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Thickness detection of electroplated automotive coating using terahertz
technology and TLBO algorithm

HOU Zuoyun
(Public Teaching Department, Xinyang Vocational College of Art, Xinyang 464000, China)

Abstract: Aiming at the problem that industrial noise interference and real-time performance are difficult to
coordinate in the thickness detection of electroplated automotive coatings, a fusion architecture of terahertz dynamic
kernel width filtering and swarm intelligence optimized neural network were studied and proposed. The intensity
of industrial noise is dynamically adapted to through a Gaussian kernel width adaptive adjustment mechanism
driven by noise energy, and principal component analysis is combined to compress the time-frequency feature
matrix to eliminate computational redundancy. A two-stage teaching and learning optimization strategy is adopted.
In the teaching stage, elites guide the dynamic teaching intensity, and in the learning stage, fitness differences
control collaborative updates. In addition, the teaching and learning optimization (TLBO) Elman network designed
in the research utilizes hidden layer state feedback to model the thickness temporal dependence characteristics,
significantly enhancing the detection robustness. Results show that this method achieves an average absolute error
of 0.65 um and a peak signal-to-noise ratio of 52.0 dB on five types of matrices, with a feature extraction delay of
11.5 ms and an average industrial false detection rate of 1.9%. The energy consumption for a single detection is
23.3 mJ, the peak memory usage is 9.8 MB, and the standard deviation of energy consumption fluctuation for edge

WS HE: 2025-05-07 f&EIHHEA: 2025-12-13
BIEMEE: FEIEA981—), %, Wit, VW, W57 N e S TG ST 7, e-mail: Houzy810909@163.com
HEEWH: FEHWE AL RRERINTH (202411143)
SIRER: GAFxn. BT RMHZEBEARY TLBO FIARIAY iR 2 F RN, S K5, 2026, 48(5): 95-104.
HOU Zuoyun. Thickness detection of electroplated automotive coating using terahertz technology and TLBO algorithm[J].

Plating and Finishing, 2026, 48(5): 95-104.



96+ May 2026

Plating and Finishing

Vol.48 No.5 Serial No.398

deployment is 1.5 mJ. Moreover, this architecture enhances the detection performance of coating aliasing conditions
by 13%, providing a high-precision thickness detection solution for multi-material complex curved surface coatings.
Keywords: terahertz; teaching-learning-based optimization (TLBO); EIman neural network; non-destructive testing
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Fig.1 Schematic diagram of THz operation flow
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Fig.2 Schematic diagram of the PCA operation process
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Fig.3 Schematic diagram of the coating feature extraction module structure
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Fig.6 Schematic diagram of electroplating automotive coating thickness detection architecture based on THz-TLBO
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Fig.9 Comparison of FDR and SDT differences in actual scenarios
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Fig.10 Differences in detection accuracy between different substrates

H 10T &1, Goal 7E 5 K44 (1) P ¥ HE i R A
96%, I F198%(FEMRC), WAKI4%(FEIRG), 0 #H
T 5 B 5 1(p<0.01) o HBhZSAZ SEHLHI7E ISR C L
JE il AL JZ 1 7 IR 98 % HER R . 1T TLBOAE 4k Elman
B TE 55 SR FEAAM ESEIL T 97% M #ERI % . Goal
TEHARG FHUAS T 94% Ik il e 26, i MERe iR Tt
32 B9 25 T Elman W 25 (R B2 Z R AS SABLH . 1401
il e A SRR ARG R 2 5IREZ MRS
55 . DTSV /7% B R A [ 52 FRHIE R BB, 6t
ZPEARRE VI B IE MR T, TERMAG ERIAEE,
HERRANT2%

BEAk, XL T AR 5 i B S R DI BEFE(ECD)
AV B I FE(CRC),  RIGIF A 7E R
HEY = NRBSERE, FR2PTR.

#2051, Goal LAECD¥ME23.3 mJ B4 &
K (p<0.01). FHf KAE25 mIE T LSWDIH) i /ME
22 ml, {HARMEZE .S mI 2L T LSWDIf6.3 mI(#t
B s I8 ) . Goal ) CRCHME Ny 4= 37y e A
(9.0MB), % K14 9.8 MBIK T DTSV ¥ &% /MM
12.7 MB. [ 1& S A% S5 B E ik gt 75 R & 43 2 k2>
T 90%IIEP IEACHERE; PCA=YE R 450 NAE RS

8.3~9.8 MB. Goal ML FHIE T A7 E H Helg 5115
TSNS ECHLE], B8RRI 46 5 B 2 2R B
A AL BRI s LSWDISZ B T AR 284 () [ w2 2
B, TiEANASER THMmsh, 1R, N T
IGAUEHF 9T 51 NI TLBO M ciidh s 1 Rk, ik %
% 76 1A H AL TLBO(MRA-TLBO). % H brigt 411
L TLBO (MOGA-TLBO)® K AR itE TLBOAE A E o

WAL, SIAE SR JE AN J7 V5T kar 2
(ECT)FH#E 75 5 ik v [R5 1 (UPET)E ARt EE . SEEG
SR MKIFR.

H 3T A, Goal [ S A% 98 115 f# HMAEAK
%20.65 um. PSNRiA52.0dB, #ECTJ7i%MI1.45 um
MAE(p<0.01) 5UPET#]1.62 um MAE(p<0.01)ff &
PETHEES55%  ARETLBOMK Bk s A AR LR, FDR
T+ %23.2%(p<0.05) H BE#EHE £235.6 mJ. MRA-TLBO
E5MOGA-TLBOM L TUR BT S BN A7 5 F %
%15.7 MB.

FE4 77159, ECTAZ IRT- 544 i S 3R U (4
FURNPTAT IR AT YR SRR, TR AR E %21 82.3%;
UPET A 7 % A2 15 TOLRIBHPUREL, 55 KA
PR Z4.8 dB(p<0.01).

=2 SEFRIFHEAY ECD F1 CRC EF 5ttt
Tab.2 Comparison of ECD and CRC differences in actual scenarios
T ECD/mJ CRC/MB
%45 Goal DTSV LSWDI Goal DTSV LSWDI

5 22 36 26 8.3 13.1 14.7
10 25 40 23 8.5 12.7 12.3
15 24 39 26 8.9 12.9 13.0
20 25 37 38 9.8 13.5 14.1
25 21 38 23 9.6 13.2 12.1
30 23 36 37 8.6 15.4 14.3
¥ 233 37.7 28.8 9.0 13.5 13.4
bRt 22 1.5 1.5 6.3 0.6 0.9 1.0
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Tab.3 Effectiveness of TLBO and improved strategies

Jiik MAE/um | PSNR/dB | FDR/% | SDT/dB | #:#Z/% | ECD/mJ | CRC/MB
Goal 0.65 52.0 1.9 10.0 96.0 233 9.0
¥R TLBO 0.76 50.8 3.2 8.5 92.5 35.6 13.1
MRA-TLBO 0.82 49.5 4.1 7.8 90.2 423 15.7
MOGA-TLBO 0.79 50.1 3.8 8.2 91.0 38.7 14.5
ECT 1.45 46.5 8.5 5.2 823 185 42
UPET 1.62 45.8 9.2 48 79.6 22.1 5.8

3 4R

#5711 THzsh 4% %6 5 U4 TLBO-Elman By [
ZER, I AR = E AT AR o L i A
Nt 5 010 ) L5 S A ) R

(1) B FEIEBENLA]: T 75 g & IR BN 1)
e A% 8 S R Y, 45 G PCA R4 I SRR AR 4E FE
SEILIER T ST R BEIK90%, UL HE ReFEbRUE 2
%415 ml.

() #AEFEMAEESGE: BEEN BRGNS
HUESRENL, 2 ST Bodrh IE B 22 R 7 [ 45 |
(R I B T S, 3 T B 2 S BT SR A G 221 04K
TN AR <0.001 2811, WSO IR B

(3) Elmanzh 75 @B AL : i B2 R RS A5t R
P& SRR 2 R B I R R, fERELAN/AR B &
JBER G /BRI B AN AR SE I T 96% 11T 33
K HER R, P52 RS T AR T 13%, S2illfk
T TP B E<15%. ZEHIAE TR %
1.9% 515 SR EAZE10.0dBLAIK T, By A
75 FIEE.8 MB, NEZMimeE Zieft T &E
PERRIRTT R

WEFE 0 R PR PEAE T2 FEM 28 454411 I, Elman
(871 R & IR A5 M 29 T B AU 57 e AR 4 1 A 5K
[MZRAERE T FERALEIEZ 1, TLBORIEAU S
HIAE MR IS 2 (BT <<0.5 wm) ) S 38 i) ), iy
TZHEMR TP EEZ N REWRE, o RAER
S G .
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