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Instances Segmentation of Urban Streetscape Incorporating Attention and Multi-scale Feature

WANG Jun'?, LYU Jia', CHENG Yong'?

'(School of Software, Nanjing University of Information Science & Technology, Nanjing 210044, China)
*(Science and Technology Industries Division, Nanjing University of Information Science & Technology, Nanjing 210044, China)

Abstract: Algorithms for the instance segmentation of urban street scenes can significantly improve the accuracy and
efficiency of urban environment perception and intelligent transportation system. To-address mutual occlusions between
pedestrians and vehicles and significant background interference in urban'street scenes, this study proposes an instance
segmentation model, FMInst, based on a frequency attention mechanism and multi-scale feature fusion. Firstly, a high and
low-frequency attention mechanism is constructed for interactive coding to increase high-resolution detail information.
Secondly, a soft pooling operation is introduced-into the Patch Merging layer of the Swin Transformer backbone network
to reduce the loss of feature information énd effectively improve the segmentation of small-scale targets. Finally, an MLP
layer is combined to constfuct multi-scale deep convolution, which effectively enhances the extraction of local
information and improves the segmentation accuracy. Comparison experiments conducted on the public dataset
Cityscapes show that FMInst reaches an mAP of 35.6%, with an improvement of 1.2%, and an AP50 of 61.4%, with an
improvement of 2.2%. The mask quality and the segmentation effect of the instance segmentation are greatly improved.

Key words: urban streetscape; instance segmentation; frequency attention mechanism; multi-scale feature fusion; small

target
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BatchNorm
A
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24 REEFFIRHLMNLE DCFN
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AN T B 7 BN, T BRI\ 481 e s 2
2o 52, A1 S SO A, 28 H— AR [ 43 3 2 11
LA, A0 8 2 A ok 2 A AR A0 TR, 36 B 191 £ B2
2, EANFYI R 1) 53 E R,

SFXF F IR B, $2 T DCFN Bibe, % b 3 3
& R B A (DO £ AN HLE (MLP)PY4 &
1M P VR FE 5 RO HE B 2 N B BUR, Hk R B R
ARG (0% SO, IR R 46 U2 SR U

ANl G = JORFE (AR IR . ROIEE), 1B
Z 5 EG AN [E] )2 UORFE . i I 3 0 6 B Z 1R
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B A R G AR 2 BB A2 S Y X RO E S AL
i 2 D TR S B, (AR R G A 4 AE
At 2 R IRME LT, B89 S TE 4 1 4
EIEVE S
Wl s Fros, @R AN E 2 i i N 2% %2
R BT AR, DAk/b 2 45 @gfﬁlﬁ‘]ﬁ%fﬁ%%
%, 1£ LayerNorm g, AILL » My LEM 3 g i@ 1, ¢
40 WA 3 3%3 A x5 TR 27 (DWConv) Fi
T Swih Transformer 4ifi3 #4602 ) 5 b 5
PER A5 AN [F) R A5 B R AE S B T HHE, 5
AT GELU AF S MEB0E R 8O 2 5 2 15 2 i S
% AR L X NI AR = (5)-3K (7) Brs:
Fou = Convaxz(MLP(Fiy)) (5)

Fou = Convsys(MLP(Fiy)) (6)
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§
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L
h
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3.1 KR EMITfAIEIR

I A B0 S AE YR IR Cityscapes 3 ££1°)
AT, Cityscapes Fa4E 70 A7 2975 sk IR
. 500 FKIGIEERIMGAT 1525 IR B, B 45
BGSREE, 55 50 NARFIR AR RS &R
AT S50 . Cityscapes 303 2238 % N 20481024 1%
&K, Tk MR ET B 7 28 bR 2 R S48 23 T bR 25, ff A A5

BYREAE [X 3 AN [ F 0 R s

AR5 Bt PP 4845 9 mAP Fl1 AP50. 75K
Bl 53 FES5 1, mAP J&—FpH FH IVEAR Fa s, T i
HTRY 7E o U 0 43 168 SB[ 14 BB APSO S2 48 LL 0.5 1E
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1.9.0, Cuda Ji A4 11.1, GPU hit4< )y NVIDIA GeForce
RTX 3090, i217 47N 24 GB.

AKILTT M T Detectron2 BEAT 451, %
AdamW A #5038 Dk 27 = T8 2 1 BE SR E 4 GPU |
BEAT I ZR. 6 T T W28, B WG % ] %4 2.5E-5,
LB K/NN 4, FEN 0.9, BUEFRCN 0.05, IENL R
BN SE-4, 1E4% 400k K. X T EE 1 5m, 4 LSy 1Y
5, BEHLREE N 0.1-0.2 VG FEER AR, K R E 3 [E 2
KN K 1024x1024.

3.3 HRMSKHERS SR

N T PEA BT HH R I 4% 25 A RN 3 A EE B
fig, A Mask2Former 1E 328 M 4%, 3F18 H
ImageNet F TR A E R UGS, 1E Cityscapes
IFAE BT IE AL SRS, SRIGXT L 45 Rk 1 FR.

# 1 THRLSEIGLAE AL (%)

X2 ki s 4 B EE RAT LE (%)

mAP 1 AP50 1

Class name
Mask2Former FMInst  Mask2Former  FMInst
person 30.3 31.6 60.9 62.3
rider 229 25.8 58.4 62.6
car 55.5 55.8 81.9 82.3
truck 36.0 339 50.5 473
bus 56.6 57.9 71.7 74.5
train 38.2 42.0 57.7 63.5
motorcycle 159 18.6 40.4 47.8
bicycle 19.6 19.0 52.1 50.9
34 MLEKBHERE S \

9T B IE A SCAR I 7 R0 A R, AR SOR B 4
TS A LSS 26 1), 4% BMinst 535 55 Bt 5491 45 1 Jy v
M LU 45 514 i3 3 RIS 4 PR

U %3 BB BAT (%)

Modules Evaluation index
Model name -
SPM, HLFAM DFFN mAP{ AP501
Baseline L1 — — 3438 59.20
Baseline + HLFAM =~ — \ — 35.00 60.26
Baseline + SPM S — — 34.83 60.00
Baseline + DCFN ~ — — S 35.46 60.90
Baseline + SPM +
S \ N 35.58 61.41
HLFAM + DCFN

Method Model mAP 1 AP50 1
YOLACT 23.5 39.9
PolarMask 30.5 56.9
CondlInst 33.2 57.2
One-stage SOLOv2 32.6 59.0
Mask2Former 344 59.2
Boxteacher 26.8 54.2
Box2mask 22.7 46.6
Ours FMInst 35.6 61.4

x4 W BRIE PSR A5 RN (%)

TR 1 ATsn, RN II HLFAM B, mAP {E 12
BT 0.62%. IR RIA LY, AR E AN ST AL 2
RRHEE R, MY T mREE ), UHRE 2
(s oy HER A5 B, R A AR R RHE (S B
B 2 25 S TR Y 43 B8R I SR i SPM A

B, mAP {1875 1 0.45%. SELMRALL, S HE]

N HERAE, OREE T 3 st AR T R B 2 A S
., 4 7 E patch merging Eﬁﬁﬁj%ﬁ%% HIE%,
P /AN REEXT SR 40 FIROR. it #45] X DCFN
B, mAP 4275 1.08%. 5L AU L, R TE 4
ANHTEARZ 2 m T — 20 H FE R NIRESR,
R A% 32 U 22 AN [R) RORE 1) R 3 R A, [ IS Jisic 2D 17 A2
MZHEMTEE. W3R 1 &5 —17 LA H, FR5]
AN 3AMEER)E, mAP {E 55 T 1.2%, AT 45 SR AL
W] 73X SeAR A S TS Y 1t B8 T T PR R

AL T B s B 4 b, JE X B T AN [ SR 4 A
B AFEAUFN FMInst 173 IR, R ELEE R 2 fos.
MR 2 HA] LUE AR SCITVETE 6 NSS4 B 0UR
HHr#Tt.
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Method Model mAP 1 AP50 1
Mask R-CNN 26.2 49.9
PANet 31,8 57.1
SSAP 521 51.8
Two-stage E2EC 82.9 59.2
| PolySmake . 343 61.0
| FSFnet 34.1 52.7
\ BGF 334 59.8
_ Ours FMInst 35.6 61.4

M 3 M 4 4S5 R PR, FMInst 5957 8 2L
AR B AL T HoAth 5. FMInst 509208 i 4 F (A0
BIEE NS, FE T m o PR R E B, SEmRt /)
H AR IR P, 9 NIRRT, 2 s Y 1R A
IR BETT; WA [F) RS 1R IR A RN I 4t i 442 DY 2 A
ghig, W BROUE R, R 2 RRE nl L {5 KA
F} 250 184 5 1 R 38 i 7 v SGE R RS E AR I 2 B R
AHET B BEY YOLACT 591" PolarMask 531,
CondInst H %P, SOLOvV2 #3177, Mask2Former %
%P Boxteacher SEPH1 BoxLevelset 5:P87E 7
PIREFE By ldRm T 12,1, 5.1. 2.4, 3. 1.2, 8.8l
12.9 ANH 43 s FEEBCT I B ) Mask R-CNN i,
PANet HiEM ., SSAP HiE" E2EC #3%EP% Poly-
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Snake £3E1 FSFnet &M H BGF & E11E T 1y
FEEE o RRE T 9.4, 3.8, 2.9, 2.7, 1.3, 1.5 H1
22 ANHEST R

1E Cityscapes val 2 £ b 7375 % LR A R AT A S
FOL AT AT AL, 45 SR E 6 FTR.

Bl 6 EE (1) FIAH AR L, 5 (2) 51128 Mask2-
Former 53540 # i%m tH E1&, 26 (3) 418 FMInst 5%
43 % 1% EUE. M (a) 47 AT %1, FMInst B3R KK
D03 S 2 1] AR AH ELIE RS AN (b) 47 FI N, FMInst 59
RE 503 S8 23 B (R HE RS T =5 AN (c) 47 FT N, FMInst 5

(1) J5

(2) Mask2Former

VA B8 AR e S 43 0 I 4 R R £ 1D R, M ()
(e) 47 AT 411, FMInst S35 B e [ A 962k S BS54
HETRY L T — 2 S () o 43 B RVE 452 1 S 491) 43381 1] A
() 43 77 41, FMInst 503 RESR 25/ F AR 20 80 (00
M (g) 47 701, 78 T 6 52 2% [0 90 T 465308 5 5B, FMiInst
B BSCR AR,

LA DL AT, 5 SCHEH 0 FMInst S35 78 30 1 5
SRR 7 1 50 B B B 4 B HOR 7 AR T Maska-
Former $1%, 4 2L 10 43 SIS, /b 55 143 1
R 2, %%ﬂ?%%ﬂﬁ@*%%%ﬂ b 4 R B

(3) Multi-Former

Ko mfbxttt

4 SRR

ASLAE Mask2Former ByE [ BEAL FifE47 b0k, #2
H T — AN FMInst 895, %5 E7E Transformer fif
fh 28 i 2 HLFAM AL, % e 70 9% 28 IR RR A 225 AT I
FEE SR, RIS 3% 28 B RFAE EAT AR, 43 S0l SE I s AN
[ A PR R ALE AL 2R, B s B 43 31 203, [R] I £E Swin
Transformer 2 fid 5 (1) patch merging JZH 5] X SPM 4}

X, AR EUIAU Bt Ak 7 SRS i R R, IR AT
BZRHEE B, fm /N R R FI8UR, 5532
t DCFN #5548 i o 2B AN [\ RURE A % B2 A A dE AT AL
LI R RS B, 5B S R [
I 2 T2 B RS FE . 502 J5 1) FMInst #5281 7E mAP
iEH) 35.6%, APS0 _FikF] 61.4%, FH LL R UG 3L LR R 4)
AR 1.2% 2.2%. TEARKM AR, K38 g X A Y
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