
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=tres20

Download by: [Yantai Institute of Coastal Research for Sustainable] Date: 02 June 2017, At: 01:30

International Journal of Remote Sensing

ISSN: 0143-1161 (Print) 1366-5901 (Online) Journal homepage: http://www.tandfonline.com/loi/tres20

A physical-based atmospheric correction
algorithm of unmanned aerial vehicles images and
its utility analysis

Xiang Yu, Qing Liu, Xin Liu, Xiangyang Liu & Yebao Wang

To cite this article: Xiang Yu, Qing Liu, Xin Liu, Xiangyang Liu & Yebao Wang (2017)
A physical-based atmospheric correction algorithm of unmanned aerial vehicles images
and its utility analysis, International Journal of Remote Sensing, 38:8-10, 3101-3112, DOI:
10.1080/01431161.2016.1230291

To link to this article:  http://dx.doi.org/10.1080/01431161.2016.1230291

Published online: 28 Sep 2016.

Submit your article to this journal 

Article views: 163

View related articles 

View Crossmark data

Citing articles: 2 View citing articles 

http://www.tandfonline.com/action/journalInformation?journalCode=tres20
http://www.tandfonline.com/loi/tres20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/01431161.2016.1230291
http://dx.doi.org/10.1080/01431161.2016.1230291
http://www.tandfonline.com/action/authorSubmission?journalCode=tres20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=tres20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/01431161.2016.1230291
http://www.tandfonline.com/doi/mlt/10.1080/01431161.2016.1230291
http://crossmark.crossref.org/dialog/?doi=10.1080/01431161.2016.1230291&domain=pdf&date_stamp=2016-09-28
http://crossmark.crossref.org/dialog/?doi=10.1080/01431161.2016.1230291&domain=pdf&date_stamp=2016-09-28
http://www.tandfonline.com/doi/citedby/10.1080/01431161.2016.1230291#tabModule
http://www.tandfonline.com/doi/citedby/10.1080/01431161.2016.1230291#tabModule


A physical-based atmospheric correction algorithm of
unmanned aerial vehicles images and its utility analysis
Xiang Yua,b,c,d, Qing Liue, Xin Liua,b,c, Xiangyang Liua,b,c,d and Yebao Wanga,b,c,d

aKey Laboratory of Coastal Zone Environmental Processes, Chinese Academy of Sciences, Yantai, PR China;
bShandong Provincial Key Laboratory of Coastal Zone Environmental Processes, Yantai, PR China; cYantai
Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai, PR China; dUniversity of Chinese
Academy of Sciences, Beijing, PR China; eCollege of Resources and Environment, Qingdao Agricultural
University, Qingdao, PR China

ABSTRACT
Unmanned aerial vehicles (UAVs)-based environmental studies are
gaining space in recent years due to their advantages of minimal
cost, flexibility, and very high spatial resolution. Researchers can
acquire imagery according to their schedule and convenience with
the option of alternating the sensors working in visible, infrared, and
microwave wavelengths. The recent developments in UAVs and in the
associated image-processing techniques extend the fields of UAVs
application. Inherent geometric deformation of UAVs images inevita-
bly leads to burgeoning interest in exploring the geographical regis-
tration techniques of UAVs images preprocessing. However,
atmospheric correction had been generally neglected due to the low
altitudes of UAVs platforms. The path radiance of low-latitude atmo-
sphere misleads the reflectance of target objects. Thus, a valid atmo-
spheric correction is essential in the cases where vegetation indices
(VIs) are adopted in vegetation monitoring. The off-the-shelf atmo-
spheric correction algorithms adopted in satellite-based remote sen-
sing are typically ill-suited for UAVs-based images due to the distinctly
different altitudes and radiation transfer modes. This article identified
the effect of atmospheric attenuation for spectral data collected by
UAVs sensors of different altitudes and developed a physical-based
atmospheric correction algorithm of UAVs images. Field-measured
reflectance spectrum was essential in modelling. A sunny and dry
day and a flat terrain were the two prerequisites to ensure the general
application of the developed algorithm. A case study was subse-
quently carried out to verify the utility of the developed algorithm,
and the results showed that VIs based on the UAVs images of different
altitudes had a similar ability in vegetation assessment as ground-
based recordings. However, the assessment accuracy could be clearly
improved by using the developed atmospheric correction algorithm.
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1. Introduction

Remote-sensing techniques have been widely applied for all sorts of purposes, including
a range of environmental monitoring and management applications. Satellite-based
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remote sensing provides regular data of large-scale, different spectral coverage and
various spectral resolutions by using various sensors mounted on the associated plat-
forms. It must be noted that the low spatial resolution of satellite remote sensing
narrows down its application fields in some cases where very high spatial resolutions
are required. Unmanned aerial vehicles (UAVs) provide an alternative to meet this need
owing to their advantages of minimal cost, timely nature, flexibility, and very high spatial
resolutions (Colomina and Molina 2014). Researchers can acquire imagery according to
their schedule and convenience with the option of alternating the sensors working in
visible, infrared, and microwave wavelengths and in various flight altitudes. UAVs-based
environmental studies are gaining space in recent years. The recent developments in
UAVs and in the associated image-processing techniques extend the UAVs application
fields, such as disaster monitoring (Niethammer et al. 2012), topography (Rumpler et al.
2016; Turner, Harley, and Drummond 2016), archaeology (Alasino et al. 2012; Bendeaa
et al. 2007; Remondino et al. 2011), glacier (Bhardwaj et al. 2016), soil erosion (Peter et al.
2014), precision agriculture (Comba et al. 2015; Gago et al. 2015; Pérez-Ortiz et al. 2016;
Rokhmana 2015; Schellberg et al. 2008), resource management (Nishar et al. 2016), and
so on.

Altitude data gained by UAVs is important in topographic surveying and mapping.
Thus, the inherent geometric deformations of UAVs images inevitably lead to a bur-
geoning interest in exploring the geographical registration techniques of UAVs image
preprocessing (Chang-Chun et al. 2011; Kekec, Yildirim, and Unel 2014; Xiang and Tian
2011; Yahyanejad and Rinner 2015). However, multispectral information dominates the
application of UAVs images in vegetation monitoring, such as inter-class vegetation
classification (Pérez-Ortiz et al. 2016; Tian et al. 2013), intra-class vegetation classification
(Feng et al. 2015), vegetation coverage (Torres-Sánchez, López-Granados, and Peña
2015), corn lodging (Li et al. 2014), and the like. Covered by geometric rectification,
the atmospheric correction of multispectral UAVs images had been generally neglected.

The main reason for this status is the extremely low altitudes of UAVs platforms.
Atmospheric attenuation of the very low altitude had been regarded as negligible by the
mainstream of the researchers. However, atmospheric attenuation exists positively in the
low-altitude atmosphere. Although small, it indeed misleads the reflectance of a target
object. Thus, it should be eliminated to improve the assessment ability of UAVs-based
remote sensing in the cases where accurate spectral data is necessary. Multiple spectral
indices, such as the normalized excess green index (ExG) (Vol 1974), the normalized
green-red difference index (NGRDI) (Gitelson et al. 2002), and the normalized difference
vegetation index (NDVI), had been adopted and compared in vegetation monitoring
(Rasmussen et al. 2016; Pérez-Ortiz et al. 2015a; Wang et al. 2015). However, multi-
spectral data was straightforwardly used to calculate spectral indices in the mentioned
literatures. The yielded results were questionable owing to the absence of atmospheric
corrections.

The overall objectives of this study were: 1) to evaluate whether the assessment of
field plot experiments using sensors mounted on UAVs was straightforward; 2) to
identify the effect of atmospheric attenuation for spectral data collected by UAVs
sensors of different altitudes; 3) to explore a general atmospheric correction technique
and its application conditions; and 4) to analyse its utility by using three VIs (ExG, NGRDI,
and NDVI), which are generally applied in UAVs-based remote sensing in a case study.
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2. Materials and methods

2.1. Data acquisition

The study area is located at Guangdong Zhanjiang national mangrove reserve (109°
45′45′′ – 109°46′10′′, 21°32′45′′- 21°33′05′′) (Figure 1), which is flat and dominated by
three species (Bruguiear gymnorrhiza, Rhizophora stylosa, and Aegiceras cornicula-
tum). A rotary-wing (eight rotors) UAV (ZH3-600, Qingdao, China) (Figure 2) was
adopted for image acquisition on 26 June 2016. For the hexacopter, vertical take-
off and landing were manually controlled using a remote control unit. The adopted
Micro-Hyperspec™ VNIR (Headwall Photonics Inc., Fitchburg, USA) has a spectral range
of 380–1000 nm and a spectral resolution of 5 nm. The flights were carried out in
stable ambient light conditions in the early afternoon before 14:35, with a Sun
elevation angle of 45–53°. To identify the effect of atmospheric attenuation on
spectral data collected by UAVs sensors of different altitudes, four flight heights
(10 m, 30 m, 50 m, and 100 m) were artificially set owing to the legal limits on the
heights for flying UAVs (about 120 m). Similar flight routes were programmed for the
four flight heights (10 m, 30 m, 50 m, and 100 m) and the UAV software was
controlled to allow the UAV to reach the required altitudes (Figure 3). Flight speed
of each flight plan was adjusted to obtain a sequence of overlapping images with
60% forward overlap and 30% side overlap. The captured geographic coordinate
images were stitched by using the geo-referenced mosaic module in ENVI 4.8.
Ground data was acquired with the same sensor at 31 experiment plots to obtain
the spectral reflectance characteristics of the mangrove.

To identify the utility of the proposed atmospheric correction algorithm, four visible/
near-infrared (VNIR) (480 nm, 551 nm, 675 nm, and 851 nm) were adopted to calculate
ExG, NGRDI, and NDVI (Equations (1)–(3)) according to the ground spectral reflectance

Figure 1. The experimental plot of mangrove field with a coverage of 1.38 k m2.
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characteristics of mangroves (Figure 4). The NIR wavelength (851 nm) was generally
regarded as an atmospheric window (NIRAW) with an atmospheric transmissivity (τ) of 1
(Liang 2004). Thus, it was adopted to avoid atmospheric attenuation caused by moisture
absorption. Three UAV-derived VIs were compared with ground recordings and sub-
jected to statistical analyses.

ExG ¼ ð2G� R� BÞ=ðRþ Gþ BÞ; (1)

NGRDI ¼ ðG� RÞ=ðGþ RÞ; (2)

Figure 2. The rotary-wing (eight rotors) UAVs (ZH3-600, Qingdao, China).

Figure 3. Sketch map of flight plans for different flight altitudes. The red dotted line represents the
flight route, and the yellow dotted line represents the ground projection of flight path.
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NDVI ¼ ðNIR� RÞ=ðNIRþ RÞ; (3)

where R, G, B, and NIR denote the reflectance of red (675 nm), green (551 nm), blue
(480 nm), and near-infrared (851 nm), respectively.

2.2. Atmospheric correction algorithm

2.2.1. Radiation transfer mode of UAVs-based remote sensing
UAVs platforms are characterized by their very low altitudes compared with satellite
platforms. Thus, the radiation transfer modes of UAVs-based remote sensing are
strikingly different from those of satellite-based remote sensing. The reflected light
of the ground objects collected by UAVs sensors passes through a very thin atmo-
sphere, which is not thicker than 120 m. Atmospheric attenuation is composed of
atmospheric absorption and atmospheric scattering. Absorptions of visible light
caused by nitrogen, oxygen, and carbon dioxide are negligible. Thus, the atmospheric
attenuation of visible light is mainly caused by Rayleigh scattering in the low altitude.
Moreover, moisture absorptions occur at several NIR wavelengths rather than at
visible wavelengths, and it is difficult to quantitatively estimate them using certain
formulas. Fortunately, there are several NIRAW where moisture absorptions remain
invalid and the τ values are very close to 1 (Liang 2004). Thus, when a NIRAW band is
involved in a UAV image and the experiment is conducted on a sunny and dry day,
the proposed derivational process (Section 2.2.2) can be carried out based on the
hypothesis that moisture absorption is negligible. Moreover, a sunny day makes
aerosol attenuation negligible because of the lack of suspended sol particles. Thus,
only atmospheric scattering was taken into account and determined, so as to be
eliminated based on the given prerequisites.

Figure 4. Spectral reflectance characteristics of mangroves.
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2.2.2. Derivational process of atmospheric correction algorithm
Digital number (DN) values of pixels in a UAV image can be calculated with the ground
irradiance (H), ground surface reflectance (R), τ, and atmosphere path radiance (DA)
(Equation (4)) (Li et al. 1993).

DN ¼ K � R� τ � H=π þ DA; (4)

where K denotes the inherent proportion coefficient of the associated sensor. Then,
Equation (5) is established.

DA ¼ DN� K � R� τ � H=π: (5)

H, τ, and K need to be derived to calculate DA when DN and R are available. Unlike
that of satellite-based remote sensing, H is reasonably considered to have the same
value for all of the pixels in the same UAVs image due to the uniform ground irradiance
of the small ground coverage. However, this hypothesis works in a flat terrain rather
than in a rugged terrain. Spatial interpolation of the measured H is essential in the case
of a rugged terrain (Li et al. 1993).

The difference value between the total radiation intensity and the attenuation
intensity, which is defined as τ, can be calculated with Lambert’s law (2014)
(Equation (6)).

τ λð Þ ¼ exp �
ðl
0
β λð Þ � dl

" #
¼ exp �β λð Þ � l

� �
; (6)

where β(λ) and l denote atmospheric attenuation coefficient at a certain wavelength and
flight altitude, respectively. Atmospheric attenuation is composed of atmospheric
absorption (k) and atmospheric scattering (σ) (Equation (7)).

β ¼ km þ σm þ ka þ σa; (7)

where km and ka denote the atmospheric absorption caused by atmospheric molecule
and aerosol, respectively. Similarly, σm and σa denote atmospheric scattering caused by
atmospheric molecule and aerosol, respectively. Atmospheric attenuation in the low-
altitude atmosphere is mainly caused by Rayleigh scattering due to the prerequisites
discussed in Section 2.2.1. Then, Equation (8) is obtained.

β ¼ σm: (8)

Moreover, there is a negative correlation between the Rayleigh scattering coefficient
and the wavelength of the fourth power (Senior and Ahlgren 1973) (Equation (9)).

σm ¼ 0:00864� ðλÞ� 3:916þ0:074�ðλÞþ 0:05=ðλÞð Þð Þ � 0:00864� ðλÞ�4: (9)

The atmospheric transmissivity ratio (Equation (10)) of different wavelengths (λi and λj)
is established based on Equations (6)–(9).

τ λið Þ=τðλjÞ ¼ exp �β λið Þ � l
� �

= exp �βðλjÞ � l
� �

¼ exp �σ λið Þ � l
� �

= exp �σðλjÞ � l
� �

: (10)
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A sunny and dry day is a prerequisite in eliminating the atmospheric attenuation of
NIRAW caused by moisture. Thus, the path radiance of NIRAW is negligible on a sunny day
due to its extremely high transmissivity, as discussed in Section 2.2.1. Then, Equation (5)
can be rewritten as follows:

DNNIRAW ¼ K � RNIRAW � τNIRAW � HNIRAW=π: (11)

In addition, the τ of NIRAW is close to 1 due to the invalidation of Rayleigh scattering
and atmospheric absorption. Then, Equation (12) is obtained.

K � HNIRAW ¼ π � DNNIRAW
= RNIRAW

� τNIRAW

� �
¼ π � DNNIRAW

=RNIRAW
: (12)

H in the same UAVs image is defined as uniform as mentioned above. Thus, the path
radiances DA at different wavelengths (λi) of UAVs images can be calculated with
Equation (13).

DA λið Þ ¼ DN λið Þ � π � DNNIRAW=RNIRAW � R λið Þ
� exp �0:00864� λið Þ�4 � l

� �
= exp �0:00864� λNIRAW

�4 � l
� �

:
(13)

3. Results

3.1. Rayleigh scattering coefficients and atmospheric transmissivities of VNIR

Rayleigh scattering coefficients vary along with wavelengths (Figure 5(a)) and atmo-
spheric transmissivities vary along with both wavelengths and altitudes (Figure 5(b)). The
effects of atmospheric attenuation on spectral data collected by UAVs sensors of
different altitudes positively exist and vary along with wavelengths. Thus, atmospheric
correction is essential in the application of UAVs images in the cases where accurate
spectral data is demanded.

Figure 5. Rayleigh scattering coefficients (a) and atmospheric transmissivities of different altitudes
(b) at visible–near-infrared wavelengths.
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3.2. Correlation between UAVs-derived VIs and ground-derived VIs

Three VIs of three types of mangroves at different altitudes were calculated from the
original UAVs images. Similarly, the same three VIs were calculated from the atmo-
spheric correction UAVs images (Vis_AC), which were obtained based on the yielded
atmospheric correction algorithm discussed in Section 2.2.2. The differences of ExG
and ExG_AC (D_ExG), NGEDI and NGEDI_AC (D_NGEDI), and NDVI and NDVI_AC
(D_NDVI) at different flight altitudes (10 m, 30 m, 50 m, and 100 m) are shown in
Figure 6. D_ExG and D_NGEDI increased clearly along with the increase of flight
altitudes. However, D_NDVI increased slightly. The results confirmed that atmo-
spheric attenuation positively misleads the spectral data collected by UAVs sensors
of different altitudes.

Correlation analysis was subsequently used to identify whether UAVs-derived VIs
were straightforward. Correlation between UAVs-derived VIs and ground-derived VIis
(rVis) reached a significant level (r > 0.37, p < 0.05, n = 31) (Figure 7(a)). For the original
UAVs images, rExG and rNGRDI decreased clearly along with the increase of altitude.
However, for the atmospheric correction UAVs images, rExG_AC and rNGRDI_AC remained
stable (r = 0.74 and 0.53) (Figure 7(b)). Furthermore, rNDVI remained stable (r = 0.70)
irrespective of whether or not the atmospheric correction algorithm was adopted
(Figure 7). The above-mentioned results show that the sensors mounted on UAVs can
be directly used in the assessment of field plot experiments by using the adopted VIs;
however, the assessment accuracy would be clearly improved by using the developed
atmospheric correction algorithm. NDVI should be prioritized due to its robustness
compared with ExG and NGRDI.

Figure 6. Differences of ExG and ExG_AC (D_ExG), NGEDI and NGEDI_AC (D_NGEDI), and NDVI and
NDVI_AC (D_NDVI) at different flight altitudes (10 m, 30 m, 50 m, and 100 m).
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4. Discussions

Atmospheric correction had been generally neglected due to the low altitudes of UAVs
platforms in environmental monitoring. However, a case study verified that path radi-
ance, which is mainly caused by Rayleigh scattering, positively misleads the bands
reflectance of UAVs images. Rayleigh scattering coefficients vary along with wavelengths
and atmospheric transmissivities vary along with both wavelengths and altitudes. The
atmospheric attenuation effects on different wavelengths dominate the performances of
VIs at different altitudes; thus, atmospheric correction is essential in improving the
assessment accuracy of UAVs-based remote sensing.

UAVs-based remote sensing is characterized by low altitude and small ground cover-
age compared with satellite-based remote sensing. The uniform H value of a flat terrain
is essential in the developed algorithm. Thus, the algorithm does not work in a large
rugged terrain. Furthermore, the proximity effect of the pixel reflectance should be
avoided when selecting the modelling pixels of UAVs images. The proximity effect
affects the target pixel reflectance by combining the reflectance of the surrounding
adjacent pixels (Kaufman and Kaufman 1989). Thus, central pixels of a large area of the
same object may be an appropriate choice to generate the accurate relationship of the
NIRAW reflectance between UAVs images pixels and field measured objects.

5. Conclusions

An atmospheric correction algorithm was developed to eliminate path radiance,
which is mainly caused by Rayleigh scattering, for UAVs images, with NIRAW bands
involved. The derivational process was carried out based on the radiation transfer
mode and a reasonable set of parameters. The application conditions of the devel-
oped algorithm were raised and discussed. A sunny and dry weather condition and a
flat terrain were two prerequisites to ensure the general applicability of the devel-
oped algorithm. A case study was carried out to analyse the utility of the algorithm

Figure 7. Correlation coefficients between the three VIs derived from the original UAVs images and
the associated VIs derived from the ground recording (a). Correlation coefficients between the three
VIs derived from the atmospheric correction UAVs images and the associated VIs derived from the
ground recording (b).
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by using three VIs (ExG, NGRDI, and NDVI), which are generally applied in UAVs-based
remote sensing. The results showed that sensors mounted on UAVs could be directly
applied in the assessment of field plot experiments; however, assessment accuracies
would be clearly improved by using the developed atmospheric correction algorithm.
NDVI should be given priority owing to its robustness. To the best of our knowledge,
it was the first attempt to identify the effect of atmospheric attenuation for spectral
data collected by UAVs sensors of different altitudes and to develop a general
atmospheric correction algorithm of the UAVS images. The developed algorithm
provided a reliable method to obtain accurate spectral data and improved the
UAVs images’ preprocessing.
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