BAE B RS RTZIN Vol.41 No.4
2026 4F 4 H Chinese Journal of Liquid Crystals and Displays Apr. 2026

XEHS :1007-2780(2026)04-0565-13

BT IRBN TR ZEE RS B

BEEERT T, R 0, AR, hEE Y
(1. TEA¥ FEIRFKR, TE #)] 750021;
2. TEARF RAHEWEAIEREGRLZAELERE, TR /I 750021;
STEABESAIERAHERREH T, FE R 75002D)

8 E - BT 2 UG 43 0 rp TH S R I M PR 5t s BT 28 F AR AL 2 LA BT 37 o S AT 55 41 28 ) 25 O % 268 (0] 10, A% SC 4R
Y — T T ) 208 3 G TR X 5F 4 £ 4% 43 ) 5 % (Prototype-Aligned Incremental Segmentation, PAIS) . 1% /7 ¥ M
G G FRAF R M 0 A M R, R 82 2 30 2o 8 i 05 i Xof G2 A 080 ) ) U A L Ak 5 D B SRR EA TSR — HE AR, T
AL 34 AR AR B . JEU B ) 3R 1k (Prototype-Aware Initialization, PAT) i i3 A 24 Fif 43 10E &1 Fp 26 85 18 SO iy 5t 3 A o7
T X G A A B AR AR X 2 ) A AR RE T 5 I — Bk 2% 2 (Temporal Consistency Learning, TCL) £ 3 AH 48 2% >
i B3 O el 1 SCASE R S N 43 A 1Y) — BT G R RRAE R AR T B X g MR AR 5 0 B2 14 (Category-Aware Memory,
CAM) 4471 505 (W 2 AL AL RAF 72 AR 1ot R F ) 25 0 T 42 THIH O R 58 1 . 78 ADE20K #0984 I i +5
LA 50T G Rr il o R L g 2 R R W] PATS 18 2 FMT: 55 88 EUE R0 43 Ko f A% 91 R B4 T ECLIPSE \BalConpas
Fl CoMFormer S5 A0 3 M 7 vk 5 76 8 35 150 ZE M PR i 8P 48 L SE 3 1 6. 7526 19 PQ 36 ¥ £ T, [R) B 77 it 75 SR AR 2
1045, LI gs R R, PALS BB 7287 252 2 B 1 L IH S ORFF e 71 5 1 0 503 22 [m) B4 38 e 1) 1

X B W:BHEAGHRASF NS —SBFE T AR mLie; 2T o E

FESES TP391.4 XEFRIRES: A doi:10.37188/CJLCD.2026-0050 CSTR:32172.14.CJL.CD.2026-0050

Continual image segmentation based on prototype alignment

GAO Yongzhan"**, HUANG Lingxiao'**", YAO Xinbo'***, ZHOU Kaiyuan"**, XU Haizhe"*”

(1. School of Information Engineering, Ningxia University, Yinchuan 750021, China;
2. Key Laboratory of Artificial Intelligence and Information Security for “East Data West Computing” in
Ningzxia, Yinchuan 750021, China;
3. Collaborative Innovation Center for Big Data and Artificial Intelligence , Ministry of Education and
Ningxia Province, Yinchuan 750021, China)

Abstract: Continual image segmentation suffers from catastrophic forgetting of previously learned classes,
insufficient representation of newly introduced classes, and dynamic background semantic shifts in
continual image segmentation. To address these issues, this paper proposes PAIS (Prototype-Aligned

Incremental Segmentation) , a prototype-aligned incremental segmentation method for continual image
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segmentation. From the perspective of object-level representation stability, PAIS jointly models the
initialization, evolution, and historical semantic compensation of decoder object queries during continual
learning. Specifically, prototype-aware initialization (PAI) selects semantically salient positions from the
current feature map to initialize object queries, thereby improving the modeling capability for new classes.
Temporal consistency learning (TCL) constrains the consistency of key semantic positions and their
response distributions across adjacent learning stages, which alleviates objectness degradation caused by
feature drift. In addition, category-aware memory (CAM) maintains compact class-level memory
representations to enhance old-class retention without relying on large-scale image replay. Experiments on
continual panoptic segmentation and continual semantic segmentation on the ADE20K dataset demonstrate
that the proposed method consistently outperforms representative methods such as ECLIPSE,
BalConpas, and CoMFormer under multiple task settings, data splits, and input sequences. Under the
setting covering 150 classes, the proposed method achieves a clear improvement in PQ while reducing
storage requirements by approximately 10 times. These results show that PAIS provides a favorable
balance among new-class adaptation, old-class retention, and memory efficiency.

Key words: continual image segmentation; prototype alighment; temporal consistency learning; category-

aware memory; panoptic segmentation
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Tab.1 Continual panoptic segmentation results on ADE20K dataset
100-5 (11 tasks) 100-10 (6 tasks) 100-50 (2 tasks)
Method

1-100  101-150 all avg  1-100 101-150  all avg  1-100  101-150 all avg
FT 0.0 2.2 0.7 4.7 0.0 4.8 1.6 8.9 0.0 32.4 10.8  26.8
MiB"* 2.3 0.0 1.5 13.4 6.8 0.2 4.6 19.1 23.3 14.9 20.5 31.7
PLOP™ 31.1 11.9 24.7 31.3 37.7 23.3 32.9 37.8 42.4 23.7 36.2  39.5
SSUL™! 30.2 7.9 22.8 27.9 31.6 11.9 25.0 30.3 35.9 18.1 30.0 33.8
CoMFormer  34.4 15.9 28.2 34.0 36.0 17.1 29.7 35.3 41.1 27.7 36.7 38.8
BalConpas 36.1 20.3 30.8 35.8 40.7 22.8 34.7 38.8 42.8 25.7 37.1 40.0

ECLIPSE 41.1 16. 6 32.9 — 41.4 18.8 33.9 — 41.7 23.5 35.6 —
Our PAIS 42.7 22.4 35.9 39.3 42.6 30.7 38.5 40.9 44.8 31.4 40.8 42.9

joint 43.6 34.2 40.4 — 43.6 34.2 40.4 — 43.6 34.2 40.4 —
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Tab.2 Continual panoptic segmentation results on ADE20K dataset in PQ
50-10 (11 tasks) 50-20 (6 tasks) 50-50 (3 tasks)
Method

1-50 1-50 all 1-50 1-50 all 1-50 1-50 all

FT 0.0 1.7 1.1 0.0 4.4 2.9 0.0 12.0 8.1

MiB 34.9 7.7 16.8 38.8 10.9 20.2 42.4 15.5 24.4

PLOP 39.9 15.0 23.3 43.9 16.2 25.4 45.8 18.7 27.7

CoMFormer 38.5 15.6 23.2 42.7 17.2 25.7 45.0 19.3 27.9

ECLIPSE 45.9 17.3 26.8 46.4 19.6 28.6 46.0 20.7 29.2

BalConpas 44.6 24.8 31.4 49.2 28.2 35.2 51.2 26.5 34.7

Our PAIS 49.4 30.6 36.7 51.9 32.5 38.9 52.6 31.5 38.7

joint 51.1 35.1 40.4 51.1 35.1 40. 4 51.1 35.1 40.4

®3 7EADE20K ##E & Fifid mIoUMBHELIFEX B R
Tab.3 Continual semantic segmentation results on the ADE20K dataset, measured by mIoU
Model 100-5 (11 tasks) 100-10 (6 tasks) 100-50 (2 tasks)

1-100  101-150 all avg  1-100  101-150 all avg  1-100  101-150 all avg
FT 0.0 0.3 0.1 5.6 0.0 0.1 0.0 9.1 0.0 3.2 1.1 26.3

MiB 36.0 5.7 26.0 — 31.8 14.1 25.9 — 37.9 27.9 34.6 —
PLOP 39.1 7.8 28.8 35.3 40.5 14.1 31.6 36.6 41.9 14.9 32.9 37.4

SSUL 42.9 17.8 34.6 — 42.9 17.7 34.5 — 42.8 17.5 34.4 —

EWF™ 41.4 13.4 32.1 — 41.5 16.3 33.2 — 41.2 21.3 34.6 —
CoMFormer 39.5 13.6 30.9 36.5 40.6 15.6 32.3 37.4 39.5 26.2 38.4 41.2

ECLIPSE  43.3 16.3 34.2 - 43.4 17. 4 34.6 — 45.0 21.7 37.1 —
BalConpas  42.1 17.2 33.8 41.3 47.3 24.2 38.6 43.6 49.9 30.1 43.3 47.4
CoMasTRe 40.8 15.8 32.6 38.6 42.3 18.4 34.4 38.4 45.7 26.0 39.2  41.6
Our PAIS  47.5 23.6 39.4 47.9 49.8 28.1 42.9 50.1 55.8 36.7 49.5 52.8

Joint 57.1 39.1 51.2 — 57.1 39.1 51.2 — 57.1 39.1 51.2 —

T3 vk [ Ik il 28 000 v BE R B B0, UL W] PATfiE eI .

{36 o8 5 AR SR I ) G T 1 ORI 28 ) A i 2R 08 L T
TCL WA B T 50 85 By BOV 5 RAE 22 1% 1H 28 %0
SRR AL R, 7E 100-10 A1 100-50 ¥ & F L B &
T B BT 4G 28 SR T, AR S5 VR AT DR R R
Gy RPEAAGE T RIF 5N K&
S, AR AZ IS N 5 B KBS 8 59 R g 5. b
T AR oy #4554 307 i 4F 100-5.100-10
F1100-50 =Fh i E T AL HUE T L mloU 45
e, 0 H A F Al 2 00 AN 4 R S 4R AR R IR
FE o AT AR 28 18 5 2 B A R T v L AR X
J7 % BE A% 7E 2 2T 9 2 500 5 T A 5k AR BE TH 2 )
H N B o X — S5 R Ul B, TCL X S B iE LA
it A B — BOPE 2 A B T e R R 2R 1)1 2
TR R GOE SUIERS T CAM JIr 4 415 19 28 51 92
BB C L HE— 20 05 TR RN TH 208 S AR FE

SR A R sk mt oy B 5 R S0 SO R SR
SRR AT LA AR SO R AE A AT 55 18 XA R
W BN YR B i RS E 1k A AL fiE
X F WY B 28 A w0 4h AL - Be—BobE -2 e 1
Ay 3 B K A HL ) BE 05 S A Ak IR 55 TR 2 KR
o EESS -

P 3 R B 1 AR SO TR A A i 2 (] G 4 5 K R
SO AT B Ry BRAE o A T X 5 A A R AR e L
2 8] A3 Jrd i JEE R A Y 7 N A B S A RS S 52
A 1) X LUKS 0 5l € 2 AR HAR B R . X
SR AR B T W R AT ORISR . X
— R R PI R A S ) R b, OB 55
gl N B B i 5 L B B R S A A Y
BT IEINIS, B A B R AR R LT S AT N R DL€ 4 4
FHR R P BRI 5



54 4

e B o, A R T RO 5 G 45 2 1 R 00 573

3 o0l g ot i 552 4l

Fig. 3 Examples of segmentation failures
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Tab.4 Ablation study of the proposed modules

Panoptic100-5

Semantic 100-5

PSD PAI TCL CAM
1-100 101-150 all 1-100 101-150 all
v 31.6 21.3 28.2 15.6 8.5 13.2
v v 30.7 22.3 27.9 37.4 16.7 30.5
v v v 35.7 24.0 31.8 43.2 17.0 34.5
4 v v 35.1 23.3 31.2 42.5 19.5 34.8
v v v v 42.1 21.9 35.4 46.7 22.8 38.7

i PEBE LL A Ah A SCIR A A T A A g 42 T =X
TR RS . RS PR, 5 H AR AT R LR
15 BbR T B AR A E SR B A, CAM AR A7 26
NG BB FRAE , TO T A R s R SR R
PR EAE B, P TE BARAE A AT B AT 3R A 52
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(Base) 5 35. 4 (Al , 1 & H ik 7E 29 11. 8 MB
ff -k 38. 5(Base) 5 33. 7(All) , iX £ CAM A5
B KA [T AE A R AR AT TR A 25 R L 1 4(b) ik
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Tab.5 Comparison of different replay types and storage

requirements

Type Samples  Memory/MB base all
0 (X20) 0.0 35.7 31.8
Tmage 75 (X 20) 3.4 38.9 33.4
150 (X 20) 6.1 38.9 34.0
300 (X 20) 11.8 38.5 33.7
Category- 0 (X 150) 0.0 35.7 31.8
Aware Memory 20 (X150) 1.5 40.6 34.6
40 ( X 150) 3.0 40.4 34.1
(CAM) g5 (x150) 5.9  42.1 35.4
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Fig.4 Comparison of performance and old-class retention for different replay strategies under storage-constrained conditions
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Fig. 5 Qualitative results of PAIS under the ADE20K 100-5 continual panoptic segmentation setting
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Fig. 6 Qualitative results of PAIS under the ADE20K 100-5 continuous semantic segmentation setting
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Fig. 7 Analysis of evolution simulation results
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