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ZHANG Xu-Xin', WU Meng'?, ZHAO Huai-Dong™, WANG Lu’

'(College of Information and Control Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)
*(College of Art, Xi’an University of Architecture and Technology, Xi’an 710055, China)
*(Institute for Interdisciplinary Innovate Research, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: As important carriers of historical and cultural heritage, heritage buildings hold significant value for research
and conservation. However, their scarcity and ongoing deterioration make complete restoration through traditional
methods challenging. While existing text-to-image generation techniques can reconstruct their appearance from textual
descriptions, issues such as missing details and suboptimal image quality persist. To address these limitations, this study
proposes a method for generating heritage buildings based on an improved diffusion model. A gated residual mechanism
is introduced to optimize information flow, mitigate gradient vanishing, and enhance generation stability. A dual attention
network combining channel and spatial attention is incorporated to strengthen the modeling ability of both local details
and global structures. Furthermore, VGG19 is employed as a discriminant network to extract multi-level semantic
features, and perceptual loss is introduced to improve the modeling effect of key visual features. Experimental results
show that, compared with other diffusion-based models (KNN-diffusion and Simple diffusion), the proposed method
reduces FID by 30.39% and improves CLIP-score, IS, and SSIM by 1.08%, 9.01%, and 2.35%, respectively. This study
provides a feasible technical approach for generating high-quality images of heritage buildings, contributing to the

sustainable research and intelligent conservation of digital cultural heritage.
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KNN-diffusion™"!, Simple diffusion™, %&J- [ [a] 345
) CogView2 PRI T2 AT I 2% () AttnGANPY,
SRR R, BT R (AN . SCAR SRR AR R,
eI st R 5. B 6 iR,

M5 A LA H, KNN-diffusion 4= i ) & 2 3
PRFF G SO IR, AR T 2 1) I o 41757 75 T8I 2B st
#i, Simple diffusion # A% A RS R, 3 HiEA
JEPLH SRS TE R R IXFE A, CogView2 A EIE
JiR AR, A B G BRI B R U, AttnGAN A=
F ) UGBS A BT, AN 5 7 HH AT, T e PR AR St
U 0 G AR AR . MG L AR I A dT.

M 6 AT LA 1, KNN-diffusion 4= i &4 17 78 41
TR, GnEE 1 ATER 2 B, A Sk H T S 7 B T
B, AR /N5 SRR B AR, IR HA0T Ab it e s
ANUF; 55 S ATH 2 FIRIR I G TS A B ok, A
A= TS Le 43S K. Simple diffusion A2 A B4t
S AR FE R, a1 AT 3 A = R, AR
R R A BH; 55 3 4T 5 3 Hdh #o A8 S0k
L, HEAEE R IRATT & SUARIR. CogView2 A2k
P P53 i o AR, S 1 AT 5 4 B RO T B
REM, AFFE L S 44758 4 5 BGRAREE H
IR, 5 AR BRI S A X B 58 S AT E 4 B AR )
RIZIE TP . AtnGAN A R EMG R A Ra e, AT LB
REME VATE S HIREPHRI TR, E5I17HS
B R d J] Bt BT 3 B R - T E e eSS
PO AR B EURE RS & A AR B R
SRANE SC— B0 T TR % b AR
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A colorful bird with a
black head, yellow body,
black wings, and slightly
white tail, perched on a
tree branch.

A small bird with a
reddish-brown head,
brown and gray feathers,
perched on a tree branch.

A small bird with a
yellow belly, olive-brown
back, and a distinct
yellowish stripe on its
head, perched on a tree
branch.

(a) Ours (b) KNN-diffusion  (c) Simple diffusion (d) CogView2 (e) AttnGAN

Bl5  RIBEEY T 5 A pl g SRt L

Traditional Chinese
bridge over a lake at
sunset, boats on the
water, viewed from
a pavilion.

Ancient Roman
Colosseum with
stone arches under
a clear blue sky.

‘White church with
blue starry dome,
golden spire and
cross, under a calm
sunset sky.

Statue monument
in city square,

surrounded by tall
modern buildings.

Temple of heaven,
traditional Chinese
architecture with blue
roofand red wall
sunder a bright sky.

(a) Ours (b) KNN-diffusion  (c) Simple diffusion (d) CogView2 (e) AttnGAN
Bl 6 AN RIS EE ) A 2 SRR L
3.3 EEWTMN BB 5T, A5 990 R R PRA $i b 2 5 A0S 0 46
N Tk Uy BT AR 5 e O 2 A #E B (Frechet inception distance, FID). CLIP 434 (CLIP-
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score) HIUH 514 (inception score, 1S) 145 #4) 14 FHALL I
# (structural similarity, SSIM) >k bEiAE i B4 5 B sk
PEHGRN ST R AR ALLFE

FID 51 2 Sk GO A 15 B R AIE 3 A1 22 [
R =S, {5 F 7)1 25 ) Inception V3 X 2% M L S R% AN
A R R A SR BURFAE, 4300 v SR AT TAE AR AIE 2% 1) R
IS AN J7 22 B, a3k T 3R B A A 22 e R VR AL AR
RS GBS OL T, FID BAK, U4 B S B Sk
PGBk, A B EHG s lkar, ot 5 A 00

FID = ypsg|[* + o, + 0 = 2orrr)®)  (10)

Forb, wes o 23 0 B S EUGRHAE 1) 38 AN 7 22,
Mo~ o 53N BB R AE (R (BT W 7 22,

CLIP 533U SRR G R SCAR 2 ) B ARABLEE, A
F CLIP BALH B A GRSl ik % Ak Rt I 1
fiE [ 2, 3@ T SARRAE 1) 2 R P A 52 R AL A o S
AHENE 2 B UL ELEE . %, CLIP AERK, Fom3IA
ARG 2 T AE AL BE i i, B3R A

CLIP-score = max(cos(E;, E;),0) (11)
o, Eiv E 3 9 227 BB AN SO (R RFAE )

IS B T A A B A R Y R R A 2
BEPE, HoAZ O REAR R I VP Al A B R ) 2 2R BAS
M2 FEvEAT B R B, B, 1S M, 4R EE R &
s, BHE 2 FEELE, thE AW

IS = exp(Ex~p, DxL(p(yX)p())) (12)

SSIM FT G 25 . 0 B R0 &5 by il &
P B S S R I ARBLRE, B8 75 & N SR AL A 1) S A
FF AL EH, SSIM AEBR, 7R A MG I S ]
Bt E AW R:

(Quxpty + )20y +c2)
W2 +12 +c) o2+ 02 +0))

A R PPN R bR, B A SCREAY 5 KNN-diffusion.
CogView2. AttnGAN J Simple diffusion #5275 3 17 %F
b, S5 3RmER 1. 2 Fion. AR SCRHE ey Ronit M AR AR
R, B 1 GERRAE (W1 CLIP-score fi & & SCIE X
— B, B = R AR B S SO A IR DU TC B 1 )
“L RN AR AR B RS, SRR RS (i FID Ay
A R B 5 LS S 40 A 1) Frechet B 83, B/ ROR
PR o AR, AR R R ).

SSIM(x,y) =

(13)

%1 ANFEIAE CUB-bird FEEXT

Model FID (|) CLIP-score (1) 1S (1) SSIM (1)

KNN-diffusion 11.27 0.341 3.81+0.02 0.945

CogView2 15.69 0.326 3.46+0.04 0.889
AttnGAN 18.31 0.284 3.39+0.03 0.854
Simple diffusion ~ 10.94 0.396 3.93+0.05 0.953
Ours 7.96 0.490 4.41+0.05 0.973

K2 AFBRE RS EEEE LEEX

Model FID (]) CLIP-score (1) IS (1) SSIM (1)
KNN-diffusion 12.50 0.325 3.74+0.05  0.930
CogView2 17.05 0.319 3.27+0.04  0.872
AttnGAN 19.84 0.256 3.08+0.03 0.865
Simple diffusion ~ 12.47 0.326 3.82+0.04 0.942
Ours 8.69 0.329 4.12+0.05  0.958

1B FEALE CUB-Bird B4 L1
R R. nTLVE W, 5 HAT RRBEAE L, A3
J LW FID P3N BT 40.60%, CLIP-score~ IS
SSIM 53 B FIIHRTE T 47.57% 21.38%- 7.11%, £
TRbR I8 H B2 8, UE I T AR SCER I 7 SR SOAR A
BT 25w (A R

% 2 AR R A R A AR b 2R g SR B & b
e R P s . R 2 AT R, ASCEE S5 R T
B R () KNN-diffusion F1 Simple diffusion 8, FID
3 AN 12.50 F112.47 FEAKE) 8.69, “F3IF#MK 30.39%;
CLIP-score 73 HIM 0.325 A1 0.326 7151 0.329, F1
P 1.08%; IS /- I 3.27 F14.08 L7+ 4.12, 11y
PEE 9.01%; SSIM 43I M 0.930 F1 0.954 - F+%] 0.958,
SRR 1.72%, X e S5 BRI, AT VEAE AR R
B CAR-BUEXTF5 . ZFEPERN 450 Ok B RE S5 U7 T
BT T R ek, AR T AR SRR i b 2
GV AT 55 T A R
3.4 HRASCLS

DS E SRR A A I N ZE H . X VE R I
N 2% 5 1A v, AL TR T — RAITH
RS, SRR Ty (1) A R IG Y B A (SD) #EAT
A R SR 5 (2) 5 AL N T 14 5% ZE LI B 9 s
B (SD+GRM) HEAT S48 (3) 5 AN R DI WU v 7 A
P B A (SD+DAM) T SESE; (4) § BB AU &5
A VGG19 #5128 (SD+VGG19) HEAT A iS5 (5)
FAAR SCHE H (17732 (Ours) 34T 5256

SEG A5 AN 3 B, 1R ZE LI 0 32 EAL
T S DR B R i BV Ok, SR E I g fe e Tk, H
N 2 A R UG T B 1) A R SRR, R A B R — K
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R SR Ut H % TR AR 39 A 127, (R THIR BEAS K, A
KUV = SIMEF VGG19 W 445 XUE I 7 7 M 44 i@ it
2 (A1 T DAL R 3 A = L R % 0 207 J2 T AN
A J 7 THI B SR ABE R 0) R A A IR A RE 7, R 3
AT LA H B0 AR i B AR 5T B AT A0 3R T F oK,
FIHEPR A 1.50%-4.94% FIAL; VGG19 H B R
TE AR B 2 v B UG 1 R AR, 45 AR i
15 5 B S PR, EURE BE LB R 2 7 4Rk, LR
FHRCRBEAR, DB Va FIAE 1.28% F) 1.9% 2 [a]; [ s
BX 3 AN, & DUfe bR 3G 2 2. Hdh, FID [%
i T 26.29%, CLIP-score~ IS F1 SSIM %3 W T
4.44%. 7.01%- 2.35%, ULEAASSCHT G BB & 4% T 1
F, BT T A G

K3 OHBSLIRE K

Model FID (})  CLIP-score (1) IS (1) SSIM (1)
SD 11.79 0.315 3.85+0.03 0.936
SD+GRM 11.20 0.318 3.88+0.05 0.943
SD+DAM 9.89 0.324 4.04+0.05 0.951
SD+VGG19 10.49 0.321 3.96+0.04 0.948
Ours 8.69 0.329 4.12+0.05 0.958
4 HE

AR T — b T S5O OB A st ik i )
A AR X B SCAR AR R B B AR AL TR B AR
AR AR, R TR T R @ 5N
ZRUEL, LA 715 BN, IR TR LT 2K e, AT
P TR AR R e ME R H RE ) S A W EER
I, SE5R TR R R A 4 SR RRAE (R o0V,
FRTE TR EB T R A, R VGG19
W 28 A7 g ) ) D) 245, 3 B A 250 B e b 4 B2 R R
RRIE IR T EG T . SEI04h R, Frie ik 51k %
BT P B R () KNN-diffusion F1 Simple diffusion
JriEM LG, FID VP FK T 30.39%, CLIP-score-
IS F1 SSIM 484553 A HE 1 7 1.08%. 9.01% 1 2.35%,
F AR T A UG AR BT B NI T I8 S T B
.

RAEmL, R BB S S5 S CORRR 2 )
FEAT A T 25 18], 2417, CLIP-score 1 SSIM 43 5l
T 1.08% A1 2.35%, {HA R AE 43 55 J% SCARR AT AFAE
PRAR SRR, 5804 B R B 58 A AR SCA H R 2T
e — A A BB S SCAS LG B, R R A
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