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Research on defect identification method for 3D printed carbon fiber
composite structural components
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Abstract: Common defects in 3D printed carbon fiber reinforced composite components include cracks, bubbles,
delamination, and layering issues. However. traditional infrared thermography processing techniques face problems
such as edge blurring and artifacts, and they do not fully utilize the temporal information of pixel values. Therefore,
this paper proposes an adaptive median filtering algorithm based on temporal information. By combining changes in the
current pixel over time and using the z-score outlier removal method, the algorithm assesses whether the current pixel
is anomalous within a specific time frame. thereby reducing noise interference. Experimental results demonstrate that
this algorithm achieves an average signal-to-noise ratio that is 6. 155 dB higher than methods such as wavelet denoising
and tensor principal component analysis, while maintaining good edge definition. Additionally, defects were quantified
using the half-width measurement method, maximum inter-class variance method, and Gaussian Laplacian operator.
The experiments indicate that the content of carbon fiber and the excitation time significantly affect the accuracy of
defect quantification.

Keywords: 3D printing of composite materials;infrared images;adaptive median filtering based on time series information
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Fig. 2 Schematic diagram of active infrared thermal imaging system
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Fig. 9 Comparative analysis of original image and different image enhancements
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Fig. 13 Schematic diagram of half width measurement method

AT G FH ) 2T 5 PAR AL 3 B R R 480 X 640, & 14F R
P 100 mm X 100 mm, 75 1 Sl E G i 1R & K
220 pixel X 220 pixel,2 SR 7E BE H T 48 K N 257 pixel X

o 143 -



948 & 2 F o

T # K

257 pixel, 1 5 30448 7 % B BB R m, = 0. 454 5 mm/
pixel,2 S /5 %R BIR A m, =0. 392 2 mm/pixel,
14 JBART 1S PER 2 S bkl & b fr 241 il
B o EL. 1 S5 2 5 8 H 6 M ER N
10 mm AYFLIA G B L B 1 B BE 2 BB 3 B 4 BB 5
FGFE 6 BT 09 R 25 3 5128 3.2.5.2.1. 5.1 A1 0. 5 mm,

~

(a) 1'53RMF (b) 253
(a) Test piece No.1 (b) Test piece No.2
14 5 B O 1 H R

Fig. 14  Astraightlinepassingthroughthedefectcentroid

RO 1S 2 Sl BB 1Bk 2 B 3.
BReBf AL BE 5 FNEREG 6 BT X R 04 i 2 B AR L O A
MATLAB i Ji| polyfit #8 £k 17 i & 80 &, 7 A H
findpeaks PRECHR 2 T 1§ M8 , 4335 1% 1] &5~ 06 X 17 19 2
1o B R A EUIE 3R 3 R .

R3 IEREMREZENNELER
Table 3 Measurement results of defect width using
the half width method

BpE o ke & R Er MRS
FE G D G G2 G
1 16 7.272 0 32 12.550 4
2 18 8.181 0 30 11.766 0
3 23 10. 453 5 31 12.158 2
4 15 6.817 5 31 12.158 2
5 18 8.181 0 30 11.766 0
6 22 9.999 0 34 13.334 8

T 22 i JE B AL pixels P RSP B2 mm

M3 A L SR R E IR 2208 15,1804, 2
SRR R T 43R 22 R 22,89 %, 31X 1 B 7E [A] — At 24 3% B
MBI b BT 2 Sl i R AT 4 R RO, AT RO
w32 2 SR pE I T IR EE R T 1 SR
R 0 ) S 2 R 22

2) {5 8 114 2 % ) 2

FIH & B hr Y 5787 (Laplacian of Gaussian, LOG) 1%
e 0 - SR R e 3 % L Ak B R Y SERR G . LOG 3%
o 2 — A T B LA B R 1B A5 AL 3 bR Y 34 2R
HOR . B56 T & 7 1 R0 L B 58 R R 4 Y
TG R A5 R A« S AT e BT B D A X B A PR AR AT
-3 A B LAY W 7 O B RIS Y 1 SRR AE 5 7E = T

o 144 -

W25 s I B A ok T B AR I S A A
Pl % r iy et 8 135 78 A 5 i o 3 0 9 (i A B L 00 % 0 Ak N
G R B N %

RERAE AR B D A B A R R TR LI
WA R A H A RAR B 5B R~F . B LOG i1 & $2 ISR
F AR BIERBA I AN E] 15 FTR .

AR 1 53R PR 2 5 A BB 1 S B JE K
4R,

(a) 1564
(a) Test piece No.1

(b) 255 M
(b) Test piece No.2

P15 BB e T
Fig. 15 Estimation of defect perimeter

R4 REMUNERK

Table 4 Measurement perimeter of defects

Bl LEve MERS RETE R
TG D GREED G2 GREED

BB 1 36.50 16.5893 68.91 27.026 5
B 2 47.66  21.661 5 78.50 30.787 7
i 3 55.62  25.2793 80.22 31.462 3
BB 4 56.33  25.6020 93.35 36.611 9
BiE 5 63.95 29.0653 93.01 36.478 5
BB 6 67.31 30.5924  96.05 37.670 8

TE 2 8 58 S0 pixels W& RGFHLA 8 mm




RET F3D TR A S M B G IR A AR

55 1

IF A TT LR HY L B bE 1~6 (& T 1 2 2 B gk
PYBAES TEBR TR SR B AR 10 mm B [RITEFLIR,
T LABRAR B I 4 K W O 31,415 9 mm, BRFE 1 EELE 6
PR R MRS SN 3.2.5.2.1.5.1 f 0.5 mm, 1 1 5%
2 0 5 R T AT Gt o B R TR T D A ) 5 SR
. 2 SO 2 R AT, B 3 S ka2 A, HoAh
Bepa r i B K 5 LR E R AR KR 2, R 2E L F
6.254 9 mm, MTF 2 SIK{FBIBREF 2 o B B (B 4T 4 &5
W 90%) I E SRR E R, 2 ST B E R T 1
SR, T8 2 SRR 00 BB DX S A I8 R XA TR 25 U8
HEEE KT 1Sk, A hE TR ah A% 1 L TR — R 20 1
PR LD B 1 JE 4K, 2 5 3R R BB B A T 2 SR R 2 KT
SR KT 1 B BB AT G R (R AT S N
5096 » AL T AT AR, P B 2% T4 VR 1) SR B DX Sl 5 R
TEH DRI T 25 /D R B0 B I R R K B D F S B
JEI RS

T F S N PR 0 B Al b R T — A T R
B IE R B IR T RS A TR R TR 2
i [0 2k B2 09 1% 8, R z-score B A5 2% B 12 340 B M i 1% 3%
JEAR O S H(E R SRR IO 2 R R A 20T S
— > BAAL I [R] P Y 24 8, A R T e A i {5 9 B A ) 1
2% T %% S5 AMF TRPCA \DCT 45553 16 4 B
R 15 M L (SNRO $8 #0245 R 3R WA SCH2 i i O 5 1
SNR 8 80¥) m T HoAh 75 k. 42 MATLAB 358 F R H
Otsu [ 8 43 ¥ 5 ¥ X5 8k B o A7 40 30, i i Al A
regionprops PRRUHE B 19 B0 7 B, S5 R KWL 1 Sk
PEFT 2 53 14 e o A7 8 TR0 452 22 43 3 S 7. 729 8 IR R F
8. 048 2 18 & 5 2R F 2K iy T M vk, T-ah & il Gl b vl B &
IR 2 R R 2, W AF 1 50 RSP PR 2
15. 18,2 ik 22. 8906 s M LOG L Gk 3 1 42
BB B I 2% o B Tk 2T 4 B R Tl S B R SRR 22
S AE R — B 20 1 A 0 0 ] 158 2 i e o R B
T3S R 2 53 DU AH 52, RISk o 780 4 30 3% 1, 00 038 22
R,

S % 3k

(1] MBS, RICHE. XIRA, 5. G425 0
TE R B R HS S B B T s R ()], BRE AR
2024,69(22) :3238-3251.
CONG CH N, ZHU W Q, LIU J J, et al. Advances
in analytical and numerical models for ballistic limits
of fiber-reinforced composites[J]. Scientific Bulletin,
2024, 69(22): 3238-3251.

(2] TRIE%, MR, M, % O 9ER G MR KT
JE SR B R 2 A I ST ], I R, 2022,
45(8) :58-63.

[3]

[4]

[6]

[7]

[8]

XU Y J, XIANG H X, ZHONG M, et al. Research on
THz detection of CFRP with different depth defects[ ] ].
Electronic Measurement Technology , 2022,45(8) :58-63.
WEW, Ffh, DES, F SEBFAREE SRR
ZALEARTE SO OR A R AT AT W I A
AR, 2022,45(14) :172-178.

GUO X Y, ZHOU W, MA L H, et al. Acoustic
emission behavior of deformation and damage of
composite materials with defective fibers after thermal
aging[ J]. Electronic Measurement Technology, 2022,
45(14) . 172-178.

KT has L, A, SF. kAR AR B0 ER B R
Eg AR B IT] BT s R, 2024, 47
(8):86-92.

ZHANG S J. SU Y F, ZHOU W, et al.
element simulation of electromagnetic tomography for
cables [J1.
Measurement Technology, 2024, 47(8): 86-92.
SR, B, R T ., H BASE S ME 3D AT
EN T2 bl 2% 20 53k 5 T2 S B A sk oF 58
(1. UMK T R4, 2024, 60(21) . 263-274.

NIUJ Y, LU S W, ZHANG B N, et al. Study on the

effectiveness

Finite

defects in carbon fiber Electronic

of machine learning algorithms for
process parameter prediction in 3D printing process of
composites [J]. Journal of
Mechanical Engineering, 2024, 60(21): 263-274.

MO AR, 77, falke, A KD AE K A M ORHZ A
A6 B8 R I e A 0 o B R I, R BRAR T, 2024, 46
(3):1-4.

QU Y L, NING N, JIAO T, et al. Application of

ultrasonic testing in the detection of scarf-repaired

variable-component

composite structures [ J]. Non destructive testing,
2024, 46(3): 1-4.

P g, BRI, XU, S5 BURAMOR CT g P
BB 5 R (T] 7 S AR A R,
2024,38(1):178-186.

ZHONG Y L, ZHANG X F, LIU Y B, et al
Identification and depth measurement of debonding
defects in CT images of packing materials[ J]. Journal
of Electronic Measurement and Instrumentation,
2024, 38(1). 178-186.

TIEE, KER, RERE, . LT 7 W 25 1L %A
B A BRI AT SR LT ], ATl R, 2022,
45(2) :7-12.

YU ZH H, ZHANG ZH J, CHEN H Z, et al.
Research on composite defect detection based on planar
Electronic  Measurement

capacitance sensor [J].

Technology., 2022,45(2): 7-12.

o 145 -



448 % v 7o ¥ o3 A
(9] xUgifE, %)%, B8, 5. 20538 TR I H R interference suppression [J]. Sensors, 2022, 22
9 2 e Dy 8 BLR A S L)1 ARG, 2017, 39 (19): 7573.
(8): 63-70. [16] LIUSH D, NI H Y. ZHONG Y. et al. Adaptive
LIU Y T, GUO G P, ZENG ZH, et al. The weighted median filtering for time-varying graph
development history, status and trends of infrared signals [ J ]. Signal, Image and Video Processing,
thermographic  nondestructive testing [J]. Non- 2025, 19(1): 1-7
Destructive Inspection, 2017, 39(8): 63-70. [17] WEIJ S, WU J J, WANG CH. Standard-deviation-
[10] JEMkzEE. 45wy, GRS  FPGA S8 7 ik based adaptive median filter for elimination of batwing
[J]. mFEHHAR, 2020,43(24) :135-140. effects in step microstructure measurement using
ZHOU L X,YU F H. FPGA implementation methods digital holography[J]. Sensors, 2024, 24(18) . 5928.
of image denoising algorithm [J].  Electronic [18] JIN X, WANG Y. Pixel gradient-based adaptive iterative
Measurement Technology, 2020,43(24) :135-140. median filter for image impulse noise removal[ J]. Journal
(11] BE, k3, gRatpe, . JF 2 RE 1T 30 B of Infrared and Millimeter Waves, 2024,43(3):421-435.
A I 5 P A U R 28 0 4% TR B PET EI% % [19] SONG Y Q. LIU J. An improved adaptive weighted
BT, R AR, 2021,44(7) . 74-81. median filter algorithm [ C]. Journal of Physics:
YANG K, DU Y, QIAN W X, et al. Conditional Conference Series. IOP Publishing, 2019, 1187
generative adversarial network based on multi-scale (4): 042107,
contextual information fusion for low-dose PET image [20] HAR, LIU P Y, JIA K B. An improved adaptive
denoising [ J ]. Electronic Measurement Technology, median filter algorithm and its application[ C]. Twelfth
2021, 44(7) . 74-81. International Conference on Intelligent Information
C12]  FEob, x65, & &, 5. i B &N o E I8 I E % Hiding and Multimedia Signal Processing. November
FY MR R M BE ST [T ], T 5 B B2 2% B 24 ik ( A R B2 21-23, 2016, Kaohsiung,  Taiwan,  Springer
i), 2022, 50(6) :43-48. International Publishing, 2017 179-186.
WANG SH, LIU G Y, CAO Y, et al. Research on [21] GUO Q, ZHANG C M, ZHANG Y F, et al. An
image denoising technology based on adaptive median efficient SVD-based method for image denoising[]J].
filter[J]. Journal of Henan University of Science and IEEE Transactions on Circuits and Systems for Video
Technology(Natural Science Edition), 2022, 50(6): Technology, 2015, 26(5): 868-880.
1348, fEEEN
[13] RoACE s XRME. T Y8 7 e (B 08 B 9 45 1 57 P BT R WS TR 1 3 G bR ARG
PBOE P R R )] ARG AR, 2023 E-mail ;2023020089 @ bistu. edu. cn
(11):18-22. BRE CGEGES) . SR wmIm, 4, EZERR TN
ZHANG Y F. DENG H. An image denoising B R IC A T R e ) 5 T AR AR RO A DG U
algorithm based on adaptive median filtering and E-mail: hanfengxia@ bistu. edu
anisotropic  diffusion  filtering [J].  Equipment FOFEHEE, FEITIT 0 = 2 45 8 B A 5 AL
Manufacturing Technology, 2023(11): 18-22. L 2R G5 s s o 4
[14]  F5F, 28F, FrUkMA. 3T o A 35 7 b (8 08 I & E-mail : wanghongjun@bistu. edu. cn
1SR T]. AT T/, 2022,42(6) :112-115. S HRER R T R GT 7 A v 2 4% Bl T L e
WANG Y., LI QF. QIJ Y. Image denoising method 18 W 5 4 B YA,
based on improved adaptive median filter [J]. Ship E-mail: liushucong@bistu. edu. cn
Electronic Engineering, 2022,42(6): 112-115. SEB L HBE ., EEMR T A B FE AR I R S & it
[15] LIN, LIU T, LI H. An improved adaptive median BHLSE S K2R,

filtering algorithm for radar image co-channel

146 -

E-mail : wjun@nuaa. edu. cn



