backbone name (default: resnet)')
parser.add_argument ('--out-stride', type=int, default=16,
help='network output stride (default: 8)')
parser.add_argument ('--dataset', type=str, default='mydata',
choices=['pascal', 'coco', 'cityscapes', 'mydata'l,
help='dataset name (default: pascal)')
parser.add_argument ('--use-sbd', action='store_true', default=False,
help='whether to use SBD dataset (default: True)')
parser.add_argument (' --workers', type=int, default=0,
metavar='N', help='dataloader threads')
parser.add_argument ('--base-size', type=int, default=513,
help='base image size')
parser.add_argument ('--crop-size', type=int, default=513,
help='crop image size')
parser.add_argument ('--sync-bn', type=bool, default=None,
help='whether to use sync bn (default: auto)')
parser.add_argument ('--freeze-bn', type=bool, default=False,
help='whether to freeze bn parameters (default: False)')
parser.add_argument ('--loss-type', type=str, default='ce',
choices=['ce', 'focal'],
help='loss func type (default: ce)')
# training hyper params

parser.add_argument ('--epochs', type=int, default=150, metavar='N',



help='number of epochs to train (default: auto)')
parser.add_argument ('--start_epoch', type=int, default=0,
metavar='N', help='start epochs (default:0)')
parser.add_argument ('--batch-size', type=int, default=2,
metavar='N', help='input batch size for \
training (default: auto)')
parser.add_argument ('--test-batch-size', type=int, default=2,
metavar='N', help='input batch size for \
testing (default: auto)')
parser.add_argument (' --use-balanced-weights', action='store_true', default=False,
help='whether to use balanced weights (default: False)')
# optimizer params
parser.add_argument ('--1r', type=float, default=0.007 , metavar='LR',
help='learning rate (default: auto)')
parser.add_argument ('--lr-scheduler', type=str, default='poly',
choices=['poly', 'step', 'cos'],
help='1lr scheduler mode: (default: poly)')
parser.add_argument ('--momentum', type=float, default=0.9,
metavar='M', help='momentum (default: 0.9)')
parser.add_argument (' --weight-decay', type=float, default=5e-4,
metavar='M', help='w-decay (default: 5e-4)')
parser.add_argument ('--nesterov', action='store_true', default=False,
help='whether use nesterov (default: False)')
# cuda, seed and logging
parser.add_argument ('--no-cuda', action='store_true', default=
False, help='disables CUDA training')
parser.add_argument ('--gpu-ids', type=str, default='0"',
help='use which gpu to train, must be a \
comma-separated list of integers only (default=0)')
parser.add_argument ('--seed', type=int, default=1, metavar='S',
help='random seed (default: 1)')
# checking point
parser.add_argument ('--resume', type=str, default=None,
help='put the path to resuming file if needed')
parser.add_argument ('--checkname', type=str, default='deeplab-resnet',
help='set the checkpoint name')
# finetuning pre-trained models
parser.add_argument('--ft', action='store_true', default=True,
help='finetuning on a different dataset')
# evaluation option
parser.add_argument ('--eval-interval', type=int, default=1,
help='evaluuation interval (default: 1)')
parser.add_argument ('--no-val', action='store_true', default=False,

help='skip validation during training')

args = parser.parse_args()

args.cuda = not args.no_cuda and torch.cuda.is_available()



if args.cuda:
try:
args.gpu_ids = [int(s) for s in args.gpu_ids.split(',')]
except ValueError:
raise ValueError('Argument --gpu_ids must be a comma-separated list of integers

only')

if args.sync_bn is None:
if args.cuda and len(args.gpu_ids) > 1:
args.sync_bn = True
else:

args.sync_bn = False

# default settings for epochs, batch_size and 1lr
if args.epochs is None:
epoches = {
'coco': 30,
'cityscapes': 200,
'pascal': 50,
}

args.epochs = epoches[args.dataset.lower()]

if args.batch_size is None:

args.batch_size = 4 * len(args.gpu_ids)

if args.test_batch_size is None:

args.test_batch_size = args.batch_size

if args.lr is None:
1lrs = {
'coco': 0.1,
'cityscapes': 0.01,
'pascal': 0.007,
}

args.lr = lrs[args.dataset.lower()] / (4 * len(args.gpu_ids)) * args.batch_size

if args.checkname is None:
args.checkname = 'deeplab-'+str(args.backbone)

print (args)

torch.manual_seed(args.seed)

trainer = Trainer(args)

print('Starting Epoch:', trainer.args.start_epoch)

print('Total Epoches:', trainer.args.epochs)

for epoch in range(trainer.args.start_epoch, trainer.args.epochs):
trainer.training(epoch)

if not trainer.args.no_val and epoch % args.eval_interval == (args.eval_interval - 1):



trainer.validation(epoch)

trainer.record()

trainer.writer.close()

if __name__ == "__main__":

main()

demo.py

# demo.py

#

import argparse

import os

import numpy as np

import time

import gc

from modeling.deeplab import =*
from dataloaders import custom_transforms as tr
from PIL import Image

from torchvision import transforms
from dataloaders.utils import x*

from torchvision.utils import make_grid, save_image
def main():

parser = argparse.ArgumentParser(description="PyTorch DeeplabV3Plus Training")
parser.add_argument ('--in-path', type=str, required=False, help='image to test',
default='./dataset/test_data/potholes')
parser.add_argument ('--out-path', type=str, required=False, help='mask image to save'
default='./dataset/output')
parser.add_argument ('--backbone', type=str, default='resnet',
choices=['resnet', 'xception', 'drn', 'mobilenet'],
help='backbone name (default: resnet)')
parser.add_argument ('--ckpt', type=str,
default='./run/mydata/deeplab-resnet/model_best.pth.tar',
help='saved model')
parser.add_argument ('--out-stride', type=int, default=16,
help='network output stride (default: 8)')
parser.add_argument ('--no-cuda', action='store_true', default=False,
help='disables CUDA training')
parser.add_argument ('--gpu-ids', type=str, default='0"',
help='use which gpu to train, must be a \
comma-separated list of integers only (default=0)')
parser.add_argument ('--dataset', type=str, default='mydata',

choices=['pascal', 'coco', 'cityscapes','invoice', 'mydata'l,
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help='dataset name (default: pascal)')
parser.add_argument ('--crop-size', type=int, default=500,
help='crop image size')
parser.add_argument ('--num_classes', type=int, default=2,
help='crop image size')
parser.add_argument ('--sync-bn', type=bool, default=None,
help='whether to use sync bn (default: auto)')
parser.add_argument ('--freeze-bn', type=bool, default=False,

help='whether to freeze bn parameters (default: False)')

args = parser.parse_args()
args.cuda = not args.no_cuda and torch.cuda.is_available()
if args.cuda:
try:
args.gpu_ids = [int(s) for s in args.gpu_ids.split(',')]
except ValueError:

raise ValueError('Argument --gpu_ids must be a comma-separated list of integers

only')

if args.sync_bn is None:
if args.cuda and len(args.gpu_ids) > 1:
args.sync_bn = True
else:
args.sync_bn = False
model_s_time = time.time()
model = DeepLab(num_classes=args.num_classes,
backbone=args.backbone,
output_stride=args.out_stride,
sync_bn=args.sync_bn,
freeze_bn=args.freeze_bn)
ckpt = torch.load(args.ckpt, map_location='cpu')
model.load_state_dict(ckpt['state_dict'])
model = model.cuda()
model.eval()
model_u_time = time.time()
model_load_time = model_u_time-model_s_time

print("model load time is {}".format(model_load_time))

composed_transforms = transforms.Compose ([
tr.Normalize(mean=(0.485, 0.456, 0.406), std=(0.229, 0.224, 0.225)),
tr.ToTensor ()])
for name in os.listdir(args.in_path):
with torch.no_grad():
gc.collect()
torch.cuda.empty_cache()

s_time = time.time()



image = Image.open(os.path.join(args.in_path, name)).convert('RGB')

target = Image.open(os.path.join(args.in_path, name)).convert('L')

sample = {'image': image, 'label': target}

tensor_in = composed_transforms(sample) ['image'] .unsqueeze (0)

tensor_in = tensor_in.cuda()

output = model(tensor_in)

grid_image = make_grid(decode_seg_map_sequence (torch.max (output[:3],
1) [1] .detach() .cpu() .numpy ()),
3, normalize=False, range=(0, 255))

save_image (grid_image, os.path.join(args.in_path, "{}_mask.png".format(name[0:-4])))

u_time = time.time()
img_time = u_time - s_time

print("image:{} time: {} ".format(name, img_time))

print("image save in in_path.")
if __name__ == "__main__":

main()

# python demo.py --in-path your_file --out-path your_dst_file

2.1.2 R BRI
json2dataset.py

#!/usr/bin/env python

# —-*- coding: utf-8 -*-

# X B R 7 K labelme bR iE J5 By SCRF 3 4% 0 IE 1 B9 A X
# @Time : 2023/12/15 T 412:56

# QAuthor : SiHang Xu

import os

files=os.listdir('./")
files.remove('json2dataset.py') # M|%ix Mpy XA &
for i in range(len(files)):

os.system('labelme_json_to_dataset '+files[i])

split_dataset.py

#MALAE fitrian. txt, trainval.txt, val.txt

import os



import random

# BB EE A

path = "./JPEGImages" # ¥t A1y K i Fr & oy i 45
train_file = "train.txt"

trainval_file = "trainval.txt"

val_file = "val.txt"

# REEART oy BrA By XA
image_files = [f for f in os.listdir(path) if f.endswith(".jpg") or f.endswith(".png")]

# TEXHFI R

random.shuffle(image_files)

# I E X2 8 & T

total_images = len(image_files)
train_split = 1400
trainval_split = 1500

# X2 X AR

train_images = [os.path.splitext(f) [0] for f in image_files[:train_split]]

trainval_images = [os.path.splitext(f)[0] for f in image_files[train_split:trainval_split]]
val_images = [os.path.splitext(f)[0] for f in image_files[trainval_split:]]

# B N4 Ftrain. txt
with open(train_file, "w") as f:

f.write("\n".join(train_images))

# B N\ X{F4 F|trainval . txt
with open(trainval_file, "w") as f:

f.write("\n".join(trainval_images))

# BN X% B|val.txt
with open(val_file, "w") as f:

f.write("\n".join(val_images))

custom_transform.py

import torch
import random

import numpy as np
from PIL import Image, ImageOps, ImageFilter
class Normalize(object):

"""Normalize a tensor image with mean and standard deviation.

Args:



mean (tuple): means for each channel.
std (tuple): standard deviations for each channel.
nnn
def __init__(self, mean=(0., 0., 0.), std=(1., 1., 1.)):
self.mean = mean

self.std = std

def __call__(self, sample):
img = sample['image']
mask = sample['label']
img = np.array(img) .astype(np.float32)
mask = np.array(mask).astype(np.float32)
img /= 255.0
img -= self.mean

img /= self.std

return {'image': img,

'label': mask}

class ToTensor(object):

"""Convert ndarrays in sample to Tensors."""

def __call__(self, sample):
# swap color axis because
# numpy image: H x W x C
# torch image: C X HX W
img = sample['image']
mask = sample['label']
img = np.array(img) .astype(np.float32).transpose((2, 0, 1))
mask = np.array(mask).astype(np.float32)

img = torch.from_numpy(img) .float ()

mask = torch.from_numpy(mask) .float ()

return {'image': img,

'label': mask}

class RandomHorizontalFlip(object):
def __call__(self, sample):
img = sample['image']
mask = sample['label']
if random.random() < 0.5:
img = img.transpose(Image.FLIP_LEFT_RIGHT)
mask = mask.transpose(Image.FLIP_LEFT_RIGHT)



return {'image': img,

'label': mask}

class RandomRotate(object):
def __init__(self, degree):

self.degree = degree

def __call__(self, sample):
img = sample['image']
mask = sample['label']
rotate_degree = random.uniform(-1*self.degree, self.degree)
img = img.rotate(rotate_degree, Image.BILINEAR)
mask = mask.rotate(rotate_degree, Image.NEAREST)

return {'image': img,

'label': mask}

class RandomGaussianBlur (object):
def __call__(self, sample):
img = sample['image']
mask = sample['label']
if random.random() < 0.5:
img = img.filter(ImageFilter.GaussianBlur (

radius=random.random()))

return {'image': img,

'label': mask}

class RandomScaleCrop(object):
def __init__(self, base_size, crop_size, fill=0):
self .base_size = base_size
self.crop_size = crop_size

self.fill = fill

def __call__(self, sample):
img = sample['image']
mask = sample['label']
# random scale (short edge)
short_size = random.randint(int(self.base_size * 0.5), int(self.base_size * 2.0))
W, h = img.size
if h > w:
ow = short_size
oh = int(1.0 * h * ow / w)

else:



oh

short_size

int(1.0 * w * oh / h)

ow
img = img.resize((ow, oh), Image.BILINEAR)
mask = mask.resize((ow, oh), Image.NEAREST)
# pad crop

if short_size < self.crop_size:

padh

self.crop_size - oh if oh < self.crop_size else 0
padw = self.crop_size - ow if ow < self.crop_size else 0O
img = ImageOps.expand(img, border=(0, O, padw, padh), £ill=0)
mask = ImageOps.expand(mask, border=(0, 0, padw, padh), fill=self.fill)
# random crop crop_size
w, h = img.size
x1 = random.randint(0, w - self.crop_size)
y1 = random.randint(0, h - self.crop_size)
img = img.crop((x1, y1, x1 + self.crop_size, yl + self.crop_size))

mask = mask.crop((xl, y1, xl1 + self.crop_size, yl + self.crop_size))

return {'image': img,

'label': mask}

class FixScaleCrop(object):
def __init__(self, crop_size):

self.crop_size = crop_size

def __call__(self, sample):
img = sample['image']
mask = sample['label']
w, h = img.size
if w > h:
oh = self.crop_size

int(1.0 * w * oh / h)

ow =
else:

ow = self.crop_size

oh = int(1.0 * h * ow / w)

img = img.resize((ow, oh), Image.BILINEAR)

mask = mask.resize((ow, oh), Image.NEAREST)

# center crop

w, h = img.size

x1 = int(round((w - self.crop_size) / 2.))

y1 = int(round((h - self.crop_size) / 2.))

img = img.crop((x1l, y1, x1 + self.crop_size, yl + self.crop_size))

mask = mask.crop((x1l, y1, x1 + self.crop_size, yl + self.crop_size))

return {'image': img,

'label': mask}



class FixedResize(object):
def __init__(self, size):

self.size = (size, size) # size: (h, w)

def __call__(self, sample):
img = sample['image']

mask = sample['label']
assert img.size == mask.size

img = img.resize(self.size, Image.BILINEAR)

mask = mask.resize(self.size, Image.NEAREST)

return {'image': img,

'label': mask}

mydata.py

from __future__ import print_function, division
import os

from PIL import Image

import numpy as np

from torch.utils.data import Dataset

from mypath import Path

from torchvision import transforms

from dataloaders import custom_transforms as tr

class VOCSegmentation(Dataset):

nnn

PascalVoc dataset

nnn

NUM_CLASSES = 2

def __init__(self,

args,
base_dir=Path.db_root_dir('mydata'),
split='train',
):

Wi

:param base_dir: path to VOC dataset directory

:param split: train/val

:param transform: transform to apply

Wi

super () .__init__Q)

self._base_dir = base_dir

self._image_dir = os.path.join(self._base_dir, 'JPEGImages')

self._cat_dir = os.path.join(self._base_dir, 'SegmentationClass')
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if isinstance(split, str):
self.split = [split]
else:
split.sort()
self.split = split

self.args = args

_splits_dir = os.path.join(self._base_dir, 'ImageSets', 'Segmentation')

self.im_ids = []
self.images = []

self.categories = []

for splt in self.split:
with open(os.path.join(os.path.join(_splits_dir, splt + '.txt')), "r") as f:
lines = f.read().splitlines()

for ii, line in enumerate(lines):
_image = os.path.join(self._image_dir, line + ".png")
_cat = os.path.join(self._cat_dir, line + ".png")
assert os.path.isfile(_image)
assert os.path.isfile(_cat)
self.im_ids.append(line)
self.images.append(_image)

self.categories.append(_cat)

assert (len(self.images) == len(self.categories))

# Display stats
print ('Number of images in {}: {:d}'.format(split, len(self.images)))

def __len__(self):

return len(self.images)

def __getitem__(self, index):
_img, _target = self._make_img_gt_point_pair(index)

sample = {'image': _img, 'label': _target}

for split in self.split:

if split == "train":
return self.transform_tr(sample)

elif split == 'val':

return self.transform_val(sample)



def _make_img_gt_point_pair(self, index):
_img = Image.open(self.images[index]).convert('RGB')

_target = Image.open(self.categories[index])
return _img, _target

def transform_tr(self, sample):
composed_transforms = transforms.Compose ([
tr.RandomHorizontalFlip(),
tr.RandomScaleCrop(base_size=self.args.base_size, crop_size=self.args.crop_size),
tr.RandomGaussianBlur(),
tr.Normalize (mean=(0.485, 0.456, 0.406), std=(0.229, 0.224, 0.225)),
tr.ToTensor()])

return composed_transforms(sample)
def transform_val(self, sample):

composed_transforms = transforms.Compose ([
tr.FixScaleCrop(crop_size=self.args.crop_size),
tr.Normalize(mean=(0.485, 0.456, 0.406), std=(0.229, 0.224, 0.225)),
tr.ToTensor ()])

return composed_transforms(sample)

def __str__(self):
return 'V0C2012(split=' + str(self.split) + ')'

__name__ == '__main__"':

from dataloaders.utils import decode_segmap
from torch.utils.data import Dataloader
import matplotlib.pyplot as plt

import argparse

parser = argparse.ArgumentParser()

args = parser.parse_args()

args.base_size = 513

args.crop_size = 513

voc_train = VOCSegmentation(args, split='train')

dataloader = Dataloader(voc_train, batch_size=5, shuffle=True, num_workers=0)

for ii, sample in enumerate(dataloader):

for jj in range(sample["image"].size() [0]):
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img = sample['image'].numpy ()

gt = sample['label'].numpy ()

tmp = np.array(gt[jjl).astype(np.uint8)
segmap = decode_segmap(tmp, dataset='pascal')
img_tmp = np.transpose(img[jjl, axes=[1, 2, 0])
img_tmp *= (0.229, 0.224, 0.225)

img_tmp += (0.485, 0.456, 0.406)

img_tmp *= 255.0

img_tmp = img_tmp.astype (np.uint8)
plt.figure()

plt.title('display')

plt.subplot(211)

plt.imshow(img_tmp)

plt.subplot(212)

plt.imshow(segmap)

if iji ==

break

plt.show(block=True)

2.1.3  Bdahg) PN
augment_image.py

#!/usr/bin/env python

# —*x- coding: utf-8 —x*-

* E )

# @Time : 2023/12/12 T 48:05

# QAuthor : SiHang Xu

from torchvision import transforms
from PIL import Image

import os

import random
count = 0
def augment_images(input_path, output_path, seed=42):

global count

# R EMANLFT

random.seed(seed)

# Gl %R



os.makedirs (output_path, exist_ok=True)

# REWAE R W X85 %
files_groupl = os.listdir(input_path + '/JPEGImages')

files_group2 = os.listdir(input_path + '/SegmentationClass')

# X AR AT A ] 3 ) R E
for filel, file2 in zip(files_groupl, files_group2):
imagel = Image.open(os.path.join(input_path + '/JPEGImages', filel))
image2 = Image.open(os.path.join(input_path + '/SegmentationClass', file2))

# X W 4L %R AR TR B AL 2R R 1E
random.seed(seed)

rand_val = random.random()

augmentations = transforms.Compose ([
transforms.RandomHorizontalFlip(p=1),
# A EMTE RN RE

ID)

# REMEAGHENERST, BARE) —&

augmented_imagel = augmentations(imagel)

augmented_image2 = augmentations(image2)

# REH BB A

augmented_imagel.save(os.path. join(output_path, 'JPEGImages', str(count) + '.png'))

augmented_image2.save(os.path.join(output_path, 'SegmentationClass', str(count) +
'.png'))

count += 1

def aug_images(input_path, output_path, seed=42):
global count

# REMANLEHT

random. seed (seed)

A EmEBR

os.makedirs (output_path, exist_ok=True)

# RIT A F By X4 5 R
files_groupl = os.listdir(input_path + '/JPEGImages')

files_group2 = os.listdir(input_path + '/SegmentationClass')

# XX HATA R g )RR
for filel, file2 in zip(files_groupl, files_group2):
imagel = Image.open(os.path.join(input_path + '/JPEGImages', filel))
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image2 = Image.open(os.path.join(input_path + '/SegmentationClass', file2))

# XV AL VA5OSR A R Y AL B A
random.seed (seed)

rand_val = random.random()

augmentations = transforms.Compose ([
transforms.RandomVerticalFlip(p=1),
# AR )R

D

# REME ALK T, ARHE) &

augmented_imagel = augmentations(imagel)

augmented_image2 = augmentations(image2)

# RENT EHERA

augmented_imagel.save(os.path. join(output_path, 'JPEGImages', str(count) + '.png'))

augmented_image2.save(os.path.join(output_path, 'SegmentationClass', str(count) +
'.png'))

count += 1

def gauss_images(input_path, output_path, seed=42):
global count
# R E RS T

random. seed (seed)

# G ERH %R

os.makedirs (output_path, exist_ok=True)

# RECF AL F By P4 Bk
files_groupl = os.listdir(input_path + '/JPEGImages')

files_group2 = os.listdir(input_path + '/SegmentationClass')

# X AR AT A B3 ) R E
for filel, file2 in zip(files_groupl, files_group2):
imagel = Image.open(os.path.join(input_path + '/JPEGImages', filel))
image2 = Image.open(os.path.join(input_path + '/SegmentationClass', file2))

# WAL VRO R A R Y R AL B A
random.seed(seed)

rand_val = random.random()

augmentations = transforms.Compose ([
transforms.GaussianBlur (kernel_size=11, sigma=5)

# O B A



D
# REMANENEFT, HEE —K
augmented_imagel = augmentations(imagel)

augmented_image2 = image2

# REWEHE R

augmented_imagel.save(os.path. join(output_path, 'JPEGImages', str(count) + '.png'))

augmented_image2.save(os.path.join(output_path, 'SegmentationClass', str(count) +
'.png'))

count += 1

# ATl
input_path = './test'
output_path = './output'

augment_images (input_path, output_path)
aug_images (input_path, output_path)

gauss_images (input_path, output_path)

2.1.4 DeepLab v3+ M5 HIIRICHS

aspp.py

import math

import torch

import torch.nn as nn

import torch.nn.functional as F

from modeling.sync_batchnorm.batchnorm import SynchronizedBatchNorm2d

class _ASPPModule(nn.Module) :
def __init__(self, inplanes, planes, kernel_size, padding, dilation, BatchNorm):
super (_ASPPModule, self).__init__()
self.atrous_conv = nn.Conv2d(inplanes, planes, kernel_size=kernel_size,
stride=1, padding=padding, dilation=dilation, bias=False)
self.bn = BatchNorm(planes)
self.relu = nn.ReLU()

self._init_weight ()

def forward(self, x):

x = self.atrous_conv(x)

self.bn(x)

X

return self.relu(x)

def _init_weight(self):



for m in self.modules():

if isinstance(m, nn.Conv2d):

torch.nn.init.kaiming_normal_(m.weight)

elif isinstance(m, SynchronizedBatchNorm2d):

m.weight.data.fill_(1)
m.bias.data.zero_()

elif isinstance(m, nn.BatchNorm2d):
m.weight.data.fill_(1)

m.bias.data.zero_()

class ASPP(nn.Module):

def __init__(self, backbone, output_stride, BatchNorm):
super (ASPP, self).__init__Q)
if backbone == 'drn':
inplanes = 512
elif backbone == 'mobilenet':
inplanes = 320
else:
inplanes = 2048

if output_stride 16:

dilations = [1, 6, 12, 18]
elif output_stride ==

dilations = [1, 12, 24, 36]
else:

raise NotImplementedError

self.asppl = _ASPPModule(inplanes, 256, 1,
BatchNorm=BatchNorm)

self.aspp2 = _ASPPModule(inplanes, 256, 3,
BatchNorm=BatchNorm)

self.aspp3 = _ASPPModule(inplanes, 256, 3,
BatchNorm=BatchNorm)

self .aspp4 = _ASPPModule(inplanes, 256, 3,
BatchNorm=BatchNorm)

self.global_avg_pool =

padding=0, dilation=dilations[0],

padding=dilations[1], dilation=dilations[1],

padding=dilations[2], dilation=dilations[2],

padding=dilations[3], dilation=dilations[3],

nn.Sequential (nn.AdaptiveAvgPool2d ((1, 1)),

nn.Conv2d(inplanes, 256, 1, stride=1, bias=False),

BatchNorm(256) ,

nn.ReLU())
self.convl =
self.bnl = BatchNorm(256)
self.relu = nn.ReLUQ)
self.dropout = nn.Dropout(0.5)

self._init_weight()

def forward(self, x):
x1 = self.asppl(x)

nn.Conv2d (1280, 256, 1, bias=False)



x2 = self.aspp2(x)
x3 = self.aspp3(x)
x4 = self.aspp4(x)
x5 = self.global_avg_pool(x)

x5 = F.interpolate(x5, size=x4.size()[2:], mode='bilinear', align_corners=True)

x = torch.cat((x1, x2, x3, x4, x5), dim=1)
x = self.convl(x)

x = self.bnl(x)

x = self.relu(x)

return self.dropout(x)

def _init_weight(self):
for m in self.modules():

if isinstance(m, nn.Conv2d):
torch.nn.init.kaiming _normal_(m.weight)

elif isinstance(m, SynchronizedBatchNorm2d) :
m.weight.data.fill_(1)
m.bias.data.zero_()

elif isinstance(m, nn.BatchNorm2d):
m.weight.data.fill_(1)

m.bias.data.zero_()

def build_aspp(backbone, output_stride, BatchNorm):
return ASPP(backbone, output_stride, BatchNorm)

decoder.py

import math

import torch

import torch.nn as nn

import torch.nn.functional as F

from modeling.sync_batchnorm.batchnorm import SynchronizedBatchNorm2d

class Decoder(nn.Module) :
def __init__(self, num_classes, backbone, BatchNorm):

super (Decoder, self).__init__()

if backbone == 'resnet' or backbone == 'drn':
low_level_inplanes = 256

elif backbone == 'xception':
low_level_inplanes = 128

elif backbone == 'mobilenet':
low_level_inplanes = 24

else:

raise NotImplementedError



self.convl = nn.Conv2d(low_level_inplanes, 48, 1, bias=False)
self.bnl = BatchNorm(48)
self.relu = nn.ReLU()
self.last_conv = nn.Sequential(nn.Conv2d(304, 256, kernel_size=3, stride=1, padding=1,
bias=False),
BatchNorm(256) ,
nn.ReLUQ),
nn.Dropout (0.5),
nn.Conv2d (256, 256, kernel_size=3, stride=1, padding=1,
bias=False),
BatchNorm(256),
nn.ReLUQ),
nn.Dropout(0.1),

nn.Conv2d (256, num_classes, kernel_size=1, stride=1))
self._init_weight ()

def forward(self, x, low_level_feat):
low_level_feat = self.convl(low_level_feat)
low_level_feat = self.bnl(low_level_feat)

low_level_feat = self.relu(low_level_feat)

o]
]

F.interpolate(x, size=low_level_feat.size()[2:], mode='bilinear', align_corners=True)

torch.cat((x, low_level_feat), dim=1)

el
]

x = self.last_conv(x)
return x

def _init_weight(self):
for m in self.modules():

if isinstance(m, nn.Conv2d):
torch.nn.init.kaiming_normal_(m.weight)

elif isinstance(m, SynchronizedBatchNorm2d):
m.weight.data.fill_(1)
m.bias.data.zero_()

elif isinstance(m, nn.BatchNorm2d):
m.weight.data.fill_(1)

m.bias.data.zero_()

def build_decoder (num_classes, backbone, BatchNorm):

return Decoder (num_classes, backbone, BatchNorm)

deeplab.py

import torch

import torch.nn as nn



import torch.nn.functional as F

from modeling.sync_batchnorm.batchnorm import SynchronizedBatchNorm2d
from modeling.aspp import build_aspp

from modeling.decoder import build_decoder

from modeling.backbone import build_backbone

class DeepLab(nn.Module) :
def __init__(self, backbone='resnet', output_stride=16, num_classes=21,
sync_bn=True, freeze_bn=False):
super (DeepLab, self).__init__()
if backbone == 'drn':

output_stride = 8

if sync_bn == True:
BatchNorm = SynchronizedBatchNorm2d
else:

BatchNorm = nn.BatchNorm2d
self.backbone = build_backbone(backbone, output_stride, BatchNorm)
self.aspp = build_aspp(backbone, output_stride, BatchNorm)
self.decoder = build_decoder(num_classes, backbone, BatchNorm)

self.freeze_bn = freeze_bn

def forward(self, input):

x, low_level_feat = self.backbone(input)

x = self.aspp(x)

x = self.decoder(x, low_level_feat)

x = F.interpolate(x, size=input.size()[2:], mode='bilinear', align_corners=True)
return x

def freeze_bn(self):
for m in self.modules():
if isinstance(m, SynchronizedBatchNorm2d) :
m.eval()
elif isinstance(m, nn.BatchNorm2d):

m.eval()

def get_1x_lr_params(self):
modules = [self.backbone]
for i in range(len(modules)):
for m in modules[i].named_modules():
if self.freeze_bn:
if isinstance(m[1], nn.Conv2d):
for p in m[1].parameters():

if p.requires_grad:



yield p
else:
if isinstance(m[1], nn.Conv2d) or isinstance(m[1], SynchronizedBatchNorm2d) \
or isinstance(m[1], nn.BatchNorm2d):
for p in m[1].parameters():
if p.requires_grad:

yield p

def get_10x_lr_params(self):
modules = [self.aspp, self.decoder]
for i in range(len(modules)):
for m in modules[i] .named_modules():
if self.freeze_bn:
if isinstance(m[1], nn.Conv2d):
for p in m[1].parameters():
if p.requires_grad:
yield p
else:
if isinstance(m[1], nn.Conv2d) or isinstance(m[1], SynchronizedBatchNorm2d) \
or isinstance(m[1], nn.BatchNorm2d):
for p in m[1].parameters():
if p.requires_grad:
yield p

if __name_

== "__main__":

model = DeepLab(backbone='mobilenet', output_stride=16)
model.eval()

input = torch.rand(1, 3, 513, 513)

output = model (input)

print (output.size())

2.1.5 UNet JRfCi%
train.py

import argparse
import csv
import logging
import os

from pathlib import Path

import numpy as np

import torch

import torch.nn as nn

import torch.nn.functional as F

import wandb



from torch import optim
from torch.utils.data import Dataloader, random_split

from tqdm import tqdm

from evaluate import evaluate
from unet import UNet
from utils.data_loading import BasicDataset, CarvanaDataset

from utils.dice_score import dice_loss

dir_img = Path('./data/subsetl/folderl/"')
dir_mask = Path('./data/subsetl/folder2/')
dir_checkpoint = Path('./checkpoints/')

def calculate_iou(confusion_matrix):
intersection = confusion_matrix.diagonal()
union = confusion_matrix.sum(axis=1) + confusion_matrix.sum(axis=0) - intersection
iou = intersection / union

return iou

def calculate_miou(confusion_matrix):

return np.mean(calculate_iou(confusion_matrix))

def calculate_fwiou(confusion_matrix):
frequency = confusion_matrix.sum(axis=1) / confusion_matrix.sum()
fwiou = np.sum(frequency * calculate_iou(confusion_matrix))

return fwiou

def train_model(
model,
device,
epochs: int = 5,
batch_size: int = 1,
learning_rate: float = le-5,
val_percent: float = 0.1,
save_checkpoint: bool = True,
img_scale: float = 0.5,
amp: bool = False,
weight_decay: float = 1le-8,
momentum: float = 0.999,

gradient_clipping: float = 1.0,

# 1. Create dataset



try:
dataset = CarvanaDataset(dir_img, dir_mask, img_scale)
except (AssertionError, RuntimeError, IndexError):

dataset = BasicDataset(dir_img, dir_mask, img_scale)

# 2. Split into train / validation partitions

n_val = int(len(dataset) * val_percent)

n_train = len(dataset) - n_val

train_set, val_set = random_split(dataset, [n_train, n_vall,

generator=torch.Generator () .manual_seed(0))

# 3. Create data loaders
loader_args = dict(batch_size=batch_size, num_workers=0, pin_memory=False)
train_loader = Dataloader(train_set, shuffle=True, *xloader_args, drop_last=True)

val_loader = Dataloader(val_set, shuffle=False, drop_last=True, **loader_args)

# (Initialize logging)
experiment = wandb.init(project='U-Net', resume='allow', anonymous='must')
experiment.config.update(
dict(epochs=epochs, batch_size=batch_size, learning_rate=learning_rate,
val_percent=val_percent, save_checkpoint=save_checkpoint, img_scale=img_scale,

amp=amp)

logging.info(f'''Starting training:
Epochs: {epochs}
Batch size: {batch_size}
Learning rate: {learning_rate}
Training size: {n_train}
Validation size: {n_val}
Checkpoints: {save_checkpoint}
Device: {device.type}
Images scaling: {img_scale}
Mixed Precision: {amp}

|||)

# 4. Set up the optimizer, the loss, the learning rate scheduler and the loss scaling for
AMP

optimizer = optim.RMSprop(model.parameters(),

lr=learning_rate, weight_decay=weight_decay, momentum=momentum,
foreach=True)

scheduler = optim.lr_scheduler.ReduceLROnPlateau(optimizer, 'max', patience=5) # goal:
maximize Dice score

grad_scaler = torch.cuda.amp.GradScaler (enabled=amp)

criterion = nn.CrossEntropyLoss() if model.n_classes > 1 else nn.BCEWithLogitsLoss()

global_step = 0



# ... (HEHRBRIFTLE)

# 5. Begin training
validate_every = 1 # Validate every epoch, you can adjust this value
for epoch in range(l, epochs + 1):

model.train()

epoch_loss = 0

confusion_matrix = np.zeros((model.n_classes, model.n_classes), dtype=int)

with tqdm(total=n_train, desc=f'Epoch {epoch}/{epochs}', unit='img') as pbar:
for batch in train_loader:

images, true_masks = batch['image'], batch['mask']

assert images.shape[1] == model.n_channels, \
f'Network has been defined with {model.n_channels} input channels, ' \
f'but loaded images have {images.shape[1]} channels. Please check that ' \

'the images are loaded correctly.'

images = images.to(device=device, dtype=torch.float32,
memory_format=torch.channels_last)

true_masks = true_masks.to(device=device, dtype=torch.long)

with torch.cuda.amp.autocast(enabled=True):
masks_pred = model (images)
if model.n_classes ==
loss = criterion(masks_pred.squeeze(l), true_masks.float())
loss += dice_loss(F.sigmoid(masks_pred.squeeze(1)), true_masks.float(),
multiclass=False)
else:
loss = criterion(masks_pred, true_masks)
loss += dice_loss(
F.softmax(masks_pred, dim=1).float(),
F.one_hot (true_masks, model.n_classes).permute(0, 3, 1, 2).float(),

multiclass=True

optimizer.zero_grad(set_to_none=True)

grad_scaler.scale(loss) .backward()
torch.nn.utils.clip_grad_norm_(model.parameters(), gradient_clipping)
grad_scaler.step(optimizer)

grad_scaler.update()
pbar.update (images.shape[0])
global_step += 1

epoch_loss += loss.item()

# Evaluation round



if epoch % validate_every ==

model.eval()

confusion_matrix = np.zeros((model.n_classes, model.n_classes), dtype=int)

for batch in val_loader:
with torch.no_grad():
images, true_masks = batch['image'], batch['mask']
images = images.to(device=device, dtype=torch.float32,
memory_format=torch.channels_last)

true_masks = true_masks.to(device=device, dtype=torch.long)

masks_pred = model(images)

predicted_masks = masks_pred.argmax(dim=1)

confusion_matrix += np.bincount((model.n_classes * true_masks.flatten() +

predicted_masks.flatten()).cpu() .numpy(),

minlength=model.n_classes**2) .reshape(model.n_classes, model.n_classes)

miou = calculate_miou(confusion_matrix)

fwiou = calculate_fwiou(confusion_matrix)

acc = (confusion_matrix.diagonal().sum() / confusion_matrix.sum())

acc_class = confusion_matrix.diagonal() / confusion_matrix.sum(axis=1)

logging.info('Epoch: {}, Acc: {:.4f}, Acc_class: {}, mIoU: {:.4f}, FWIoU:
{:.4f}' .format (epoch, acc,

acc_class,
miou,

fwiou))
epoch_data = (epoch, acc, acc_class, miou, fwiou)

if save_checkpoint:
Path(dir_checkpoint) .mkdir(parents=True, exist_ok=True)
state_dict = model.state_dict()
state_dict['mask_values'] = dataset.mask_values
torch.save(state_dict, str(dir_checkpoint / 'checkpoint_epoch{}.pth'.format(epoch)))
logging.info(f'Checkpoint {epoch} saved!')
with open('output.csv', 'a', newline='') as csvfile:
# AlFECSVE AX £
csv_writer = csv.writer(csvfile)
# 5\

csv_writer.writerow(epoch_data)



def get_args():

if

parser = argparse.ArgumentParser(description='Train the UNet on images and target masks')

parser.add_argument ('--epochs', '-e', metavar='E', type=int, default=50, help='Number of
epochs')
parser.add_argument ('--batch-size', '-b', dest='batch_size', metavar='B', type=int,

default=8, help='Batch size')
parser.add_argument ('--learning-rate', '-1', metavar='LR', type=float, default=le-5,
help='Learning rate', dest='lr')
parser.add_argument('--load', '-f', type=str, default=False, help='Load model from a .pth
file')
parser.add_argument ('--scale', '-s', type=float, default=0.5, help='Downscaling factor of
the images')
parser.add_argument ('--validation', '-v', dest='val', type=float, default=10.0,
help='Percent of the data that is used as validation (0-100)')
parser.add_argument ('--amp', action='store_true', default=False, help='Use mixed precision')
parser.add_argument('--bilinear', action='store_true', default=False, help='Use bilinear
upsampling')

parser.add_argument('--classes', '-c', type=int, default=2, help='Number of classes')

return parser.parse_args()

__name__ == '__main__"':

args = get_args()

logging.basicConfig(level=logging.INFO, format='/,(levelname)s: %(message)s')
device = torch.device('cuda' if torch.cuda.is_available() else 'cpu')

logging.info(f'Using device {devicel}')

# Change here to adapt to your data

# n_channels=3 for RGB images

# n_classes is the number of probabilities you want to get per pixel
model = UNet(n_channels=3, n_classes=args.classes, bilinear=args.bilinear)

model = model.to(memory_format=torch.channels_last)

logging.info(f 'Network:\n'
f'\t{model.n_channels} input channels\n'
f'\t{model.n_classes} output channels (classes)\n'

f'\t{"Bilinear" if model.bilinear else "Transposed conv"} upscaling')

if args.load:
state_dict = torch.load(args.load, map_location=device)
del state_dict['mask_values']
model.load_state_dict(state_dict)

logging.info(f 'Model loaded from {args.loadl}')

model.to(device=device)



try:
train_model (
model=model,
epochs=args.epochs,
batch_size=args.batch_size,
learning_rate=args.lr,
device=device,
img_scale=args.scale,
val_percent=args.val / 100,
amp=args .amp
)
except torch.cuda.OutOfMemoryError:
logging.error('Detected OutOfMemoryError! '

'Enabling checkpointing to reduce memory usage, but this slows down

training. '

'Consider enabling AMP (--amp) for fast and memory efficient training')
torch.cuda.empty_cache()
model.use_checkpointing()
train_model (

model=model,
epochs=args.epochs,
batch_size=args.batch_size,
learning_rate=args.lr,
device=device,
img_scale=args.scale,
val_percent=args.val / 100,

amp=args . amp

unet_model.py

""" Full assembly of the parts to form the complete network """

from .unet_parts import *

class UNet(nn.Module):
def __init__(self, n_channels, n_classes, bilinear=False):
super (UNet, self).__init__Q)
self.n_channels = n_channels
self.n_classes = n_classes

self.bilinear = bilinear

self.inc = (DoubleConv(n_channels, 64))

self.downl = (Down(64, 128))
self.down2 = (Down(128, 256))
self.down3 = (Down(256, 512))



factor = 2 if bilinear else 1

self.down4 = (Down(512, 1024 // factor))

self.upl = (Up(1024, 512 // factor, bilinear))
self.up2 = (Up(512, 256 // factor, bilinear))
self.up3 = (Up(256, 128 // factor, bilinear))
self.up4 = (Up(128, 64, bilinear))

self.outc = (OutConv(64, n_classes))

def forward(self, x):

x1 = self.inc(x)

self.downl(x1)
x3 = self.down2(x2)
x4 = self.down3(x3)
x5 = self.down4(x4)

self .upl (x5, x4)

x2

X
x = self.up2(x, x3)
x = self.up3(x, x2)
x = self.up4(x, x1)
logits = self.outc(x)

return logits

def use_checkpointing(self):
self.inc = torch.utils.checkpoint(self.inc)
self.downl = torch.utils.checkpoint(self.downl)
self.down2 = torch.utils.checkpoint(self.down2)
self.down3 = torch.utils.checkpoint (self.down3)
self.down4 = torch.utils.checkpoint(self.down4)
self.upl = torch.utils.checkpoint(self.upl)
self.up2 = torch.utils.checkpoint(self.up2)
self.up3 = torch.utils.checkpoint(self.up3)
self.up4 = torch.utils.checkpoint (self.up4)

self.outc = torch.utils.checkpoint(self.outc)

unet parts.py

""" Parts of the U-Net model """

import torch
import torch.nn as nn

import torch.nn.functional as F

class DoubleConv(nn.Module) :

"t (convolution => [BN] => ReLU) * 2"""

def __init__(self, in_channels, out_channels, mid_channels=None):

super () .__init__Q)



if not mid_channels:
mid_channels = out_channels

self.double_conv = nn.Sequential(
nn.Conv2d(in_channels, mid_channels, kernel_size=3, padding=1, bias=False),
nn.BatchNorm2d (mid_channels),
nn.ReLU(inplace=True),
nn.Conv2d (mid_channels, out_channels, kernel_size=3, padding=1, bias=False),
nn.BatchNorm2d (out_channels),

nn.ReLU(inplace=True)

def forward(self, x):

return self.double_conv(x)

class Down(nn.Module) :

"""Downscaling with maxpool then double conv"""

def __init__(self, in_channels, out_channels):
super () .__init__()
self .maxpool_conv = nn.Sequential(
nn.MaxPool2d(2),

DoubleConv(in_channels, out_channels)

def forward(self, x):

return self.maxpool_conv(x)

class Up(nn.Module):

"""Upscaling then double conv"""

def __init__(self, in_channels, out_channels, bilinear=True):

super() .__init__Q)

# if bilinear, use the normal convolutions to reduce the number of channels
if bilinear:
self.up = nn.Upsample(scale_factor=2, mode='bilinear', align_corners=True)
self.conv = DoubleConv(in_channels, out_channels, in_channels // 2)
else:
self.up = nn.ConvTranspose2d(in_channels, in_channels // 2, kernel_size=2, stride=2)

self.conv = DoubleConv(in_channels, out_channels)

def forward(self, x1, x2):
x1 = self.up(x1)
# input is CHW
diffY = x2.size() [2] - x1.size()[2]



diffX = x2.size() [3] - x1l.size() [3]

x1 = F.pad(x1, [diffX // 2, diffX - diffX // 2,
diffy // 2, diffY - diffYy // 21)
# if you have padding issues, see
#
https://github.com/HaiyongJiang/U-Net-Pytorch-Unstructured-Buggy/commit/0e854509c2ceal854e247a9c615f1

https://github.com/xiaopeng-liao/Pytorch-UNet/commit/8ebac70e633bac59fc22bb5195e513d5832fb3bd
x = torch.cat([x2, x1], dim=1)

return self.conv(x)

class OutConv(nn.Module):
def __init__(self, in_channels, out_channels):
super (OutConv, self).__init__()

self.conv = nn.Conv2d(in_channels, out_channels, kernel_size=1)

def forward(self, x):

return self.conv(x)

2.1.6 SegNet JF{Ci%

train.py

#!/usr/bin/env python

# —*x- coding: utf-8 —x*-

# @Time : 2023/12/15 T 42:11
# QAuthor : SiHang Xu

import csv

import logging

import time

import cv2

import numpy as np

from torch.utils import data as Data
from MyDataset import MyDataset

from SegNet import *

def calculate_iou(confusion_matrix):
intersection = confusion_matrix.diagonal()
union = confusion_matrix.sum(axis=1) + confusion_matrix.sum(axis=0) - intersection
iou = intersection / union

return iou



def calculate_miou(confusion_matrix):

return np.mean(calculate_iou(confusion_matrix))

def calculate_fwiou(confusion_matrix):
frequency = confusion_matrix.sum(axis=1) / confusion_matrix.sum()
fwiou = np.sum(frequency * calculate_iou(confusion_matrix))

return fwiou

epoch_data = []

def train_and_validate(SegNet, train_data, val_data, BATCH_SIZE, LR, MOMENTUM, EPOCH,
CATE_WEIGHT, WEIGHTS, PRE_TRAINING):
SegNet = SegNet(3, 2).cuda()
SeglNet.load_weights (PRE_TRAINING)

train_loader = torch.utils.data.Dataloader(train_data, batch_size=BATCH_SIZE, shuffle=True,
drop_last=True, num_workers=12)
val_loader = torch.utils.data.Dataloader(val_data, batch_size=BATCH_SIZE, shuffle=False,

drop_last=True, num_workers=12)

optimizer = torch.optim.SGD(SegNet.parameters(), lr=LR, momentum=MOMENTUM)

loss_func

nn.CrossEntropyLoss (weight=torch.from_numpy (np.array (CATE_WEIGHT)) .float()) .cuda()

for epoch in range(EPOCH) :

# Training

SegNet.train()

for step, (b_x, b_y) in enumerate(train_loader):
b_x = b_x.cuda()
b_y = b_y.cuda()
b_y = b_y.view(BATCH_SIZE, 224, 224)
output = SegNet(b_x)
loss = loss_func(output, b_y.long())

loss loss.cuda()
optimizer.zero_grad()
loss.backward()

optimizer.step()

print (f"Epoch: {epoch} || Training Loss: {loss:.4f}")

# Validation

SegNet.eval()

confusion_matrix = np.zeros((2, 2), dtype=int)
with torch.no_grad():

val_loss = 0.0



for step, (val_x, val_y) in enumerate(val_loader):

val_x = val_x.cuda()

val_y = val_y.cuda()

val_y = val_y.view(BATCH_SIZE, 224, 224)

val_output = SegNet(val_x)

val_loss += loss_func(val_output, val_y.long()).item()

val_output = torch.squeeze(val_output)

predict = val_output.argmax(dim=1)

target = val_y

confusion_matrix += np.bincount(
(2 * target.flatten() + predict.flatten()).cpu().numpy(Q),
minlength=2 ** 2).reshape(2, 2)

miou = calculate_miou(confusion_matrix)

fwiou = calculate_fwiou(confusion_matrix)

acc = (confusion_matrix.diagonal().sum() / confusion_matrix.sum())
acc_class = confusion_matrix.diagonal() / confusion_matrix.sum(axis=1)

print ('Epoch: {}, Acc: {:.4f}, Acc_class: {}, mIoU: {:.4f}, FWIoU:

{:.4f}' .format (epoch, ac

epoch_data.append((epoch, acc, acc_class, miou, fwiou))

C,

acc_class,
miou,

fwiou))

torch.save(SegNet.state_dict(), WEIGHTS + "SegNet_weights" + str(time.time()) + ".pth")

with open('output.csv', 'w', newline='') as csvfile:

# QIECSVE AH £

csv_writer = csv.writer(csvfile)

# B kK

csv_writer.writerow(['Epoch', 'Acc', 'Acc_class', 'mIoU', 'FWIoU'])

# 5N

csv_writer.writerows(epoch_data)

# B A

BATCH_SIZE = 8

LR = 0.001

MOMENTUM = 0.9

EPOCH = 50
CATE_WEIGHT = [1, 1] # MREFLEEWIAEK
WEIGHTS = "weights/"

PRE_TRAINING = "vggl6_bn-6c64b313.pth"



train_data = MyDataset(txt_path='train.txt')
val_data = MyDataset(txt_path='trainval.txt')

train_and_validate(SegNet, train_data, val_data, BATCH_SIZE, LR, MOMENTUM, EPOCH, CATE_WEIGHT,
WEIGHTS, PRE_TRAINING)

MyDataset.py

#!/usr/bin/env python

# —-*- coding: utf-8 -*-

# @Time : 2023/12/15 T 42:09

# QAuthor : SiHang Xu

import numpy as np

import torch

from PIL import Image

from torch.utils.data import Dataset

import cv2

class MyDataset(Dataset):
def __init__(self, txt_path):

super (MyDataset, self).__init__()

with open(txt_path, "r") as file:

image_label = [line.strip() for line in file]
self.image_label = image_label
def __getitem__(self, item):

root = self.image_label[item]

image_path = f'./400dataset/JPEGImages/{root}.png'

label_path = f'./400dataset/SegmentationClass/{root}.png'

image = cv2.imread(image_path)

image = cv2.resize(image, (224, 224))

image = cv2.cvtColor(image, cv2.COLOR_BGR2RGB) # Convert to RGB
image = image / 255.0 # Normalize input

image = torch.tensor(image, dtype=torch.float32)

image = image.permute(2, 0, 1)

label = Image.open(label_path)

label = label.resize((224, 224), Image.NEAREST) # (¢ Jfl 1 4[ 4G E

label = np.array(label)

label = torch.tensor(label, dtype=torch.long)

# label = cv2.imread(label_path, cv2.IMREAD_GRAYSCALE)

# label = cv2.resize(label, (224, 224))

# label = torch.tensor(label, dtype=torch.long) # Assuming segmentation labels are

integers



return image, label

def __len__(self):

return len(self.image_label)

SegNet.pt

#!/usr/bin/env python

# —-*- coding: utf-8 -*-

# @Time : 2023/12/15 T[42:06
# QAuthor : SiHang Xu

import torch

from torch import nn

import torch.nn.functional as F

class Encoder (nn.Module) :
def __init__(self, input_channels):

super (Encoder, self).__init__()

self.encol = nn.Sequential(
nn.Conv2d (input_channels, 64, kernel_size=3, stride=1, padding=1),
nn.BatchNorm2d(64),
nn.ReLU(Q),
nn.Conv2d(64, 64, kernel_size=3, stride=1, padding=1),
nn.BatchNorm2d(64),
nn.ReLU()

)

self.enco2 = nn.Sequential(
nn.Conv2d (64, 128, kernel_size=3, stride=1, padding=1),
nn.BatchNorm2d (128),
nn.ReLU(Q),
nn.Conv2d (128, 128, kernel_size=3, stride=1, padding=1),
nn.BatchNorm2d(128),
nn.ReLU()

)

self.enco3 = nn.Sequential(
nn.Conv2d (128, 256, kernel_size=3, stride=1, padding=1),
nn.BatchNorm2d (256) ,
nn.ReLU(),
nn.Conv2d (256, 256, kernel_size=3, stride=1, padding=1),
nn.BatchNorm2d (256) ,
nn.ReLU(Q),
nn.Conv2d (256, 256, kernel_size=3, stride=1, padding=1),
nn.BatchNorm2d (256) ,
nn.ReLU()



)

self.enco4 = nn.Sequential(

nn.Conv2d (256, 512, kernel_size=3,

nn.BatchNorm2d (512) ,
nn.RelLU(),

nn.Conv2d (512, 512, kernel_size=3,

nn.BatchNorm2d(512),
nn.ReLU(Q),

nn.Conv2d (512, 512, kernel_size=3,

nn.BatchNorm2d(512),
nn.ReLU()
)

self.enco5 = nn.Sequential(

nn.Conv2d (512, 512, kernel_size=3,

nn.BatchNorm2d(512),
nn.ReLU(Q),

nn.Conv2d(512, 512, kernel_size=3,

nn.BatchNorm2d(512),
nn.ReLUQ),

nn.Conv2d (512, 512, kernel_size=3,

nn.BatchNorm2d (512) ,
nn.ReLU()

def forward(self, x):

id = [1

x = self.encol(x)

x, idl = F.max_pool2d(x,
id.append (id1)

x = self.enco2(x)

x, id2 = F.max_pool2d(x,
id.append(id2)

x = self.enco3(x)

x, id3 = F.max_pool2d(x,
id.append (id3)

x = self.enco4(x)

x, id4 = F.max_pool2d(x,
id.append (id4)

x = self.enco5(x)

x, id5 = F.max_pool2d(x,
id.append (id5)

return x, id

class SegNet(nn.Module):

kernel_size=2,

kernel_size=2,

kernel_size=2,

kernel_size=2,

kernel_size=2,

stride=1,

stride=1,

stride=1,

stride=1,

stride=1,

stride=1,

padding=1),

padding=1),

padding=1),

padding=1),

padding=1),

padding=1),

stride=2, return_indices=True) # (¥ & AE WL E

stride=2, return_indices=True)

stride=2, return_indices=True)

stride=2, return_indices=True)

stride=2, return_indices=True)



def __init__(self, input_channels, output_channels):

super (SegNet, self).__init__Q)

self.weights_new = self.state_dict()

self.encoder = Encoder (input_channels)

self.decol = nn.Sequential(
nn.Conv2d (512, 512, kernel_size=3, stride=1, padding=1),
nn.BatchNorm2d(512),
nn.ReLUQ),
nn.Conv2d (512, 512, kernel_size=3, stride=1, padding=1),
nn.BatchNorm2d (512) ,
nn.ReLU(),
nn.Conv2d (512, 512, kernel_size=3, stride=1, padding=1),
nn.BatchNorm2d(512),
nn.ReLU()

)

self.deco2 = nn.Sequential(
nn.Conv2d (512, 512, kernel_size=3, stride=1, padding=1),
nn.BatchNorm2d(512),
nn.RelLU(),
nn.Conv2d (512, 512, kernel_size=3, stride=1, padding=1),
nn.BatchNorm2d (512) ,
nn.RelLU(),
nn.Conv2d (512, 256, kernel_size=3, stride=1, padding=1),
nn.BatchNorm2d (256) ,
nn.ReLU()

)

self.deco3 = nn.Sequential(
nn.Conv2d (256, 256, kernel_size=3, stride=1, padding=1),
nn.BatchNorm2d (256) ,
nn.RelLU(),
nn.Conv2d (256, 256, kernel_size=3, stride=1, padding=1),
nn.BatchNorm2d (256) ,
nn.RelLU(),
nn.Conv2d (256, 128, kernel_size=3, stride=1, padding=1),
nn.BatchNorm2d (128),
nn.ReLU()

)

self.deco4 = nn.Sequential(
nn.Conv2d (128, 128, kernel_size=3, stride=1, padding=1),
nn.BatchNorm2d (128) ,
nn.ReLU(),
nn.Conv2d (128, 64, kernel_size=3, stride=1, padding=1),
nn.BatchNorm2d (64) ,
nn.ReLU()



self.deco5 = nn.Sequential(
nn.Conv2d (64, 64, kernel_size=3, stride=1, padding=1),
nn.BatchNorm2d (64) ,
nn.ReLU(),

nn.Conv2d (64, output_channels, kernel_size=3, stride=1, padding=1),

def forward(self, x):

x, id = self.encoder(x)

F.max_unpool2d(x, id[4], kernel_size=2, stride=2)
x = self.decol(x)

e
1]

x = F.max_unpool2d(x, id[3], kernel_size=2, stride=2)
x = self.deco2(x)
x = F.max_unpool2d(x, id[2], kernel_size=2, stride=2)
x = self.deco3(x)
x = F.max_unpool2d(x, id[1], kernel_size=2, stride=2)
x = self.deco4(x)
x = F.max_unpool2d(x, id[0], kernel_size=2, stride=2)

x = self.deco5(x)
return x

def load_weights(self, weights_path):
weights = torch.load(weights_path)
del weights["classifier.0.weight"]
del weights["classifier.0.bias"]
del weights["classifier.3.weight"]

.weight"]

0
3
del weights["classifier.3.bias"]
del weights["classifier.6
6

del weights["classifier.6.bias"]
names = []
for key, value in self.encoder.state_dict().items():
if "num_batches_tracked" in key:
continue

names . append (key)

for name, dict in zip(names, weights.items()):

self .weights_new[name] = dict[1]

self.encoder.load_state_dict(self.weights_new)



2.1.7 AN HESK

edge.py

import cv2
import os

import numpy as np

def laplacian_edge_detection(image_path, alpha=3, beta=30):
# Read the image
original_image = cv2.imread("images/" + image_path, cv2.IMREAD_GRAYSCALE)

original_images = cv2.imread("images/" + image_path)

# Apply GaussianBlur to reduce noise and help with edge detection

blurred_image = cv2.GaussianBlur(original_image, (5, 5), 0)

# Apply Laplacian edge detection
laplacian = cv2.Laplacian(blurred_image, cv2.CV_64F)

# Convert the Laplacian result to uint8 (8-bit) for display

laplacian = np.uint8(np.absolute(laplacian))

# Adjust brightness and contrast
laplacian_adjusted = cv2.convertScaleAbs(laplacian, alpha=alpha, beta=beta)

# Display the original and adjusted Laplacian edge-detected images
cv2.imwrite(os.path.join('output', image_path), laplacian_adjusted)
cv2.waitKey(0)

cv2.destroyAllWindows ()

# Replace 'path/to/your/image.jpg' with the actual path to your image file
for image in os.listdir("images"):

laplacian_edge_detection(image)

detect.py

import argparse
import os
import platform
import shutil
import time

from pathlib import Path

import cv2
import torch
import torch.backends.cudnn as cudnn

import torchvision.utils



from numpy import random

from models.experimental import attempt_load

from utils.datasets import LoadStreams, LoadImages

from utils.general import (
check_img_size, non_max_suppression, apply_classifier, scale_coords,
xyxy2xywh, plot_one_box, strip_optimizer, set_logging)

from utils.torch_utils import select_device, load_classifier, time_synchronized

save_csv = True

csv_f = open("results.csv","w")

def detect(save_img=False):
out, source, weights, view_img, save_txt, imgsz = \
opt.output, opt.source, opt.weights, opt.view_img, opt.save_txt, opt.img_size
webcam = source.isnumeric() or source.startswith(('rtsp://', 'rtmp://', 'http://')) or

source.endswith('.txt"')

# Initialize
set_logging()

device = select_device(opt.device)

if os.path.exists(out):
shutil.rmtree(out) # delete output folder
os.makedirs(out) # make new output folder

half = device.type != 'cpu' # half precision only supported on CUDA

# Load model
model = attempt_load(weights, map_location=device) # load FP32 model
imgsz = check_img_size(imgsz, s=model.stride.max()) # check img_size
if half:

model.half() # to FP16

# Second-stage classifier
classify = False
if classify:
modelc = load_classifier(name='resnet101', n=2) # initialize
modelc.load_state_dict(torch.load('weights/resnet101.pt', map_location=device) ['model'])
# load weights

modelc.to(device) .eval()

# Set Dataloader
vid_path, vid_writer = None, None
if webcam:

view_img = True



cudnn.benchmark = True # set True to speed up constant image size inference
dataset = LoadStreams(source, img_size=imgsz)

else:
save_img = True

dataset = LoadImages(source, img_size=imgsz)

# Get names and colors
names = model.module.names if hasattr(model, 'module') else model.names

colors = [[random.randint(0, 255) for _ in range(3)] for _ in range(len(names))]

# Run inference

t0 = time.time()

img = torch.zeros((1, 3, imgsz, imgsz), device=device) # init img
_ = model(img.half() if half else img) if device.type != 'cpu' else None # run once

for path, img, imOs, vid_cap in dataset:

torch.from_numpy(img) .to(device)

img.half () if half else img.float() # uint8 to fpl6/32

img

img
img /= 255.0 # 0 - 255 to 0.0 - 1.0
if img.ndimension() ==

img = img.unsqueeze(0)

# Inference
t1 = time_synchronized()

pred = model(img, augment=opt.augment) [0]

# Apply NMS
pred = non_max_suppression(pred, opt.conf_thres, opt.iou_thres, classes=opt.classes,
agnostic=opt.agnostic_nms)

t2 = time_synchronized()

# Apply Classifier
if classify:

pred = apply_classifier(pred, modelc, img, imOs)

# Process detections
for i, det in enumerate(pred): # detections per image
if save_csv:
csv_f.write(os.path.basename(path)+",")
if webcam: # batch_size >= 1
p, s, im0 = path[il, '%g: ' % i, imOs[i].copy(O)
else:

p, s, im0 = path, '', imOs

save_path = str(Path(out) / Path(p).name)
txt_path = str(Path(out) / Path(p).stem) + ('_%g' % dataset.frame if dataset.mode ==
'video' else '')

s += 'Jgxlhg ' % img.shape[2:] # print string



gn = torch.tensor(im0.shape) [[1, O, 1, 0]] # normalization gain whwh
if det is not None and len(det):
# Rescale boxes from img_size to im0 size

det[:, :4] = scale_coords(img.shape[2:], det[:, :4], imO.shape).round()

# Print results
for ¢ in det[:, -1].unique():
n = (det[:, -1] == c).sum() # detections per class

s += '"%g %ss, ' % (n, names[int(c)]) # add to string

# Write results
for *xyxy, conf, cls in reversed(det):
if save_txt: # Write to file
xywh = (xyxy2xywh(torch.tensor(xyxy).view(l, 4)) / gn).view(-1).tolist() #
normalized xywh
with open(txt_path + '.txt', 'a') as f:

f.write(('%g ' * 5 + '\n') % (cls, *xywh)) # label format

if save_img or view_img: # Add bbox to image
label = 'Ys %.2f' % (names[int(cls)], conf)
plot_one_box(xyxy, im0, label=label, color=colors[int(cls)],

line_thickness=3)

if save_csv:
csv_f.write("{} {3 {} {3 {3
".format (str(int(cls.detach().cpu() .numpy())+1),
str(int (xyxy [0] .detach() .cpu() .numpy())),
str(int (xyxy[1] .detach() .cpu() .numpy())),
str(int (xyxy[2] .detach() .cpu() .numpy())),
str(int (xyxy[3].detach().cpu() .numpy()))))

csv_f.write("\n")

# Print time (inference + NMS)

print('%sDone. (%.3fs)' % (s, t2 - t1))

# Stream results
if view_img:
cv2.imshow(p, im0)
if cv2.waitKey(1) == ord('q'): # gq to quit

raise Stoplteration

# Save results (image with detections)
if save_img:
if dataset.mode == 'images':
cv2.imwrite(save_path, imO)
else:

if vid_path != save_path: # new video



if

vid_path = save_path

if isinstance(vid_writer, cv2.VideoWriter):

vid_writer.release() # release previous video writer

fourcc =

fp
w
h

vi

vid_writer.write(im0)

S

d

= vid_cap.get(cv2.CAP_PROP_FPS)

'mpdv' # output video codec

int(vid_cap.get(cv2.CAP_PROP_FRAME_WIDTH))

int(vid_cap.get (cv2.CAP_PROP_FRAME_HEIGHT))

_writer = cv2.VideoWriter(save_path, cv2.VideoWriter_fourcc(*fourcc),

fps,

if save_txt or save_img:

print ('Results saved to %s' % Path(out))

(w, h))

if platform.system() == 'Darwin' and not opt.update: # MacO0S

os.system('open ' + save_path)

print('Done. (%.3fs)' % (time.time() - t0))

parser = argparse.ArgumentParser ()

parser.add_argument ('--weights', nargs='+"',

__name__ == '_ _main__

type=str,

default='weights/IMSC/last_120_640_32_aug2.pt', help='model.pt path(s)')

parser.add_argument ('--source', type=str, default='inference/images', help='source') #

file/folder, 0 for webcam

parser.add_argument ('--output', type=str, default='inference/output', help='output folder')

# output folder

parser.add_argument ('--img-size', type=int, default=640, help='inference size (pixels)')

parser.add_argument ('--conf-thres', type=float, default=0.4, help='object confidence

threshold')

parser.add_argument ('--iou-thres', type=float, default=0.5, help='I0U threshold for NMS')

parser.add_argument ('--device', default='cpu', help='cuda device, i.e.

0 or 0,1,2,3 or cpu')

parser.add_argument ('--view-img', action='store_true', help='display results')

parser.add_argument ('--save-txt', action='store_true', help='save results to *.txt')

parser.add_argument ('--classes', nargs='+',

--class 0 2 3')

type=int, help='filter by class: --class 0, or

parser.add_argument ('--agnostic-nms', action='store_true', help='class-agnostic NMS')

parser.add_argument ('--augment', action='store_true', help='augmented inference')

parser.add_argument ('--update', action='store_true', help='update all models')

opt = parser.parse_args()

print (opt)

with torch.no_grad():

if opt.update: # update all models (to fix SourceChangeWarning)

for opt.weights in ['yolovbs.pt', 'yolovbm.pt',

detect ()

'yolovbl.pt',

'yolovbx.pt']:



strip_optimizer(opt.weights)
else:
detect ()

csv_f.close()

yolo.py

import argparse

import logging

import math

from copy import deepcopy
from pathlib import Path

import torch

import torch.nn as nn

from models.common import Conv, Bottleneck, SPP, DWConv, Focus, BottleneckCSP, Concat, NMS
from models.experimental import MixConv2d, CrossConv, C3
from utils.general import check_anchor_order, make_divisible, check_file, set_logging
from utils.torch_utils import (

time_synchronized, fuse_conv_and_bn, model_info, scale_img, initialize_weights,

select_device)

logger = logging.getLogger(__name__)

class Detect(nn.Module):

stride = None # strides computed during build

export = False # onnx export

def __init__(self, nc=80, anchors=(), ch=()): # detection layer
super (Detect, self).__init__Q)
self .nc = nc # number of classes
self.no = nc + 5 # number of outputs per anchor
self.nl = len(anchors) # number of detection layers
self.na = len(anchors[0]) // 2 # number of anchors
self.grid = [torch.zeros(1)] * self.nl # init grid
a = torch.tensor(anchors) .float() .view(self.nl, -1, 2)
self .register_buffer('anchors', a) # shape(nl,na,2)
self .register_buffer('anchor_grid', a.clone().view(self.nl, 1, -1, 1, 1, 2)) #
shape(nl,1,na,1,1,2)

self.m = nn.ModuleList(nn.Conv2d(x, self.no * self.na, 1) for x in ch) # output conv

def forward(self, x):
# x = x.copy() # for profiling
z = [] # inference output

self.training |= self.export



for i in range(self.nl):
x[i] = self.m[i] (x[i]) # conv
bs, _, ny, nx = x[i].shape # x(bs,255,20,20) to x(bs,3,20,20,85)

x[1] = x[i].view(bs, self.na, self.no, ny, nx).permute(0, 1, 3, 4, 2).contiguous()

if not self.training: # inference
if self.grid[i].shape[2:4] != x[i].shape[2:4]:
self.grid[i] = self._make_grid(nx, ny).to(x[i].device)

y = x[i].sigmoid()

yl..., 0:2] = (y[..., 0:2] * 2. - 0.5 + self.grid[i].to(x[i].device)) *
self.stride[i] # xy

yl..., 2:4] = (y[..., 2:4] * 2) **x 2 x self.anchor_grid[i] # wh

z.append(y.view(bs, -1, self.no))

return x if self.training else (torch.cat(z, 1), x)

@staticmethod
def _make_grid(nx=20, ny=20):
yv, xv = torch.meshgrid([torch.arange(ny), torch.arange(nx)])

return torch.stack((xv, yv), 2).view((1, 1, ny, nx, 2)).float()

class Model(nn.Module) :
def __init__(self, cfg='yolovbs.yaml', ch=3, nc=None): # model, input channels, number of
classes
super (Model, self).__init__()
if isinstance(cfg, dict):
self.yaml = cfg # model dict
else: # is *.yaml
import yaml # for torch hub
self.yaml_file = Path(cfg) .name
with open(cfg) as f:
self.yaml = yaml.load(f, Loader=yaml.FullLoader) # model dict

# Define model

if nc and nc != self.yaml['nc']:
print('Overriding model.yaml nc=Y%g with nc=Yg' % (self.yaml['nc'], nc))
self.yaml['nc'] = nc # override yaml value

self .model, self.save = parse_model(deepcopy(self.yaml), ch=[ch]) # model, savelist,
ch_out

# print([x.shape for x in self.forward(torch.zeros(l, ch, 64, 64))])

# Build strides, anchors
m = self.model[-1] # Detect()
if isinstance(m, Detect):

s = 128 # 2x min stride



m.stride = torch.tensor([s / x.shape[-2] for x in self.forward(torch.zeros(1l, ch, s,

s))]) # forward
m.anchors /= m.stride.view(-1, 1, 1)
check_anchor_order (m)
self.stride = m.stride
self._initialize_biases() # only run once

# print('Strides: Y%s' % m.stride.tolist())

# Init weights, biases
initialize_weights(self)
self.info()

print('")

def forward(self, x, augment=False, profile=False):
if augment:

img_size = x.shape[-2:] # height, width

s = [1, 0.83, 0.67] # scales
f = [None, 3, None] # flips (2-ud, 3-1r)
y = [1 # outputs

for si, fi in zip(s, f):
xi = scale_img(x.flip(fi) if fi else x, si)
yi = self.forward_once(xi) [0] # forward

# cv2.imwrite('imglg.jpg' % s, 255 * xi[0] .numpy() .transpose((1, 2, 0))[:,

O}

::-1]1) # save
yil..., :4] /= si # de-scale
if fi ==
yil..., 1] = img_size[0] - yil..., 1] # de-flip ud
elif fi ==
yil..., 0] = img_size[1] - yi[..., 0] # de-flip 1r

y.append(yi)
return torch.cat(y, 1), None # augmented inference, train

else:

return self.forward_once(x, profile) # single-scale inference, train

def forward_once(self, x, profile=False):
y, dt = [1, [] # outputs
for m in self.model:
if m.f != -1: # if not from previous layer
x = y[m.£f] if isinstance(m.f, int) else [x if j == -1 else y[j] for j in m.f] #

from earlier layers

if profile:
try:
import thop
o = thop.profile(m, inputs=(x,), verbose=False)[0] / 1E9 * 2 # FLOPS
except:

o=20



t = time_synchronized()
for _ in range(10):
_ = m(x)
dt.append((time_synchronized() - t) * 100)
print ('%10.1£%10.0£%10.1fms %-40s' % (o, m.np, dt[-1], m.type))

x = m(x) # run

y.append(x if m.i in self.save else None) # save output

if profile:

print('%.1fms total' % sum(dt))

return x

def _initialize_biases(self, cf=None): # initialize biases into Detect(), cf is class
frequency
# cf = torch.bincount(torch.tensor(np.concatenate(dataset.labels, 0)[:, 0]).long(),
minlength=nc) + 1.
m = self.model[-1] # Detect() module
for mi, s in zip(m.m, m.stride): # from
b = mi.bias.view(m.na, -1) # conv.bias(255) to (3,85)
b[:, 4] += math.log(8 / (640 / s) ** 2) # obj (8 objects per 640 image)

b[:, 5:]1 += math.log(0.6 / (m.nc - 0.99)) if cf is None else torch.log(cf /

cf.sum()) # cls
mi.bias = torch.nn.Parameter(b.view(-1), requires_grad=True)

def _print_biases(self):
m = self.model[-1] # Detect() module
for mi in m.m: # from

b = mi.bias.detach().view(m.na, -1).T # conv.bias(255) to (3,85)

print (('%6g Conv2d.bias:' + '%10.3g' * 6) % (mi.weight.shapel[1],
*b[:5] .mean(1) .tolist(), b[5:].mean()))

def fuse(self): # fuse model Conv2d() + BatchNorm2d() layers
print ('Fusing layers... ')
for m in self.model.modules():
if type(m) is Conv and hasattr(Conv, 'bn'):

m._non_persistent_buffers_set = set() # pytorch 1.6.0 compatability

m.conv = fuse_conv_and_bn(m.conv, m.bn) # update conv

delattr(m, 'bn') # remove batchnorm

m.forward = m.fuseforward # update forward
self.info()

return self

def add_nms(self): # fuse model Conv2d() + BatchNorm2d() layers
if type(self.model[-1]) is not NMS: # if missing NMS
print('Adding NMS module... ')
m = NMS() # module



m.f

-1 # from
m.i = self.model[-1].i + 1 # index
self.model.add_module(name='%s' % m.i, module=m) # add

return self

def info(self, verbose=False): # print model information

model_info(self, verbose)

def parse_model(d, ch): # model_dict, input_channels(3)
logger.info('\n%3s%18s%3s%10s %-40s%-30s' % ('', 'from', 'n', 'params', 'module',
'arguments'))

anchors, nc, gd, gw = d['anchors'], d['nc'], d['depth_multiple'], d['width_multiple']

na (len(anchors[0]) // 2) if isinstance(anchors, list) else anchors # number of anchors

no = na * (nc + 5) # number of outputs = anchors * (classes + 5)
layers, save, c2 = [1, [, ch[-1] # layers, savelist, ch out
for i, (f, n, m, args) in enumerate(d['backbone'] + d['head']): # from, number, module, args
m = eval(m) if isinstance(m, str) else m # eval strings
for j, a in enumerate(args):
try:
args[j] = eval(a) if isinstance(a, str) else a # eval strings
except:

pass

n = max(round(n * gd), 1) if n > 1 else n # depth gain
if m in [Conv, Bottleneck, SPP, DWConv, MixConv2d, Focus, CrossConv, BottleneckCSP, C3]:
cl, c2 = ch[f], args[0]

# Normal

# if i > 0 and args[0] != no: # channel expansion factor
# ex = 1.75 # exponential (default 2.0)

# e = math.log(c2 / ch[1]) / math.log(2)

# c2 = int(ch[1] * ex *x e)

# if m != Focus:
c2 = make_divisible(c2 * gw, 8) if c2 != no else c2
# Experimental

# if i > 0 and args[0] != no: # channel expansion factor

# ex = 1 + gw # exponential (default 2.0)

# chl = 32 # ch[1]

# e = math.log(c2 / chl) / math.log(2) # level 1-n
# c2 = int(chl * ex *x e)

# if m != Focus:

# c2 = make_divisible(c2, 8) if c2 != no else c2



args = [cl, c2, *xargs[1:]]
if m in [BottleneckCSP, C3]:
args.insert(2, n)
n=1
elif m is nn.BatchNorm2d:
args = [ch[f]]
elif m is Concat:
c2 = sum([ch[-1 if x == -1 else x + 1] for x in f])
elif m is Detect:
args.append([ch[x + 1] for x in f])
if isinstance(args[1], int): # number of anchors

args[1] = [list(range(args[1] * 2))] * len(f)

else:

c2 = chl[f]
m_ = nn.Sequential (*[m(*args) for _ in range(n)]) if n > 1 else m(*args) # module
t = str(m)[8:-2] .replace('__main__.', '') # module type

np = sum([x.numel() for x in m_.parameters()]) # number params

m_.i, m_.f, m_.type, m_.np = i, £, t, np # attach index, 'from' index, type, number
params

logger.info('%3s%18s%3s%10.0f %-40s%-30s' % (i, f, n, np, t, args)) # print

save.extend(x % i for x in ([f] if isinstance(f, int) else f) if x != -1) # append to
savelist

layers.append (m_)

ch.append(c2)

return nn.Sequential (*layers), sorted(save)

if __name__ == '__main__':
parser = argparse.ArgumentParser()
parser.add_argument ('--cfg', type=str, default='yolovbs.yaml', help='model.yaml')
parser.add_argument ('--device', default='', help='cuda device, i.e. 0 or 0,1,2,3 or cpu')
opt = parser.parse_args()
opt.cfg = check_file(opt.cfg) # check file
set_logging ()

device = select_device(opt.device)
# Create model

model = Model(opt.cfg).to(device)

model.train()

2.2 [ PRAREY
2.2.1 HirkPROn IR 1R

classification.py



import os

import shutil

import torch

from torchvision.transforms import transforms
import cv2

from models.SEnet import *

import csv

# model = SE_ResNet18().cuda().eval()
#
# model.load_state_dict(torch.load('SENet.pt'))

model = torch.load('best.pt').cuda().eval()

data_root = './data_test_V2'

transform_test = transforms.Compose ([
transforms.ToPILImage(),
transforms.Resize((224, 224)),
transforms.ToTensor (),

D

# A4 L —NCSVHF

csv_file = 'test_resultl.csv'

# FITCSVXHIN B ANLER

with open(csv_file, mode='w', newline='') as file:
fieldnames = ['fname', 'label']
writer = csv.DictWriter(file, fieldnames=fieldnames)

writer.writeheader ()

# W KERE TR X/ TEX
for i in os.listdir(data_root):
image_root = os.path.join(data_root, i)
image = cv2.imread(image_root)
image = transform_test(image)
image = image.unsqueeze(0)
image = image.cuda()
output = model(image)

_, predicted = torch.max(output, 1)

# % Hlabellt
label = 1 if predicted.item() == 0 else 0O



# B NCSVX ff
writer.writerow({'fname': i, 'label': labell})
if label ==
shutil.copyfile(os.path.join(data_root, i), os.path.join('./normal/',i))
else:

shutil.copyfile(os.path.join(data_root, i), os.path.join('./potholes/',i))
print ("CSVXHFE G| EHBENLEE., )

2.2.2 BUGHRSCIEIRCES
fill normal.py

#!/usr/bin/env python

# —*- coding: utf-8 -*-

# @Time : 2023/12/13 [ 47:23
# QAuthor : SiHang Xu

import csv

import os

file_name = 'test_result2.csv'
# BEAERXHER

csv_file_path = "test_result2.csv"

# FTHCSVX P, B 'a' R
with open(csv_file_path, 'a', newline='') as csvfile:
# Q|ECSVE A\ £

csv_writer = csv.writer(csvfile)

# U H B A U
for i in os.listdir('./dataset/test_data/normal'):
image_path = './dataset/test_data/mormal/' + i

result = 0

1]
s

image_name

# K 4R ENCSVXH

if result is not None:
csv_writer.writerow([image_name, int(result * 100)])
print(image_name, result*100)

else:

print (£" % =4 # {image_name}")

calculate.py

#!/usr/bin/env python
# —*x— coding: utf-8 —x*-



# QTime : 2023/12/13 T47:10
# QAuthor : SiHang Xu
import csv

import os

from PIL import Image

def calculate_non_black_pixel_ratio(image_path):
try:
# FTHE K

image = Image.open(image_path)

# RECE A

width, height = image.size

# AR ERR IR

non_black_count = 0

# W E R GRE
for y in range(height):
for x in range(width):
# RRNEEHE
pixel = image.getpixel((x, y))

# MERETHMEE
if pixel !'= (0, 0, 0):

non_black_count += 1

* HHEEREGREI
total_pixels = width * height

non_black_ratio = non_black_count / total_pixels

return non_black_ratio

except Exception as e:
print (f"Error: {e}")

return None

# WMRERXWER

csv_file_path = "test_result2.csv"

# FTICSVUH, A 'w R
with open(csv_file_path, 'w', newline='') as csvfile:
# A ECSVE A £

csv_writer = csv.writer(csvfile)



# EAK kK

csv_writer.writerow(['fnames', 'pothole %'])

# U8 J B R U
for i in os.listdir('./result_mask'):
image_path = './result_mask/' + i
result = calculate_non_black_pixel_ratio(image_path)

image_name = i.split('_')[0] + '.jpg'

# K4 R B NCSVX

if result is not None:
csv_writer.writerow([image_name, int(result * 100)])
print (image_name, result*100)

else:

print (£" % =4 # {image_namel}")

print (£"#(4F B4 7 2| {csv_file_path}")
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