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SUMMARY

Under this contract Utah State University (USU) has
planned and performed spectral measurements of natural and
induced background and target sources, maintained and
improved radiometer and interferometer instrumentation, and
performed data reduction and analysis on measured data.
Measured data and instrumentation descriptions have been
presented in AFGL reports and open literature. This report
summarizes the contractual work which was performed and the
reports which were written. The applicable reports include
three scientific reports (Huppi and Baker [1976], Huppt
[1976], Huppi and Reed [1977]) and a series of reports
co-authored with AFGL/Optical Physics Division, Sandford
et al. [1976a, 1976b, 1976c, 1976d, 1977a, 1977b]. The
measurements are a continuation of those performed on
contract number F19628-73-C-0302 which was previously com-
pleted by USU.

The major contractual efforts have been as follows:

1. Near infrared measurements in the auroral
region were made with radiometers in the 1.70 pm and 2.8 um
regions.

2. An existing USU radiometer was modified to
operate as part of the NIR radiometer system in the aircraft
in the 2.0 to 7.5 um spectral region.

3. Infrarcd measurements of aircraft emissions
and reflections from 2.5 pum to 7.5 um were made with the
four channel NIR radiometer.

4. Interferometric spectral measurements of the
hydroxyl fundamental region were made of the atmosphere
with the Type III interferometer system.

5. Periodic calibrations and inspections were
made of the radiometers and the interferometer systems.
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6. A data reduction system was designed for the
AFGL spatial radiometers.

7. Scientific reports and open literature reports
were written and published.

NEAR INFRARED MEASUREMENTS IN THE AURORAL REGION

Significant infrared emission enhancements in the 2.75
to 3.04 pym region were measured from the AFGL NKC 135A air-
craft while viewing an aurorally excited atmosphere with a
radiometer. The measured enhancements occurred while
viewing all types of auroral forms during the 1975 and 1976
ICECAP measurement program, and they became significant with
respect to the night sky background emissions whenever the
N; emissions at 3914A exceeded about 20 kiloRayleighs.

The 2.75 to 3.04 um measurements were made with the
Type III interferometer-radiometer system. A layout of the
instrument system is shown in Figure 1. The system consists
of an uncooled radiometer which is operated behind a liquid
nitrogen cooled chopper. The cold chopper modulates the
incoming atmospheric emissions and provides a cold reference
source for the radiometer. As the chopper spins an alter-
nating signal is seen by the radiometer which is due almost
entirely to the emissions from the atmosphere. The chopper
is mounted outside the aircraft with all the windows and
the radiometer components mounted inside. Therefore, the
thermal emissions from the window and radiometer components
are not chopped and they do not contribute to the alternat-
ing signal. Thus, only the atmospheric emissions are
detected when the alternating signal of the radiometer is
synchronously demodulated using a reference signal from the
chopper.
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In addition to the cold chopper-radiometer system,
three other instrument systems were operated to provide
additional monitors of the atmospheric conditions. They
included the NIR radiometer developed by Huppi [1977], a
3914A photometer and an all-sky camera operated by Photo-
metrics, Inc. All of-the instruments were co-aligned and
looked vertically out of the aircraft with identical fields
of view. A summary of the specifications of all the instru-
ments is given in Table 1.

Scientific Report No. 3, which was a contractual effort,
presents and analyzes the data measured by the instrumentation,
Huppi and Reed [1977]. An example of typical data which was
measured on March 7, 1976 is shown in Figure 2. From top
to bottom the figure gives the latitude location of the
aircraft, the longitude location of the aircraft, the air

~ temperature at the aircraft altitude, the aircraft altitude,

the 3914A (N;) emissions, the 2.94 uym infrared emissions,
and the 1.70 ym (OH, AV=2) emissions. Expanded plots of
three of the enhancement periods are shown in Figures 3,4,
and 5. Within the angular resolution capabilities of the
instrumentation, the measured 2.75 to 3.04 um (2.94 um)
enhancements appeared to co-vary spatially and temporally
with enhancements in the ionization prompt fluorescence of
the N; at 3914A. However, the enhancements did not corre-
late with the (5,3) band of the hydroxyl A6=2 sequence at
1.7 uym, which was measured by the NIR radiometer. Therefore,
it is unlikely that the enhancements were the result of
increases in hydroxyl fundamental sequences due to perturbed
airglow processes, since one would expect the fundamental
hydroxyl emissions in the 2.75 to 3.04 um region to behave
similar to the overtone emissions as given by Baker [1976].
It is suggested by Huppi and Reed [1977] and Stair et al.
[1975] that first overtone nitric oxide is the most probable

source creating the enhanced infrared emissions.
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NIR RADIOMETER MODIFICATION

A four channel radiometer, which was constructed using
e the techniques given in Scientific Report No. 2 by Huppt
: [1976], was modified to operate as part of the NIR aircraft-
borne radiometer system. The basic radiometer including
optics and electronics was existant in USU's inventory of
instruments. In order to apply the radiometer to the Teal
Ruby measurement program it was necessary to make modifica-
tions to the instrument. Provisions were made to allow
spectral coverage from 2.0to 7.5 um, to match the instrument
fields of view to the measurement requirements, and to allow
aiming the instrument through an infrared germanium window.
A pictorial of the hcad assembly of the modified radio-
meter 1s shown in Figure 6. As shown in the figure, an
infrared viewer made by Hughes Aircraft Company was mounted
to the top of the radiometer. This viewer was co-aligned

with the fields of view of the radiometer channels, and it

was modified by USU to include an aiming reticle. The
optical layout of the modified infrared viewer is shown in
Figure 7, and detailed specifications are given in Table 2.
The image properties and sensitivity of the viewer allow the
radiometer and viewer to be tracked on almost any object or
infrared emission source. This is possible even through a
germanium window, since the viewer converts infrared images
{ which transmit through germanium, to visible images that can
o be seen with the eye. During many data missions we have
found that the infrared viewer is sufficient for viewing and

The main radiometer consists of four independent optical
and detector channels, which make use of a common chopper.
Figure 8 shows an optical and electrical layout which is
representative of each channel. The collecting lens, Ll,

tracking almost all practical measurement sources of interest.
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Table 2. Probeye Infrared Viewer Specifications

Characteristics

Specifications

Field of view

Resolution
(horizontal § vertical)

Frame rate

Temperature resolution
Detector

Weight

Viewing display

18° horizontal x 7.5O vertical

e

15 per second

.5°C minimum

InSb (6 element array)
Tl b

Light emitting diodes and
scanning mirror
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focuses incident radiation on the aperture. The energy
that passes through this aperture is optically filtered
with a changeable interference filter and is collected by
lens, L,. Lens, L,, then focuses the energy on a liquid
nitrogen cooled detector.

Proper selection and integration of detectors into the
system was one necessary modification which was made to the
existing USU radiometer to facilitate the taking of measure-
ments over the 2.0 to 7.5 um range. 7Two PbS detectors were
incorporated to cover the 2 to 4 pum region and two PbSe
detectors were used to cover the 3.5 to 5 pym and 5 to 7 um
regions. All detectors were cooled to 77°K. A summary of
the instrument specifications using these detectors is
given in Table 3.

The fields of view of the various channels of the
radiometer were matched to individual measurement require-
ments. Fields of views ranging from .59 x .59 to 2° x 8°
were used at various times. The fields of view are changed
by modifying the aperture and chopper in the radiometer.
Basically, the maximum field of view of a radiometer channel
is defined by the size of the aperture, since sources at
infinity are focused on the aperture plane (see Figure 8).
The FOV defined by the aperture plate can be divided into

i smaller FOV's by selecting an optical chopper blade with

. smaller openings than the opening in the aperture plate. Thus,
| the chopper efficiently modulates only sources which are imaged
| in an area smaller than or equal to the selected chopper

| blade opening. Reticle chopping techniques described by

Huppi [1976] were used to design and balance the blade and
aperture openings such that the detector receives constant
unmodulated radiation from the blade and instrument at all
times during operation. When operated in this mode, the
detector also receives constant and unmodulated signals

from uniform sources which fill the complete aperture.

25




‘12aa] punoaSyoeq ayy uo juapuadap 3q [1Im [eudrs
3[qelda32p Wnwiulw Yl ‘arqel ayi ut uaA18 sanjea 2yl ueyl 123yBraq sawll 000S
uey) 210w ST punoiByoeq 8yi JI "SUOTITPUOD punoidydeq mol 10j 31e uan1® sanfea

ay] -sa13TiIqedes uoTIOEB1IQNS punoidHoeq pue dueleq punoidyoeq uo juapuadap

ST [2AS] 9yl ‘PIITWI] ISTOU 1032232p 10U ST [A3] [eudls 21qe3Id3Iap wWnwIUTW YL

¢ * wris 03 wrt
N—uo- X 09 :9 X 01 ALt sad . 4 [4 Y
. . A wry 03 wr
Na..o— X 0°9 :o_ X0'1 olt sqd v 4 €
s N wrig 03 wrig*
Sno— X ¢ 39 X L1 olt sad < <t 4
asad
® . BpUaIX wri; 03 wrl
c_..c— X sl o~c— X L' A Lt pap 3 L S 1
—_—— |
w/sjje -pueg 1lem/zZH x w2 ainjeiadwd] adAy pasn Sutaeg 1suuey)
_m._uu!_w mriy* 103 (1°0s€ ‘AMead) 1032333Q 1012233Q uotr82y 1e13d3dg
aouelpeli] 2[qelaaq »0 10313233Q

wnatulW [ed1d4L

suorjed1jrdads 19j3wolpey [auuey) inoj Yl jo Azeumuns ¢ 3[qel

26




B

If the signal is synchronously rectified using a reference
signal from the blade, only modulated signals which are
synchronized with the chopper will be detected at the output.
Thus, unmodulated uniform backgrounds and thermal emissions
from the instrument will not be detectable, but small sources
which are modulated are detectable even in bright backgrounds.
The radiometer operating in this mode has provided excellent
time history measurements of the emissions from various

small sources for the Teal Ruby measurement program.

RADIOMETER MEASUREMENTS OF AIRCRAFT EMISSIONS AND REFLECTIONS

Infrared emissions generated or reflected from various
aircrafts during flight were monitored with the four channel
radiometer from the AFGL NKC-135 flying laboratory. Typical-
ly twelve selectable spectral bands in the 2.5 to 7.5 um
range were monitored on each aircraft, as defined by Sandford
et al. [1976a]. Time histories of the irradiances of the
aircraft sources were measured for various power increases,
power decreases, fixed power settings and aircraft maneuvers.
Absolute irradiance numbers were obtained for the various
power conditions. Specific radiometric measurements and
supporting comparisons with the data from the AFGL inter-
ferometer-spectrometer and the thermal spatial scanners has
been presented in co-authored reports by Sandford et al.
[1976¢c , 1976d, 1977a, 1977b]. To accomplish comparison
between the radiometric data and the interferometer spectral
data, the spectra were integrated over the passbands of the
radiometer. As verified in the reports, the radiometer

measurements and interferometer measurements are in good
agreement. Due to the classified nature of this data, no

sample information is given here.

27




SPECTRAL MEASUREMENTS OF FUNDAMENTAL 1
HYDROXYL ATMOSPHERIC EMISSIONS

A Michelson interferometer, referred to as the Type

[TI-1, was used in conjunction with the liquid nitrogen

cooled chopper system to measure the airglow emissions

spectra resulting from chemiluminescent reactions of the ]

fundamental hydroxyl (OH) sequences. Scientific Report

No. 1, Huppi and Baker [1976], gives detailed information

about the temporal and spatial variations of hydroxyl

emissions. The measurements that will be reported here 3

add to this study by providing a spectrum of the emissions.

The measurements were made from the AFGL NKC-135A aircraft 1

looking overhead. i
The basic measurement set up is shown in Figure 9.

As described by Huppi [1974], the interferometer operates

at ambient temperatures inside the aircraft while the

chopner acts as a cold reference and proVidcs a method for

distinguishing the atmospheric emissions from the thermal

emissions of the instrument and aircraft structures. Using

~this measurement technique, sources with spectral radiances 4

J to 10'8 watts/cmz—ster-um can be

in the range of 10
measured in the 2 to 3.5 um region, thus providing a tech-
nique for measuring the OH fundamental sequences.

A measured spectrum of a portion of the OH fundamental
region is shown in Figure 10. The spectrum was measured
March 26, 1976, and was reduced by coadding about 30 minutes
of data. The emission levels are relatively small; and
therefore the signal to noise ratio is not large. However,
a comparison of the measured spectrum with a synthetic
hydroxyl model, as shown in Figure 11, makes it apparent
that the measured emissions result from fundamental hydroxyl

processes. In fact a considerable improvement in signal to
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noise can be gained through the use of correlation proce-
dures which effectively compare the measured data with a
synthetic model. Using a correlation technique Huppi [1978]
has further verified that the measured emissions did indeed

result from fundamental hydroxyl processes.

MAINTENANCE AND CALIBRATION OF INSTRUMENTATION

The NIR radiometer system and the Type III interfero-
meter-radiometer system were maintained and kept in a state
of readiness. The optical, electrical and mechanical parts
were thoroughly inspected in the laboratory before and after
each series of data missions. Inspections were also made
during data flights and during each set of data missions.
Parts were replaced as needed to insure proper operation of
the instruments and to keep them in a constant state of
readiness.

In addition to regular maintenance, each instrument
was calibrated before and after each set of data missions.
Calibrations were also performed on-board the aircraft during
flight as necessary. The calibration methods described by
Sandford et al. [1976a] were used for the radiometers and
interferometers. Typically, laboratory calibrations are
done using both a point source and an extended source. The
inflight calibrations are done with an extended source which
can be related to the laboratory calibrations.

In addition to the calibrations of the radiometers and
interferometers, thc'Type [T system has an added calibra-
tion problem, since the instruments are operated behind a
cold optical chopper and collimator system (See Figures 1
and 9). The attenuation of this chopper system must be
determined if absolute values are to be placed on data

measured through the system. The calibration is complicated
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by the fact that the attenuation of the collimator portion
varies as a function of angle, and therefore, the through-
put will vary when used with instruments having different
fields of view.

The best way to calibrate the attenuation effect of the
collimator is to perform a measurement using an extended
source, the chopper system, and the actual radiometer or
interferometer which is to be used. This process was per-
formed for a radiometer for three field of view settings.
The calibration set up is shown in Figure 12. As shown, a
point source is chopped and sent into an integrating sphere.
The sphere converts the point source to an extended source
which is then measurable with the radiometer through the
chopper system. During this process, the chopper blade is
left in the open position. Then the chopper system 1is
removed and the measurement is repeated. The ratio between
the first and second measurement gives the integrated atte-
nuation of the collimator and aperture for the specific
field of view characteristics of the radiometer. Table 4
summarizes the attenuation of the chopper system for the
three fields of views which were measured with the type III
radiometer whose entrance aperture is partially vignetted
by the chopper aperture. These values give a rough overview
of typical atténuations for a practical radiometer with
typical fields of view. To complete the calibration of the
chopper system, the above results must be multiplied by the
chopping efficiency of the rotating chopper. This efficiency
can be readily calculated from the geometry of the system.
The actual chopper blade modulates the incoming radiation in
almost a sinusoidal fashion and has an efficiency of about
40%. This is only slightly less than an optimum square wave

chopper which has an efficiency of 50%.
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Figure 12. Calibration set up for the liquid nitrogen cooled
chopper-collimator.
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SEDNES———

SPATIAL DATA REDUCTION

One of the important efforts performed under this con-
tract was the development of a system to quantitatively
analyze spatial data that is being acquired by AFGL. Instru-
ment parameters and illustrative data are contained in the
reports by Sandford et al. [1976a,b,c,d, 1977a,b]. The
analysis of the spatial data is valuable since it measures
the spatial distribution of the infrared energy produced by
a scene being viewed. For many problems, this spatial
measurement may be of ‘great importance in determining where
the energy measured by spectral or radiometric instruments
is distributed in their fields of view. It is also impor-
tant for determining whether a localized target can bhe
discriminated against various types of backgrounds.

A detailed description of the entire instrument and
analysis system will be forthcoming as an AFGL technical
report with joint AFGL and SRL authorship. In this section
of this report, a brief overview will be given, covering the
primary contributions that SRL make to this development
program.

Several years ago, AFGL obtained an instrument system
potentially capable of making accurate, quantitative meas-
urements of the spatial distribution of infrared energy over
a fairly wide field of view. Since this information was of
secondary importance to that produced by spectral and tem-
poral radiometers, the only analysis performed on the data
was the making of qualitative pictures showing which portions
of the field of view were 2mitting more infrared energy than
the other portions. Accurate numeric measurements could not
be made since the procedure involved making Polaroid snap-
shots of a CRT screen that was displaying the scene as
measured by the instrument. The pictures did not contain
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any reference measurements so that effective brightness

could be compared to that produced by known radiance levels.
Thus large changes in radiance levels from picture to picture
were difficult to determine.

As the measurement programs at AFGL evolved, the spatial
measurements greatly increased in importance. It became
obvious that analysis procedures, and equipment to implement
these procedures, were neceded. [Lquipment was purchased by
AFGL containing the necessary computing power, storage
capacity, digital input and output, and graphic and pictorial
display devices. Although this equipment was purchased by
AFGL, a great deal of consultation with SRL pcrsonnel was
performed to insure that all necessary equipment was availa-
ble without raising the cost unnecessarily.,

Once the equipment was obtained, the large task of
designing and implementing the necessary procedures for
accurate analysis of the spatial data had to be performed.
As in the procurement of the data analysis equipment, the
basic software was written by AFGL, but the procedures to be
implemented, and the techniques to implement them, were
determined largely through interaction and consultation with
SRL .

The basic procedures for analyzing the spatial data are
described in the following paragraphs. The first step is
to determine basically what scene was being viewed as a
function of time and which bandpass filters were used during
a data collective run. This is done by monitoring various
housekeeping functions and voice channels. Once the inter-
vals of time to be analyzed have been determined, the
computer can be commanded to digitize several infrared pic-
tures and store them on a digital disc memory. Once a large
number of pictures have been digitized, they are displayed
on the pictorial display device. By careful examination of
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each digitized picture, individual pictures can be selected
for further processing, or in cases where the scene is
stationary for several pictures, the pictures can be ave-
raged for better signal to noise levels and then further
processed.

The next step is to eliminate, as much as possible,
any distortions introduced by the measurement system. The
most important distortions introduced into the data are
caused by the ac coupling of each detector in the instrument
before the detectors are multiplexed together to form the
analog video signal. This ac coupling was introduced to
reduce the large amount of low frequency noise produced by
the detectors, but it also eliminates the low frequency
structure in the pictures. In the most general situation,
the low frequencies cannot be re-inserted into the data;
but under many circumstances, the appropriate low frequency
signals can be assumed known, and higher frequencies boosted
to compensate for the attenuation by the instrument. Other
types of distortions can also be reduced. "Since each
detector is ac coupled independently the average level can
shift due to differences in the scene from detector to
detector. If however, all detectors see the same radiance
during some part of the picture, they can be forced to
agree in that region and thereby reduce the offsets in
average level between detectors. If large noise spikes
occur in certain spots, the picture can be filtered in small
regions to eliminate or reduce the noise.

The remaining major procedures to be implemented are
calibration and display. Once the response of each detec-
tor is known for each bandpass filter that was used, cali-
bration of the data frame is reasonably straight forward.
One difficulty arises when the filter passband is not flat
and the spectral distribution of energy across the band is
not uniform. The programs were written to allow the spectral
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calibration to be used with an input spectral cnergy dis-
tribution, but in most cases neither is known accurately.
In these cases, appropriate assumptions have to be made.

One of the most difficult problems encountered was to
obtain calibrations of the detectors that were repecatable
and stable with time. Many erronecous calibrations were
performed due to high background levels that were not sub-
tracted out, measurement procedures that were inadequate,
or calibration signals that were not the neccessary size and
shape. These problems have been sorted out and accurate
calibrations can now be made.

The last step to be discussed concerns storage and
display of the corrected and calibrated pictures. Storage
is important since many pictures are analyzed and compari-
sons between many pictures are desired. The storage
problem was solved by giving each file a name that described
its type, i.e., data or calibration, the bandpass filter
used, and the time of measurement, and then storing it on
the disc file storage areca. FEach picture can then be
recovered, further processed or displayed at any time. An
adequate display of the final results is a critical part of
the analysis as well, since a proper type of display 1is
necessary to pass the information on to the user. Calibrated
pictorial display, contour plotting and perspective plotting

are some of the display means currently available.
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SCIENTIFIC REPORTS

The measured data and the data reduction performed
under this contract led or contributed to reports. The
reports are published as AFGL scientific reports or in the
open literature. Three scientific reports were contract-
ually required; however, as requested in the contract,
additional rcports and articles were written on the con-
tractual efforts. The following is a detailed list of the
publications:

Baker, Doran, William Pendleton, Jr., Allan Steed,
Ronald Huppi and A.T. Stair, Jr., "Near-Infrared Spectrum
of an Aurora," Journal of Geophysical Research, Vol.82,
No. 10, pp. 1601-1609, April 1, 1977.

lluppi, Ronald J., Radiometric Instrumentation and
Techniques for Measuring Infrared Emissions from the Atmos-
phere and Targets, USAIF Report No. AFGL-TR-76-0253, Scien-
tific Report No. 2, Contract No. F19628-74-C-0190, Llectro-
Dynamics Laboratories, Utah State University, Logan, Utah;
October 29, 1976.

Huppi, Ronald J., "Aircraft Borne Measurements, HAES
Data Review" AFGL-OP-TM-05, Falmouth, Mass., Proceedings,
Vol. 1 Air Force Geophysics Laboratory, Hanscom Air Force
Base, Mass., 13-15 June 1977.

Huppi, Ronald J., "A Versatile Radiometer for Infrared
Emission Mcasurements of the Atmosphere and Targets', .J.
Soc. Photo-Optical Instr. Engrs., Sep/Oct 1977, p. 485.

Huppi, Ronald J., and Doran J. Baker, "Intensity
Variations of Atmospheric Hydroxyl Emissions," Scientific
Report No. 1, Contract F19628-74-C-0190, USAF AFCRL-TR-75-
0032, Air Force Geophysics Laboratory, Hanscom AFB, MA.,
January 1, 1976,

Sandford, Brian P., John H. Schummers, John D. Rex,
Jack Shumsky, Ronald J. Huppi, Randall B. Sluder, '"(U)
Aircraft Signatures in the Infrared 1.2 to 5.5 Micron
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Region,'" Volume [-- Instrumentation, AFGL-TR-76-0133[I],
Hanscom Air Force Base, Mass., 28 June 1976.

Sandford, Brian P., John H. Schummers, John D. Rex,
Jack Shumsky, Ronald J. Huppi, Randall B. Sluder, '"(U)
Aircraft Signatures in the Infrared 1.2 to 5.5 Micron Region',
Volume I1--Background Measurements, AFGL-TR-76-0133 [II],
Hanscom Air Force Base, Mass., 28 June 1976.

Sandford, Brian P., John H. Schummers, John D. Rex,
Jack Shumsky, Ronald J. Huppi, Randall B. Sluder, "(U) Air-
craft Signatures in the Infrared 1.2 to 5.5 Micron Region,"
Volume 1II--Aircraft Measurements, Secret, AFGL-TR-76-0133
[TIT], Hanscom Air Force Base, Mass., 28 June 1976.

Sandford, Brian P., John H. Schummers, John D. Rex,
Jack Shumsky, Ronald J. Huppi, Randall B. Sluder, '"(U)
Aircraft Signatures in the Infrared 1.2 to 5.5 Micron Region,"
Volume IV--Aircraft Data Packs for C135, C9A, Cl41A and
F111E, Secret, AFGL-TR-76-0133 [IV], Hanscom Air Force Base,
28 June 1976.

Mass. ,

Sandford, Brian P., Ronald P, Walker, Capt., USAF, John
D. Rex, Jack Shumsky, John K. Little, 1Lt USAE, John H-.

Schummers, Ronald J. Huppi and Randall B. Sluder, '"(U) Air-

craft Signatures in the Infrared 1.2 to 5.5 Micron Region",
Volume V--Aircraft Data Packs for CS5A, E4A, B52G, B52H and
A7D, Secret, AFGL-TR-77-0138, Hanscom AFB, Mass., 22 June 1977.

Sandford, Brian P., John H. Schummers, John D. Rex,
Jack Shumsky, John W. Reed, Major, USAF, Ronald J. Huppi and
Randall B. Sluder,"(U) Infrared Signatures of T38A Aircraft
in the 1.7 to 7.5 Micron Region', Confidential, AFGL-TR-77-
0156, Hanscom AFB, MA., 15 July 1977.

Huppi, R.J., and J.W. Reed, Jr., "Aircraftborne Meds-
urements of Infrared Enhancements During ICECAP 1975 and
1976'", AFGL-TR-77-0232, HAES Report #68, Hanscom AFB, Mass.,
Scientific Report #3, AF 19628-74-C-0190.
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