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ABSTRACT

A three band [.iuens Srray Poslibroom Radiometer (LAPR) was built and flown on an exper-
imental basis by '~ 454, ai the Goddard Space Flight Center. The functional characteristics of
the instrument and i ethods vsed to preprocess the data, including radiometric correction, are
described. The vydiosueiric sensitivity of the instrument was tested and compared to that of the
Thematic Mapy vt aadd the Muoltispeotral Scanner. The radiometric correction procedure was eval-

uated quantitaiively, wsip bovatory testing; and qualitatively, via visual examination of the LAPR

test flight imaycre.

Althoug )t «#iteciive radiometric correction could not yet be demonstrated via laboratory test-
ing, radiome¢ tric digtoriiun dicd not preclude the visual interpretation or parallelpiped classification

of the test imapery.,
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LAPR: AN EXFERIMENTAL AIRCRAFT
PUSHBROOM SCANNER

l.  INTRODUCTION

A three band Lincar Array Pushbroom Radiometer (LAPR) was desigried and built as an
engincering research instrument fo: experimental use on aircraft by the Earth Observations Sys-
tems Division at the NASA Goddard Space Flight Center (GSFC), The LAPR is currently under-
going extensive calibration, evaluation, and testing, as part of an engineering program to explore
the applications of multispectral linear array (MLA) technology to spuse flight instruments.  This
program involves both laboratory and flight testing. Fligits are coordinated with personnel within
the Harth Resources Branch at NASA/GSFC who assi‘st in evaluating the accuracy and wility of
thie data for their particular research applications, The information and experience gathered from
experimentation wit’ this initial instrument will be used in the development of an improved LAPR,
currently in the design phase. This paper reports pmg'fcssi to date on the development, operation,
and evaluation of the current instrument and notes areas of continuing rescarch,  See Blaine et al,,

1980, for engincering details of the LAPR,

The following discussion of pushbroom techniques is adapted trom Thompson (1979). Push-
broom scanning is a term used to descrite the technique of using the forward motion of an air
craft or satellite platform to sweets-a linear array of detectors, oricnted perpendicular to the ground
track, across a scene being imaged. One array is typically used for cach spectral channel, The
platform motion provides one direction of scan, and electronic sampling of the detectors in the
crosstrack dimension provides the orthogonal scan component to form an image, The detector

array is sampled at the appropriate rate so that contiguous lines are produced.

Recent papers in the literature discuss the potential application of lincar array technology to
the remotdssensing of earth resources, Thompson (1979) describes the advantages of using push-

broom scan techniques with lincar arrays of solid state detectors as twofold: (1) complex



mechanical scan mechanisms are eliminated, allowing the precise geometric positioning of detectors;
() the dwell tie per resolution ciement is increased, resuiting in an increased signal sensitivity
and a significant improvement in the signal~to-noise ratio. A disadvantage is the manyfold in-
crease in the number of detectans which must be calibrated, Tracy and Noll (1979) discuss the
calibration procedures needed to radiometrically correct this data by compensating for variations

in the detecror responses ciaused by thermal drifts, dark current variations, and differences in
electrical characteristios between detectors, Thongpson (1979) presented evidence that such cali-
Fration is feasible and effective under laboratory conditions, The following sections discuss the
LAPR design and components, the instrgnent’s radiometric sensitivity, data preprecessing, and

flight testing,

. LAPR DESIGN AND COMPONENTS
Structural Design

The LAPR instrument consists of three major structural parts as shown in Figure 1: the
three lincar array sensors, the optical beneh plate, and the sensor electronices unit.  Each sensor
(Figure 2) is essentially an independent parrow spectral band radiometer consisting of a linear
array of photodiades, thermo-electrie coolers, lens, shutter, light batfle, and optical filter. The
detectors are commercially availuble Reticon RLS12C* linear arrays of silicon photodiodes,  Each
array contains 512 photodiodes manutactured on 2Sum centers. The photosensitive area of cach
diode is 18um x 25um. Two thermo-electric voolers, placed on cach side of an array, cool each
detector 10 19C £ 1%, The cooling stabilizes and minimizes the detector dark current variations

which are sensitive to the temperature of operation,

Fach of the three radiometer units is sealed in a pressurized housing containing a dry nitrogen
gas.  Fach unit consists ol a near diffraction limited, ten clement, Model 00388 Cine Nikkor
CCTY lens, a light batfie, a remotely controtled shutter, an interference band pass filter, and the

detector array.  Filters may he interchanged by demounting the lens, For a deseription of the

*Trrde names are given far deseription purpases onty, and do not imply endorsement by NASA,
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13 currently available filters, see Table 1. The shutter can be closed to block tiie incoming radia-

tion thereby producing a black or zero signal for detector dark current calibration.

The three sensors are aligned on the optical bench plate, cach using three point suspension
to achieve coincident alignment of the sensors by boresighting. The alignment is necessary for
the gencration of multispectral data with the structurally independent sensors. The alignment
assures that corresponding clements of the three arrays image neary identical spatial views, with

Jess than 10 pixels misregistration,

Optical Design

The optical design of the instrument was governed by the available detector ziray geometry,
the practical radiometric requirements, and the decision to use commercially available leases to
minimize costs. The Nikon lenses that were finally chosen provide a 1,12 radian (64.2°) field of
view (FOV) and maintained a near-diffraction limited performance for each detector over the
entire array.  Ax field angles greater than 0.56 radians (from nadir) the transmitted radiation is
affected by lens vignetiing. The 10mm nominal focal langth of these lenses rendered the use of
a single lens dichroic system impractical, Instead, the LAPR uses three separate optical units,
with provision for boresighting and focusing, The lens can be adjusted from /1.8 to /10, The
lens was set at /4 for data hcquisition to Jpr,ovidc maximum irradiance without vignetting within
the 64.2° FOV. The light transmission of the lenses is approximately 80 percent. The individuzd
detectors have an instantaneous ficld of view (IFOV) of 0,146° or 2,54 millisadians which is well
within the resolving (0.5 milliradians) power of the lens, The IFOV's of individual detectors do
not overlap, thus the total field of view of the array is 1.3 radians (74,5°), Sin-2 the FOV of
the lenses is 1,12 radians, the responses of approximately 36 detectors on either edge of the array
are affected by lens vignetting, Due to this vignetting, only data from the 440 center Getectons

should be used for analysis.

An advantage of the LAPR is the capability to change optical filters between flights. The

photodiodes of the three arrays are sensitive to radiation within the wavelength interval of 400
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to 1000nm. (Figure 3), and the sclectable integration time of the instrument allows the use of

filters with narrow to wide bandwi¢'ths within this interval.

In the original configuration of the LAPR, the spectral filters were mounted in front of the
lens (object space). Since the band pass filters are of the multi layered interference design,
mounting them in front of the lenses results in a shift o1’ the bandpass transmitted throug'. the
filters as the cdge of the field of view is approached, Transmitted radiant energy fr’(.)m $30° off
the optic axis is blue shifted by approzimately 40nm compared to the radiation transmitted on
axis. Through an extensive laboratory bench study of the lens' optical characteristics it was found
that by mounting the filter between the lens and detectors (image space) that this angular varia-
tion could be reduced. This makes the blue shift negligible (~2nm) when compared to the filter
bandpass of (45nm) meusurc(i at Full Width at Half Maximum (¢ WHM). This method of filter

attachment 1 now used,
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Electronic Design

The LAPR clectronics operate the lincar arrays in an integrating mode and provide signal
processing circuitry and clocking and scanning logic which control the sampling of data from the
arrays. Both quantized video signals from the arrays and housekeeping information for radiomet-
ric correction and system validation are recorded during LAPR operation.  Unlike the detectors
of conventional mechanical scan mechanisms, the LAPR photodiodes sense radiant flux integrated
over a peripd of time. For example, the dwell time per resolution glement in the Landsat Multi-
spectral Scanner (MSS) is 14 microseconds. Using a pushbroom approach under the same orbital
conditious, the dwell time can be iicreased to 12 milliseconds for the same resolution dimension
(Thompson, 1979). A photodiode exhibits internal capacitance, and hence will hold an electric
charge. Subsequent photoconduction reduces the charge at a rate proportional to the incident
radiant flux. For the array technology used in this sensor, the charge required to recharze a
photodiode to a reference voltage is proportional to the integral to incident radiant flux over the
period between charges; i.c., the integration time (Castleman, 1979). The digital value recorded

for each detector during operation is proportional to the recharge current.
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array scan interval can be set trom ou .o © L 0 v craft
altitude and speed for a given mission to insure that contiguous scans of the terai wi. med,

The clocking pulses and sating circuitry enable the sequential readout of the video signals from
the 512 individual diodes of an array, eliminating the need for a separate conne:tion for each

detector,

The video signals from the three arrays are read out simulianeously, clocked through buffer-
amplifiers and multiplexers, and quantized from an analog signal to an cight bit digital word
(byte). The data is then sent to the digital multiplexor, formatted into 1551 byte records, and
then sent to a tape recorder and system moniter. Earh scan line is stored as a single record con-
sisting of the data from each of the three arrays and the housekeeping information, The date
and time of the flight, the integration and scan time, a 6.2 volt reference voltage, 6 sensor tem-
perature readings, and a roll angle signal are recorded as housekeeping data. The temperature
measurements are ootained from two thermisior sensors located in each of the sensor assemblies.
The data are used to monitor any temperature changes in the sensors whichh may cause thermal
drifts in the data. The roll angie signal is generated from a Lear Siegler Mode! 9000 vertical
gyroscope mounted on the instrument. The roll signal is used in a data preprocessing step to

correct geometric image distortion due to aircraft roll.

The system monitor circuitry checks the position and value of the reference voltage byte in
the 1551 byte record to determine if the electronics system is functioning properly. The digital

tape recorder, a Kennedy Model 9000, records data on 800 bpi, 9~track magnetic tape. With a
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