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A New Millimeter-Wave Step-Frequency Radar
Sensor for Distance Measurement

Joongsuk Park and Cam Nguyen

Abstract—A new compact millimeter-wave distance-mea- Sub-harmonic

surement sensor prototype has been developed. The sensor is ¢  Low-Pass Filter Mixer

step-frequency radar implemented using coherent heterodyne ) N Transmit

technique. It operates in Ka-band (26.5-40 GHz) and is realized % N

using MICs and MMICs. The sensor transmits sinusoidal signals

of incremental frequencies and demodulates the received signals Power Divider Ju—

into base-bandI/Q signals for processing. Experimental results Oscillator e

show that the sensor is capable of measuring distance with less :}4—<]—<—o Tnput

than 0.2 inch of absolute error and a low transmitted power of o

only —20 £ 3 dBm. Amplifier Anplifier Power Divider

Index Terms—MIC, microwave sensor, MMIC, sensing of <_<]:'iW'Pass Filter Amplifier

distance. 1 % Dl 4—<] 4—Q—<_O Receive
4—<]<— N
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|. INTRODUCTION Mixer

I\/I ICROWAVE sensors have be_en Useq for apcurate, NQfg. 1. System configuration of the millimeter-wave SFR sensor.
contact measurements of distance in various appllca-

tions—for example, level measurements in chemical storage .
tanks. Most microwave distance-measurement sensors opegéﬂgals are sampled and cqmbmed to form an array of cgmplex
below 24 GHz, particularly at 5.8 and 10 GHz. Millimeter-wav&'9nals—each corresponding to a step frequency—which are
sensors offer smaller size, lighter weight, finer resolution, betttéf’meormed using inverse Fourier transform. The resultant

accuracy, and are thus attractive for industrial applications. Q/ggveform, compressed in time refative to the duration of the

cently, a millimeter-wave sensor has been developed at 35 Gli[ppsmltted signal, is then processed to reveal the distance

using a six-port receiver for distance measurement [1]. to target. The SFR sensing techniqu_e allows target distance
In this paper, we report a new millimeter-wave sensor pré2 P& measured with large range, high accuracy, and small

totype operating in Ka-band (26.5-40 GHz) for distance me&ieasurement ambiguity.

surement. The sensor is based on step-frequency radar imple-

mented using a coherent heterodyne scheme. It is realized using I1l. SENSORDESIGN AND PERFORMANCE

microwave and millimeter-wave integrated circuits—both MICs Fig. 1 shows the configuration of the developed mil-

and MMICs. It operates at a very low power level—arounimeter-wave sensor. This sensor employs SFR along with
—20 dBm—and can accurately measure target distance. g coherent heterodyne architecture. The sensor is fabricated
using a hybrid approach consisting of both MICs and MMICs.
[l. PRINCIPLE OF STEP-FREQUENCY RADAR The MICs are on 50-mil RT/Duroid 6010 substrate (for

Step-frequency radar (SFR) was first proposed in 1972 @-frequency circuits) and 10-mil alumina substrate (for

a time-domain reflectometer [2]. Basically, SFR operates Qgh-frequgncy circuits). The Size of the sensor is 4¢iB-in.

a frequency-modulation system—transmitting sequences of! he oscillator generates a signal of 1.7 GHz, which is used
sinusoidal signals of different frequencies toward a target aAg the LO signal for thé/¢ demodulator and the IF signal for
processing the return signals. In each sequence, the frequepfe§ Of the subharmonic mixers. This subharmonic mixer up-
is shifted in discrete values—each value is held constant fefnverts the incoming 14-15.59 GHz signals from an external
a period of time and then changed to a next higher valuynthesizer to 29.7-32.88 GHz signals, which are transmitted
The received signals at these step frequencies, reflect@yard atarget. The returnsignals from the target are down-con-
from the target, are down-converted into in-phagg €nd verted by the other subharmonic mixer, which are then further

lator. Thel /) signals are sampled by an analog-to-digital con-
. . . _ virter and combined to form an array of complex signals, which
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54 Ny N 0 § were made at each distance and the results were averaged. As
® 3 025 i can be seen, the sensor produces a good accuracy with errors
5 ) o
2 / of less than 0.2 inch, for both the metal plate and ceramic tile.
22 0.5 Note that this is an absolute error regardless of the distance. The
1 0.75 measurement accuracy of the system is not affected by a direct
' transmitter leakage into the receiver and multiple reflections
0 1 due to their different arrival times with respect to the received
2 3 4 5 6 7 8 signal returned from target.
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IV. CONCLUSION

Fig. 3. Comparisons between the measured and actual distances from th

sensor to a metal plate. %\ new millimeter-wave distance-measurement sensor proto-

type—based on the step-frequency radar and coherent hetero-

dyne technigue—has been developed in Ka-band using MICs
tile. The antenna, a Ka-band horn of 20-dB gain, was pointgéd MMICs for the first time. The sensor operates at a very low
directly onto the target, without contact, through air. The SenSQ(ijer level of~20+ 3 dBm. Distance measurements have been
transmitted only—20 + 3 dBm over the entire operating fre-made to verify the performance of this sensor prototype, and

quency range. In the measurements, 160 frequency steps Wil errors between the measured and actual distances have
increments of 10 MHz, were used. Consequently, 160 pairsgden achieved.
base-band /@ signals were sampled from the signals returned

from the target, and used to form 160 complex signals. In order

to apply a fast Fourier transform (FFT) algorithm and smooth _
the transformed signal, we added additional 864 zeroes to thd N€ authors wish to thank TRW, Redondo Beach, CA, for the
complex-signal array. These discrete 1024 samples, windowdation of Ku/K- and Ka-band MMIC amplifiers used in this
by a rectangular window function, were then transformed in&F"SOr-

a time-compressed waveform by inverse FFT. Finally, a bin
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