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introdUction

Ground Based Synthetic Aperture Radar (SAR) 
are used for microwave coherent imaging of an area 
of interest and may be applied for detection of small 
objects, Ground Penetrating Radar, through-the-
wall vision and many others. Stepped frequency 
technique is a common technique for SAR design. 
Transmission of single frequency signal enables ap-
plication of ADC with rather slow sampling rate, 
which may provide rather high dynamic range since 
they have up to 36 bits of amplitude resolution.  How-
ever, this technique also has some drawbacks, such 
as: ambiguity in range measurements; high level of 
range sidelobes; and low resistance against narrow-
band coherent interferences. We suggest application 
of random waveforms [1] with synthesized spectrum 
to go around these drawbacks. 

In the paper we realize step-like increase of the 
central frequency of a narrow band random signal us-
ing fast Arbitrary Waveform Generator (AWG) from 
EUVIS Company. In this approach the target range 
can be measured within the range limited by corre-
lation function width of the transmitted noise signal. 
Because of continuity of probing signal spectrum the 
use of this approach enables eliminating ambigu-
ity in range measurements, which is inherent draw-
back of conventional stepped frequency radar. Part 
of the processing is to be done in analog way using a 
wideband phase detector. The phase detector output 
should be sampled with a slow multi-bit ADC and 
transferred to a PC for further processing consisting 
in performing Fourier transform over whole frequen-
cy mesh. This gives a range profile [2].  After that the 
azimuth compression technique for generation of the 
SAR image may be applied.

In the paper, the developed stepped frequency 
noise radar (SFNR) and results of SAR imaging ex-
periments using this approach have been described. 

1. laboratorY tests oF UWb aWG-based 
stepped FreQUencY noise radrar

We elaborated a prototype of the stepped frequen-
cy noise radar based upon digital generation of signals 
in arbitrary waveform generator (AWG). Sounding 
signal shape is digitally formed in a PC in advance. 
This signal is uploaded to AWG memory. After up-
loading it can be used for generation of analog signal 
with the waveform specified by the digital signal. This 
device is used in radar scheme shown as block diagram 
in fig. 1. Output of the AWG is fed to power amplifier 
unit where it is being filtered and amplified. Part of 
the sounding signal is coupled to be used as a refer-
ence and other part is transmitted through antenna. 
Radar return signal is received by the same antenna. 
It goes to a mixer where it is mixed with the reference. 
Output of the mixer is low pass filtered and sampled 
with comparatively low sampling rate. AWG enables 
to generate signal of any shape. In current series of ex-
periments we generated two types of signal: stepped 
frequency and stepped frequency with narrowband 
noise modulation. Stepped frequency signal was gen-
erated as 500 frequency steps with 1 MHz spacing. 
Phase changed smoothly between the steps. Signal 
repetition period was 1 ms. Noise stepped frequency 
signal was generated as a narrowband random signal 
with constant bandwidth and varying in steps central 
frequency. Central frequency varied with the same 
step as in the case of free of noise stepped frequency 
regime. At the output of phase detector signal in spec-
tral domain is obtained. Fig. 2. shows example of such 
signal realization. If stepped frequency signal is used, 
the output corresponding to each frequency step is 
supposed to be constant within the step. If noise mod-
ulation is present the output has random structure 
and can be averaged out to certain mean level using 
low pass filter. Step-like linear variation of frequency 
in time enables to obtain data in frequency domain, 
where complex amplitude of product of sounding 
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and reference signals is a function of frequency. In-
verse Fourier transform of such signal produces range 
profile of the scene. We have carried out experiment 
aimed on generation of range profile of scene contain-
ing a spherical target. High RCS sphere covered by 
aluminum foil was placed in a room in front of Tx-Rx 
antennas of the SFNR. Obtained in experiment range 
profile is shown in fig. 3. This range profile has been 
obtained by performing two scans – with and with-
out target and subtraction of range profiles in order 
to decrease effects of antenna cross-talk and multiple 
targets in the room. 

2. doppler FreQUencY sHiFt MeasUre-
Ments in UWb sFnr

SAR imaging is based upon phase sensitivity of 
the radar. In order to confirm ability of the designed 
radar to generate SAR images we have tested phase 
sensitivity of the system via Doppler frequency meas-
urement. Experiments were carried our using the 
AWG – based SFNR. The setup of the experiment 
was following: the radar was placed in a laboratory 
room. In front of its Tx/Rx antenna a vibrating target 
was placed. Sphere covered by aluminum foil was used 
as a vibrating reflector. Special mechanism was used 
for its sinusoidal movement. The target had high RCS 

but amplitude of the vibra-
tion was much lower than 
wavelength of the signal. 
This lead to low Doppler 
signal output from such 
target. Obtained range-
Doppler map for the case 
of distance to target of 3 m 
is shown in fig. 4. 

Next experiment was 
carried out in the same sit-
uation but distance to the 
vibrating target was 6.5 m. 
Corresponding range-

Fig. 1. Block diagram of experimental setup of stepped frequency noise radar

Fig. 2. Realization of signal acquired at the output of stepped frequency noise radar

Fig. 3 Range profile obtained by subtraction of one image from another.  
Target was placed at distance of 2 m from the radar
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Doppler map is shown in fig. 5. When the target is 
placed at higher distance, influence of noise modu-
lation is much more significant: it can be seen that 
in the second experiment at bandwidth 10 MHz the 
response from the target is weak. Increasing of band-
width to 30 MHz leads to disappearing of the response 
because of low correlation interval of such noise sig-
nal. Thus it is possible to isolate the area of radar sen-
sitivity by choosing proper noise signal bandwidth and 
adding delay to the reference channel. Combination 
of such isolation with stepped frequency radar con-
cept enables obtaining range profiles within the ob-
servable ranges. Stepped frequency radar concept can 
be realized with comparatively low speed ADCs. The 
obtained range-Doppler maps show that the system 

has good phase sensitivity even if noise modulation 
with high bandwidth is used.

3. 3d sar iMaGinG  
WitH UWb sFnr 

UWB SNFR radar enables obtaining range pro-
files using the described above approach. After per-
forming of Fourier transform of the acquired signals 
one obtains information not only about amplitude, but 
also about phase of reflected signals. This enables using 
UWB SNFR with concept of synthetic aperture radar. 
In order to use this approach one needs to perform op-
eration of UWB SFNR with variable position with re-
spect to the scene. One can achieve this by moving of 
the antenna or all the radar on special positioning sys-
tem. All positions of antenna phase center with respect 
to the scene form synthetic aperture. It can be either 
one dimensional either two dimensional. In the first 
case obtaining of 2D images in range-azimuth plane is 
possible, in the second case one can obtain 3D image 
with additional cross-range axis resolution.

Principle of SAR operation is based on process-
ing of signal obtained by radar at various positions of 
transceiver antenna with respect to observed objects. 
Antenna positions form certain virtual antenna ap-
erture. The range resolution in our case is obtained 
by processing of stepped frequency data. The range 
resolution is determined by bandwidth of the signal. 
Angular resolution is obtained by processing of signals 
from the antenna positions and depends on length of 
antenna path rather than dimensions of antenna.

Experiments were carried out in the laboratory 
room. In order to provide scanning transmitter and 
receiver antennas were moved mechanically with re-
spect to the scene. Example of SAR image of labo-
ratory room and complex target is shown in fig.6. It 
can be seen that increasing of noise modulation band-
width limits the operation range of the radar.

We have considered linear scanning. This ap-
proach is valid for two-dimensional apertures as well. 
In this case scanning is performed in such a way that 
antenna is moved over a two-dimensional array form-
ing a 2D aperture. As the result of such processing a 
3D image can be formed. 

Fig. 6 SAR images obtained with stepped frequency noise radar with three values of noise modulation bandwidth

Fig. 4. Range-Doppler map of 1 Hz vibrating target  
at distance of 3 m obtained using stepped frequency  

signal with 30 MHz noise modulation

Fig. 5. Range-Doppler map of 1 Hz vibrating target  
at distance of 6.5 m obtained using stepped frequency 

signal with 10 MHz noise modulation
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conclUsions

In the work, stepped frequency noise radar ap-
proach has been tested. This approach combines solu-
tions of stepped frequency radar and noise radar in the 
following way: noise signal is radiated by the radar in 
the same way as in noise radar, but its central frequen-
cy is varied in stepped-like manner. This approach 
provides such benefits as low instant bandwidth of 
the signal, high dynamic range, high electromagnetic 
compatibility and resistance to interference. Main 
principles of the approach have been described. Ex-
perimental tests have shown that the approach works 
well for both Doppler processing and SAR imaging 
and that variation of noise modulation bandwidth 
enables to choose size of the observable area.
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УДК 621.37
Формирование РСА изображений с помощью шумо-

вого радара со ступенчатой перестройкой центральной 
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ка: науч.-техн. журнал. – 2013. – Том 12. – № 1. –  
С. 141–144.

В данной работе рассматривается система, ком-
бинирующая достоинства шумовых сигналов и сиг-

налов со ступенчатым изменением частоты. Шумовые 
сигналы обеспечивают лучшие характеристики элек-
тромагнитной совместимости, низкой вероятности 
перехвата, устойчивости к шуму. С другой стороны, 
создание обычных шумовых радаров требует исполь-
зования дорогих высокоскоростных АЦП. Радары со 
ступенчатой перестройкой частоты излучают узкопо-
лосные сигналы. Это позволяет использовать низко-
скоростные АЦП с большим динамическим диапазо-
ном и меньшей ценой. Но периодичность излучаемого 
сигнала приводит к наличию неопределенности по 
дальности и высокой чувствительности к монохро-
матическим помехам. В работе предлагается подход, 
заключающийся в генерации узкополосных шумовых 
сигналов со ступенчатой перестройкой центральной 
частоты. Излучаемый сигнал и радарный отклик по-
даются на смеситель и оцифровываются. Цифровой 
сигнал обрабатывается аналогично обычному радару 
со ступенчатой перестройкой частоты. Это позволяет 
сформировать профиль дальности, но чувствитель-
ность радара ограничена зоной корреляции шумового 
сигнала. Получаемые профили дальности содержат 
фазовую информацию, позволяющую использовать их 
для формирования РСА изображений. В данной рабо-
те предлагаемый подход экспериментально исследо-
ван с использованием шумового радара, основанного 
на цифровом генераторе произвольных сигналов.

Ключевые слова: РСА, ступенчатая перестройка 
частоты, шумовой радар.
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УДК 621.37
Формування РСА зображень за допомогою шумово-

го радара із ступінчастою зміною центральної частоти / 
К.О. Лукін, Дж. Ф. Кім, П.Л. Виплавін, В.П. Паламар-
чук // Прикладна радіоелектроніка: наук.-техн. жур-
нал. – 2013. – Том 12. – № 1. – С. 141–144. 

У роботі розглядається система, що комбінує пе-
реваги шумових сигналів і сигналів зі ступінчастою 
зміною частоти. Шумові сигнали забезпечують кращі 
характеристики електромагнітної сумісності, низької 
ймовірності перехоплення, стійкості до шуму. З іншо-
го боку, створення звичайних шумових радарів вимагає 
використання дорогих високошвидкісних АЦП. Рада-
ри зі ступінчастою перебудовою частоти випромінюють 
вузькосмугові сигнали. Це дозволяє використовувати 
низькошвидкісні АЦП з великим динамічним діапазо-
ном і меншою ціною. Але періодичність випромінюва-
ного сигналу призводить до наявності невизначеності 
за дальністю і високої чутливості до монохроматичних 
перешкод. У роботі пропонується підхід, який являє 
собою генерацію вузькосмугових шумових сигналів зі 
ступінчастою перебудовою центральної частоти. Ви-
промінюваний сигнал і радарний відгук подаються на 
змішувач і оцифровуються. Цифровий сигнал обро-
бляється аналогічно звичайному радару зі ступінчас-
тою перебудовою частоти. Це дозволяє сформувати 
профіль дальності, але чутливість радара обмежена зо-
ною кореляції шумового сигналу. Одержувані профі-
лі дальності містять фазову інформацію, що дозволяє 
використовувати їх для формування РСА зображень.  
У даній роботі пропонований підхід експериментально 
досліджено з використанням шумового радара, засно-
ваного на цифровому генераторі довільних сигналів.

Ключові слова: РСА, ступінчаста зміна частоти, 
шумовий радар.
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