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Abstract: Polarized reflectance of land surface is essential to remote sensing despite the fact that the reflectance information re—
ceived by polarimeter is always overwhelmed by atmospheric polarization effect which is stronger than that of the land objects.
Subtracting the atmospheric effect therefore is a bottleneck problem in the polarization remote sensing over land surface. Atmos—
pheric neutral point which refers to a position where the skylight is unpolarized is introduced in this paper as a tool for separating
the polarization effect between objects and atmosphere. The ground experimental results show that when observing the land surface
from neutral point the polarization effect of the atmosphere is reduced to zero and the polarization information of land surface is
maximized. The results indicated the feasibility of using atmosphere neutral points for atmospheric correction over land surface.
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1 INTRODUCTION

Scattered atmospheric particles exhibit strong polarization p
henomena. The polarization effect of the atmosphere is the main signal
of the polarization remote sensing. For this reason the present space—
borne polarization remote sensing data are mainly used for a
tmospheric research such as to study the atmosphere physical proper—
ties and optical properties ( Fan et al. 2008; Cairns et al. 2009) .
Land objects also have strong reflected polarization phenomenon and
this it can be valuable information for remote sensing( Breon et al.
1995; Wu & Zhao 2005) . The land objects detection was one of the
tasks of the spaceborne polarimeter—Polarization and Directionality of
the earth’s Reflectance ( POLDER) . However studies found that the
polarization effect of the atmosphere is much stronger than that of land
objects in the images. Land objects polarization information r eceived
by the polarimeter is always submerged in the atmospheric polarization
effect ( Bicheron et al. 1997; Nadal & Bréon 1999) . As a result
a major concern for the use of polarized light for the study of land sur—
faces is the capability to discriminate between polarization generated in
the atmosphere and that generated by the surface.

The neutral point is the point ( or area) where the skylight is u
npolarized. In the clear sky there are three normally occurring n
eutral points the Arago Babinet and Brewster neutral points in
the principal plane ( Miyazaki et al. 2009) . In this paper we at—
tempt to set space-borne polarimeter detects the earth at the direction
of the neutral point. Because the polarization effect of atmosphere is
zero at this direction and then the polarization information of the land

surface objects can be maximized. This study would promote the p

Received: 2012-05-415; Accepted: 2012-08-15

olarization remote sensing for land objects detection and expand the

polarization remote sensing research to a wider research area.

2 ATMOSPHERE POLARIZATION DISTRIBU-
TION AND NEUTRAL POINT

The solar radiation have no polarization at the outer space it
will be polarized after the atmosphere particles scattering. If most of
the atmosphere scattering is single scattering the polarization of the
sky will show a regular polarization distribution it also known as the
polarization pattern of sky.

Under the clear sky weather conditions in the vertical plane of
sun it will appear the Arago Babinet and Brewster neutral points
in the sky. As shown in Fig. 1. The Arago normally located 20°—
30° above the anti-solar point. The Babinet Point directly above the
sun 15°—20°. The Brewster Point directly below the sun varies
15°—20°. Both the Babinet Point and Brewster Point are at the
same d irection of sun and their positions changed along with the so—
lar a ltitude. The higher the sun elevation angles the closer between
the Babinet Point and the Brewster Point. When the sun is at the
zenith the two points merged as one point ( Sheng et al. 2003;
Muheim et al. 2006) . Because the neutral points at two side of
sun and antisolar are symmetry. There should be another neutral
point under anti-solar in theory as the anti-Babinet neutral point. In
2002 the fourth neutral point actually has been detected using the
2002) .

For the single scattering the polarization of the skylight is posi—

sounding balloon( Horvath et al.

tive generally. However for the multiple scattering the atmospheric
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particles can cause negative polarization. The degree of polarization of
sky will be zero where the Positive and negative polarization meet at
the intersection area. In this way the atmospheric neutral point pro—
duced ( Coulson 1988; Horvdth & Varja 2004) . The Neutral point
always at the main plane of the sun and zenith. The stronger the mul-
tiple scattering there will be more negative polarization and the

neutral point position will be farther away from the theory position.
The positions of neutral points are close to the sun elevations.
Chandrasekhar calculated positions of the three neutral points for v
arious angles of incidence in the main plane ( Chandrasekhar & E
lbert 1954) . Fig. 2 shows the case for atmospheric optical thickness

of 0. 10.
90

60

30

Neutral point elevation angle/(*)

0 30 60 90
Solar elevation angle/(°)

Fig. 2 The position relationship of neutral point and sun

Babinet point is visible throughout the day from before sunrise
until after sunset. The Brewster neutral point began visible when so—
lar elevation angle exceeding 20°. The position of the Brewster point
and sun are almost linear. As for Arago point it will appear when
solar elevation angle less than 20° that is the Arago point can only
be observed in the morning or evening. The situation of other atmos—
pheric optical thicknesses (0.15 or 0. 20) is almost the same.

3 ATMOSPHERE CORRECTION METHOED
BASED ON NEUTRAL POINT

The method of using atmospheric neutral point for polarization

remote sensing is to set the remote sensing sensor at the direction of

the neutral point. At this moment the atmospheric polarization effect
between sensor and land objects can be zero or minimized. The p
olarization information of land objects received by sensor can be max—
imized. Fig.3 is the sketch map of using neutral points for polariza—
tion remote sensing atmosphere correction. The dash circle is v irtual
the outer of the Earth atmosphere. This circle also is the sun trail of
the very day. The sun position in the figure is a virtual position too

which only denote the direction of the sun in the figure. From space
to land surface the neutral point can be seen at each height in the
line goes through the neutral point and land object in theory. So the
neutral point can be observed whether by airborne or space borne

Sensors.

—— / Neutral point
/ -~ } ‘\Sun
/ / / \
f \
/ __:_ /
Land

™~
 —

—

Fig.3 Sketch map of using neutral points for polarization

remote sensing atmosphere correction

In the real atmosphere because of multiple scattering the neu—
tral point probably not a point but a small region where all the degree
of polarization close to zero. In addition this neutral point ( region)
in the sky also not a fixed position but a conical region which start—
ing point is the sensor as shown in Fig. 3. The atmosphere degree of

polarization at any height of this conical region is zero.
3.1 Neutral point characteristics observed from space

The positions of neutral points that we discussed above are
based on ground observations however remote sensing is a process
observed from sky to land. Can the remote sensing sensor detect the
neutral point from sky? It is the basic problem of using the neutral
point for land surface polarization remote sensing.

Horvith (2002) took the neutral point photos on the ground and
at a 3500 m sounding balloon separately. As the dark areas shown in
Fig.4. The local solar elevation angle shooting were similar to 0
when photos. The black spot at the top of the image is the sun. The
camera band was red. The Fig.4 (a) was the ground photo while the
Fig. 4 (b) was the balloon photo. The right picture of Fig.4 ('b) in—
dicates the neutral point can be observed from space.

Coulson( 1959) calculated the neutral point position of the a
tmosphere upward radiation and the downward radiation. Fig. 5
shows the curve of angular distance between the sun and the neutral
points as a function of sun elevation. The atmosphere optical thick—
ness is 1.0. The solid curves are the upward radiation and the dash
curves are the downward radiation. The upward radiation is caused
by the atmospheric particles back scattering. The neutral points p
ositions are different in the upward radiation and the downward r

adiation. So the neutral points have different names in the upward ra—
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Fig.4 The neutral point observed from ground and space

diation and the downward radiation. The neutral points observed from
ground are Arago point Babinet point and Brewster point. And the
corresponding neutral points observed from the space are Brewster
point anti-Babinet point and Arago point.

In Fig.5 the solid and dash lines of curve a denote the neutral
point below the anti-solar and solar separately they are Arago point
and Brewster point. The solid and dash lines of curve b denote anti—

Babinet point and Babinet point separately.

30
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=
=
1)
=
a
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=
)
<

L 1
0 30 60 90
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Upward radiation = — — Downward radiation

Fig.5 Angular distance between the sun and the neutral points

It can be seen from Fig.5 as for curve a the neutral point po—
sitions in the upward and downward radiation are completely the
same when the solar elevation angle is about 60°—90°. Their posi—
tions began different greatly when the solar elevation angle from 25°
to 60°. Both the neutral points in the upward ( Arago point) and
downward ( Brewster point) radiation cannot appear in the sky when
the solar elevation angle less than 25°. As for curve b  the two neu—
tral points” positions in the upward ( anti-Babinet point) and down-
ward radiation ( Babinet point) are entirely consistent when the solar
elevation angle is about 32°—90°. Only when the solar elevation an—
gle is small ( about 5°—32°)

The above discussion showed that the neutral point positions of

the positions began different slightly.

the same area observed from space and ground are consistent when
the atmosphere optical thickness is small and the solar elevation an—
gle is big. Normally satellite transit time or aerial remote sensing
flight time always chose a high solar elevation in order to obtain suf-
ficient light conditions. At this time the space-based neutral point

position can be calculated by the ground-based observation position.

Kattawar( 1976) compared the neutral point positions of differ—
ent atmosphere optical thicknesses in the upward and downward r
adiation. The result shows that when the atmosphere optical thickness
increased the Babinet Point position change slightly while the Brew—
ster Point changed greatly. The position between anti-Babinet point
in the upward radiation and Babinet point in the downward radiation
are almost the same when the atmosphere optical thickness less than
5. This also indicates that the Babinet point positions of the ground—
based and space-based observations are coincident of the same area.
This paper was also given the impact of the surface albedo on the
neutral point position. The change of s urface albedo has small effect
to the neutral point position. But the Brewster point is more sensitive
than the Babinet point on the surface albedo impact. The anti-Babi-

net point in the upward radiation is independent of surface albedo.
3.2 Proper neutral point selected for remote sensing

There are three common neutral points in the sky. We need s
elect the most applicable one for the polarization remote sensing. The
first satisfy condition is its position in the sky convenience for remote
sensing observation. The second condition is its position should more
stable.

In the visible-near infrared remote sensing satellite transit time
or aerial remote sensing flight time always chosen a higher solar e
levation in order to obtain sufficient light conditions. The Arago
neutral point can only observed in the morning or toward evening.
And its position in the sky is low when it appears. lis position is a
lways lower than sun. Especially in high latitude area the sun can—
not reach the zenith position. The Arago point is not suitable for p
olarization remote sensing. The Brewster neutral point has the same
situation. The Brewster point position is bound to be even lower. In
addition the Brewster point effected by the atmosphere condition and
land surface reflection greatly. So the Brewster neutral point is also
not suitable for polarization remote sensing.

In contrast the anti-Babinet neutral point is an ideal choice for
polarization remote sensing. From the earth observed characters of
Babinet neutral point the anti-Babinet point is in the same side of
the sun; its position is always higher than the sun. That is the anti-
Babinet point can be observed all the day. The higher elevating angle
is benefit in remote sensing to obtain better light conditions. Moreo—
ver the anti-Babinet point is not sensitive to the atmosphere condi-
tion. lts position is more stable in the sky when the atmosphere c

ondition changes.
3.3 The position of neutral point calculated

The position of the anti-Babinet neutral point can be calculated
from the position of the Babinet neutral point since the two points
almost have the same position.

The main factor of the anti-Babinet point position is the solar el-
evation. So when using anti-Babinet point for land surface polariza—
tion observation the first thing is to determine the observation time.

The solar elevation angle is constantly changing at the same
place a day. The sun elevation angle of a place can be calculated by
the solar elevation angle formula.

sinh = singsind + cospcosd (1)
where h is the solar elevation angle ¢ stand for the local geograph—
ical latitude § is the solar declination angle and 7 is solar hour an—
gle.

Generally it is selected good weather conditions for aerial
remote sensing flight. For the anti-Babinet neutral point its position

in the main plane is the function of the sun elevation when the optical



238 Journal of Remote Sensing

2013 17(2)

thickness is 0. 10. As shown in Fig. 2 the function curve has a cer—

tain bent. For convenience the curve was separated into two parts.
Both curves fit as segments.

y =0.9x + 18 (0 < x < 30)

{y =0.75x +22.5 (30 <« < 90)

where x is the solar elevation angle y is the Babinet neutral point e

(2)

levation angle.

For the equatorial region the solar elevation angle of 90° at
noon the sun illuminates the land surface vertically. All the neutral
points are gathered into the sun position. The polarization remote
sensing sensor should in the neutral point region when observing land
surface vertically. This is a special case.

For non-equatorial regions the sun elevation angle cannot reach
90° at noon. The local noon solar elevation angle can be calculated
by Eq. (1). Because neutral point and sun both are at the main
plane the corresponding neutral point position can be calculated
from E q. (2).

need to note e ven the sensor in the sky cannot exactly at the center

And then get the remote sensing time. One thing

of the neutral point the region around the neutral point also a small

polarization area; it is also conducive to polarization observation.
4 EXPERIMENTAL VERIFICATION

In order to verify the method of using the neutral point for p
olarization remote sensing we designed a ground verification e
xperiment. Polarization images were taken and compared from n
eutral point direction and non-neutral point direction for the same ar—
ea. Fig.6 are the observation geometry sketch map. The degree of
polarization of atmosphere is zero on the line goes through the neutral

point and camera. The imaging device was Nikon D200 digital cam—

e —
T ~
/7 ~N
/ A Y
. Neutral point

- s
/ - Sun

Land

(a) Observation at neutral point direction (in the moming)

4

/ !
l 1 \

Land

- ——

(b) Observation at non-neutral point direction (at noon)

Fig. 6 Observation geometry sketch map of ground

verification experiment

era with iodine polarizer. 0° 60° and 120° three anglesp olarization
images were obtained by changing the angle between polarizer trans—
mission axis and reference axis three times. And then the images of
polarization parameters such as degree of polarization polarization
angle were calculated.

Fig. 7 are the polarization parameters comparison images be—
tween neutral point imaging and non-neutral point imaging. The ob—
servation time was 7:20 am and 11: 20 am separately ~April 29"
2010. At that time the solar elevation angle was 24.40° and 62.
95° separately. According to Eq. (2) the neutral point elevation
angle was 39.96° and 69.71° separately. The solar azimuth was 88.
55° and 21.70° ( the south is defined as the zero azimuth) separate—
ly. Both the camera detection elevation angle was set as 40°. The
relative azimuth angle of the camera and the sun were 0° ( back-
ward) and 6 6.85°. The weather was clear and calm. Observation
spot was 5" floor platform Remote sensing Building Peking Univer—
sity. The target area is Summer Palace scenic region.

Fig.7 (‘a) is the images without polarizer. The atmosphere visi—
bility is high. Both the images are clear whether observation at the
neutral point direction or non-neutral point direction. Fig.7 ( b) is
the linear degree of polarization ( DOLP) images of R G B three
bands. Degree of polarization is a physical quantity reflects the polar—
ization size of objects. It is a dimensionless number and the value is
0—1. The white and black areas in the Figure denote the big value
of DOLP and small value of DOLP separately. On the image taken
from neutral point direction whether the closer tower of Buddhist In—
cense (about 3.1 km from camera) or the forane mountain ( about
8 km from camera) are clearly visible especially the bare soil and
road in the mountains. And the polarization information is not the
same in the red green and blue band. However on the image taken
from non-neutral point direction the closer objects are good dis—
played such as the tower of Buddhist Incense. But the polarization
information of the forane objects is much weaker only the mountain
outline can be shown. It means the polarization information of forane
objects cannot obtained from the non-neutral point direction image.
This phenomenon shows along with the increase of the focusing dis—
tance the atmospheric polarization effects increased the polarization
information of targets becomes weak.

The information entropies were calculated of the unpolarized im-
ages in Fig. 7 (a) and the three bands of DOLP images in Fig. 7
(b) as shown in Fig. 8 (a).

the ordinate is the value of information entropy. The twill denotes en—

The abscissa is different images and

tropy value of the non-neutral point imaging and the plaid denotes en—
tropy value of the neutral point imaging. It can be seen from the Fig.
8 (a) the information entropies of the two unpolarized images are
almost equal regardless of the neutral point imaging or non-neutral
point imaging. However for the DOLP images of red green and
blue bands the information entropy values of the neutral point ima—
ging are all greater than the non-neutral point imagings. This also
shows land objects on the neutral point DOLP imaging are informa—
tive. In particular we cut out the upper half of all the images keep
only the distant objects on the images. And then the information en—
tropies were calculated separately. The results showed in Fig. 8 ('b) .
Similarly the information entropies of the two unpolarized images are
almost the same. But for the DOLP images of red green and blue
bands the information entropy values of the neutral point imaging
are all much greater than that of the non-neutral point imaging.

It is thus clear that the atmospheric polarization effect on the
non-neutral point direction image is stronger than the neutral point

direction image. The degree of polarization image from neutral point
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(b) Degree of polarization images

Fig.7 The polarization collation images between neutral point

imaging and non-neutral point imaging
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Fig.8 The information entropy comparison between neutral

point and non-neutral point imaging

direction has good expressive force for remote objects. The objects
polarization information on it is far greater than on non-neutral point
direction image’s. It means the neutral point imaging can eliminate
the atmospheric polarization effect and enhance the objects polariza—
tion information. This experiment demonstrated the feasibility of using

neutral point for polarization remote sensing atmospheric correction.

S CONCLUSION

In this paper we have presented an approach for using atmos—
pheric neutral points for atmosphere correction in polarization remote
sensing. By comparing the position of the neutral points between the
downward radiation and the upward radiation the neutral point can
be observed not only from ground but also from the space. The anti—
Babinet neutral point observed form space is a good choice for the
polarization land surface remote sensing because the position of the
Babinet Point is relatively stable. The anti-Babinet neutral point p
osition in the sky can be calculated by models for aerial remote sens—
ing. A ground experiment was performed to verify the method. The
experiment result shows the images taken from the neutral point di-
rection can eliminate the atmospheric polarization effect effectively

and enhance the objects polarization information. This study has demon—

strated the feasibility in theory and practice of using atmosphere n

eutral point for atmospheric correction.
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