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A. 
OBJECTIVES

 The objective of this research is to develop and demonstrate a method of self-calibrating large (>100 m2) phased array radar antennas without requiring a centralized metrology system. In particular, we develop a distributed approach, where the calibration hardware is embedded as part of each element.  There are a number of unique aspects to this approach which were addressed in this system design. For instance, the lack of a centralized calibration point means that measurement standards such as frequency and time must be distributed throughout the array, while still retaining the ability to “transfer” the calibration among elements.
B. 
STRATEGIC FOCUS AREA

Strategic Initiative: 

Large Apertures & Advanced Optics

[X] Large Apertures and Precision Wavefront Control 

C. 
RELEVANCE TO STRATEGIC FOCUS AREA

In recent years, orbiting radar instruments with ever increasing sized antennas have been proposed to make higher resolution measurements of such diverse things as sea salinity, ground motion, forest cover, and surface topography. The improved performance of these radars is partly from the use of physically large antennas (tens of meters in extent). The challenge faced by radar designers is achieving high antenna performance, while constrained by the limited mass available to support the antenna structure, since deformation of the antenna reduces its performance.  These large antennas are typically constructed as electronically scanned phased arrays (ESAs), which use thousands of small elements that are combined electronically to create the large effective aperture. Each element is individually controllable, which allows the beam to be steered in the desired direction without actually requiring the antenna to be physically moved. The individual controls can be used to compensate for physical displacement of the element and changes in the element electronic properties.  

Arrays undergo a calibration process requiring careful measurements of each element in turn, and then calculating the corrections needed to achieve the desired performance.  This calibration may be repeated, depending on the stability of the antenna and electronics.  For example, a radar in Low Earth Orbit (LEO) may pass into and out of eclipse every 90 minutes, with corresponding temperature transients (which affect the electronics performance) each time. Historically, the calibration system has been centralized as it requires high precision, and is relatively costly, compared to the cost of an individual element. As the number of elements increases, the complexity of the process and the time required to perform the calibration (typically done one element at a time from a central calibration station) increases to the point where the total time required to calibrate the array exceeds the time over which the antenna is stable. 

This research developed a method which does not have the scalability problem of centralized systems.  

D. 
APPROACH AND RESULTS

1. A set of validated radar performance requirements were defined and flowed down to calibration system performance requirements.

a. A review of existing and proposed radar instruments was conducted, and a set of requirements were developed that serve as a design goal for the calibration method. The results are summarized in Table 1. Those requirements that would have significant impact on the required performance for the calibration method were identified.  The primary group of requirements that drive the calibration performance are those relating to antenna sidelobes, that is, the part of the antenna pattern that is not pointed at the target of interest.

b. The general sidelobe requirement of –30dB, relative to the main lobe, translates to a phase control requirement of 1° (rms). That is, the radiated phase from each element must be controlled to within 1° of the ideal phase, as determined by the physical position of the element in the array and the desired look direction

c. The 1° phase control requirement translates to a calibration measurement requirement of approximately 0.1° (rms). This defines the required performance for the distributed calibration and metrology system.

2. A distributed calibration technique was developed that can meet the 0.1° requirement.

a. Based on the earlier work of Aumann, et al., [1] a technique was developed where each element measures the phase and magnitude of calibration signals radiated by adjacent elements. (Figure 1) The effect of the coupling between the elements (from the geometry, modeling, and/or measurement), the electrical performance of the element can be calculated and removed from the measurement. (Figure 2, Figure 3)

b. Since there is no physical connection between the elements, the calibration signals must themselves be calibrated at both the transmitting and receiving element by comparison against a beacon reference signal that is radiated to the entire array.

3. The distributed calibration technique was demonstrated in a breadboard at 1.26 GHz

a. A hardware breadboard consisting of 3 elements was constructed. Each element includes a 1.26 GHz transmitter and receiver, along with a singleboard PC, and other RF and control components. The beacon signals were generated by laboratory signal generators. Figure 4 shows a block diagram and Figure 5 shows photographs of the breadboard elements.

b. An antenna simulator, consisting of  attenuators, transmission lines, and power combiners, was used to couple signals among the elements, and to add the beacon signals used to transfer the calibration.

c. Signals were recorded on the single board PC and then transferred to Matlab for post processing, as shown in Figure 6. The processing algorithms are suitable for implementation on the single board PC in future work, or in a microcontroller embedded in the element in a flight implementation.

4. A test antenna array was designed and constructed

a. An array with characteristics typical of those used for orbiting radars was designed using EM modeling tools. The design is a 5x5 square array of dual polarization probe fed microstrip patches, resonant at the 1.26 GHz design frequency for the breadboard, and provides typical interelement couplings and impedance characteristics. 

b. The array, shown in Figure 5 was constructed using a Kapton® membrane with the microstrip patches etched the upper surface. The membrane is supported by Rohacell® foam over a copper sheet ground plane. Small discs of copper clad Duroid® serve as matching capacitors. SMA connectors provide the connection to external devices.

E. 
SIGNIFICANCE OF RESULTS

Future Earth Science missions contemplate the use of radar antennas tens of meters in extent and hundreds of square meters in area with tens of thousands of active elements.
Accurate control of phase and amplitude for each element is required to meet overall performance requirements, particularly for sidelobes.  Effects such as aging, radiation, and temperature change the phase & amplitude characteristics of the element electronics. The changes must be measured and calibrated out, after the radar is deployed in orbit.

The method developed here is very scalable, without the limitations imposed by the use of centralized metrology systems, which have limits on the number of elements that can be calibrated at once.  Self calibration may allow relaxed component performance specifications, reducing parts, ground testing and calibration cost.
F. NEW TECHNOLOGY  

This research demonstrated a distributed means of performing array calibration, which has previously been reported via the JPL New Technology Reporting process.

G.
FINANCIAL STATUS

The total funding for this task was $140,000, all of which has been expended.  

H.      PERSONNEL


William Folwell and Quintin Ng assembled the RF breadboards. William Folwell assembled the test antenna array and assisted in testing of the array and breadboards.

I. 
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APPENDIX – Validated Performance Requirements
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Figure 1 - Interelement Coupling used for Calibration Signals
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Figure 2 - Signal flow for Calibration Method
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Figure 3 - Reference Planes and Signal Flow

Figure 4 - Block diagram of  Breadboard Element
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Figure 5 - Photographs of breadboard 
(Left side is PC, IF, and network connection;Center is  is 1.26 GHz receiver, transmitter, and T/R switch; Right is 5x5 element test array)

[image: image10.wmf]Single Board PC with

"sound card" interface

DDS controlled

transceiver

1.26 GHz

receiver chain

1.26 GHz

transmit chain

T/R

Switch

Matrix

Patch

Antenna


Figure 6 - Processed data from breadboard
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[image: image11.emf]Requirement NASA Value Partner Value Notes

(Baseline) (Goal)

Antenna Area 500 m^2 400-900 m^2

Bandwidth



80 Mhz



Frequency Allocation 1215 to 1300 Mhz (no more 320MHz BW)

Frequency L-Band

Polarization



Fully Polarimetric Capable

Elevation Steering +/- 15 deg +/- 20 deg

Azimuth Steering +/- 4 deg +/- 45 deg Vector ATI applications want ~45 deg

Antenna Shape



Similar dimensions az and el



Much longer in az than el

Peak Power 50 kW 20-60 kW 

Peak Side Lobe Level -30 dB don't care about sidelobes pointing into space (except hot sources)

Integrated Side Lobe Level -35 dB -50 dB



RMS Sidelobe -50 dB over all scan angles

Cross Pol Isolation -25 dB

Lifetime 15 years

Independent Rx Subarrays in Azimuth

1 16(independent receive on panels)

Viewing Direction Roll to view left and right Thermal drives mechanical design



Mainlobe Gain



At boresight   * revisit

Directivity



At boresight  * revisit 

Noise Equivalent Sigma0 -30 dB

Beam Alignment Accuracy 0.2 deg control, relative to platform

Duty Cycle 20.00%



Mainlobe Broadening Allowed

10.00%



At boresight, due to uncompensated errors

PRF 1 kHz approximate, staggers

Steering settling time < PRI includes propagation time from controller

phase stability (pulse:pulse) 3 deg (rms) Knowledge vs control?
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