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Abstract Y\
In the high-resolution radar imaging system, step-frequency radar signal i ortant

in getting the high-resolution range-profile, which can be used for ta ctlon and
recognition. However, target radial velocity will produce roblem fore, moving-
per, an effective

motion compensation methods is presented, which n of Range-profile
Contrast. The numeric simulation indicates that thl od is e e, which can estimate
the target’s velocity in real-time, and it is ea{\o be u: se% engineering project. After
target’s motion compensation, the high-reso range- prO%JI ill be much better than that
is used to be, which can be used for the de é recog nd ranging of moving targets..
ofile; V

targets imaging is a bottleneck for step-frequency rII
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Range-profile Contrast 6
1. Introduction ,%\Q\

e com~p§;si n signals are widely used in getting the high-
p

In radar system, ¢h
resolution range-p and | ed as HRRP in short. Step-frequency (SF) radar
signal is one of st impo Ise compression signal, which is well illustrate in
reference [1 the pr sing of step-frequency radar signal, the velocity between
target and r ill m distortion of HRRP. Therefore, for the non- cooperative

targets, the step-fre radar signal has a serious problem of Range-Doppler

coupling [5]

The impact @ge—Doppler coupling can be eliminated or relieved target’s by
motion compensation. Suppose, the target’s velocity is precisely estimated, the phase
terms whi %caused by the motion of target, can be compensated by removing it.
Many m compensation methods are presented based on velocity estimation. In
refere 6 7], based on time domain and waveform entropy, two motion

tion methods are presented, however they have low estimation accuracy in
lo R, and they are only effective for moving targets with low velocity. In reference
[8], based on SF and Pulse Doppler system, an effective method of motion
compensation is presented; numeric simulation shows that this new method has higher
compensation accuracy and better anti-noise performance. But it will increase the
calculation complexity of radar system. Until now, except for those methods mentioned
above, other effective motion compensation methods have been also presented, for
example in the reference [9-11], which have gotten much better compensation result.
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But, in common, they need much larger computation complexity and calculation
amount, meantime they are not easy to be used in project application.

As discussed above, in low SNR, the motion compensation method of moving targets is
still a key problem for SF signal. Furthermore, the application in project also should be
considered. In this paper, based on the analysis of range-profile, an effective motion
compensation method is presented. Numeric simulation indicates that this method has a high
estimation accuracy and low calculated amount than that used to be, which is easy to be used
in engineering project application.

2. The Range-Doppler Coupling of SF Radar Signal
Step-frequency radar signal is a pulse sequence that the carrier frequency increased

by the fixed step length, which is shown in formula (1).
gty , (¥ 0
W epetition cycle,

Suppose, the distance between radar ano@ isR, ‘a\@@ frequency mixing of

double channel, we can get the comple@\ f echo signal:

G —e §xp (iv:) )

Suppose, the target is @lng, the rm of target echo signal can be expressed

as follows: Q
R vt
& ‘@Aﬂ ®
Suppose,@relaﬂv% ar target of radial velocity, t is time, which is shown as

follows: 2
T 2R
t=iT, +21+— 4)
2 C

Introd@bﬂe formula (4) into (3), the formula (5) can be gotten
2f,R 2nRAf 2fvT.n 2vAfT n’

O !//i — 0 + _ 0 r_ r (5)
C C C C
const fr fy

Spread

The Eq.(5) reveals the special properties of SF radar signal. The first term represents a
constant phase migration. The second term is produced by the product of frequency. The third

term f, in Eq. (5) is a linear phase term, which represents the Doppler frequency migration

due to target motion. The processing of IDFT mistakes the Doppler frequency as a frequency
migration due to range and thus results in the shifting of target range from its true range.
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According to the literature [5], suppose, in order to perfectly compensate LPT, the sustainable
error of distance measurement is half of range resolution of SF signal, which is shown as
follows:

Ar c
=== ®
2 ANAf
Then, the estimation accuracy of target speed must satisfy Eq. (7).
c(Af |[ 1 1 c
|AV|LPT Sl= T - (7)
2\ f, )\ T, JU NAf 4f,NT,

*
The fourth term ‘Spread’ in Eq. (5) is a quadratic phase term, which ca Whe
frequency spread. According to the literature [5], suppose, the sustainable cha (%Lﬁdratic
phase term satisfies the following requirement. &

TT V

c 2
Then, the estimation accuracy of target speed must s@Eq. 9) \/

|Avk% \% ©)

From the above analysis we can kfow-that, t%otion is the main reason of range-
profile variation for step-freque y@ efore imp t feature of the target motion can be
extracted by analyzing the chaq&l Ccs of(@ge—profile.

3. Velocity Estimatior@ethod t&g@on Range-profile Contrast

The contrast fu E\ f ran e.%file is the ratio of the goal and the surrounding
environment bri diffe&% is a measure of waveform focus degree. In the
range-profil efocus hrought by movement will make the amplitude of scattered
points arou ang’the contrast ratio is very low. However, the degree of the
waveform foc proved by motion compensation.

By the concept of Y rast function, it is easy to understand that contrast function is
the degree of disdrder; the greater contrast function value is, and the lower disorder
range-profile is. when the range-profile is focused, the contrast function will have

the maxim%lue. The range-profile contrast function is defining as follow:
st f

The cc@

@O C,(v)=max{H} (10)
o)
JAIH-AHT]

C,(v)= AT (11)

unction of range-profile can be defined as following:
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Or

(12)

The steps of Maximum range-profile contrast method are shown as follows.

(@ calculating the motion compensation factor by the initial estimated value of

velocity:
*
P, :exp{ j2n(f, +|Af)2v ol Ty } \{13)

(2 compensating the echo signal:

G =Gp, :exp —jon(f M (14)

(3 making the inverse Fourier transfor pen%\ gnal:

i@ (15)

@ calculating the range—pﬂ& contraﬁ,@lon according to formula (11).

® confirming the next imated wvalue by a certain optimization method and

repeat the steps till the m valle range profile entropy is found, and then the final
estimated velocity tte

4, The Slrr‘on of

del is a rigid body (the radial velocity of every scatters are
n in Figure 1. The target is composed by four strong scattering

and D respegtively. The normalized scattering intensity ratio is1:10:6:8, the radial
distanc m . The parameters of the step-frequency radar signal transmitted by radar
i ws: transmitting frequency f, =94 GHz, step value Af =4MHz, pulse width

= = = = C =
T Ons, repeat cycle Tr=20u, pulse number N =128, Ar KZNAf) 0.3m

(The parameters are adopted in all the simulation below).
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Figure 1. Point of the strong scattering target ?y

n by the
f range-profile

formula (11). From the figure we can know that the ¢ t functi
have some local maximum points, which requires opt ea
jump out of the local maximum point and conver@

The Figure 3 shows the velocity estimation error differen through 1000 times’
Monte Carlo simulation experiments. From the re WGC&%OW that no matter how high
the SNR of echo is, the maximum range-pl @c ntrast rat ’t achieve high accuracy of
compensation. Therefore, it can only be 0 cory % for coarse profile. And, we can't
achieve better compensation effect be use’the st viation of the velocity estimation
errors and the discrete degre Iouty e?ﬂ n error is big. According to Figure 4,

Figure 2 is the velocity estimation characteristic fig?re which js
9

the velocity estimation error a ves the onclusion.
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Figure 2. The characteristic figure of elocity estimation
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Figure 3. Velocity estimation errqQr he sigm@)-noise ratio variation
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Figure 4. The error chart of elocity estimation
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5. Conclusions
According to the discussion above, we can get several conclusions as follows:

(1) This velocity estimation method has the global optimal value and local optimal
value, therefore the initial value and optimization search method will make a great
influence on the estimate effect.

(2) The estimation effect of the maximum range-profile contrast method can only be
used for a coarse estimate in low SNR, but when the SNR is increasing, the accuracy of
estimation become better.

Based on the discussion above, maximum range-profile contrast method is suitable for the
engineering application, and the following research is looking for simple initialelocity
estimation algorithm. It should be ensure to choose the estimated range which ¢
true value, and do not contain local optimal value. Then, the suitable evalua fuliction and
optimization search algorithm should be given. At the same, time, it b educe the
computational complexity and improve the velocity estlmatq&edsmn
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