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Abstract 

This paper presents an electronic target designed for bistatic/monostatic synthetic aperture radar systems. The electronic 
target features two distinct antennas, so it can have different directions for transmitting and receiving. The electronic tar-
get basically receives a signal, down-converts it to baseband, applies a controllable time delay on the complex envelope, 
up-converts the delayed signal and transmits it towards the receiver of the bistatic/monostatic system. Since the delay is 
controllable, it can be used as artificial target with adjustable range. Even if the electronic target is placed in a cluttered 
area, its radar reflection can be moved away from its physical position. 

1  Introduction 

Ground based synthetic aperture radar (GB-SAR) is 
used in the fields of infrastructure elements monitoring 
[1] [2], terrain deformation (landslide [3] and avalanche) 
detection, early warning systems, and for detection of 
structural changes in buildings. GB-SAR can be used 
both in monostatic and bistatic configurations. The 
bistatic layout is composed of a SAR satellite transmit-
ter or ground based transmitter and one or more ground 
antennas for receiving the two needed microwave sig-
nals: one directly from the transmitter and another from 
the imaged scene. 

The described instrument is used for accurate dis-
placement measurement of remote targets. In the present 
background, an electronic target (or transponder, as 
named in [4]) is useful for testing and calibrating SAR 
interferometric systems. Electronic targets have also 
been successfully used in the past as control points [5] 
for height determination, named polarimetric active ra-
dar calibrators. 

The electronic target (transmitter-responder) pre-
sented in this paper practically emulates a target at a 
configurable range (using a controlled delay) in the 
same azimuth position as its physical location. 

The procedure helps at separating the echo provided 
by the electronic target from clutter (echoes from real 
targets arriving from the same direction). Therefore, the 
emulated target can be placed in a clutter-free area, by 
adjusting the delay. 

Unlike other instruments of similar purpose, the pro-
posed electronic target downconverts the radio-
frequency signal from the receive antenna and memo-

rizes the baseband samples. It applies a programmable 
time delay, than upconverts the signal and transmits it 
using another antenna. The input stage amplification, 
output power of the transmitted signal is also configur-
able, as well as the carrier frequency. Other electronic 
targets are known to produce a fixed delay without any 
frequency mixing. 

The electronic target described in this paper features 
two antennas, which can be oriented in any direction 
independently, allowing for a higher degree of flexibil-
ity, suitable for bistatic SAR geometry. 

2 Electronic Target Description 

2.1. System block diagram 
The platform offers a broad range of TX/RX fre-

quency domain for using the electronic target, as well as 
a large instantaneous bandwidth (160MHz). The USRP 
(Universal Software Radio Peripheral) offers a favour-
able platform for hardware description language design, 
along with rapid and versatile prototyping.  

 

Figure 1: Block diagram of electronic target system 
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Figure 1 shows the block diagram of the entire system. 
It is composed of the USRP platform which is con-
trolled by the host computer using the PCIe interface. 
The TX and RX antennas are connected the USRP RF 
connectors, which interface with the corresponding sig-
nal chains. Both blocks contain homodyne architecture, 
with in phase/quadrature mixing directly to or from 
baseband. The I and Q signals are fed to the ADC in the 
receive signal chain or are generated by the DAC in the 
transmit signal chain. 

The present approach was mostly used due to the 
simplicity of the implementation. Another advantage of 
the platform is the broad ranges of carrier transmit and 
receive frequencies, allowing for the usage of this plat-
form anywhere between 30MHz and 6GHz. The present 
electronic target works at a carrier frequency of 
5.755GHz.  

The USRP accommodates two RF daughterboards, 
both with TX and RX signal chains. In order to mini-
mize leakage, the used transmit and receive modules are 
located on different daughterboards. For precise timing 
purposes, it is specified that the local oscillators con-
tained by each daughterboard are phase-locked to the 
same clock reference. 

Commercial electronic target product as referenced 
in [6] (as electronic corner reflector) features a fixed de-
lay, operates in the C band (5.4GHz) , has a single block 
form factor equipped with 4 incorporated fixed antennas 
and works only for monostatic radar systems. On the 
contrast, the proposed electronic target features an ad-
justable delay, two independent antennas and has an ad-
justable central frequency.  The “ECR-C” does not re-
quire an external data connection for operation. The 
proposed electronic target needs a PCIe or an Ethernet 
connection for proper operation. Some key elements of 
these two electronic targets are presented comparatively 
in Table 1. 

Parameter ECR-C This work 

Electrical delay 
(ns) 

7ns adjustable 

Carrier frequency 5.4GHz 
Adjustable, 

between 
30MHz…6GHz 

Bandwidth 
(MHz) 

100 160 

 Table 1:  Comparison between “ECR-C” electronic 
target and this work’s electronic target. 

2.2 Baseband implementation 

In this section, we present the design and function-
ing of the digital baseband section.  

The baseband section of the proposed electronic 
target practically consists of a memory and a counter 
which increments the address field in the memory. The 
counter continuously outputs a number, which is used as 
the address field for the write section of the memory. 
Data is read at the next address than the one at which the 

writing operation currently takes place. The counter uses 
the data sampling clock as clock input, therefore incre-
menting one address unit every sampling clock period. 
The total delay introduced by this electronic target 
equals the length of the memory times the sampling pe-
riod. 

Additional unwanted delays add up to the config-
ured value, due to the analog front-ends sections of the 
transmitter and receiver group delays. The delays were 
estimated at a total value around 0.7μs. 

Figure 2: Block diagram for the baseband 
implementation of the electronic target. 

A possible approach for implementing digital de-
lays in FPGA is by using standard flip-flops [7]. Practi-
cally, the delay formed is proportional to the number of 
cascaded flip-flops and the period of the clock signal. 

A calibration procedure was developed, in order to 
decrease carrier power level. It was implemented using 
baseband ADC values correction with fixed coefficients 
on the RX data. The coefficients are summed or sub-
tracted with/from the received ADC values. The correc-
tion takes place before writing the values to the circular 
memory.  

The correction coefficients were chosen empirically 
in order to obtain a rejection of the carrier level of at 
least 40dB. 

3 Electronic target focusing 

3.1 Electronic target in the background of 
bistatic radar 

We consider that the electronic target is used with a 
ground-based bistatic system composed of a transmitter 
that can move on rail to form an azimuth aperture and a 
fixed receiver. The ground based transmitter generates a 
chirp signal written as:
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where α is the chirp angular rate, fo is the carrier fre-
quency and φ0 is the initial phase. 

 The received signal on the electronic target side is a de-
layed version of the transmitted signal, delayed by tr1, 
which is proportional to the transmitter-electronic target 
distance (2): 
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( )1el_target-RXs rTX tts −=  (2) 

The electronic target downconverts the signal to 
baseband using homodyne architecture. It uses a local 
oscillator which generates a carrier and it’s nominally 
90° phase shifted version. The LO suffers from a ran-
dom frequency shift ΔfLO and a certain initial phase shift 
φLO_RX (3). 

( )[ ]RXLOLORXLO tftfjts  0_ 22exp)( ϕππ +Δ+=  
(3) 

These signals are mixed with the received signal, 
and the baseband signal (4) is formed. 
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Afterwards, the baseband signal is delayed with a 
predefined time tdel using the structure presented in the 
previous paragraph. 
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 The delayed signal is denoted sBB-del(t), which is up-
converted using the transmit LO signal on the transmit 
side of the electronic target. It was experimentally ob-
served that a phase shift exists between the transmit path 
LO and the receive path LO. Therefore, the phases will 
be accounted separately, as φLO_RX and φLO_TX. The sig-
nal is then radiated using the TX antenna. 
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(6) 

 The transmitted signal (6) is received by the ground 
radar receiver with a supplementary delay tr2, propor-
tional to the electronic target-receiver range. 
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(7) 

Assuming that both the transmitter and the receiver of 
the ground-based bistatic system are GPS disciplined, 

the received signal is down converted to baseband with 
the same carrier frequency.  It can be shown [8] that if 
the range compression is performed using a delayed 
version of the transmitted signal (which is received di-
rectly by the receiver on a separate direct path), the 
range compressed signal in baseband is: 
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(8) 

where psf() is the range point spread function (the auto-
correlation function of the complex envelope s(t)) and t0 

is the propagation delay on the direct path between 
transmitter and receiver. 

The range compressed signal of the electronic target 
(8) contains 4 important terms: the point spread func-
tion, the phase history (carrier) term and two phase off-
sets: one corresponding with the electronic target’s fre-
quency shift and another one determined by the phase 
difference between the local oscillators used for transmit 
and receive. Note that the psf() function that corre-
sponds to the signal’s envelope has a different delay 
than the phase history due to the artificial delay of the 
electronic target, which is applied in baseband and does 
not contribute to the phase term.  

In order to perform an azimuth focusing of the elec-
tronic target, in the focusing algorithm the phase history 
of the azimuth matched filter (that is not influenced by 
tdel) has to be artificially shifted to the position of the 
psf() in the range profile. Otherwise, since the target’s 
artificial delay is comparable or larger than the physical 
delays (corresponding to the distances between the 
transmitter/receiver and the target), the artificial target 
can be highly defocused. 

The final term yields a spurious constant phase 
component which is proportional to ΔfLO. A numerical 
estimation of the displacement δr caused by a ΔfLO shift 
is approximately 100μm per 29KHz frequency shift at 
5.755GHz carrier frequency and 133ns electronic target 
delay. The main drawback of this component is that it 
degrades the SNR. Therefore, the ΔfLO shift must be be-
low tens of  kilohertz from one acquisition to another in 
order to use the electronic target for interferometric pur-
poses.  

 

3.2 Bistatic radar image focusing 

The signal transmitted by the electronic target is re-
garded as an echo from the target scene. The signal at 
the receive antenna of the radar system contains echoes 
from the scene’s targets, alongside the echo generated 
by the electronic target.  
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Image focusing from raw data signals is obtained us-
ing the backprojection algorithm. The phase history of 
the first term is used as phase history term for the back-
projection focusing algorithm, but does not contain the 
tdel value introduced by the electronic target. The tdel 
value appears in the baseband chirp component. Since 
both components are used for focusing, they must be 
time aligned.  

When used in bistatic configuration with the satellite 
as a transmitter, tr1 is considerably larger than tdel and no 
additional correction must be done. In ground-based 
scenarios, tdel is on the same order of magnitude with tr1, 
and a tdel delay must be added to the first term so that the 
focusing algorithm works correctly. 

4 In-field Results 

A ground based radar system was used for initial 
testing of the electronic target. It operates in the C band, 
at a frequency of 5.755GHz. The transmitted chirp 
bandwidth is 50MHz and lasts for 50μs. The radar 
transmitter is moving on a 2m length linear rail and 
transmits an impulse every 1cm. Therefore, there are 
200 impulses available for focusing. The radar system is 
placed on the rooftop of a building, while the electronic 
target’s antennas are placed on the facade of another 
building, at a line-of-sight distance of approximately 
680m. 

Figure 3: Backprojection image focusing: without 
phase history correction, overlayed on optical sattelite 
image provided by „Google Earth“  

The images from Figure 3 and 4 are presented 
comparatively, since they are the result of the focusing 
on the same scene. The difference is the correction of 
the distance for the phase history of the electronic target. 
Figure 3 shows the focusing without the phase correc-
tion operation required for the electronic target. Practi-
cally, the tallest building in the scene is present as a 
highly reflective target. 

The phase history correction procedure involves 
shifting the distance of the target from the artificial dis-
tance to its real distance, where the phase history re-
quired for focusing is correct.  

Figure 4: Backprojection image focusing: with 
phase history correction, overlayed on optical sattelite 
image provided by „Google Earth“ 

A delay of 60μs was implemented in hardware and 
an additional delay of 0.7μs is introduced by the analog 
signal chains. Therefore, the distance for the phase cor-
rection was chosen at 18210m, corresponding to the 
previously mentioned time delay. This way, Figure 4 
shows only the reflection of the electronic target. By us-
ing phase history correction, the focused image shows 
only the target of interest, therefore removing the nearby 
clutter. 

5 Conclusions 

The versatility and the adjustable parameters of the 
electronic target make it suitable for a broad range of 
applications and SAR systems. 

The developed electronic target is suitable for moni-
toring a target of interest in a cluttered area. It can be 
used to shift the target position out of the area and to 
remove other targets from the focused image using 
phase history correction. It can also be used for the cali-
bration and validation of SAR systems. 
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