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Abstract: A multidimensional optical pod integrating snapshot multispectral and thermal infrared imaging
was designed and implemented to meet the demand for airborne remote sensing with multimodal coopera-
tive detection. The system adopted a pixel-level mosaic filter-based snapshot multispectral imaging
scheme. Through a dual-camera cooperative configuration, 18 discrete visible-near-infrared spectral chan-
nels were constructed, covering two spectral ranges of 480~600 nm and 650~800 nm. A 3X 3 pixel-level
mosaic sampling structure was employed. Under a 2X 2 pixel binning strategy, the effective single-chan-
nel spatial resolution reached 680X 510, with an equivalent pixel size of 6. 8 pm, enabling video-rate multi-
spectral acquisition. A thermal infrared imaging payload was synchronously integrated to achieve simulta-
neous multi-source data acquisition. For heterogeneous multimodal data, a processing framework combin-
ing geometric registration, spectral feature augmentation, principal component analysis-based dimensional-
ity reduction, and unsupervised K-means clustering was established. Thermal infrared information was fur-
ther introduced into the principal component feature space to enhance land-cover separability. Experimen-
tal results show that the center wavelengths of the multispectral channels agree well with the design val-
ues, with bandwidths of approximately 2% of the center wavelengths. Radiometric calibration exhibits
near-unity linear fitting coefficients, indicating stable and reliable system response. In representative appli-
cations, the fusion of thermal infrared information effectively improves water boundary integrity, vegeta-
tion detection statistics, and land-cover classification performance. The intersection-over-union (IoU) in-
creases by 2. 7% and 6. 6%, and the Dice coefficient increases by 1. 7% and 4. 5% in two typical scenari-
0s. These results demonstrate that the proposed multimodal optical pod has strong potential for natural re-
source surveys and ecological environment monitoring.

Key words: airborne remote sensing; multimodal cooperative detection; optical pod; snapshot multispec-

tral imaging; pixel-level mosaic; thermal imaging; land-cover classification
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Fig.4 Optical pod system integration
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Tab.2 Augmented spectral features
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Fig. 5 Field flight experiments

A ST 4 5 F 20254FE 9 A 28 H 2025 4F 10
A 17 HA 2025412 A 2 H PR T =R EF4h © A7
SO, AT AR P E T 500 m AT 2 000 m P AR
AHF QAT BE , AT LG 43 B AS [ 253 1] 43 B 236 2%
ML ER 2 VR B Y AR RO S P e
AT I B 24 120 km/h, KAT A B K T
FE L, SCI0 Ot R BE T M SY X £ i A b 3R 2k
YAy e 2 A0 b 355 0 A A AR T A AL
i HE
4.2 HEH
4.2.1 KRARRR

K 6(a)ky 776 nm 3T 21 4h Bk B A%, 0l %
AT i 52 e K R 5 ) Bl A R = ) R B 25 R D6

(a) 776 nm HjEE Y IEE R

(a) 776 nm single-band spectral image

(OF AR I{%!
(b) Thermal infrared(TIR) image

(b) N LT AP EG, KA 2 B G 5, I VS V7 AL
w K T 2290 JLF- A1 5 T 6 (c) M P R o & B A
%, K FH 4196 (659 nm) L &% 56 (554 nm) Al 5 6
(487 nm) B Be Al A, A NIR IS8 B . B 6(d)
95T NDWIH8 B0 55 19 25 8] 43 A 1, Al R ek
PR A 531 5 18] 6 (e) T NDW 4S5 {8 40] 43
18 A b TR K AR s O R AR KA Sy
e, AT 2% 31 K TS TR ) 5 R A KR X S
IG5 &6 (1) 36T 13— fh # 21 S FEG 9 {E &)
M&?ﬁﬂﬂﬁm{z&—{éﬁuﬁﬁﬁrﬁl K S5t S
P 4 CR2 380 ) P 7 W) o

LT NDWI 7 i, 3 F 341 50 EHR i K 1k

K153 7 1% R A 50 B 4R UK PR 58 80, I 2008 b %

(ORGEAEIESES

(c) Pseudo-color image



1214

34 %

1.00
0.75
0.50
025 _
0.00 £
0257
-0.50
-0.75
-1.00

(d) H—RIEFEE = R
(d) DNWI image

(e) B TNDWIRy =43 F5 Kl 43
(e) NDWI-based binary water mask

(0 FETTIRAY — 73 FK 45 73
(f) TIR-based binary water mask

K6 AR AHE 5 SR B4

Fig. 6 Water boundary extraction result
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(d) Shrub extraction based on NDVI clustering
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Fig.7 Shrub segmentation results
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Fig. 8 Tree count and spatial distribution detection
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(a) Single-band spectral image

(b) R INEG:
(b) TIR image
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(c) Ground truth image  (d) Classification results (e) Classification results
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without TIR fusion with TIR fusion

9 Moyt

Fig.9 Land-cover classification results
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Tab.3 Calculation of evaluation metrics
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