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Abstract—The refined empirical line (REL) approach was used to con-
vert the Earth Observing 1 (EO-1) Advanced Land Imager (ALI) sensor
digital number (dn) to surface spectral reflectance (p,). The dn-to-p, re-
lation was derived from a bright target of known reflectance in the image,
and the modeled estimates of theimage dn at py, = 0. The mean absolute
percent difference (A« ) between p, retrieved from ALI usingthe REL ap-
proach and ground-measured p, for 15 targetson six dateswere42%, 6%,
and 13% in the ALI visible, near-infrared (NIR), and shortwave infrared
(SWIR) spectral bands, respectively. The A, for p, retrieved from ALI
without any atmospheric correction were 155%, 9%, and 10% for visible,
NIR, and SWIR bands, respectively. For the clear, dry atmospheric condi-
tionsin Arizona, REL correction was most crucial for the dark targetsin
thevisible bands. Given the published valuesof an ALI dn for p, = 0, the
REL offersasimpleapproach for retrieving reflectance from multiple AL |
images for temporal surface analysis.

Index Terms—Atmospheric measurements, image processing, remote
sensing, satellite applications.

|. INTRODUCTION

The Eath Observing 1 (EO-1) Advanced Land Imager (ALI) was
designed and deployed to test new techndogy that could be used for
sensors aboard the upcoming Landsat-8 platform. Compared to the
Landsat-7 Enhanced Thematic Mapper Plus (ETM+), ALI provides a
greaer SNR, a pushbroom sensor, greger quantization, and additi onal
wavelength bands [3]. ALI images have been acquired over urban and
wildland targets throughou the world to fadlit ate analysis of the new
techndogy and the new spedral bands for a wide variety of applica-
tions. This continuing analysis is often dependent on the conwersion
of an ALI digital number (dn) to surface spedral refledance (p)) to
minimizeinfluences of atmospheric andinsolation variations on sensor
signal.

Severd approaches have been used for dn-to-p, conversion
[often termed refledance fador retrieva (RFR)]. These include the
complex procedure of measuring atmospheric condtions during the
satellit e overpass with spedalized onsite sensors and then using an
atmospheric rediative transfer model (RTM) to convert the radiance
measurements to surface refedance fadors (e.g., [6]). In an attempt
to eliminate the neal for bath atmospheric measurements and the
RTM, the empiricd line (EL) gproach has been propcsed, where
an empiricd relationship between at-satellite radiance (r dn) and
oy based on within-imaae taraets of known o could be used for
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TABLE |
SPECTRAL DEFINITIONS FOR THE NINE
EO-1 ALI MULTISPECTRAL BANDS

Spectral Band Name | Spectral Band Range (pm)
lp 0.43 - 0.45

1 (145 -0.52

2 .53 -0.61

3 0.63 - 0.69

4 0.78 -0.81

dp 0.85-0.89

5p 1.20 - 1.30

5 1.55-1.75

7 2.08-2.35

reported error in RFR using EL is less tian 10% and depends ailmost
exclusively on the acaragy of the charaderizaion o the cdibration
targets [2], [5].

A refined EL (REL) approach was propased to reduce the need for
within-image tamets and include some advantages of the RTM-based
approac [4]. The REL approach derives the rdation between dn and
p based on ore high-refledance tarmget within the scene, and an esti-
mate of theimage dn that would be sssociated with asurfaceof p = 0.
The estimate of dn for p» = 0 is obtained throughthe use of an RTM
with reasonable waer and aelosol models, or measurements of atmo-
spheric condtions on atypical cloudessday.

In this study, estimates of an ALI dn for a surfaceof p, = 0 were
computed for all 9 ALI spedral bands in the visible, nearinfrared
(NIR), and shortwave infrared (SWIR) spedral bands (Table 1). These
values, and dn from abright target of known p,, wereused to compute
the empiricd, lineardn-to-p, conversionsfor six ALI imagesaauired
in Arizona. The rerieved p, from the ALI images were @mpared to
groundmeasured p, for 15 independent targets within these images.
The results of this sudy dfer a simple methodfor RFRfrom ALI im-
ages, with an estimate of retrieval acarracy for avariety of atmospheric
condtions.

Il. MATERIALS AND METHODS

During 2001,six EO-1 ALI images were aquired at cropland and
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TABLE I
ALI DN FOR TARGETS OF ZERO SURFACE REFLECTANCE (p ) AS COMPUTED
FROM THE RADIATIVE TRANSFER MODEL (RTM) FOR SIXx DATES
AT MAC AND WGEW

ALI Spectral Band | Average dn Standard Deviation
lp 1399.2 71.6

1 864.7 443

2 371.5 21.1

3 1833 13.6

4 70.0 8.1

4p 409 5.9

5p 39 1.6

5 2.2 1.3

7 0.3 0.2

0. This was converted to ALI dn based onthe mostrecent ALI calibra-
tion coefficients (Decanber 2001). The averages of dn for all six im-
ages in ead ALI spedral band were &sumed to be the best estimate
of dnfor py = 0 (Table II).

During eat owempass an Anayticd Spedral Device (ASD) full-
spedrum (FS) hyperspedral spedrometer was deployed onapowvered
paradute. The powered paradiute wes flown at approximately 100m
abowve groundlevel (AGL) to avoid atmospheric atenuation o the ra-
diance refeded from the surface Coincident measurements of a cd-
ibrated 0.5x 0.5 m Spedraon referance panel weremade before and
afterthe flight to compute p, from the drcraft-based measurements of
radiance (adetail ed description o measurement protocol was given by
[4]). ALI spedral bandsweresimulated with the ASD FSdata by inte-
gratingthe 0.002:m ASD datausingthe normali zed spedral response
curvesfor each ALI band. Numerous measurements of p, for seleded
uniform targets at MAC and WGEW were aeraged to ore value and
the image dn associated with these locations were extraded from the
ALI images and avergged to a single aoincident value (average target
size was 20 pixels). Thus, a dataset of groundmeasured p, and ALI
dn was compiled for 21 dfferent tamgets in six images (Table 111).

On ead date, thetamget with the highestgroundmeasured p, inead
band was chosen as “the bright target” f or that image, and it was used
with the dn in Table 1l to compute the REL dn-to-p, relation

AjrpL = a + b(dn) @
whereparer IS pa retrieved from ALl usingthe REL approach, and a

andb arethe offset (i.e., dn a p, = 0) and slope of the linear réation,
respectively. All other targets were used for REL validation.
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TABLE Il
DATES AND LOCATIONS OF ALI | MAGE ACQUISITIONS AND DESCRPTIONS OF
GROUND TARGETS USED IN THIS STUDY

Target # | Date Location | Target Description
| 4/22/2001 MAC wheat

2 weeds

3 road

- hesperaloc

5 5/24/2001 | MAC alfalfa

6 alfalfa

7 wheat

8 wheat, senescent

9 5/26/2001 | WGEW semi-arid grassland
10 semi-arid grassland
11 semi-arid grassland
12 semi-arid grassland
13 scmi-arid grassland
14 7/27/2001 | MAC wheat senesecent
15 soil

16 cotton

17 alfalfa

18 8/29/2001 MAC alfalfa wet

19 wheat stubble

20 9/29/2001 | MAC alfalfa

21 alfalfa

and panc represents p, retrieved from ALI with noatmospheric cor-
redion,d = eath to sun dstance I, = mean solar exoatmospheric
spedral irradiance, and ¢ = solar zenith ange.

Refledances derived using al approaches for RFR ((1)—(3)) were
validated by comparison with groundmeasured p, for the 15 valida-
tiontamets. The mean absolute percant difference Ay ) of parer and
groundmeasured p, was computed as

n
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Fig. 1. Refledance rerieved from ALI usingthe REL approach [(1)] compared to groundmeasured refledance for 15 targets at MAC and WGEW on six dates
(from Table 1l1). To conseve space results from only six of nine ALI bands are presented, whereband 4 represents results for the NIR spedrum, and bend 5

represents results for the SWIR spedrum.
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Fig. 2. Refledance rdrieved from ALl with noatmospheric corredion[(3)] compared to groundmeasured refledance for 15targets at MAC and WGEW on six

dates.

The p, retreived from ALI using the REL (parer) compared well
with the groundmeasured p, for the 15 targets measured during the
six ALl ovempasses at MAC and WGEW (Fig. 1, Table V). Values
of Aggrer, ranged from 16% to 65% in the visible spedrum, 6% to
7% in NIR, and 6% to 2296 in SWIR. The rdatively higher Ay ggr,
in the visible bands is largely due to the lower p in these bands over
vegetated targets, resultingin larger Ag g1, even thoughthe absolute
differences between p and pareL wereless tan 0.02.

When only the bright tamget was used for RFR[(2)], the pasT cOm-
pared well with groundmeasured p, for the NIR and SWIR bands, and
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TABLE IV

THE MEAN ABSOLUTE PERCENT DIFFERENCE (A+ ) BETWEEN
GROUND-MEASURED p» AND p, RETRIEVED FROM ALI U SING REL
(A% reL), p» RETRIEVED FROM ALI U SING ONLY THE BRIGHT TARGET
(AwsT), AND py RETRIEVED FROM ALI W ITH NO ATMOSFHERIC

CORRECTION (Agne)

ALI Spectral Band | A, ., Vg Agne
Ip 16.7 143.8 290.9
1 65.2 125.2 198.3
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the acaracy of empiricd line corredions (both EL and REL) depends
amost exclusively on the acairagy of the charaderizaion o the cd-
ibration targets. In our case, the crredions in the SWIR bands were
very slight, and a minor inacarragy in the measurement of p» for the
WGEW bright tamet resulted in an slight overcorredion o theimage.

IV. CONCLUDING REMARKS

The image-based REL approach is patticulary suitable for RFR
from images for which no atmospheric information is available,
such as ALI images aqjuired aroundthe world with minimal ground
suppat. The values of dn for ps» = 0 derived for ALI for clear
sky condtions in Arizona (Teble 1I) could be used as a baseline
for other images. That is, since these values are for a rdatively
clear and exceptionally dry atmosphere (@lumnar waer vapor from
1-3cm), REL image conversionwould rardy overestimate the effeds
of atmospheric condtions a other sites. Obtaining p, of a bright
tamget for REL image corredion may be more problematic, but not
insurmourtable. If a bright, pseudanvariant tamget could be identified
in the image, the bright tamet o could be measured using a handheld
radiometer & the same ¢ for which the image of interest was aayuired
(methods given by [4]). Thus, the information in Table Il and a good
measurement of p, of a bright target might make possble temporal
and spatial analyses of archived ALI images.
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