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Quality Assessment and Adaptive Enhancement of X-ray Radiographic Images

for Castings
HOU Ming-jun, DONG Hao, LI Shuo-hong, JI Xiao-yuan, DUAN Hao-zhe, ZHOU Wen-hao, YIN
Ya-jun, ZHOU Jian-xin
(State Key Laboratory of Materials Processing and Die & Mould Technology, Huazhong University of Science and Technology,
Wuhan 430074, Hubei, China)

Abstract: Complex castings used in high-end equipment often have structures with large wall
thickness differences and irregular curved surfaces, making them prone to internal defects such as
porosity and inclusions. The current inspection method involves X-ray radiographic imaging
combined with manual or automated evaluation. To ensure imaging accuracy, radiographic films are
typically high dynamic range images. However, during direct evaluation, defects may not be clearly
visible, leading to potential missed or incorrect detections. Additionally, image enhancement
processes lack a quantitative quality assessment standard, which severely limits both the efficiency
of manual evaluation and the accuracy of automated evaluation.To address these challenges, this
paper investigates adaptive enhancement algorithms and quality assessment methods for X-ray
radiographic images of castings. Specifically, we propose a multi-feature fusion-driven no-reference
quality assessment model for X-ray images, as well as a hybrid topological cooperative particle
swarm optimization-genetic algorithm (PSO-GA) driven image enhancement algorithm.
Experimental results demonstrate that the quality assessment achieves a consistency rate of 97%. In
terms of image enhancement, the proposed optimization algorithm improves performance by
approximately 5.94%, 17.82%, and 14.55% on average compared to traditional methods such as
Particle Swarm Optimization (PSO), Ant Colony Optimization (ACO), and Genetic Algorithm (GA),
respectively. This research provides theoretical and technical support for both manual and automated
radiographic evaluation of casting defects.

Keywords: Castings; Radiographic images; Adaptive enhancement; Quality assessment; Defects

- 854 -



@) 17 BIMEESN

THE 17™ ASIAN FOUNDRY CONGRESS

5 821

AFC Part 5: Smart Factory
1 a= AT LR VEAS, SRSONJFAG XS 240 R R AH 5%

e R R AR B AT AE R BE R 22 L S i T 5
gik, WA MALIR . KIAREN BRI DU IR
M7 A F R X LR 4B+ N T
AR, B EURALFIM ., Hldsss >R, R 20
SRR PR R, LB EGRE RS BE
AL PR ER A PERE AU AN R T, R 27 2] YK Eh 1101
0 H AR DU R0 BIF AT O 28380 il o S m i Oy
(21 PR Ap SIS S U A T2 N - B VA 7 30
BUFHONLER U4, I8 ISR B SRR
RISEPUR & B PF OB USRS B 2h IR PR T,

SR, (R P X SR AR5 % IR 3 I Py — i
NEASEE G, BRI kAN 2 5
Rk BRI s B R R AV AR AE, PR
IR i &% 1T | S A Y R ES A P e R
bl Sris-wa R RESIRLE S LS itPA DN EPS T e 1
JREVHETTT, R S5 (5 B IRKBRE R, X &
BBV IR T &S F R E G, FSERE
PHEUSIRITE S H B PG, BRI, A M
PG B (1 LT B0 A Y RORBEAT T B A EE00; A
e 23 T 5 AR IBE T, Lo R R R K
FEAEREATHRA, S S g A AR SR H R R IRk
R AR BAT s S B BRI s thAT T R
SRR T, AR Ty 1 AR A ]
Fedi BRI, IR 8 P A B O 7 R S
DURFIERG 58 (H2, BUAT VPGB FO4E DL A i S
WG BRI SR AT T e DU N SR AR A 58
M rErE. Uk, Wi d 2R L & KL S
IR E VAR, R R AU s R SRR
MIRALTIE, By T 7T A ME S

AT T S H 1 X S 2t/ 0 B R (10 5 5 i
PG R IT, M 2 RHLRL S 1 TE S 2 T E Al
I, B — TR & P A W R (kL A Sk
B BRI 5 T B 5 NS S SHOH L)
52 RPZERAEFEECRNG, 1853 5505 ATl A A %
ST ISP AE SR IR R PP A A U 45 &
JRHRECHE . NGAE B R A R X L S 2 UL TR AT
SCBLR 1 5 B 4 B K A A

2 X BB TSERETE

2.1 X SHEEGI TR e ER
BT RE H A2 56 X 4B R 1 SO
SR BARKEZIRIG, xR A A ARG

Rtk NikFemE R RKEZRGHITIER, R
—Fh K FE LA 5E RS (Gray-level co-occurrence matrix,
GLCM) Kz 1) H IR BB FE 50E

BT X2 BRI R FE VG Dy 0~255, Aissb
THEEREL, HKEHERA—MN0-8, M8 LA 5
Meo PG E—NMRER, IHEELSTE 000 v4.
/2 3n/4 Jila FEEECA 1A 2 PR R KFEAL A .
XHREANIKEERT(E, 3> FRIC AL UG T H B IR
SN I8 0 A B A, e B 1 B
BUEIEFEE N 1. 71 0° /X B GLCM.  fiJai%
B (DX 2 GLCM #EAT IH— k. )5, I
X EE (R(2)) . geE (RGB)) M K@) .
M (SR(5)) S RBESRFHES S KR LR
FEE A AT RHEAR MR, X(6)FrR, Sim
7N, RPN TR BRI SO AR AR R A AL o

O i 2 3 456 7 8

palGbDiars 400
7 [slslef6 |7 )———=slaNolofolo[1]t]e]e

43022 7(0[0[0 [0 [0 [0 [0 L]|L
2(3(0(1]1 8|0 [0 |0 |0 |0 [0 |00 0

B 1 BRI 1. TN 0° Xt MR AERRE
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Fig. 2. Assessment image construction driven by color transfer
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Fig. 3. Image enhancement strategy and specific optimization parameters
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