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Analysis of High Resolution Range Estimation for Moving
Target Using Stepped Frequency Radar with Coherent Pulse

Train
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Abstract

A Stepped Frequency Radar(SFR) is a method that realizes high resolution range estimation by increasing the
frequency of transmission pulses at regular intervals to generate a wide synthetic bandwidth. However, in the case of a
moving target, accurate range estimation becomes difficult due to the range-Doppler coupling. In this paper, the process
of high resolution range estimation by compensation of the range-Doppler coupling with estimated velocity of the moving
target using the SFR waveform with Coherent Pulse Train(CPT) is analyzed and it was verified through simulation.
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Fig. 1. High resolution range estimation procedure for
moving target in SFR with coherent pulse train.
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Table 1. Radar parameter values used in the experiments.
1. "ol A= 2o|E] Tfzfole] 2t

i
ar

Parameter Value

Carrier Frequency (f,) 76 GHz

Frequency Step Size (Af) 1 MHz
Number of pulses for SFR (N, ) 512
Number of pulses for CPT(N,p;) 8

Pulse Repetition Interval (T,,) 10usec

Pulse Width (7) lusec

Range of Scatterers(R,) 1157m, 1160m, 1163m

Power Ratio of Scatterer 1, 2, 3 02:1:05
Signal to Noise Ratio(SNR) 35dB
Velocity of Scatterers (v) +50m/ s
N—point IDF'T 512
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Table 2. Velocity and range related parameter values.
¥ 2 5% 2 el 23 me2lolg 2t

Parameter Calculated Parameter Value
Max Doppler Frequency (fdm) 50kHz
Maximum Velocity (V) 98.6842m/s (= 355km/h)
Velocity Resolution(V,, ) 0.3855m/s (= 1.39km/h)
Male}l{l;’; irzaé?;olguous 15001m
Range Bin Size (R,,) 150m
Range Resolution(R, ,,) 0.293m

a9 2% ol s H =T} v—Om/s"]
S wje] %7] scatterers® 91X F
Aotk 4% 7t scatterer®] Hilt 1156.93m,

1159.86m, 1163.09m% =7| scatterer®] = o
Hl AgstA FAHAES & 5 Ak

H« flf

a9 3 ®H olEEEs ey Wgow
[e)

v=+50m/s 4 w9 scatterers® FAHHA %7] ¢

[e)
/H F 40m gi}ﬂ skl ok 1120m F-ol

scatterers’} YEFES & 4 vk

ol g A X7t v=+50m/s e 3]
HE H2dS o83t & 4 A%4E 19 49
etk =849 & 3(V.,,)< +50.11m/s
2 ¥ 29 FARA &% FE 0.3855m/s B9 Ul
o Al gt o] oS E F ok

Estimated Range for Stationary Target: v=0 m/s

o- R2=1159.86m i

R1=1156.93m | | | R3=1163.09m

-401 4

Amplitude(dB)

-50/- i
60}

-70} i

-80 i
1050 1100 1150 1200
Range(m)

Fig. 2. Estimated range for a stationary target(v=0m/s).
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Fig. 3. Estimated range for a moving target.
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Fig. 4. Estimated velocity of a moving target(v =+50m/s).
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Fig. 5. High resolution range estimation for a moving target

before/after velocity compensation.
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Fig. 6. Distribution chart of estimated velocity for a moving
target in accordance with SNR.
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Estimated velocity vs Estimated Range
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Fig. 7. Range estimation result for a moving target in
accordance with estimated velocity
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