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An Implementation of OTB Extension to Produce TOA
and TOC Reflectance of LANDSAT-8 OLI Images
and Its Product Verification Using RadCalNet RVUS Data

Kwangseob Kim ®" - Kiwon Lee ®?"

Abstract: Analysis Ready Data (ARD) for optical satellite images represents a pre-processed product
by applying spectral characteristics and viewing parameters for each sensor. The atmospheric correction
is one of the fundamental and complicated topics, which helps to produce Top-of-Atmosphere (TOA)
and Top-of-Canopy (TOC) reflectance from multi-spectral image sets. Most remote sensing software
provides algorithms or processing schemes dedicated to those corrections of the Landsat-8 OLI sensors.
Furthermore, Google Earth Engine (GEE), provides direct access to Landsat reflectance products,
USGS-based ARD (USGS-ARD), on the cloud environment. We implemented the Orfeo ToolBox (OTB)
atmospheric correction extension, an open-source remote sensing software for manipulating and analyzing
high-resolution satellite images. This is the first tool because OTB has not provided calibration modules
for any Landsat sensors. Using this extension software, we conducted the absolute atmospheric correction
on the Landsat-8 OLI images of Railroad Valley, United States (RVUS) to validate their reflectance
products using reflectance data sets of RVUS in the RadCalNet portal. The results showed that the
reflectance products using the OTB extension for Landsat revealed a difference by less than 5% compared
to RadCalNet RVUS data. In addition, we performed a comparative analysis with reflectance products
obtained from other open-source tools such as a QGIS semi-automatic classification plugin and SAGA,
besides USGS-ARD products. The reflectance products by the OTB extension showed a high consistency
to those of USGS-ARD within the acceptable level in the measurement data range of the RadCalNet
RVUS, compared to those of the other two open-source tools. In this study, the verification of the
atmospheric calibration processor in OTB extension was carried out, and it proved the application
possibility for other satellite sensors in the Compact Advanced Satellite (CAS)-500 or new optical satellites.
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Fig. 1. Solar spectral irradiance and Relative Spectral Response (RSR) for Blue, Green, Red, and NIR bands of Landsat-8
OLI sensor.
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(a) 2017-10-18 18: 21: 13, and (b) 2018-05-04. 18: 20: 05.
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Table 1. Input parameters of Landsat-8 OLI images used in the OTB Extension

Values
Key
2017.10. 08. 2018.05. 04
Sensor Landsat-8 OLI

Solar irradiance 2067 1893 1603 972.6

Date 2017-10-08T18:21:13.8692189 2018-05-04T18:20:05.5308410
Gain (B/G/R/N) 77.616, 84.232, 99.880, 163.225 79.083, 85.822, 101.776, 166.315
Bias (B/G/R/N) -64.4197, -59.3622, -50.058, -30.633 -63.223, -58.260, -49.128, -30.064

Satellite azimuth angle (B/G/R/N)

7310, 5.741, 6.001, 6.326

7.290, 5.718, 5.978, 6.303

Satellite elevation angle (B/G/R/N)

3.064, 3.062, 3.058, 3.053

3.067,3.065, 3.061, 3.057

Sun azimuth angle 156.80746150 137.41928817
Sun elevation angle 42.24131893 61.42108424
89,2018 5% 499 GRS NFARE AT oy Ao A GY 0 Ehs B2 Y0 7]

ch
Landsat-8 OLI Al A7 E Foll A o]t Aedoff A
S3 i = & Y 7o wieg Blue(450 nm~510 nm),
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infrared(840 nm~890 nm)©]T}. RadCalNet RVUS H| 0| E]
=400 nm~2,500 nm 5331 9] 9] 1S A5 L QS0
2 7o e tiet 9= E—Er ESEAL Q7]

woll Aol A= 3ol 4 B
A S Hat ke 2ol ARE-8FAT Table 12 Hdf T 7]
A Y3= OTB Extension?] 92

9] BlaldAoll= 4 ‘3<XEEH 7] 578 227 2
EE o} ek A 71 A A 2= QGIS Semi-
Automatic Classification Plugin 7|52 A3} 0.1, 0]
%=1+ Sun Elevation, Farth-Sun Distance, Radiance Multi,
Radiance Add, Radiance Maximum 53} 72 & 77]1 9] ¢
7S Q4181 (Lee and Kim, 2020), 0] 452 MTL
dof| A 252 = Tt 3 SAGA GISo A=
“Top of Atmosphere Reflectance’ 7] 5= AH8-3}% 2.0,
o] =tk MTL ofdofjA] Zagt Hapghs Ao = ¢
o1A] AFg3H,

F L7 B A RIS 22 DOS 719k} &AL

(b)

Google Earth Engine code

Fig. 3. (a) Flow of process automation scripts for the OTB Extension, and (b) Accessing Landsat-8 OLI reflectance
products form Google Earth Engine (GEE) to compare with the results by the OTB extension.
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Table 2. Results of the reflectance products using Landsat-8 OLI images (2017-10-08 and 2018-05-04). RadCalNet and
the value in the type mean the on-site measurement one and computed one by the OTB Extension, respectively.
The number in the parenthesis means the average value of reflectance product within unit area of 1 * 1 km?

Type Blue Green Red NIR

RadCalNet 0252 0.283 0317 0.352
TOA Reflectance Value 0.263 (0.262) 0302 (0.301) 0.337 (0.337) 0.382 (0.381)
(2017) Difference 0.010 (0.010) 0.019 (0.018) 0.020 (0.020) 0.030 (0.030)
(%) 1.0% (1.0%) 1.9% (1.8%) 2.0% (2.0%) 3.0% (3.0%)

RadCalNet 0228 0.295 0330 0356
TOC Reflectance Value 0.233 (0.232) 0.290 (0.289) 0.334 (0.334) 0381 (0.381)
(2017) Difference 0.005 (0.005) 0.005 (0.006) 0.004 (0.003) 0.025 (0.024)
(%) 0.5% (0.5%) 0.5% (0.6%) 0.4% (0.3%) 2.5% (2.4%)

RadCalNet 0.296 0.328 0.362 0.409
TOA Reflectance Value 0.277 (0.276) 0.313 (0.311) 0351 (0.349) 0.405 (0.398)
(2018) Difference 0.019 (0.021) 0.015 (0.017) 0.011 (0.012) 0.004 (0.010)
(%) 1.9% (2.1%) 1.5% (1.7%) 1.1% (1.2%) 0.4% (1.0%)

RadCalNet 0.279 0.352 0.383 0418
TOC Reflectance Value 0.248 (0.246) 0.299 (0.298) 0.346 (0.345) 0.399 (0.397)
(2018) Difference 0.031 (0.033) 0.053 (0.055) 0.037 (0.039) 0.018 (0.020)
(%) 3.1% (3.3%) 5.3% (5.5%) 3.7% (3.9%) 1.8% (2.0%)
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Table 3. Results of TOA and TOC reflectance products using Landsat-8 OLI image (2017-10-08) by USGS, QGIS, and SAGA
GIS. The value in the type means the computed one by each tool. The number in the parenthesis means the average
value of reflectance product within unit area of 1 * 1 km?. The difference is different value with RadCalNet value at
the same position

Type Blue Green Red NIR

Value 0.267 (0.268) 0.305 (0.306) | 0.344 (0.345) 0.384 (0.386)

USGS Difference 0.015 (0.016) 0.022 (0.023) 0.027 (0.028) 0.033 (0.035)

(%) 1.5% (1.6%) 2.2% (2.3%) 2.7% (2.8%) 3.3% (3.5%)

Value 0.268 (0.268) 0.307(0.306) | 0.345(0.345) 0.386 (0.386)

TOA Reflectance QGIS Difference 0.016 (0.015) 0.024 (0.023) 0.029 (0.028) 0.035 (0.034)
(%) 1.6% (1.5%) 2.4% (2.3%) 2.9% (2.8%) 3.5% (3.4%)

Value 0.268 (0.268) 0.307 (0.306) 0.345 (0.345) 0.386 (0.386)

SAGA GIS Difference 0.015 (0.016) 0.024(0.023) | 0.029 (0.028) 0.035 (0.034)

(%) 1.5% (1.6%) 2.4% (2.3%) 2.9% (2.8%) 3.5% (3.4%)

Value 0.246 (0.245) 0.317(0.319) 0.355 (0.356) 0.382 (0.384)

USGS Difference 0.018 (0.017) 0.023 (0.024) | 0.025(0.026) 0.026 (0.028)

(%) 1.8% (1.7%) 2.3% (2.4%) 2.5% (2.6%) 2.6% (2.8%)

Value 0216 (0.216) 0.280(0.280) | 0.332(0.332) 0.380 (0.379)

TOC Reflectance QGIS Difference 0.011 (0.012) 0.014(0.015) | 0.002 (0.001) 0.023 (0.023)
(%) 1.1% (1.2%) 1.4% (1.5%) 0.2% (0.1%) 2.3% (2.3%)

Value 0.417 (0.417) 0.455 (0.455) | 0.494(0.493) 0.535 (0.535)

SAGA GIS Difference 0.189 (0.189) 0.161 (0.160) 0.164 (0.163) 0.179 (0.178)
(%) 18.9% (18.9%) | 16.1% (16.0%) | 16.4% (16.3%) | 17.9% (17.8%)

Table 4. Results of TOA and TOC reflectance products using Landsat-8 OLI image (2018-05-04) by USGS, QGIS, and
SAGA GIS. The value in the type means the computed one by each tool. The number in the parenthesis means
the average value of reflectance product within unit area of 1 * 1 km2. The difference is different value with
RadCalNet value at the same position

Type Blue Green Red NIR

Value 0.284 (0.282) 0.318 (0.317) 0.359 (0.358) 0.406 (0.404)

USGS Difference 0.012 (0.014) 0.010 (0.011) 0.002 (0.004) 0.003 (0.005)

(%) 1.2% (1.4%) 1.0% (1.1%) 0.2% (0.4%) 0.3% (0.5%)

Value 0.370 (0.368) 0.416 (0.414) 0.469 (0.467) 0.530 (0.527)

TOA Reflectance QGIS Difference 0.074 (0.072) 0.088 (0.086) | 0.108 (0.106) 0.122 (0.119)
(%) 7.4% (7.2%) 8.8% (8.6%) | 10.8%(10.6%) | 12.2% (11.9%)

Value 0.283 (0.282) 0318(0.317) | 0359 (0.358) 0.406 (0.404)

SAGA GIS Difference 0.013 (0.014) 0.010 (0.011) 0.002 (0.004) 0.005 (0.003)

(%) 1.3% (1.4%) 1.0% (1.1%) 0.2% (0.4%) 0.5% (0.5%)

Value 0.261 (0.259) 0.332(0.330) | 0.373(0.371) 0.405 (0.403)

USGS Difference | 0.018((0.020) | 0.021 (0.022) 0.011 (0.013) 0.013 (0.015)

(%) 1.8% (2.0%) 2.1% (2.2%) 1.1% (1.3%) 1.3% (1.5%)

Value 0.290 (0.288) 0.365 (0.363) 0.433 (0.431) 0.507 (0.504)

TOC Reflectance QGIS Difference 0.011 (0.009) 0.012 (0.010) 0.049 (0.047) 0.089 (0.086)
(%) 1.1% (0.9%) 1.2% (1.0%) 4.9% (4.7%) 8.9% (8.6%)

Value 0.397 (0.396) 0.432 (0.431) 0.473 (0.471) 0.520 (0.518)

SAGA GIS Difference 0.118 (0.117) 0.080(0.078) | 0.090 (0.088) 0.102 (0.100)
(%) 11.8% (11.7%) |  8.0% (7.8%) 9.0% (8.8%) | 10.2% (10.0%)
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Fig. 4. Reflectance products by OTB Extension, USGS, QGIS, and SAGA GIS with RadCalNet RVUS data: (a) TOA
reflectance (2017-10-08), (b) TOC reflectance (2017-10-08), (c) TOA reflectance (2018-05-04), and (d) TOC
reflectance (2018-05-04).
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Fig. 5. Box plot of each band results by OTB Extension, USGS-ARD, QGIS, and SAGA GIS, with RadCalNet RVUS data
(2017-10-08): (a) B band of TOA reflectance, (b) G band of TOA reflectance, (c) R band of TOA reflectance, (d)
NIR band of TOA reflectance, (e) B band of TOA reflectance, (f) G band of TOA reflectance, (g) R band of TOA
reflectance, and (h) NIR band of TOA reflectance.
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NIR band of TOA reflectance, (e) B band of TOA reflectance, (f) G band of TOA reflectance, (g) R band of TOA
reflectance, and (h) NIR band of TOA reflectance.
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