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Relative Radiometric Normalization for High-Spatial Resolution Satellite
Imagery Based on Multilayer Perceptron
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Abstract

In order to obtain consistent change detection result for multi-temporal satellite images, preprocessing
must be performed. In particular, the preprocessing related to the spectral values can be performed by the
radiometric normalization, and relative radiometric normalization is generally utilized. However, most relative
radiometric normalization methods assume a linear relationship between the two images, and nonlinear spectral
characteristics such as phenological differences are not considered. Therefore, this study proposes a relative
radiometric normalization which assumes nonlinear relationships that can perform compositive normalization of
radiometric and phenological characteristics. The proposed method selects the subject and reference images, and
then extracts the radiometric control set samples through the no-change method. In addition, spectral indexes
as well as pixel values are extracted in order to consider sufficient information, and modeling of nonlinear
relationships is performed through multilayer perceptron. Finally, the proposed method is compared with the
conventional relative radiometric normalization methods, which shows that the proposed method is visually and
quantitatively superior.
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Relative Radiometric Normalization for High-Spatial Resolution Satellite Imagery Based on Multilayer Perceptron

‘ Preprocessing ‘

—{ InputImage ‘ ‘ Reference Image ‘

I

l

‘ Extraction of No Change Region ‘

‘ Selection of Spectral Index | l

Phenoloical Normalization based on
Multilayer Perceptron

‘ Post-Processing ‘

Fig. 1. The flowchart of the proposed method
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where a is the gain, b is the offset, £ zma« is the cluster center
of land surface in the near infrared band of the subject image,
T wmae 18 the cluster center of water in the near infrared band
of the subject image, ¥ Zmaz is the cluster center of land surface
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reference image,
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image, and y is the pixel of near-infrared band in the reference

image.
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Table 1. Equations of each spectral index

Spectral .
Index Equation
Band ;,.., — Bandy
NDWI G NIR
Band gyeen, + Band y g
Bandyr — Bandg,
NDVI NIR Red

Bandy;p + Bandpg,,

Bandy p — Bandpg,.4
Bandy;p + Band g,y + L

SAVI 1+1) (L=0.5)

Bandy e —
1+ Bandy;p + 6 Bandp,q —

Bandg,,
7.5 Band g,,,

EVI 2.5
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Difference Water Index), NDVI (Normalized Difference
Vegetation Index), SAVI (Soil-Adjusted Vegetation Index), 2!
EVI (Enhanced Vegetation Index)7} A= 3ich o]u)], F33%
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Table 2. Specifications of the satellite sensors

WorldView-2 GeoEye-1
Sensor (subject image) (reference image)
Location Seoul (Korea)
Date 2017.02.10 2018.06.24
Blue: 450-510 nm Blue: 450-510 nm
Spectral Bands Green: 510-580 nm Green: 510-580 nm
P Red: 630-690 nm Red: 655-690 nm
Near Infra Red: 770-895 nm Near Infra Red: 780-920 nm

Ground sampling distance (nadir) 1.84 m
Dynamic range 11 bit
Image size (pixels) 600X600

(@) 2017.02.10. WorldView-2  (b) 2018.06.24. GeoEye-1
Fig. 2. Experimental images of study area (Site 1)

(a) 2017.02.10. WorldView-2

(b) 2018.06.24. GeoEye-1
Fig. 3. Experimental images of study area (Site 2)

3.2 &8 Zut

TJAFS 2 NC X|¥o] 3:£E]%] 01, 7} Siteo]] Tl scattergram
W 28 5)-40] A|O) KL Figs. 4 % 59 ek

(a) Scattergram of near-infrared bands  (b) Distribution of selected NC region
for subject and reference images (NC region: black area)

Fig. 4. NC region of Site 1

250

ear-infrared band of reference image

250

0
Near-infrared band of subject image

(@) Scattergram of near-infrared bands ~ (b) Distribution of selected NC region
for subject and reference images (NC region: black area)

Fig. 5. NC region of Site 2

71Tk, 7 Site M2 /o]l tis #3722l NDWL,
NDVL SAVI ¥ EVIZ} 22E|9).om, NC &|<o| gjSE]= 3}
27k H B GE YEe R sto] kS HAEE Y Shgo]
SaElolch HEH0 2 S T TAIER) AA) e
Aol shagt 9 BgReE Yo 2 sho] Aejsky By
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(@) MS regression (b) NC regression

(c) Histogram matching

(d) Proposed method
Fig. 6. The Comparison of the results of radiometric

normalization (Site 1)
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(@) MS regression (b) NC regression

(d) Proposed method
Fig. 7. The Comparison of the results of radiometric

(c) Histogram matching
normalization (Site 2)
Ao R BAT AE FFHOR W] st

NRMSE(Normalized Root Mean Squared Error)Zto] EEEQ)
o, NRMSE= Egs. (6) R (7)2} Zo] Uehd &= Slrk

RMSE = %E WY = yl)? ©)
i=0

NRMSE = TMSE )
Yi

where . is the normalized image of band ¢ y,; is the
reference image of band 1, y; is the mean of reference image

in the band 4, and n is the total number of pixels in the scene.
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NRMSE: S h& /158 & A2o) Alej i
A 2315 Urepiick 7120] Al kg 71s Ak )
HIALE A 0] ZA}of| o3l = Table 3 and 49} ZTh

Table 3. NRMSE values of relative radiometric
normalization results (Site 1)

Method | Bandl | Band2 | Band3 | Band4 | Average
Raw | 0.3901 | 0.3286 | 0.5641 | 0.6595 | 0.4856
MS 1 01945 | 0.2831 | 04817 | 04333 | 03482
regress10n
NC 1 01853 | 02709 | 04326 | 04816 | 03426
regress10r1
Histogram | 193¢ | 9834 | 04831 | 04327 | 03482
matching
Proposed
TOPOSEY | 0.1837 | 02707 | 04438 | 04047 | 03257

Table 4. NRMSE values of relative radiometric
normalization results (Site 2)

Method |Bandl| Band2 | Band3 |Band4| Average

Raw | 0.3877| 0.3327 | 0.5439 |0.6395| 0.4760
regi\gsssion 0.1685 | 0.2476 | 0.4223 |0.4241| 0.3156
regggsion 0.1689 | 0.2404 | 0.4678 [0.4977| 03437
flgfft‘g {ral‘gn 0.1678 | 0.2476 | 04223 |0.4217| 0.3149
PI;"elgﬁg%d 0.1632 | 0.2434 | 0.4037 |0.4100| 0.3051

NRMSES: o|4-5}0] b2 715 %33t 27}, Site 1 3
2 RFOA Aok WY
& NRMSEQ] 7} 7} & =
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T4 0 =2 49.09%, 6.91%, 5.18% L 6.91%7} A=) O, Site
29] 49 HA 0 2 56.01%, 3.44%, 12.65% L 3.20%7} FA}
B 78 BHIE 4= ATk 2, AIbE e = AefekA Aol
ol e alshe 7B 7180 A AR
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oHE] HAg sk
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A& 713t A AR o] RE itk 53], vl F A
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