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Abstract

Visual feature extraction of cultural and creative ceramic products, which automatically outputs
category labels of features including glaze color, decorative pattern, form, and craft style from images,
is a foundational task for applications such as automatic annotation of image material libraries and
feature-based image generation and retrieval. Traditional methods rely on manual judgment of these
four types of visual features, which is inefficient and highly subjective. Existing deep learning schemes
adopt a single-task learning paradigm, training independent classification models for each feature
type, resulting in low inference efficiency. This paper proposes a multi-task learning based method
for visual feature extraction of cultural and creative ceramic products (MTL-CVFE), which integrates
the four tasks of glaze color, decorative pattern, form, and craft style into a single model and outputs
category labels synchronously through a single forward propagation. The method employs ResNeXt50-
SSD for backbone feature extraction, introduces dilated convolution branches to enhance the receptive
field for decorative patterns, and designs a four-task parallel output head to achieve end-to-end syn-
chronous recognition of the four feature types. A corresponding annotated dataset was constructed
for experimental validation. Results show that the proposed method achieves a comprehensive mean
average precision (mAP) of over 85% on the test set, and under the premise of maintaining recog-
nition accuracy for each task, the inference efficiency is significantly improved compared with exist-
ing single-task deep learning schemes. The structured feature vectors output by the proposed method
can be directly applied to downstream scenarios such as automatic annotation of design material li-
braries and conditional control of generative design models.
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Figure 1. MTL-CVFE overall process
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Table 1. Classification system of visual features of cultural and creative ceramic products
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HEAEAERE JHH FHIFI
MW 10 R AR DML SR BURN. SRR M. SRR SRR JERVEN
a1 MRS, FRBC TESEL WKEL NIIHCREC JUSL IKAEUTF I

AL, OO, UL, MRS R
By 7 Wk, WL B, K. BUREK. @K, AT
TERE s W BRI OO, TS, B/

4.2. SKWIFE SR

SIS HEERC B . NVIDIA RTX 4090 GPU (24 GB {&47); Intel Core i9-13900K CPU; 64GB DDRS5
1o BAHESLN: Ubuntu22.04 LTS #:1F 2 %5; PyTorch2.0.1 ¥ E 2~ >IHE4E; CUDA 11.8+cuDNN 8.9.0.

SIS — G HCE NVIDIA RTX 4090 GPU (24 GB ZA%) i E RS %8 158/, CPU A Intel Core i9-
13900 K, PFEA 64 GB DDR5. 1431454 Ubuntu 22.04 LTS #4F &£ 45, PyTorch 2.0.1 TR 2 S HESE %
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FEFR[7] [8]o
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(1) ZAES5 21 S5 PARSHAENIXT . AR AT S NEERI . 388, T2 =01 L mAP 5
RS FEAERI ZREITE | AN E o RICAN, B0 AT 25 L BRI AR SR 28 R0t 22 BT 5532 B 2 TR M
TAR[9] [12] SUMRAE S5 1 FEIRAH R R (2.6 N E 43 1), TR DAL SUURARFAE 4 BRO I 52 3B R A0t s T~ HAtAT:
%, KIRASCII Y KA IR I EL B[ 13].

() BEZEZRE. W& 2 ATUEH, ASTNEEME. B8 T2 =TT % L mAP 55
1R 25 FEUHE M ZEBE3BE 1 AN 3 LA, SUMT 55 EAR S 1(85.1%) 45 BT 55 B E(85.2%) L AR 1o X
ZE R ASRAE T DUIURFE S BT 55 L 2 [F] — SR RIRF AR SR U 28, X288 S8 A T 1] 2 DU T4 55458 2%
PR &, T ARET S B — U 45 B AL A, DR RLITTE 45 i Wi e AL K 5 AR, 1%
Fe 2 AT S NE M E G R[] [12] X T B2 M EE B ahbriE R 75, 85% LA LIRS EERL & 3.8 £%
MR EETE, RUNEREE 2 R e AT D2 (HX T XU By S e S 2R E R E a5, MRS
THEALBER L R

3) VKGR AR . AR (MTL-CVFE)/E SO FFAE IR EL L mAP (85.1%) bRl 2 AT 5%
(82.6%)H& Tt 2.5 NHE 4 pi, B T Tk A RS BRI I 4 R I8 52 BT et KRB SU AR SR R 38 [13]
Rt 2R T2 R = AT 55 RS B S AR E AT 55 S AR, U IR Tk A S B AR HAMAT 55 7= A T4k
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(4) HEFRRER . ARCTEHERLN A 33 ms/7K, HAESHEAED 125 ms/sR(UMET &) fELEE
mAP HIEMHTIE T, HEBEBCRERTTZ 3.8 i,

Table 2. Comparison of feature extraction performance of various methods on the test set

2. BAREMRE ERSHERR AN REXTEL

i Fhs mAP (%) 40 mAP (%) %% mAP (%) L ZXME mAP (%) 454 mAP (%) HEFRA] (ms/7K)

AT R 86.5 85.2 90.8 87.3 — 125
FrRUEZAT S
B KB 85.9 82.6 90.2 86.7 86.4 31
AT
() 85.8 85.1 90.0 86.5 86.9 33

BRAEYESE LR PRARPERE IR 3 P, 38 3 b — P RORASC S BAAE DU A TAE 55 LI VEARTERE
B2 2 AT IR R IR S RAFILAEFE TR . A B3R5 mAP = TG AR JERD E PG A4S TR 55 10
mAP A KR A B SRE b AR RE 22 55 S B[R] —AE 55 R P2 5 A ] 3 AR 40 5% 2% 7T 4 s
TR TR A7 AE FICI A 164 OF 8 18 9 ] SRR OR T, 4 [ 2 b B AR AR AR )

Table 3. Detailed feature extraction performance on each feature dimension (method proposed in this paper)

3. BEHE4E _EREMEFHER M RE(R L5 %)

FRAELE K (%) B EI(%) mAP (%)
Gl 88.5 86.7 85.8
LUit 87.6 85.9 85.1
A 92.8 91.5 90.0

TG 90.2 88.3 86.5
gZA 89.8 88.1 86.9

FT A FEE ) mAP 75 85%LA 1, ZE4 mAP 4 86.9%. as U EHEIURS ¥ 5 151(92.8%), BRI J LT %6
JER B B . SUAR A B EORS 55 A X B A(87.6%), B IR 2 B8 20 SU i (U 48 s 80 5 46 S 8L JR s B AE AU,
BORFAE_AFAE — 2 WARUE[ 7] 8]

4.5. jERhsCIS

AT B R B AR S B IR, e B B S B A DR 12] [13]. SRERIS AR A RS B
ZAT K ILELE TR A)FIY KGR B), 568 5AH ) s B A B A O T, it
254 mAP FIHERLRT 8] R 72510 W 55 A Ht e 24 VR RE IR SEBR DTk TSRS R B W R

R A (EEAESILE): TUAMSL BAE S ResNeXt50-SSD A7) [8], 1ENMI R SRS HI T
7RG FEA R () 2 R

AR B (ZALS L=, T Tk R : VIS5 FAT 5 H S50, BERIRFAE SR I 26 04 7k B RS #R [9] [12],
FH T PP 22 AT 55 T WL X HE 2R R 1 DTk

AR C (ZARSILE + T kB, AUER TSR BIASC e R 13], HT 48215
HZ 5P sk BB EH TR A rERE.

THRSEIG 25 AR 4 Fron o T B SE I B D B B A S R AR, WLERLE S mAP R 1E, DL
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Table 4. Results of ablation experiments

% 4. HHIRER

BN 254 mAP (%) HEBRIS (8] (ms/7K)
AR A (BEATF ) — 125
BB (ARSI, T KEH) 86.4 31
AR C (A TEBEAEAY) 86.9 33

MARE A BARK B, HEFRI TR A 125 ms FFZE 31 ms, FCRIETHA) 4 1%, 454 mAP N 86.4%, SAF5%
K P55 BRAT 55 SR ME B A RE (9] [12] WA B B4R C, ¥ ik B RS R AE AU mAP M 82.6%F& T+ % 85.1%,
254 mAP M 86.4%3R T 86.9%, HEFLMT [H LI HN 2 ms [13].

THRALSEIG R ZAT S ILE MR BRI ) EZRIE, K GRS AE LT AT A 1) %
PEFA R T SURRRE SR BORE FE[9] [12] [13].

5. &g

AR ST SCAAN T AR AIE 2 ORI R R, BB T — PR T AR5 ST R R BT
A(MTL-CVFE), ¥Rlith, Zuifi. 888, TR VU BURHESE T 5 8 G T — 8. FETIES 450w
T

(1) #2847 HBINE . FHESRIUZ A E R R R R EAR SN . RRAESZEUZ PL ResNeXt50-SSD ¥
FEW 2 R en, AR EHOINY sk B SRR S5 VARSI TRt Sk, DAY A0 4% 48 58 VU SR RHE 3R I
i

(2) EEXT 22 AT 55 e S FRRRRAE 2 B0 24 (10 A0 A YA 188 I 800 0 DK T 225 ) PR J 52 B AN 2 i) i DA e %2
RS FFAESE R ORE FEORBR I8, 73 3 T DRSS FRAT fr Sk . 3 7k B AR S LUK B & SIS ASE 2K: o 3
ZIELARTT R .

(3) EE TR AR AR SRS, R, guif. B T 2RUSPUREHIE, briE—
ML Fleiss’ Kappa RELS, 19 2 SLI0 50 1E 2K

(4) SEHREEREW, ATIEAE B ERINHKE FLZRE mAP & 85%LL b, SAFSHE B 5 BT 5% L AR
RIBEAFE T, HEFRACRR TS 7 R EE RS . THRSEIRIOIE T & SO B A 24k

ASCTTEAE BB E RS EIAS T R RHIESE BUSCR , (BAEE R T T R . H—, HdR&
) R RIE AR 8™ X O E, R VG R, B2 AL RE ) AR AE oAt = X (a4 . SR B
AP i BT IR SR R AR R R R SO K EIAEAE
EES, HINSEETEENR G2 OMWA, SURZHIRE, TN S &N DLFL 5 ZIE 51
RURHIE . IX SO0 22 S 3 BUBL AR 85 77 X B B AFAE 0 A R AR A%, 2 4R THBRIZ A B D AR D B 2
) f 2 — , R A 78 2 7 X A S AT I I R YN G DA R o FL T, BEAREE O T GPU R34,
HEBR AR i Bl S i 4 H A B SCH M. FE AT AE BRI AN TR R n a2k
X B s, VPN B I A YE R s DARIE I N R S Rl 4% B S5 R R AR A R, SR
e
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