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Intelligent Temperature Detection Method of Ceramic Roller Kiln Based
on Deep Learning and Information Fusion Technology
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(School of Mechanical and Electronic Engineering, Jingdezhen Ceramic University, Jingdezhen 333403, Jiangxi, China)

Abstract: At present, the firing temperature of ceramic roller kiln is mainly detected by thermocouples. Due to the easy aging
of thermocouples, the temperature detection accuracy of thermocouples gradually becomes low so as to affect the firing quality
of ceramic products. For this problem, an intelligent temperature detection method of fusing flame image feature
recognition based on deep learning with thermocouple point detection data instead of thermocouple. This method is that a
multi-scale feature extraction network based on the shift window visual self-attention mechanism is adopted for the flame
image of ceramic roller kiln, convolutional neural network and local and remote features of transformer branch is used for
retaining more image information to obtain more accurate flame image features which are fused with thermocouple point
detection data, thus, the temperature of ceramic roller kiln can be accurately detected. In the multi-scale feature extraction

network model, firstly, an auto-encoder network based on multi-layer transformer is used for extracting shallow and
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multi-scale deep features, and then multiple features are fused into transformer and convolutional neural network to make it be

able to capture feature information, finally, the data obtained from the thermocouple point detection is input into the front

network to achieve the fusion of the flame image features and the key point detection temperature data by the feature level

information fusion. Experimental results show that the fusion network model proposed in this paper is 1.75% higher in average

feature recognition accuracy and 2.67% lower in average error generation than the convolutional neural network fusion

method, which is superior to the convolutional neural network branch or transformer branch image fusion in most indicators.

Hence, the method proposed in the paper is effective and feasible.
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%5 —r Bt Bath size. epoch Fll“¢ 2] RiZE N 4. 4
I 1x107%,
3.2 lZiERERE

Yt # 1) RE IR 2 HUBE 7 LA B i 25 1) 2
FRAEPR &2 R B e 1% R Al A R A F B2
FAf, BT T Transformer 73 AL, 7EH5

RPNt Frh R 2 R R . PRk
WA B I 25 5 2 RN R 45, DAARAIE X 4% 1 M BE o
B, Bt Mg A R — 1 B i 25 )
%, MTE#EmARG. R5, EFEENHEEE
At T, 2B R GRS f AR = 2
FUBE IR JZ R AIE o
3.2.1 Gt as DA i 2 4

BTG, Wi a4 A —A A i
s RIS, XTHAT ISR i a9l I 2k 2545 B
4/ R EERRAE G 7 Patch merge HEAT [ACREEERME),
It H T b 25 X 4 047 1 25 DL g HL AT 22 RUBE R
FERRAE MG, LA #5326 sR B0 25 2 dfid 2%

M é% L first :
Lyt = Lpin + OLggiy (15)
s Ly, M Loy, ARG Z RS A R A AP

9% , O %%ﬁ Lpix iﬁ] LSS]M B@%ﬁuﬂ% 5 Lpix EE%{/E
P 2 1 B PR I PR i A R 2% 478 5
Lo VEFH SR 5 Adi t0 Z [R] A 5 A AR

TR -

output ~ Linput

L, = . (16)

LSSIM =1-S8SIM (Iouzpul - Iinput) (17)
A L T L 73 BT A il AT 1R F B
KGR T, |, a2 Ie Bk, SSIM 3k
ARl B s R AR AL
3.2.2 REHRIEE

KRS T 1 T LA O B 45 R G [R] e A A
BERORTSF AT AT o RS 2% B AR 25 H bR
%‘%/j—:\‘ﬂ‘j Lﬁtse H

quse = ﬂLﬁzuture + LCC (1 8)

BAEBEZHL, T L A FEAEA BLEE 5
HEA T

2
Ly = iwucﬁ_? ~(@d+adl)| (9
m= F

K f0 L LRSS EIR, fABURLL K
HER; 0. o) 1wy BRI/ =AU
PRAL; D" LB RN Rl G AFIE T 5 1T @ Fl DY, 4
SRR AR 11 2 B2 m RUZ RYRFIEBLST

H AR (Cross-correlation) & — i F 14 (&
BARRIEE B, 76 A e s AR BHR C o
Bt A, HaE i 8x8 T F R EME AR 5%
Voo X (p) F1 F(p) 53 B3R U P (4 R 2 1215
MR BB BREE . FES R, — M n=8 kit
B IR A 1
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B 2 (X(B) = X(P)(F(R)~F(P)) (20)
T eQ — —
’ J(Zg)«f:)—X(P))Z)@R(F(B)—F(P»Z)

r

1
Lo =I—3(r,lf+r12f) (21)

i BAE P JE I n® B XN
33 lEGER

h T RUE A AR, AR R
[ 38 IO 5 % 78 (ASR) . & 4 BLURG B % 7% (CSR)
5 UL R R A O T ) AR RS RO R AT
o, IF REA B ULPEAN 15 bRkt il & 45
YIZRZE LT

(1) 3@k HI T EHE Rl G 2  ASR B CSR
Filt G 7 VR AR L Rl R B AR X L BE LA K&
HoAth 5% e R 3R ol i B T 4 B (The
Laplacian pyramid)ifF 4753, Pl HIE B 2 1L
NPk#EATRVG , MEIRLA M EIR A 2 EEE
B, S B0 ER E R AT FIESE R

(2) 5SHrE P & F A Bk — A,
NSCT-SR(AE T RAFEHE BRif ) Fl NSST-PAPCNN(IE T
SRAEBTYI ) F MST SR EUR AT 40, (HEAT]
Rl AR AN JE RS A SR W A [H] . NSCT-SR A
NSCT XHREURHA T/, IEXHE TR 1 T
Bigmts e, HRE SRR R THMER, 3k
4T —E PR . NSST-PAPCNN f#i] NSST
SRS T4, Hid, PAPCNN @l T 4054
B R Z R T EGRL G, AT LIS 2 LR
SIS, (H LR 40T Rk

(3) i JH 21 A1 A w] UL AR B @l Ay ik
(DenseFuse) R FH g hth #2548 2544, (H Rl &
Ji UL RS 20 20 B 1 o A B

(4) R FHZE T2 B 20 0 2% (1% 3 ) PR
HE S2 (IFCNN)E 5 70 3 e KAGAE il 5 5w,
FHIZ R 2545 1) 1) Z2 B2 il BEUGOT EL B 35K L3
SN AN TG B

(5) 38 i T B 2= UG & 1 22 ROBE 5% 22 4
FIE R 1M 4% (MSRPAN) R FHl =1~ MSRPAN #tt
P Z ROEERHE, IFAE R G B TR R E AL & 2
FEAGRFAF BE 2 LR , (HA — 2 BT LR K

(6) K FH G W B A 348 5, 2 27 TR A% il 0 4%
(EMFusion)ifl it 38 J2 IR |2 24 3k 3 5 5 8 ff
17, M2 LRI T 0 v M R e, IR
FELy S, AR T 2 S e 25 1) M — {5 1 2 U
B CME—{5 B o B A LR B T OB AN IS4
HERT —HEEFER.

T A5 A PR B9 WP TR R AN 1 B

N, HP AR RAEE, Wk 1 PR, H5HAb
JURMRLA AL, ASCEE R (R E A AT T
M EAEE(CC, MI), —PMRIE(SSIM)FT—A455 =
PEAE(PC)LA S 25 AR A 1 S AN(SCD) . eIy CC
ML BEIRE Z G R 2 0 G S5 R ER 2k
PXRRE M, FHRR R IREIR N E 25 R

AIXFELUF) PC F1 SSIM M, %5 ] LATH
T b O BR R ) (2 3 5 BTG AR AE o RS
XA S A TR L 35 T 3 R o 448 I 2% Bl 45 D B R AE R 1)
SERERIRIRE T 1.75%, PR A b T
2.67%, HRKZHHEER LT ERML MY 7570k
Transformer 7332 G RlG, X UERH 28 ZEAREURM 72
R PR EUR R 25 B AR 0 (5 B
Bzt Wi, 2k A8t
AE, RS IEMEGIAE THEZHIREEIRE R .

3.4 HEAEI

P AR SR HA 1 R 2% 11 S A 240 ) CNIN
W 2% () S i 0 4, Ferp, STL Bl By 4~ 3%3
HRUZ, Patch #iE#A Max-Pooling, ~ T HEBR
Tl X 45 B 52, 8 PR T 4% HR T SCA 1R A
BORmG, E 2 s, SCPH g AR CC.
PC. MI 11 SSIM 1 F CNN Zifid & . X JLA% W
PR HE AR 0 RGP R IR, 78 He 25 4 i 245 I 4%
B RSB A S T DU R O 2 1 IR R S
B RV T Transformer H JCHETE 42 JRy FRAE 4
BOTEAE T HBRMLEE J1 . S5 CNN M2 4
o, BARZITE TR BT Z IR E, (Hdn] L
FAGHE AR SRR . SRSRUL, RT3,
A SCHR H ) 2 B 25 TN 285 448 A A 2 B AR R AE 7 T
BA—ERH, nrLR s S i,

H T WAE A AR AE R R M, R
TEPE T DU R UL A A R0 B R ms, IR A TE
Transformer A1 CNN fl 573 32 _F kA7 T 525 Y%k
T T3 H RO FRAE IF ) Bl A R AE A S
EUL I i 7R - 2 W25 . S8t 5 AR baxt
CT A1 MRI EUZ Rl A 15 32 1Y RS EG T PR
AR R MENZ 3 B b a4 532
T 4 e, X3 IH%RE BES T 4 (R B8 D
R AL 2075 FN S5 K5 S8 0T LU AR 5 35 oz 2 A
FIE LB figp A R mT L S E B A ) ER R

MR 3 P, ASCEE ARGy dam i i 4k
JR R AR NG R RAF , 76 £ 28 FR LAL T CNN 4
2 ¥ Transformer 43 3 B RS LG 5 ik o X UERH A
S AT LK R AE 5 SR SR A A AR 45 A ok el st
FIG R A AR
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Tab. 1 The average value of six evaluation indicators for several methods in fused images

CcC PC MI SSIM SCD
ASR 0.7846 0.3215 2.1562 1.4165 1.3015
CSR 0.7465 0.3487 2.3546 1.3824 1.2458
LP 0.7854 0.3315 1.8642 1.4264 1.4102
NSCT-SR 0.7881 0.3356 1.9245 1.3921 1.4395
NSST-PAPCNN 0.8146 0.2936 1.8223 1.3324 1.5124
DenseFuse 0.8334 0.3479 2.2976 1.0125 1.4231
IFCNN 0.8213 0.3045 1.9841 1.4691 1.4929
MSRPAN 0.8093 0.3321 2.1023 1.3956 1.4758
EMFusion 0.8348 0.3283 2.3652 1.4309 1.4539
Swin 0.8594 0.3420 2.4158 1.4672 1.4802
x2 FTRUMRAEFAITEIERITLL
Tab. 2 Comparison of evaluation indicators for the proposed encoder
Encoder CC PC MI SSIM SCD Time
CNN 0.8096 0.3189 2.2851 1.4621 1.4759 9.2154
Ours 0.8943 0.3516 2.4354 1.4834 1.4572 9.7359
xR3 WHEBEEPAENMEREITEEEENLLER
Tab. 3 Comparison of evaluation metrics for different fusion strategies in the evaluation dataset
Specimen CC PC MI SSIM SCD Time
Add 0.8186 0.3125 1.9868 1.4465 1.5013 7.0621
Max 0.8266 0.3154 2.0123 1.4532 1.4516 7.0359
11-nom 0.8342 0.3678 2.1548 1.4580 1.4913 7.1546
SCA 0.8531 0.3493 2.4113 1.4571 1.4685 12.2513
Transformer-branch 0.8634 0.3368 2.4048 1.4586 1.4626 9.5821
CNN-branch 0.8512 0.3438 2.3658 1.4413 1.4713 9.3156
SWIN 0.8687 0.3416 2.4387 1.4680 1.4786 9.7695
4 % & PR 52 IR A o A % FHNE
R, SCRLERR, LR A RIEAFIERITL T,

AR H P B R 2R B R A L 2 5
AT RIS BEAR A [l s, 42 TSI
Wit N G AREAE TR ) AN “EEA'I%MM{N B Rl Aok
R BE 7 o %7 R T AR JIHLHI A Swin
Transformer #7 5 {5 B fl-& 7 AR S5 Ak 58 et
W) 25 R 7 KA PR AR A 500 5 A e A SR T 4
PRl G, BT oiSdn—Ei%25 1 Transformer A7

e ZGH I FE T T R I 4% TR i S AR AS TS
TERFIESEE B Befd ] Transformer 54R1EZLAF B il
A T AR BCE Z () BUS (S B, JF HAER A 2
SERUE/ R TN Bw e RSB S e e i N 1]
SEUHELE I EAE BRI . 2, A i R b
Y R 2 L R R ) A T*ﬁ%ﬁﬁ%%ﬂ%ﬁ@
Fe, NP SR TE 7 (R R RN R ELA SR
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