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A First Look at Band-Differenced Angular Signatures
for Cloud Detection from MISR

Larry Di Girolamo and Michael J. Wilson

Abstract—\We present the first observational study on the ulations to show that the difference between two well-separated
potential of band-differenced angular signatures for cloud de- solar spectral channels as a function of view angle could be

tection. A band-differenced angular signature is the reflectance ;5o for cloud detection owing to the differences in cloud and
difference between the blue and near-infrared channels examined

as a function of view angle, and it is observed in this study from the surfacg scattering properties and the contribution tq moleculgr
Mu|ti_ang|e |mag|ng SpectroRadiometer (M|SR) The observed Scatte“ng abOVe the C|0ud tOpS. They ShOWed that th|S band'd|f'

band-differenced angular signatures over a variety of scene types ferenced angular signature is sensitive to thin clouds, including
qualitatively compare well with previously published theoretical  thin cirrus, and had the greatest potential over polar surfaces.
predictions. Examples of cloud detection in polar and desert Their study was motivated by the prospect of obtaining such

regions using band-differenced angular signatures from MISR It | It tral ts f the Multi |
are shown to highlight its contribution to cloud detection in areas muitangie, muitiSpectral measureéments iroim e Mult-angie

where traditional spectral techniques tend to perform poorly. Imaging SpectroRadiomter (MISR). With MISR now in orbit
Index Terms—Angular signature, cloud detection, Multi-angle on the Earth Observing System (EOS) Terra satellite platform,
Imaging SpectroRadiometer (MISR), polar. this letter reports the first confirmation of the potential useful-

ness of band-differenced angular signatures for cloud detection

based on observations from MISR.
. INTRODUCTION

HE TRADITIONAL approach to cloud detection from II. MISR DATA
meteorological satellites uses spectral and spatial signa- ) )

tures constructed from measured radiances. They are widelfP€tails of the MISR instrument and performance can be
recognized to have circumstances where cloud detectifgiind in [4] and [S] respectively. In brief, the MISR instrument
is difficult, such as cloud detection over snow, ice, desef " @ sun-synchronous, 10:46m. ECT (descgndmg nqde)
mountainous terrain, subpixel clouds, and thin clouds (typicaffPit onboard the EOS Terra satellite. It provides continuous
cirrus) [1]. In order to overcome these difficulties, it may b&ultiangle coverage of the daylight side of the earth at nine
worth exploring other aspects of the radiation field that aféSCrete angles. This is accomplished by four fixed cameras
not commonly tapped into. These include the polarization alRPking forward in the along-track direction, four looking
angular signatures of the upwelling radiation field. aft, and one at nadir. The surface view angles argriadir

Breon and Colzy [2] successfully used polarization sign§&mera designated as the “An” camera), 26(designated
tures from the Polarization and Directionality of the Earth Re/\" for the forward-looking along-track camera and “Aa” for
flectances (POLDER) instrument onboard the Advanced Eaff} aft-looking camera), 45:@"Bf” and “Ba” cameras), 60.0
Observing Satellite (ADEOS) for cloud detection over land,C" and “Ca’ cameras), and 70:§"Df” and “Da’ cameras).
In particular, the polarization signature that they exploited wasl@kes approximately 7 min to view a given scene from all nine
the highly polarized rainbow scattered from water clouds. AR@meras. From its 705-km orbit, the An camera has a spatial
though this signature did show potential for cloud detection ovE§Solution of 250 m and a swath width of 376 km. All other
a wide variety of land surfaces, it still had cloud detection diff@meras are designed to give a cross-track resolution of 275 m
ficulties for several of the traditionally difficult circumstancesWith & swath width of 413 km. All cameras provide images in
1) snow-covered land surfaces at high latitudes lacked the progequshbroom fashion in four narrow spectral bands (446, 558,
sun-view geometry to use this signature; 2) this signature §¢2, and 866 nm). Complete global coverage ranges from two
insensitive to the presence of ice clouds, which includes tHidys near the poles to nine days at the equator.
cirrus; and 3) subpixel clouds were often missed because of the
course spatial resolution of the instrumex®(km). I1l. COMPARING THEORY AND OBSERVATIONS

Angular signatures were first proposed by Di Girolamo and

Davies [3] for cloud detection. They used radiative transfer sirpétDl Girolamo and Davies [3] used radiative transfer simu-

ions to propose that a band-differenced angular signature
(BDAS) may be able to produce good results in cloud detec-
Manuscript received February 16, 2003; revised May 10, 2003. This woﬁ?n_ A BDAS is simply the difference in two weII-separated
was supported in part by the Jet Propulsion Laboratory, California Institute @ . .
Technology under Contract 1221756 and by the National Aeronautics and SpQ&pabsorbmg solar SpeCtraI reflectance bands examined as a
Administration under Contract ESSF/02-0000-0212. function of view angle. For MISR, the BDAS is constructed
The authors are with the Department of Atmospheric Sciences, Urﬂsing R(446 nm) _ R(866 nm)' whereRis the top-of-at-
versity of lllinois at Urbana-Champaign, Urbana, IL 61801 USA (e-mail; - . .
larry@atmos. uiuc.edu: wilson@atmos. uiuc.edu). mosphere bidirectional reflectance factor with the spectral

Digital Object Identifier 10.1109/TGRS.2003.815659 channels in parentheses. Di Girolamo and Davies [3] showed
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0 - *-%-—-—*f‘ ) . Fig. 2. Four possible clear/cloud combinations for a pair of MISR cameras
whose imagery is referenced to the terrain. Each point on the terrain is viewed
by the MISR C and D camera pair withirl min of each other, resulting
E in different atmospheric paths viewed by each camera. For example, in the
02 —L— L.OpenWater | rightmost case in the figure, the C camera is viewing clear sky, and the D camera
® is viewing cloudy sky, even though both cameras are viewing the same point on
-=X-- 2. Sealce the terrain.
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8 - cloud are shown for selected regions highlighted in Fig. 3(a),
_____ while in Fig. 1(b) the BDAS for a low cloud, a high cloud, and
~ two desert areas are shown for selected regions highlighted in
8". v Fig. 4(a). (In constructing the BDAS curves for clouds, cloud
TN o-- —Q----0-==-0""" o + 4 elements had to be manually tracked from camera to camera
due to parallax.) These cases show that the largest differences
----®-- w in BDAS shape between clear and cloudy regions are for the
e ---@--- 1. Cloud #1 angles that view the forward-scattered radiation. Their behavior
.-B is consistent with that predicted by [3], namely, that for MISR
--®-- 2 Cloud#2 | cameras viewing forward-scattered radiation, the BDAS has
a large positive slope for clouds, a small positive or small
negative slope for snow, ice, and land, and a large negative
--O-- 4 Surface #2 slope. for water. It is this_ difference in BDAS slope that is
0.3 ! L : : : L ' exploited for cloud detection.
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, The cloud detection criterion used in [3] was the following:
Fig. 1. Band-differenced angular signatures observed from MISR for those
regions highlighted in (a) [Fig. 3(a)] and (b) [Fig. 4(a)]. Negative values of vie the BDAS had a positive slope for all viewing directions, then
angle are those MISR cameras that view the forward-scattered radiation. the scene was cloudy. They noted that the major practical im-

plementation problem will be camera-to-camera pixel misreg-

that this band-difference as a function of view angle was oftéstration in the presence of clouds of finite extent. The mis-
bowl-shaped for clear sky conditions. Under cloudy conditionsggistration is due to parallax caused by cloud altitude and by
the BDAS shape for the cameras viewing back-scatterelbud-track wind observed during the finite time between suc-
radiation was similar to the clear conditions. However, largeessive camera views of the same scene. Because terrain-pro-
departures in the BDAS shape for the cameras that view tieeted radiances are used in the calculation of the BDAS, it is
forward-scattered radiation existed between clear and cloygyssible that one camera is viewing a cloud and another camera
conditions. This is confirmed in the MISR observations ab viewing clear sky when the cameras are viewing the same
hundreds of different scenes examined to date. For examgleint on the terrain.

Fig. 1 shows the BDAS for two scenes containing severalWe can reduce this problem for cloud detection by calcu-
different surface types that can be visually identified in Figs.lating the BDAS for a single camera pair. Consider the two most
and 4. In Fig. 1(a), the BDAS for water, snow, sea ice, arabligue MISR cameras that view the forward-scattered radiation
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Fig. 3. (a) Top-of-atmosphere 866-nm channel bidirectional reflectance factor from the MISR An camera, (b) BDAS as defined in (1), and (c) BDAS cloud
detection result, where 2 (white) represents cloud, 1 (gray) represents clear, and O (black) represents missing data. The labels 1, 2, 3, amdspan(afoco

the regions used in producing Fig. 1(a). The scene is a subset of MISR orbit 8201, blocks 13-16, derived from version FO1_0008 of the L1B2 tetedin-proje
radiance.

(roughly, this is the Df and Cf cameras in the northern hemi- We have tested the BDAS for cloud detection on hundreds
sphere and the Da and Ca cameras in the southern hemisphefeMISR scenes. The quality of cloud detection was qualita-
These are the cameras where we expect the greatest cloudtigiely assessed through detailed visual analysis using standard
tection sensitivity based on Fig. 1. For cloud detection purposegsualization software. This first-look approach has revealed ex-

define the BDAS as cellent results over a wide range of surface and cloud condi-
tions, especially for cirrus clouds as predicted in [3]. A dis-
BDAS = [R(446) — R(866)]c-cam cussion on global application and validation of the BDAS for

—[R(446) — R(866)] p-cam. (1) cloud detection using MISR data are given in the next section.
Here, we simply give two examples that highlight the potential
The imagery of each camera is referenced to the terrathat the BDAS has for cloud detection. We choose to show two
leading to the four possible clear/cloud combinations a&senes that offer great difficulties to modern spectral cloud de-
depicted in Fig. 2. Table | is a truth table that represents tkection approaches. To be sure, we visually compared our cloud
BDAS cloud detection outcome for the four situations depictedasks to that derived from the EOS Terra Moderate Resolution
in Fig. 2 when we consider the BDAS behavior of clear anlinaging Spectroradiometer (MODIS) operational cloud mask
cloudy scenes in Fig. 1. For example, if the D camera [6] (Version 3) and chose scenes where the MODIS cloud mask
viewing cloud and the C camera is viewing clear, then tHailed to produce reasonable results, which turned out not to be
band-differenced slope between the C and D cameras will thén cirrus cases (MODIS results are not shown here due to space
a large positive value indicating cloud. Alternatively, if the Dimitations, but can be obtained from the Goddard Distributed
camera is viewing clear and the C camera is viewing cloudgctive Archive Center). These two scenes are shown in Figs. 3
then the band-differenced slope between the C and D cameaad 4. Fig. 3(a) shows MISR imagery collected over the Arctic
will be a large negative value indicating clear. Table | showScean north of Russia (centered at 88799.9E) on July 3,
that the BDAS cloud detection outcome represents the situat®@®01. The imagery shows a mix of scene types: open water, sea
within the D-camera imagery; thus, the cloud mask is assignieg, snow-covered land (Komsomolets Island), and cloud. The
to the D-camera. cloud toward the lower left in Fig. 3(a) is difficult to see since
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Fig.4. Same as Fig. 3, except that the scene is a subset of MISR orbit 6565, blocks 50-53, derived from version FO1_0014 of the L1B2 terraindimojeeted ra
The labels 1, 2, 3, and 4 in (a) correspond to the regions used in producing Fig. 1(b).

it is a low-altitude (MISR stereoscopic height€$00 m), opti- haps one exception. More difficult to see are the clouds or heavy
cally thin (since sea ice features are visible through the cloudi)st clouds in the upper left of the image. Close examination of
stratus cloud. Fig. 4(a) shows MISR imagery collected over tlaetrue color 250-m MISR image of the feature labeled as “2”
Gobi Dessert (centered on 42N, 100.0E), wedged between in Fig. 4(a) has revealed some ambiguity on whether the fea-
the Altai and Qilian Mountains, on March 13, 2001. The imture is a water cloud or a dust cloud, based on spectral and spa-
agery shows a variety of different barren desert surfaces otiat examination of both MISR and MODIS data. The MODIS
flat and rugged terrain, as well as some clouds. operational algorithm labeled it a cloud. However, the MODIS
The BDAS, as defined in (1), for these two scenes are showlgorithm was designed to detect clear scenes, so it tends to
in Figs. 3(b) and 4(b). (Since the BDAS is calculated using tedetect more false positive clouds. MISR stereoscopic heights
rain-projected BRFs, some missing data is inevitable in high ngtace it at approximately 1.3 km. Results on other known ele-
lief areas.) These figures show that it is much easier to discrimated dust scenes have revealed an inability to discriminate be-
nate clouds from the surface using a single BDAS threshold owereen cloud and thick dust, revealing a potential limitation of
the entire scene as compared to using a single reflectance vaheeBDAS approach taken here for cloud detection. However,
over Figs. 3(a) and 4(a). Fig. 3(c) shows the cloud mask whEeig. 1(b) suggests that an examination of the absolute difference
a single BDAS threshold of 0.17 is applied to the entire sceirethe band-difference between Clouds 1 and 2 may be used to
in Fig. 3(b). The results are visually very good. There are twaiscriminate thick dust from cloud. This is the subject of future
small, thin clouds above region 1 in Fig. 3(a) that can only heork.
seen in Fig. 3(b). These two clouds fall below the threshold of
0.17 and were, thus, not detected in the cloud mask [Fig. 3(c)].
Lowering the threshold to detect the two small clouds would
have led to some clear land pixels being labeled as cloudy. ThidMe have confirmed in this letter that the shape of the band-
problem can be reduced by making thresholds depend on dlifferenced angular signature from MISR observations qualita-
face type (see Section V). Fig. 4(c) shows the cloud mask whiirely matches the theoretical predictions given in [3] and that it
a single BDAS threshold of 0.00 is applied to the entire scengay have great potential for cloud detection, including cloud
in Fig. 4(b). This scene was one of the most difficult scenes thdgtection in traditionally difficult circumstances. It is impor-
we examined. Yet, the results are still visually good, with petant to note, however, that we have only demonstrated its po-

V. DISCUSSION
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tential for cloud detection on a scene-by-scene basis by tuning a
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