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L INTRODUCTION

The ability to obtain simultaneous active and passive millimeter wave images using a common
antenna (Radarometer Concept) has numerous DoD as well as commercial applications.
Radiometric and radar images are not new, nor are simultaneous passive and active images of a
common scene. The feature that is unique to the Radarometer Concept is simultaneous use of
the same antenna by a radar and a radiometer, operating in the same frequency band at a
nominal pixel scanning rate of 1,000 per second. The radarometer sensor is capable of
operating in both the passive and active modes either individually, in time sequence, or
simultaneously. The radarometer uses a common high-speed mechanically scanned antenna
aperture capable of generating active and passive millimeter wave images simultaneously.

The important feature of the radarometer design that allows simultaneous active and passive
operation is the use of a RF diplexer which separates the signals associated with the radar and
radiometer modes. The typical frequency separation displacement is 5 GHz, at a nominal
operating frequency of 95 GHz. The results of measurements performed on an engineering test
unit will be described.

The goal of this SBIR Phase I effort was the design, assembly and demonstration of a practical
millimeter wave camera capable of obtaining simultaneous passive and active airborne images
during adverse weather conditions that preclude the use of either optical or infrared imaging
cameras. The proposed approach was based on use of an existing radiometric receiver and a
high-speed mechanical antenna scanning mechanism in a configuration unique to the airborne
imaging scenario.

IL. TECHNICAL OBJECTIVES
Three objectives were accomplished:
¢ Verification of simultaneous radiometer and radar on a non-interfering basis when
using a common antenna (Radarometer Concept)

e Demonstration of simultaneous active and passive imaging in the radarometer mode

e Design, assemble, and test a radarometer Engineering Model
Im. VERIFICATION OF CONCEPT

Verification of the radarometer concept required a test configuration capable of determining
through measurement the performance characteristics of a radar operating simultaneously with a
radiometer, when sharing a common antenna. A key feature of the test configuration was the
ability to measure any variations in radiometer sensitivity when the power level, prf and pulse
width of the radar were at operational values. Reasonable power level, prf, and pulse widths
were based on nominal airborne operational requirements.

Two critical components made the radarometer mode possible. The components were a RF
diplexer and isolator. The diplexer separates the radar and radiometer signals at the output of the




scanning antenna system. We are indebted to Dr. Sridhar Kanamaluru for the design of the
frequency diplexer, and Dr. Neal Erickson for the design of the isolator. The isolator provides a
low-loss broadband match for the radiometer, when connected to the diplexer. The breadboard
radar and radiometer operating frequencies are shown in Figure 1.

836 876 916 | 946 96.1
L.O. 925 954
RADIOMETER L.O. RADAR

Figure 1. Breadboard Radarometer Operating Frequencies

The measured performance of the prototype diplexer is shown in Figures 2 and 3. The loss in the
radiometer channel was higher than anticipated. Performance of the prototype was more than
adequate to verify the efficacy of the radarometer concept. A photograph of the diplexer and
isolator, integrated into the radarometer Test Setup #1, is shown in Figures 4 and 5.
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Figure 2. Prototype Radarometer Diplexer Performance (Radiometer Insertion)
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Figure 3. Prototype Radarometer Diplexer Performance (Radar Insertion)

Figure 4. Photograph of Diplexer in Test Setup #1




Figure 5. Photograph of Diplexer and Isolator in Test Setup #1

The test setup used for verification of the radarometer concept is shown in Figure 6. Note that:

To prove the concept, isolation between the radar and radiometer signals through the
common feed is adequate. An imaging mode is not required.

A STAGCAM radiometric receiver (an extremely sensitive laboratory radiometer
specifically designed to acquire phenomenology data) was used as the radiometer in
the radarometer test configuration.

Adjustment of radar parameter values was confined to prf, pulse width and
transmitter power.

The transmitter power was set at the level needed to achieve a 20 dB S/N from natural
terrain when observed at an altitude of 400 meters.

The radiometric input signal to the common antenna feed was broadband noise,
square-wave modulated between the two effective brightness temperature levels of
ambient and liquid nitrogen.

The input signal was derived by rotating a paddle wheel, with Radar Absorbing
Material (RAM) on the propellers, in front of RAM immersed in liquid nitrogen in a
Styrofoam container.

The temperature-modulated input signal varies in a near square wave fashion between
the nominal extremes of 80K and 300K, and provides a measure of the radiometer Y-
factor, effective noise figure, and sensitivity. In addition, it provides a direct
radiometric measurement of any degradation in radiometer performance associated
with the simultaneous operation of the radar, or the adjustment of its operating
parameters.
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Figure 6. Verification of Radarometer Concept, Test Setup #1

A photograph of Test Setup #1 is shown in Figure 7. The radiometer and radar parameter values

used in Test Setup #1 are listed in Table 1.

Figure 7. Photograph of Test Setup #1
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Table 1. Test Setup for Verification of Radarometer Concept

Parameter Determined by Nominal Value
RADIOMETER MODE
LO Frequency Band Pass of Diplexer 87.6 £1.5 GHz
IF Bandwidth Band Pass of Diplexer 0.1-15GHz
Noise Temperature Diplexer and Isolator Loss, plus receiver noise 2000 K
Integration Time Pixel Sample Time 0.5 ms
Mode Superheterodyne “Total Power” Dual Side Band
Sensitivity Statistical Noise Fluctuation Level 2 Kems
Transmitter Frequency | Band Pass of Diplexer 95.4+0.75 GHz
RADAR MODE

Pulse Duration Minimum Alt. (200 m) Roundtrip time (1.33us) | 1 us
prf Maximum Alt. (400 m) Roundtrip time (2.67 us) | 400 KHz
Duty factor Pulse width times prf : 0.4
Transmitter power Measurement results' 40 mW Peak
S/N (Avg.) Measurement results’ >20dB

The measurement procedure followed the sequence:

e Radar off

Radar operating in a Continuous Wave (CW) mode at the operational power level
Radar operating in the modulation mode

Radar operating in the CW mode

Radar off

The strip chart data records obtained during the Verification of Concept test series are listed in
Table 2. Copies of the data records are included as Figures 8, 9, and 10. All data records were

obtained at the radiometer output, to verify that simultaneous operation of the radar does not
contaminate radiometer performance.




Table 2. Strip Chart Data Records

Figure # Description

8 Calibration, paddle wheel, (Tams-LN) on 5 mV scale

9 Calibration, paddle wheel (LN cycle) on 2 mV scale

10 Radar off — Radiometer (LN cycle) on 2 mV scale
Radar on — CW Radiometer (LN cycle) on 2 mV scale

Radar on — Modulated. Radiometer (LN cycle) on 2
mV scale

Radar on — CW Radiometer (LN cycle) on 2 mV scale
Radar off — Radiometer (LN cycle) on 2 mV scale

Figure 8. Calibration, Paddle Wheel, (Tamp-LN), 5 mV Scale

To obtain calibration data, the two-bladed, RAM coated, paddie wheel was rotated slowly
in front of RAM immersed in liquid nitrogen. The radiometer channel saw a modulated
noise input signal, Tamz, when it viewed the paddle blade and saw the liquid nitrogen
RAM, Tpx, when the paddle blade was not present. The lack of “square wave” symmetry
was due to the slow rotation rate of the wheel and the tendency of the wheel shaft to stick
during part of the cycle. This data is shown in Figure 8. The calibration was found by:

Calibration = AK — = 214 =12.6K/division
A chart division 17




Figure 9. Calibration, Paddle Wheel (LN cycle), 2 mV Scale
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Figure 10. Verification of Radarometer Concept
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In Figure 9, the data scale was expanded to show only the LN half cycle. This allowed the noise
fluctuations to be more easily detected. The scale was also changed to 2 mV full scale producing
a scale factor of 5/2 = 2.5. The calibration was then found to be 12.6/2.5 = 5K/division. The
paddle wheel rotation was then stopped on the LN half cycle such that the radarometer feed
continuously observed RAM immersed in LN. The output of the radiometer channel, shown in
the lower diagram of Figure 10, was continuously recorded throughout the remainder of the test.
Any change in the output signal would indicate interference with the performance of the
radiometer channel. A 95% peak-to-peak value of 1.5 divisions was found from the Figure 10
lower diagram. With each chart division equal to 5K, this peak-to-peak level was calculated to be
7.5K. Since the 95% peak-to-peak fluctuation level of Gaussian noise is approximately four
times the rms value, a value of 1.9K rms was determined. This value represents the minimum
detectable signal level for interference between the radar and radiometer channels.




The radar Gunn parameters were adjusted to 40 mW CW, 1 ps pulse width and 400 KHz prf.
The Gunn transmitter frequency was set to the center of the radar channel and the Gunn driver
voltages were recorded. The test sequence was then conducted. The radar channel Gunn
voltages are shown in the upper diagram of Figure 10. The Gunn off, CW on, modulation on,
CW on, and Gunn off regions are shown on the strip chart recording. Inspection of the data
records indicates that no detectable degradation of the radiometer performance was associated
with the operation of the radar. The ability to operate simultaneously in a radar and radiometer
mode, when sharing a common antenna was demonstrated by the results of this test.

IV. DEMONSTRATION OF SIMULTANEOUS ACTIVE AND PASSIVE IMAGING

An important step in our test series was confirmation of the split screen software performance.
The split screen presentation provides a simultaneous radiometric and radar view of a target
scenario. Initially, we felt that the geometry of the test setup, when located in the Millitech
tower, would preclude the possibility of obtaining images in either the active or passive mode, to
adequately demonstrate radarometer capabilities.

The test scenario, as viewed from the tower, provides a view over a metal roof in the foreground,
with trees in the immediate background. One large pine provides a unique feature in the
background.

The view over the metal roof complicates the efficacy of sky noise reflecting plates when used
against a metal background. It also eliminates the possibility of using automobiles or similar
targets as the central focus of a radiometric image. The radiometric image for the tower scenario
shows the background foliage line against the sky background and the reflection of the emitted
radiation from the foliage as it bounces off the metal roof. The background radiometric target is
black body radiation from the foliage. There is no reflected sky noise associated with the foliage.
However, the sky noise does present a cold background for the skyline profile of the foliage. An
easily identified background target is the tall pine located well beyond the far edge of the
rooftop. The noise radiated by the tall pine is easily identified with its reflection off the top of the
roof.

The target scenario for the radar was more controllable, in the sense that we were able to locate
corner reflectors on tripods placed on top of the roof. However, this did not eliminate the
appearance of the reflected image of the corner reflectors seen at the appropriate bounce angle
off the metal roof There were other distractions that initially discouraged our attempt to
demonstrate simultaneous radar and radiometer operation using a common antenna.

" One reasonable alternative was to operate the radar channel in a radiometer mode and display
radiometer images obtained simultaneously at 87 and 95 GHz. This was viewed as less attractive
than a demonstration of the normal radar/radiometer mode. A functional block diagram of Test
Setup #2, used for the demonstration of the radarometer mode is shown in Figure 11.
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Figure 11. Demonstration of Radarometer Mode — Test Setup #2

A collage of photos taken of the test setup and test site is included as Figure 12. Some of the
challenges associated with this test setup included:

Upper left
¢ Air conditioning units on the metal roof

o Step ladder

e Power and control cable to the Tower roof

¢ Rope to the Tower roof

¢ Stand pipes passing through the Tower roof in the background

Upper right
e Tall pine tree in the background

e Two radar corner reflectors supported on tripods on the roof

Lower right
e Step ladder for access to the rooftop

¢ Open window used for access to the roof
e Radarometer Engineering Test Unit (ETU)

Lower left
¢ The ETU showing test equipment as well as functional parts of the radarometer

e ETU Cable harness that was particularly susceptible to EMI (Electro-Magnetic
Interference)

10




Figure 12. Some Challenges Associated with Test Setup #2
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Despite the shortcomings of the test site, we successfully demonstrated the radarometer mode.
Hard copies of the PC display, when viewing the scene as observed from the Millitech Tower,
are shown in Figure 13. Both color and black and white versions are included. The radiometer
channel clearly shows the tall pine and its reflection off the roof.

The radar image shows the two corner reflectors viewed directly by the radar, as well as the two
bounce signals lower in the image scan. The edge of the roof is easily identified between the two

images of each corner reflector. The air conditioning unit is seen to the left, on the edge of the
roof.

Radiometer Channel FOV Radar Channel
88 GHz 32°x 32° 95 GHz

Figure 13. Radarometer Breadboard Demonstration

Both radiometer images show a striation running through the image, which is typical of EML It

is evident from Figure 13 that EMI is controlling the sensitivity threshold level for the
radiometer images. The effect of the radar is negligible.
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To verify that the radiometer image was contaminated by EMI, we took a picture of the scene
with a Radiometeric One Second Camera (ROSCAM), which had undergone a significant EMI
reduction program. ROSCAM is designed to take a two-dimensional, passive, millimeter wave
image at a 1 Hz rate. During the earlier helicopter flights, the ROSCAM was incapable of flying
over the ridge of the Mt. Holyoke Range without experiencing radar EMI from Westover Air
Force Base and UHF TV interference from Hartford, CT, and the lower Connecticut River
Valley. With the introduction of appropriate EMI modifications, the ROSCAM flies routinely
over the Westover Air Force Base, with no apparent EMIL.

Both color and black and white PC images obtained by the ROSCAM camera, when observing
the roof scenario from the Millitech Tower, are shown in Figure 14. The lack of EMI is clearly
evident. The details of the roof, including the construction line pattern are easily seen, along with
the roof corner, the roof edge line, and the air conditioning unit located to the far left. The tall
pine tree and its shadow are of course a main event.

Figure 14. Passive Image from the Millitech Tower, ROSCAM A14B

V. CONCLUSIONS AND RECOMMENDATIONS

Based on the results of the performed measurements, the radarometer concept was verified in a
laboratory environment.

A radiometer and radar were operated simultaneously on a non-interfering basis when using a
common antenna. The output of the common antenna system was fed via a diplexer to the radar
and radiometer channels. Verification of simultaneous operation, without interference in the
performance of the radiometer by the radar, was demonstrated by recording the response of the

13




radiometer to a modulated noise input signal, when the radar was turned On and then Off No
difference in radiometer performance was noted between the On and Off conditions of the radar
nor was a difference detected during either the CW or modulated transmitted signals were used
(Test Setup #1). Demonstration of simultaneous active and passive imaging in the radarometer
mode was also accomplished while imaging from the Millitech Tower (Test Setup #2).

Future investigation will focus on determining the nature of any limitations, or performance

restraints, that may be imposed on the radarometer mode by an operational environment,
particularly an airborne environment.
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