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MODEL 20C SFECTRORADIOMETER

R. Kumar, B. Robinson and L. Silva

ABSTRACT
i

A brief description of the Exotech model 20-C

field spectroradiometer which measures the spectral radiance of

a target in the wavelength ranges 0.37 to 2.5 um (short

wavelength unit), 2.8 to 5.6 um and 7.0 to 14 um (long

wavelength unit) is given. Wavelength calibration of long

wavelength unit was done by knowing the strong, sharp 	 and

accurately known absorption bands of polystyrene, atmospheric

carbon dioxide and methyl cyclohexane (liquid) in the infrared

wavelength region. The spectral radiance calibration was done

by recording spectral scans of the hot and the cold blackbodies

and assuming that spectral radiance varies linearly with the

signal.

I - Introduction

In research related to remote sensing of earth

resources, the electromagnetic energy reflected and/or emitted

from the earth's surface is measured and attempts are made to

determine the unique relations between the reflected and/or

emitted spectra and the target area l . In response to increasing

interest in the remote sensing programs, a numberof satellite

programs have been started.

R. Kumar is with the Instituto de Pesquisas Fspaeiais (INPE/
CNPq), Department of :,pace "-stems, Division of Information
Sciences, 12.200 Sao Jose dos Campos, SP, Brazil; the other
authors are with the Laboratory for Applications of Remote
Sensing, Purdue University, W. Lafayette, I„'.
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Thus, an enormous wealth of data is available for earth

resources studies from cameras, and aircraft & satellite,

optical-mechanical scanners. There have been a large number

of laboratory studies of the reflectance of individual leaves,

soil samples, rock samples, etc.. Such techniques have been

used effectively, but the resulting spectra lack the

interrelationships between green leaves, dr_y brown loaves,

the soil, shadows etc., for the entire scene, as measured

by an airborne remote sensing system? That is why since the

inception of the Laboratory for Applications of Remote Sensinq

(LARS), Purdue University, its remote sensing researchers

felt that a field spectroradiometer would add a useful

dimension to surface observations connected with overflights3.

Recently LongshaW 4 (1974) developed an

analytical approach to field spectroscopy for multispectral

remote sensing. He presented application problems associated

with some of the existing reflectance data and pointed out

the neometrical considerations necessary for field spectroscopy.

He used a field sn?ctroradiometer made by Spectral t)ata

Corporation, for the measurement of bi-directional reflectance

of rock types in the wavelennth range of 0.4 to 1.0 um.

Robinson and Silva s have pointed out that the

design and implementation of a system for the acquisition of

calibrated visible and infrared spectral data, for use in

remote sensing research, presents some challenginn problems.

The first problem is the selection of an instrument suitable

under field conditions. A circular - variable - filter type

instrument was specified, because of its potential as a rugged

instrument, which is relatively insensitive to vibration and

bumps. In addition, the system should be developed so that the

instrument can quickly assume a useful measurement position

in a wide range of remote measurement sites. The components

chosen here were the frecuency controlled portable generator,

the instrument van, and the mobile aerial tower. Other
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problems include the desion of procedures and devices for field

calibration of the instrument and electronic data logging anC

handling.

Curing the sommer of 1970, an extended

wavelength instrument (Exotech Model 20 B) was rested and

evaluated by LARS personnel as part of a cooperative program

with the U;DA facility at Weslaco, Texas l . In summary, the

instrument features refractive fore-optics and covers the

wavelength range from 0.4 to 2.5 um (short wavelength head)

and from 2.8 to 15 i,m (long wavelength head) . Four detectors

with Joule-Thompson cooling, circular-variable- filter (CVF)

wheel spectrum scanning, to 30 second adjustable spectral scans

and adjustable field of view, 3/4 to lo o , are features of this

instrument.

 Based on this experience, a modified instrument,

the Exotech Model 20 C, was designed and constructed to LARS

specifications. This instrument features a reflective fore-

optics system (Newtonian telescopes), a field calibration

system, andan inline sightingVstem.

In addition, several electronic improvements and

an electrical view angle adjustmentfeature have been included.

The purpose of this paper is to give a brief description cf the

instrument and procedures used for its field calibration.

II - Description of the Instrumentation

and Equipment

The Exotech Model 20 C is a rugged field

instrument which uses four circular-variable- filters to

provide spectral resolution of approximately 2%. The instrument

may be operated as two separate units. Tho short wavelength

(SWL) unit is responsive to radiation in the wavelength range

0.38 to 2.5 um and the long wavelength unit (L{,L) is responsive

to radiation-in the wavelength ranges 2.' to 5.6 and 7.0 to
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14 um.

Figs. 1 and 2 illustrate the radiation sensing

and gathering systems for the LWL unit. The combined gathering

and sensing system is referred to as the optical head. The SWL

and LWL optical heads are functionally identical, except for

the inclusion of a solar reference port on the SWL head. The

main specifications of the spectroradiometer are given in

Table I.

III - Functional Description

A. Lone Wavelength Unit

The radiation from the target scene ;s folded

into the radiation processing system by the folding mirror

either directly (15 0 FOV) or from the primary mirror of the

Newtonian telescope (3/4 0 FOV) (Fig. 1). When the selecting

mirror is rotated 900 , the radiation from the target scene is

reflected directly into the instrument, producing the 150

field of view determined by the refracting optics/detector

combination.

When the folding mirror is in the 3/4 0 FOV

position, the mirror on the back face of the folding mirror

directs radiation from the target scene into the boresighting

telescope for sighting and photography. Since the boresighting

the telescope uses radiation which would normally be lost due

to the occulting of the folding mirror, this feature does not

affect the efficiency of the radiometer.

The folded radiation enters the radiation

processing system and is directed by the chopper wheel

alternately to the two OF wheels. Simultaneously, radiation

from the heated reference blackbody is being directed

alternately to the two CVF wheels (Fig. 2).

When the incoming radiation is being reflected

onto the indium-antimonide detector, the mirror's back side of



the chopper blade reflects the radiation from the reference

surface onto the mercury-cadmium-telluride rIetector. Similarly,

when the incoming radiation is being passed through a space in

the chopper wheel to the indium-antimonide detector, the

radiation from the reference surface is passed through to the

j	 mercury-cadmium-telluride detector. Similar processing is

performed in the short wavelength unit.
F

KRS-5 (thallium bromide-iodide) optics image

the scene on the CVF wheels and refocus the image onto the

detector.
t

One CVF wheel is turned at a constant speed

by a Siemens brushless DC motor and the shaft of the other

CVF 15 driven witl'i a non-slip belt system. The speed of the

DC motor is selectable on the front panel of the electronic

processing and contro l circuitry. The CVF position is

indicated by an optical shaft angle encoder which produces

1000 pulses pt. revolution. These pulses are the basis of the

wavelength calibration scheme. These pulses are also

integrated in the electronic processing and control circuitry

module to produce a ramp suitable for driving X.-Y plotters or

recording OF position information on strip chart recorders.

Fach of the detectors is cooled with a Joule-

Thompson cryostat using high pressure nitrogen. The output

of each detector is amplified by a preamplifier located close

to the detector. The amplified signals are then synchronously

demodulated in the electronic processin g and control circuitry

module. The demodulated signals are amplified and filtered

for delivery to the data acquisition system.

Q. Short Wavelength Unit.

The short wavelength unit is functionally

identical to the long wavelength unit except for the following:
t

1. The silicon detector is not cooled.

2. The reference blackbody is not heated.
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A solar reference port is positioned so that

radiation from this diffusely translucent (opal glass) plate

may be directed into the detectors by a mirror, whose position

is controlled by a knob on the front panel of the electronic

processing and control module. This knob allows selection of

the target scene, the solar port or an automatic mode which

causes the instrument to alternate between the two, every

two scans.

C. Accessory Equipment

The LARS instrument van 3 has been modified to

accomodate the Exotech Model 20 C Spectroradicmeter. To

improve the system performance, the Ampex SP-30U tape recorder

will eventually be replaced with an on-line digital data

acquisition system which will also multiplex housekeeping and

meteorological data. All electrical power in the instrument

van is provided by the 6.5 KVA electronically controlled

Kohler portable motor generator. The LARS Hi-Ranger mobile

aerial tower is used to lift the optical heads to the desired

position relative to the target scene. The optical heads may

be lifted to a height of 15.3 meters above the ground and may

be suspended as far as 6.4 meters from the edge of the Hi-

Ranger at a height of 9.15 meters.

Further details of the LARS Extended Wavelength

Spectroradiometer can be fourd in Kumar and Silva (1973) 6 and

Robinson et all.

IV - Calibration of the Long Wavelength

Unit

Since the electronics and optics of the instrument

are subjected to both mechanical and thermal stresses under

field conditions, on-site calibration is necessary. On-site

procedures must be simple, and accurate, as well as quickly

and easily performed.

IL
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A. Pavelength Calibration

Wavelength Calibration is performed by referrinq

to certain emission and absorption lines 8,9,10 . Since the

range of wavelengths of the radiant power arriving at the

detectors depends on the size and angle of the beam as it

passes through the circular variable filter ((','F), it is

necessary to completely fill the field of view of the

instrument during wavelength calibration. This fact is

carefully considered in each wavelength calibration procedure.

As described in Sec. III, an optical shaft

angle encoder produces lUOU pulses for each OF revolution.

These pulses are assigned to wavelengths by the followinn

procedure developed by Mr. R.O. Haselhyll.

At the end of each rotation of the CVF, the

optical encoder generates a reset pulse. This pulse is used to

reset the programmable counter in the rata Acquisition Control

Module. The wavelength of the Spectral (absorption or

emission) is recorded when it splits symmetrically. This

technique is superior to pulse riding techniques-especially

when absorption and emission bands are relatively broad and

weak .

The wavelength calibration for Moth the thermal

channels (2.8 to 5.6 um and 7.0 to 14.0 um) was done by

finding the pulse niamher corresnondinn to the strong, sharp

and accurately known absorption bands of polystyrene,

atmospheric carbon dioxide and methvi-cyclohexane (liquid)

(sce Tabel II).

It can be seen in Fig. 3 and 4 that the pulse

number versus wavelen gth curve is almost a straieht line. A

least-square line was fitted to the data for each filter

wheel. The results of the analysis are given in Tahle II.

S. Spectral Radiance Calibration

The spectroradiometer alternatively looks at

i

k	 -



the target and the reference blackbody. At wavelennth x, the

voltage resnonse, S, of the spectroradiometer is niven by:

S - K1 (x) ILa,t (a,t) - r2 (x) Lx ,r (x j )1	
(1)

where

K l (x) s instrument transfer function

Y2 (x) = constant for the refer .ice blackbody

Lx"t = spectral radiance of the target

Lx,r = spectral radiance of the reference blackbody

Fquation (1) assumes that S is linearly relatee

to Lx't for a niven value of Lx,r at any wavelennth. For a blackhody,
eq. (1) reduces to

S = K 1 (x) •'Lx,b(x,T) - r2 (x) L x ^ r (x,Tr ) 1 	(2)

where

L1 9 
5 (x,T) = spectral radiance of the blacka ,̂,dy at wavelength rand

temperature T

The spectral blackbody radiance at temperature, T, and

wavelennth, x, is niven by P lanck's Lair with usual notations as follow;:

Lx^h^^.T)	
2hc2	

(3)

x 5 'I%xn(hcl4 T) - 1

or

T '
	

he	
(4)

xk(lo-i(1 +	
2hc2	

)
X IL x b(x,T)



A copper cone having an apex angle of 150 and maximum diameter

of about 16.2 c1.i was chosen as the blackbody. Conner was chosen

because it is a good conductor of heat and thus can be

maintained at an essentially uniform temperature. It was

decided to paint the co pper cone inside with such a naint as

to increase the normal spectral emittance of the cone. For

$	 conducting emittance tests the followinn paints were selected

as these have been reported at havinn hinh spectral normal

emittance in the wavelennth ranee of our interest, 2.8 to 14 wn.

1. Eppley - Parson's Optical Mack Lacquer
z	

2. Krylon Flat Black Fnamel 11o. 1602

4	 3. Krylon Glossy Black Enamel !,b. 1601

} .	 4 3 .1 Velvet Black 101 - C 10

Comparative tests of normal spectral emittance

of these paints were conducted by paintinn each of them on a

6" by 6" area of a copper sheet. The relative spectral

emittances of the samples were measured using the Spectroradiometer-

Exotech Model 20 C (314 0 FOV). Each sample uas heated to 50 ± 0.020C

so that the energy emitted by the sample was considerahly

greater than the energy reflected from it. The responses are

shavn in Fig. 5 and 6 respectively. 	 It is clear from Fig.	 5

and 6 that Parson's Optical Mack Lacquer had the highest

response and, hence, the nreatest emi t tance at most of the

wavelengths. In addition, the Eppley Laboratory confirmed the

uniformity of the emittance of Parson's Black Lacquer with

wavelength and it was found to be almost as good as gold black

(heavy coat).	 In the British iNw--teorological	 Service, the

emittance of the paint at 25
0
C(i.e., wavelength maximum of

10 um) established 12 at 0.93.	 For this value, the

theoretical apparent emittance of a cone of 15° lies13

bat-reen 0.995 and 1.

To fabricate a field calibration source a

'' copper cone is painted with Parson's Optical 	 Plack Lacquer
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and fitted into a fiberglass covered foam box of about 16" in

length, 10" width and 14" height, as shown in Fig. 7. In field

operations, the foam box is filled with water, which is

constantly stirred by a paint mixer, driven by an electrical

motor, to maintain the water at a uniform temperature. The

water is heated and cooled to attain the desired temperature

of the cone. It has been found that the cone can be kept at a

uniform temperature (within 0.2 0 C) and held constant (with

no attempt of external control, the temperature of the cone

dropped less than 1 0 C per hour). Two such blackbodies are used

in field experiments. One, the hot blackbody, is kept at above

ambient temperature and the other, the cold blackbody, is kept

at below the ambient temperature.

It can be seen from eq. (1) that the spectral

radiance varies linearly with the signal for a given reference

blackbody temperature at each wavelength. Calibration is

acct- : `i shed in the field  with the spectroradi ometer mounted,

read; for use, on the mobile aerial tower bucket. The internal

reference blackbody temperature is so chosen as to be a few

degrees above the highest temperature which the instrument is

expected to reach during the heat of the day. This is

necessary since the temperature of the blackbody is kept

constant by the use of a heater. The hot blackbody temperature

and the cold blackbody temperature are chosen 2 or 3 0 C above

and 2 or 30 C below the highest and lowest expected

temperatures of the targets (i.e., plants, soils, etc.)

respectively. The cold blackbody is held snug against the

opening of the optics of the spectroradiometer which is set to

the 150 field of view. Then several spectral scans of the

blackbody are performed. The process is repeated for the hot

blackbody. Data are recorded on the same analog tape as the

experiment data and are later processed digitally. The

instrument is recalibrated at abo , it half an hour intervals and

whenever any parameter of the instrument is altered. The

temperature of the tarnet, T, is calculated by using eqs. (2)



to (4}.
E

Experiments were done to establish the linearity

of the signal with the spectral radiance of the blackbody, as

given by eq. (2). From the spectral scans of the blackbody at

several temperatures, this assumption was found to be valid

within the accuracy of experimental measurements. Further

details of this can be found in Kumar and Silva (1913)6.

To determine the accuracy of the calibratio ►i, a

spectral scan of the blackbody was performed at temperatures

of 17.5
0
 C, 23.1

0
 C and 37.6

0
 C beside a corn field on the

Purdue University Agronomy Farm. The blackbody with a measured

temperature of 23.1 0 C was treated as a tarqet at unknown

temperature and its spectral radiance was canputed by linear

interpolation of the blackbody spectral radiance at 17.5 0 C

and 37.60 C and this computed spectral radiance was used to

calculate the correspondinn temperature, given by eq. (4).

Figs. 10 and 11 compare the theoretical (i.e., blackbody

spectral radiance at 23.1 0 C given by Planck's Law - eq. (3)

and computed values of the spectral radiance and temperature

of the target, in indium antimonide and mercury cadmium

telluride channels, respectively. Characters 1 and 2 indicate

the theoretical and computed values of the spectral radiance

respectively. Characters 3 and 4 indicate commuted values of

the temperature measured using a precision thermometer and

the spectral radiance temperatures respectively. The asterisk

indicates agreement within the smallest unit of the scale

shown in the fintires. It can be seen, from Figs. 8 and 9, that,

except for the wavelenoth range 2.7 to 3.4 um, the temperature

usually computes to within 0.50 C and the spectral radiance

usually computes to within ±1 percent of the full scale value.

The high departure from theory in the wavelenoth ran ge 2.7 to

3.4 „m is due to the relatively small values of spectral

radiance (less than 100 microwatts/sq. cm ./steradian/micrometer)

and hence, low signal to ncis p ratio in this wavelength region.

i
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