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Fig.1 Fourier infrared spectrum detection system
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Fig.2 Schematic diagram of Fourier infrared spectrum detection system
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Tab.1 Model and performance of core components

Name Model

Performance

BL676 portable blackbody

Blackbody calibration source L.
calibration source

Mid-wave infrared spectrometer

Long-wave infrared spectrometer

DInSb5-HS type InSb detector

PVM-2 TE-8 type MCT detector

Temperature range: 35-500 °C ~ Aperture: 50 mm
Resolution: 0.1 °C
Power supply: 220 V AC, 500 VA
Heating time to 500 °C in ambient temperature: less than 1 h
Photosensitive area: 2 mm  Peak responsivity: 3 A/W
Wavelength range: 2-5.5 ym  Dark current: 30 A
Photosensitive area: 2 mm  Peak responsivity: 0.23 A/W
Wavelength range: 5-18 um  Dark current: 30 A

Uit i, A CPU %l .
1.2 FERHEERE

TR R AR R v, B SR PR AR v U R B 1R
h 70 °C, T ATEAL P FB I T E & 60 °C LA LB, %
RO AR . TR TN 55 °C. 45 °C. 35 °C.
25°C, 15 °C Hl 5 °C B, it 55 PN ¥ il 32 A2 SR8 T /s 512
PRl B (An3% 2 FirzR ), I3 iR 48 SR ARG 5 1ok
A SOt 4k .

R 2 JEARAEIRE T OLIE it AL IERT MSE
Tab.2 MSE before correction of spectral curve at non-

standard temperature

T/°C Actual internal temperature/°C MSE

5 7.572399 0.306340213
15 14.476 527 0.224058 692
25 23.504139 Standard value
35 32.552644 0.114661667
45 41.005699 0.165439797
55 51.078 081 0.246 923356

¥G I, BB A B AE TR 22, FR R[] —
WE T AT 2 LI RS . SO 3R I
ek 32 4, Wtk Mgk 32 41, ALK EA
5°C, 15°C, 25°C, 35 °C, 45 °C il 55 °C %% 18 4%, 3t
1152 b5 i 2k, 32 41 b A oo 24 ih Ze
3 FE 4 B .

ST A 95 A 9 K 2.663 708~16.240 686 um,
AT I 4 B A AR TR T B i, RSB o
AR . PR | JGiR = ERRIE A A .

SRAE BN IR LA 6 I 4 75 R BR T SR 58] 70 °C
ARTEAR R S EE T 19 B L L0 AMGIE . R X N
Y10 A R L R I AR fh O bR LA

Blackbody radiation raw spectrum
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Fig.4 Background spectrogram
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Fig.5 Real infrared spectra of 70 °C blackbody at different ambient
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Comparison of spectral curves before and after smoothing
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Fig.6 Comparison of spectral curves before and after smoothing
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Fig.7 External structure diagram of LSTM neural network
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Fig.8 Schematic diagram of LSTM internal gating status
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Fig.9 Internal structure diagram of LSTM neural network
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LSTM calibration effect diagram
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—— LSTM prediction at 5 °C
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Fig.10 Effect chart of spectral curve correction at non-standard

temperature by LSTM prediction algorithm
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B5f (8] F¥> 51 43 41F 3 Transformer WU 2 Y50 iX BE 4R AIE 2 51, 2
4 Jay B Be MO i H RS IR SR RO IE TR . S By
1E/MEART A, BLRI5| A Dropout (3% 0.2), Batch
Normalization }, Early Stopping % B ; [7] BsJ 38 45 a] 5L 4
TSI m TR SN ZRAE . BT Transformer
X R B U P, AR JH— )2 Encoder TP Sk 4 52
JIHLH], IF i LSTM 5¢ i) 45 B4k, R i 2 500
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ML, JF7E MSE 5 R* 465 I W10 T — KA,
Bk 7 HAE FTIR IR IE TP A e S S e

1E LSTM LRI T, A 4E R°=0.85, MSE=
0.031173384, 4 A b i i B F 59615 ih 2 A2 I 45 2R
SRR e TG £ MSE W38 3 Frs . mE R

%3 FRERE TARERL LSTM KIEfF MSE

Tab.3 MSE after LSTM correction of spectral curve

at non-standard temperature

Temperature/°C MSE before MSE after LSTM
calibration calibration
5 0.306340213 0.028456732
15 0.224058 692 0.033912847
35 0.114661 667 0.030125678
45 0.165439797 0.035478213
55 0.246923356 0.027893451
Total 0.211484745 0.031173384
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Fig.11 Hybrid model structure diagram
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HM calibration effect diagram
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—— HM prediction at 15 C
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—— HM prediction at 35 °C
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Fig.13 Effect chart of spectral curve correction at non-standard
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temperature by HM prediction algorithm

4 EFRAERE T i 4R S B IER MSE
Tab.4 MSE of the spectral curve at non-standard

temperatures after HM correction

T MSE before MSE after LSTM MSE after HM
calibration calibration calibration
5 0.3063402 0.0284567 0.0055026
15 0.2240586 0.0339128 0.0040373
35 0.1146616 0.0301256 0.0041217
45 0.1654397 0.0354782 0.0041698
55 0.2469233 0.0278934 0.004171
Total 0.2114847 0.0311733 0.0044006

283 XF b LSTM B IE & , S50 -5 s v 1 04 15 22 ek 2>
T 86%, BIERCRA BRI T
24 4 8
KIEHT . LSTM AR IE J5 Al HM B RS IF f5 45
g s iR XL R? A MSE A %0, HM 58 (1 )
A U BE ) 5 DR 22 i e ) B b, WA FTIR #9300
x5 RELRILE

Tab.5 Comparison of correction results

Mode R MSE
Before calibration 0.14 0.211484745
LSTM model calibration 0.85 0.031173384

HM model calibration 0.97 0.004400689
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LSTM-Transformer hybrid model for infrared spectral correction

FANG Zheng', GAO Yuao, WANG Hanbo
(Department of Instrument and Electrical Engineering, School of Aerospace Engineering, Xiamen University, Xiamen 361102, China)

Abstract:

Significance Fourier Transform Infrared Spectrometers (FTIR) play a crucial role in remote sensing,
atmospheric monitoring, and gas composition analysis. However, their measurement accuracy is highly
susceptible to temperature drift, which results in spectral deviations and compromises the reliability of collected
data. This issue is particularly critical in applications where environmental temperatures fluctuate due to
variations in geographical location, flight altitude, and seasonal or diurnal temperature changes. As a result, the
spectrometer’s ability to provide precise and stable measurements is significantly challenged, limiting its
effectiveness in practical scenarios. Temperature-induced spectral drift occurs when changes in ambient
conditions affect the optical and electronic components of the spectrometer, leading to systematic errors that must
be corrected to maintain measurement integrity. Traditional calibration methods often fail to account for the
complex, nonlinear nature of temperature drift, necessitating the development of more advanced correction
techniques. To address this issue, this study investigates the effects of temperature variations on spectral
measurements and proposes a novel deep learning-based correction framework. The primary objective is to
restore spectral data obtained at non-standard temperatures to their corresponding standard-temperature
equivalents, thereby improving measurement accuracy and enhancing the robustness of FTIR spectrometers for

real-world applications.

Progress  In our experimental setup, spectral curves were collected from a single emission source while the
environmental temperature was systematically varied between 55 °C and 5 °C, with 25 °C designated as the
standard temperature. This dataset allowed for an in-depth analysis of spectral drift characteristics across different
thermal conditions. Initially, a Long Short-Term Memory (LSTM) neural network was employed for spectral
correction, leveraging its ability to capture temporal dependencies in sequential data. The LSTM model
successfully learned the nonlinear relationships between temperature variations and spectral deviations, leading to
a significant improvement in correction accuracy compared to traditional approaches. However, while LSTM
effectively addressed short-term dependencies, it exhibited limitations in capturing long-range correlations across
the spectral data. To further enhance correction accuracy and improve generalization performance, we introduced
a Hybrid Model (HM) that integrates LSTM with Transformer. This model exploits the advantages of both
architectures: LSTM excels in sequential feature extraction, while Transformer’s self-attention mechanism
enables global feature modeling, allowing the network to identify complex dependencies between different

spectral wavelengths. By combining these two approaches, the Hybrid Model offers a more comprehensive
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correction mechanism, reducing errors and improving spectral alignment across varying temperatures.
Experimental results demonstrate that, compared to standalone LSTM, the Hybrid Model significantly improves
key performance metrics, including mean squared error (MSE) and coefficient of determination (R?). Specifically,
the Hybrid Model achieves a 86% reduction in prediction errors relative to standard spectral values,
demonstrating its superior capability in mitigating spectral drift. These findings confirm that the proposed method
effectively enhances the accuracy and stability of FTIR spectrometer measurements under varying temperature

conditions.

Conclusions and Prospects  This study highlights the effectiveness of combining LSTM and Transformer in a
Hybrid Model to address spectral temperature drift in FTIR spectrometers. By leveraging LSTM’s sequential
learning capabilities and Transformer’s ability to model global dependencies, this approach offers a more accurate
and robust correction framework than conventional deep learning techniques. The Hybrid Model significantly
improves spectral correction accuracy, ensuring that FTIR spectrometers maintain high measurement precision
even in harsh and rapidly changing environmental conditions. The results also suggest that this method has broad
applicability beyond FTIR spectrometers, as it can be extended to other spectroscopic instruments experiencing
temperature-induced deviations. This has important implications for various fields, including remote sensing,
environmental monitoring, industrial quality control, and atmospheric research. Looking ahead, future work will
focus on optimizing the Hybrid Model’s computational efficiency to enable real-time spectral correction,
improving its adaptability to a wider range of operational scenarios. Additionally, further investigations will
explore integrating physics-informed models with deep learning techniques to enhance interpretability and
reliability. As advancements in remote sensing and spectroscopy continue, refining temperature drift correction
algorithms will be essential to achieving more precise, stable, and versatile spectroscopic measurements across

diverse applications.

Key words: Fourier-Transform Infrared Spectrometer (FTIR);  hybrid model;  temperature drift;
LSTM;  Transformer
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