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Abstract—Airborne Inverse Synthetic Aperture Radar systems provide excellent surveillance abilities for imaging naval targets. 
Considering this as a maritime surveillance threat we derive a simulator system in this paper that can be used to synthesize false 
targets that would appear as credible military fleets. The resulting electromagnetic signature synthesis allows the implementation of 
returns that appear to backscatter from areas of high reflectivity as arranged in military superstructures instead of commercial 
counterparts. The conceptual model for this simulation is constructed by considering standard representation theory. The 
modelling approach follows standard abstraction degrees for the three-dimensional synthetic environment, target fidelity and 
inverse scattering. The pace engine that acts as the computing moving force for the simulation is mathematically presented. The 
inverse scattering signal follows standard ISAR theoretical guidelines. The data exchange standard between the various elements is 
presented. Issues in implementation and project success are discussed by drawing upon the verification and validation analyses. 

Inverse Synthetic Aperture Radar; Simulator; Conceptual Model; Complex System; Extended Naval Target. 

 
 

I. INTRODUCTION 

High Range Resolution (HRR) radar systems mounted 
on airborne platforms provide enhanced surveillance 
functions of ship targets [8]. The superior resolution is 
performed by diverse Inverse Synthetic Aperture Radar 
(ISAR) modes of operation [35]. Such ISAR modes have 
the ability to resolve many features on a target thus 
producing high resolution imaging details in the slant (x) 
and cross (y) range dimensions of the target. Thus the 
imaging output is two dimensional and even three-
dimensional with more processing in contrast to 
conventional radar which can only resolve a target as an 
intensity point on a scope. There is a lot of recent, active 
and enthusiastic research motivation for ISAR systems 
countermeasures because the results have big practical 
applications to the military remote sensing community [6] 
[18]. We choose to employ mathematical modelling and 
subsequent simulator implementations of HRR radar 
systems as they are important tool in this countermeasure 
research process because at least they allow the formation 
of feasibility studies for designs that use a complete three-
dimensional synthetic environment.  

In this manner the simulator is placed in a virtual 
worldspace that can reproduce a real-life scenario, such as 
an attack of a sea-skimming missile to a naval friendly 
asset. This reproduction can create a false naval target and 
perform deception tasks on the threat signal in real-time.  

 
 

Such simulator system implementations provide an 
added value because they enable design engineers to 
envision novel just-in-time countermeasure systems 
designs and moreover allow the drafting of appropriate 
proofs of concept [14][15][16]. Therefore the problem that 
this paper is trying to address is the conceptual and 
implementation steps towards the design of a High Range 
Resolution Radar (HRR) simulator for electronic warfare 
purposes.  

The preferred method to deceive an ISAR system is 
the use of a transponder which can analyze the threat 
signal, inject a false reflectivity solution and send back the 
result to the threat antenna [27, p. 180]. An important 
function in a false target generator is the creation of the 
target’s reflectivity solution. We propose that this solution 
can be furnished by a simulator and its supporting 
database of results. We argue that such a false target 
generator can be achieved by using a virtual reality 
approach supported by a corresponding database system.  

In this paper the target is a naval vessel of considerable 
superstructure dimensions (battleship class) which is 
tracked by an airborne threat signal. Using an ISAR 
system the threat sensor is able to resolve many 
reflectivity centres on the target classifying the ship as an 
extended target. The common practice for the simulation 
of an extended target is the multiple scatterers model. In 
this manner the target’s radar cross section (RCS) is 
represented by many pointlike reflectors that together 
synthesize its electromagnetic identity back at the radar 
receiver. For example high reflectivity centers like gun 
placements in lower superstructure coordinates create high 
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valued outliers in the ISAR image that do not correspond 
to the real height coordinate [11]. The simulator should be 
able to cater for this case in order to be able to produce 
vessels that could be classified as military candidates. 
Furthermore the target should be able to advance into the 
virtual battlespace in a way that produces inconsiderable 
effects on the ISAR imagery process. Because any 
translational motion of the target is not a major contributor 
to the ISAR imaging output due to its physical nature.  
Only pitch and roll motions must be allowed to synthesize 
the high resolution image [32]. Otherwise the threat itself 
will drop the track as non-credible. Based on the above we 
craft the outcome of the simulation to encompass all the 
above issues in order to represent a credible 
electromagnetic return to the threat signal. 

The paper is organized as follows: In Section 2 the 
conceptual model of the application is introduced. In 
Section 3 the modelling approach that is deemed able to 
cover the aims of the project is described. Section 4 
explains the data exchange standard that was utilized for 
this project. Section 5 deals with relevant verification and 
validation issues. In Section 6 the discussion about 
thequality focus of the model and project is presented. 
Finally in Section 7 concluding remarks are given. 

 

II. CONCEPTUAL MODEL 

The Conceptual Model (CM) is the first step in the 
task of producing an abstract representation for a system 
and a draft for its corresponding software model using 
algorithms and data [2]. We start by applying the 
properties of an intellectual problem to our case [4, p.23]. 
The goal which can tell us how to judge the outcome 
would be the output of the simulator. All findings should 
correspond to existing verified and validated ISAR 
simulators found in the related work review. Therefore the 
initial state as well will be dictated by existing literature. 
Our main objective then would be to ensure that an 
improvement has been achieved towards the authoring of 
an ISAR simulator especially for electronic warfare 
purposes. 

Now we have set up the primary mechanism for the 
successful communication among the Simulation 
Engineers (SEs), like software designers, system 
engineers and system analysts and the Subject Matter 
Experts (SMEs), such as engineers who specialize in the 
field of the simulation context. Analytically the SMEs are 
tasked with guiding the complete process of the 
simulation since they can predict out of experience the 
right steps and avoid any representational pitfalls that can 
lead to a product unfit for its intended purpose.  

The Conceptual Model deals with the context of the 
representation and the methodology that will be later 
followed in a concise and structured manner. We have 
comprised a set of operations as a toolkit, called FB-16, in 
order to capture the representation and methodology 

issues that can be utilised to transform the initial states 
and resources of the input and produce a proper output 
using the FB-16 toolkit as the transfer function. We have 
paid attention to specific constraints that govern the realm 
of ISAR Imaging in order for the output to be realistic. 
This is important because we aim to use the outcome of 
the project in order to recreate a realistic target as seen by 
high-resolution electromagnetic eyes [13]. 
In order to determine the final draft of the Conceptual 
Model there are five steps that have to be completed: 
Related Work Review (RWR), Application Domain 
Definition, Problem Space Decomposition, Entity 
Abstraction Degree and finally Entity Relationship 
Identification [22]. 
 

A. Related Work Review (RWR) 

 [7] have clearly presented the mathematical basis of 
the Inverse Synthetic Aperture process. [29] have 
described a technique used to simulate ISAR images of a 
ship model while under angular motions such as yaw, 
pitch and roll. [25] have presented the theoretical analysis 
of SAR techniques as can be applied to ISAR imaging of 
ship targets. Emphasis is given in the exploitation of 
information resulting from the point spread function. Also 
foundations are laid towards the study of interference 
effects (glint). [9] have introduced the ISARLAB software 
package which is a comprehensive set of functions that 
emulate the particular functions of an ISAR system. [5] 
have developed a simulation program which can generate 
ISAR images of ships. The method is based on the 
localization of dominant scatterers and has applications in 
evaluating the performance of automatic ship classifiers. 
[19] have investigated the acquisition of top or side view 
ISAR images with the proper cross range scaling. The 
technique is based on the measurement of slopes of the 
two main feature lines of the ship, which are the center 
line and the stern line. This process has the advantage of 
using only the acquired image to complete its tasks. [20] 
have investigated methods to obtain three dimensional 
radar cross section (RCS) images using the ISAR concept. 
Results are provided towards the degradations effect of 
specular multipath effects on the final image. [26] have 
described a method of ISAR image classification based on 
a comparison of Range-Doppler imagery to existing three 
dimensional ship reference models. This technique uses a 
sequence of ISAR images in order to estimate the 
dominant ship motion. In all above indicative work there 
is no mention of the computing force that provides the 
motion of the radar and target platforms. Our work makes 
an attempt to fill in the details of an ISAR simulation 
analysis in a virtual reality environment. 
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B. Application Domain Definition (ADD) 

 The task of Application Domain Definition is given to 
the SMEs that have authoritative information about the 
actual situational context. Usually at this point in time the 
SMEs will hold several meetings with the SEs and discuss 
the theoretical and practical milestones that have to be 
observed during the course of the project. Usually at this 
stage the SEs will have only superficial knowledge about 
the subject matter. On the other hand SEs that can perform 
the task of SMEs are valuable for any particular situation. 

An historical angle was introduced in order to make 
the work more appealing to the involved parties. 

Specifically the theatre of operations is the airborne 
assault on the Deutsche Kriegsmarine Schlachtschiff 
BISMARCK by the Royal Air Force Swordfish swarm in 
the Battle of the Atlantic, back in 1941. The introduction 
of an historical perspective to the project provides 
organization, stimulation and inspiration towards its 
completion and further maintenance. Therefore in this 
particular case the SMEs should first explain to the SEs 
the operational behaviour of an ISAR system mounted on 
a Swordfish biplane when viewing the Bismarck, as 
shown in Figure 1. 

 
 

 
Figure 1. FB-16 Simulation geometry draft 

The theoretical representation of Inverse Synthetic 
Aperture Radar systems is the dual of a Synthetic 
Aperture Radar system in spotlight mode, as shown in 
Figure 2(a) [Wehner, 1998]. And to introduce the wider 
concept of radar imaging we have included Figure 2(b). 
From Figure 2(b) we derive the final simulation 
theoretical basis which is shown in Figure 2(c). 

The ADD for this project deals with the data collection 
radar images of Slant Range vs Doppler Frequency for a 
target under Spotlight Mode. These radar images are 
known as Inverse Synthetic Aperture Radar (ISAR) 
images. There are two major techniques employed for the 
creation of an ISAR image. First the concept of Range-
Doppler (RD) imaging states that it is possible to achieve 
a two-dimensional view of a ship target at sea by using the 
relevant RD algorithm. This algorithm is phase preserving 
and is best suited for applications using continuously 
collected data. The second concept is the motion 
compensation of the scatterers. This method corrects any 
unnecessary phase components of the reflected waveforms 

so the image can be processed by the focus imaging 
method. Drafting our simulator we should provide a 
solution to the threat signal that is motion compensated. 

It is now assumed that the threat radar’s signal 
bandwidth is sufficient for the successful range resolution 
of the numerous superstructure elements. In this case the 
signal signature of the target for wideband illumination in 
the time domain is its Slant Range Profile (SRP). The 
associated frequency domain translation of the SRPs 
produces the last step of the simulation, which is the ISAR 
image. 

The final touch to the ADD is the theoretical 
foundation of the ISAR image data format which is called 
Polar Reformatting (PR). PR is an interpolation process 
where a set of samples uniformly spaced in cylindrical 
coordinates is fitted into a rectangular grid. Therefore the 
output of the simulation is the interpolation of the ISAR 
waves to a rectangular grid. Again we draft our solution to 
correspond to a polar reformatting process. 
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Figure 2. Theoretical Inverse Synthetic Aperture Radar process 
(a) Theoretical Explanation   (b) Complete Model   (c) ISAR Subset 

 

C. Problem Space Decomposition (PSD) 

 The entities and processes that must be represented for 
the successful accomplishment of the simulation are 
defined. A basic memorandum of understanding between 
the SMEs and the SEs regarding the level of detail that the 

simulation should encompass must be drawn at this 
moment.  

For this particular project a crude list of entities as 
shown in Table 1 would involve the radar transmit and 
receive functions, the target properties, the environmental 
impact on the emitted signal and the digital signal 
processor simulator after the radar receive block.  
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TABLE I. ENTITIES 
 

 Simulation Reality 
1 Target cartesian coordinates 

plus inherent amplitude & 
phase 

Target physical 
properties & 
electromagnetic 
signature 

2 Radar slant range and cross 
range cartesian coordinates 
with respect to the center of 
the target 

Most prominent appears 
to be the middle of the 
ship  

3 Sea-level distance from 
radar to target 

FM height finder radar 
(altimeter) on airborne 
platform 

4 Radar operational 
parameters 

ISAR system particulars 

5 Aspect angle from radar to 
target 

Change of aspect angle 
provides the resolutions 
ability 

6 Pace Engine Target movement due to 
forces of nature 

7 ISAR processor details Range-Doppler 
processing 

8 ISAR system output Slant Range Profile and 
ISAR Image of target 

 
Now we can draw the necessary associations between 

the entities and come up with the corresponding processes, 
as shown in Table 2. Again as above the comparison 

between the reality and the simulation is strongly taken 
into account.  

 
TABLE II. PROCESSES 

 
 Simulation Reality 
A Provide information to the 

Pace Engine of target 
Cartesian coordinates to the 
pace engine 

Physical presence and 
movement of target 

B Provide information to the 
Pace Engine of radar two-
dimensional (slant ranger 
and cross range) coordinates 

Physical presence and 
movement of radar 

C Provide information to the 
Pace Engine of radar’s third 
(height range) dimensional 
coordinates 

Measurement - captures 
reality with a sensor 

D Provide information to the 
ISAR Processor about the 
radar’s operational 
parameters 

Instrumentation – 
operational information 

E Aspect angle variation Caused by changes in 
target/radar location 

F From Pace Engine to rotated 
points database  

Caused by changes in 
time 

G From Pace Engine Database 
to ISAR Processor 

Recording Process – 
processes history of 
target in computer 
memory 

H From points database to 
ISAR processor 

Computer process – 
Range-Doppler 
Processing - translates 
reality to computer 
memory 
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D. Entity Abstraction Degree (EAD) 

 The representational abstraction of the involved 
entities is finalized in this step. The level of accuracy, 
precision, resolution and fidelity of the entities and 
processes is determined. For this project the level of 
aggregation should involve a target that is made out of 
one-hundred and forty-five points. The ISAR system will 
be mainly operating at 5 GHz with a Pulse Repetition 

Frequency of 1KHz.  Other operational values can easily 
be accepted by the simulator. 

E. Entity Relationship Identification (ERI) 

 The relationships among the entities are identified in 
this design phase. It is ensured that all constraints and 
boundary conditions are properly imposed by the 
simulation context. All operational and functional 
requirements are taken into consideration, as shown in 
Figure 3.

 

 
 

Figure 3. Entity Relationship (E-R) Identification
 

III. MODELLING APPROACH 

First the physical situation is analyzed. In this case a 
phased array antenna is transmitting and receiving a 
collection of numerous agile beams towards the target 
rapidly scanning it in azimuth and elevation. Also the 
digital signal processing block of the radar can produce 
results either in sequential or parallel modes. Therefore a 
simulator design is needed for a parallel-to-parallel or a 
parallel-to-sequential physical process.  
 In more detail the system is divided into its building 
block, which may be call datatom (from data and atom).  
 All data for one point is processed and the resulting 
information, which may be called informatom (from 
information and atom), is stored into one or many 
databases. The datatom can be defined as the simplest 
configuration that can provide satisfactory verification in a 

simulation process. The informatom can be defined as the 
simplest result or group of results that can provide 
satisfactory validation in a simulation process. Then when 
all points are processed and the complete databases are 
available, graphing results are produced [13]. 

A. Modelling the Synthetic Environment 

All objects like radars and targets exist in a three 
dimensional matrix which is defined as the Synthetic 
Environment, as shown in Figure 4. Typical types of 
objects that exist in the Synthetic Environment include 
Radar Platforms (airborne or terrain based), Target 
Platforms (airborne-ground based), Environment Volumes 
(clouds) and Terrain Platforms (sea, land). Moreover those 
platforms can be stationary or in motion. 

 
 

 
 

Figure 4. Synthetic Environment Modelling 
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B. Modelling the Naval Target Platform 

Each reflector is characterized by its polarization 
profile for wideband illumination by a monostatic radar, 
which is the simplest situation where a single sensor is 
acting as the surveillance function. It is safe to assume a 
plausible solution for the radar cross section of each of 
these points and arbitrarily create the input data to the 
model. Analytically in Figure 5(a) the upper layer of the 
vessel is defined. We call this the single layer model 
because it includes only the topmost reflective parts of the 
target’s silhouette. For example the mast of the vessel is 
52 meters but the mounted antenna reflective surface is at 
49 meters. In this case this would be the topmost reflective 
point. But a ship is a three dimensional target and 

scattering points that are located below the topmost parts 
have an important role in the overall ISAR image. 
Therefore we coded more points situated lower in the 
three dimensional target mesh.  In Figure 5(b) we present 
the enhancement of the target model where another 
middle lower layer of the superstructure is set.  Now there 
are reflectivity points emanating closer to the deck level of 
the target as opposed to the topmost points of the target 
[15].  

We conduct the above approach in order to add more 
reality to the overall simulation effort. Because the radar 
sensor strongly captures returns from all scattering centres 
of the target vessel in all slant, cross and height 
coordinates. 

 

  
(a) (b) 

Figure 5. Extended target modelling 
(a) Single Layer Model (b) Multiple Layer Model 

 
 

 
Using the above approach the vessel is divided into 

many pointlike scattering points. The main point is block 
73 which is in the middle of the vessel.  

From this point all others are calculated either by 
adding or subtracting a standard value, as shown in Figure 
6. 

 

 
 

Figure 6. Point scatterers modelling 
 



T KOSTIS et al: INVERSE SYNTHETIC APERTURE RADAR SIMULATOR IMPLEMENTATION 

IJSSST, Vol. 10, No. 3                                                                                                ISSN: 1473-804x online, 1473-8031 print 51

C. Modelling the Pace Engine 

The Pace engine is the computing moving force that 
proceeds the points on the ship in time to new locations 
from their initial values depending on the (ordained by the 
SMEs & SEs) motion of the ship. Therefore the 
movement of the target can be represented by a dynamical 
system. Modelling of the Pace Engine is done by utilizing 
the theory of affine transformations, whereby a three-
dimensional point on the ship is multiplied by appropriate 
4 by 4 matrices that provide motion effects, as explained 
in an excellent descriptive manner by [1]. For example a 
point in a three dimensional plane represented by a 4 by 4 
matrix is multiplied consecutively with other 4 by 1 
matrices that perform roll, yaw, pitch and translational 
transformations in space so to produce new motion 
coordinates in 3D space that can be easily translated into 
2D space. This transformation is necessary because the 
ISAR process has a two-dimensional outcome. In order to 
explain this in a better way we use an example of a 4 by 4 

matrix approach used in order to pitch the target into time 
[1] as shown in Figure 7. By multiplying the transfer 
function matrix with roll, depression angle and aspect 
angle matrices we can perform any motion possible by a 
ship vessel. An important point must be raised here by 
considering that translational motion does not play a 
major part in ISAR imaging and should be treated in this 
manner. We defend the above approach and provide for 
the translational motion of the vessel because we claim 
that we can lay the foundations for a false target generator 
system. Such a generator should be able to move the false 
ship target into space and therefore we consider the 
furnishing of translational motion to be of great 
importance in our case. The complete mathematical 
solution is shown in (1) in full form and in (2) in block 
form. The contents of the movement permutation matrix 
are outlined in (3). Respectively the aspect angle and 
depression angle matrix is given by (4), the roll and pitch 
matrices are given by the sets of (5). 

 
 

 

 
 

Figure 7.  Pitch motion block - affine transformations with time advance 
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[Movement_Permutation_Matrix] = [Aspect_Angle-Depression_Angle_Matrix]x[Roll_Matrix]x[Pitch_Matrix] [3] 
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D. Modelling the Inverse Scattering 

The radar platform is characterized by the radar 
operational parameters: wavelength, type of modulation, 
transmission power and antenna aperture. These 
parameters can be set to many different values depending 
on the simulation scenario. The main point is the 
simulation of the range calculation between the radar and 

the target points as they move and rotate in the virtual 
worldspace. This digital world is described in Figure 8 
and follows well established and recent geometrical 
models in the field of ISAR imaging [24]. And for the 
ISAR calculations we have used the mathematical 
approach used by [7] which is sound and fully describes 
the involved imaging mathematics.   

 

  
Figure 8. Complete Simulator (xrotation function provides all rotation kind of functions) 

 
 
Moreover for the target resolution cell calculation we 

followed the modelling approach which can be found in 
[21, p. 98] called the Cookie-Cutter footprint calculation 
method. This is a simple way to represent the radar 
coverage of the target and is deemed adequate for this 
representation. The radar’s transmitted angle pattern is 
made to have an equal diameter at all the major 
beamwidth points of 3, 10 and 20dB. The resulting pattern 
is an elliptical cone in rectilinear space. Those cones offer 
the footprint which can be seen in Figure 9(a) from above.  

We discuss Figure 9(a) further by stating that the 
resulting footprints are the outcome of the polar format 
algorithm usually implemented in conventional ISAR 
systems, as [3, p.105] explains. The two-dimensional 
sampled data space encompasses samples that are stored 
in a polar coordinate form in the radar’s memory. 
Moreover the spatial occupation of the received data is 
calculated using the small-angle approximation again as in 
[3]. This way the radar achieves its azimuth resolution 
which dictates the afore-mentioned data storage 
requirements. 
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(b) 

 
Figure 9. (a) Theoretical implementation (Polar Format Approximation) 

(b) Software implementation (ISAR Function) 
 

The final step of the simulation is the way to represent 
the signal processing block after the receiving block, 
which usually is a Phased Array Antenna system. After 
reviewing the theory of ISAR and phased array antennas 
the solution of the signal processing block representation 
is the division of the vessel into 33 resolution cells. Each 
cell contains the raw addition of the amplitudes and initial 
phases of the target with the phase delays that are added 
by the distance calculator block. The resolution cells are 

depicted in Figure 9(b). A similar explanatory figure can 
be found in [30]. 

There are certain shortcomings related to the fact that 
the ISAR method is inherently dependent on the target’s 
changing its viewing angle to the radar [35, p.435]. First 
the cross range dimension scale is a direct function of the 
target’s aspect angular rotation rate. Second the ISAR 
image plane does not reveal the true aspect of the target. 
And finally target dwell time required to produce a given 
cross-range resolution is dependent o the target’s aspect 
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rotation rate relative to the radar. Therefore high valued 
reflectors in lower superstructure height will distort the 
shape of the ship, as the shape corresponds to a large 
degree to the battleship’s silhouette but is actually a 
measure of the electromagnetic backscatter emanating 
from the superstructure. Therefore it should never be 

confused with the physical dimensions of the target. In 
other words the Range-Doppler method will exhibit higher 
reflectance on parts of the target that may be gun 
placements or antennas, leading to a purely microwave 
type of observation [11]. 

IV. DATA EXCHANGE STANDARD 

The adoption of a standard for the communication 
protocol between the input data, the transfer functions and 
the output of the project increases the possibility of a 
successful realization, as can be seen in [23]. For this 
project the propagation of information between the system 
blocks has a custom made form. There are three main 
advantages. First it is easy to work through the creation 

and compilation phases of implementation without having 
to learn a current protocol. Then debugging is easier to 
conduct because the authors had full control during the 
creation process. Finally in this manner it is much easier 
to upgrade and extend the system thus making it able to 
easily adapt to future demands. An example of a packet 
structure that is used is presented in Figure 10. 
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Figure 11. State machine implementation 

 
Packets are declared as either input or output. The slots 

of the packets are strictly assigned to the corresponding 
kind of information. For example slot 2 in an input packet 

can never be anything else than a slant range parameter of 
a scatterer. The next step is the translation of the above 
graph into the corresponding information propagation 
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model that the computer simulator can understand, as 
shown in Figure 11. 

V. IMPLEMENTATION AND PROJECT SUCCESS 

The primary method for building the simulator is the 
gradual complexity increase approach. In this manner 
three different data sets of increasing complexity were 
used for the creation of initial results. The first and 
simplest set is a parallelogram shaped target that is 
comprised of point scatterers all of unity amplitude and 
zero phase. The resulting output from the signal processor 
block is presented in Figure 12(a) and 12(b). The second 
model involved the same amplitude-phase pairs but now 
with added phase delay effects caused by the physical 
distance between the radar and the target. The resulting 
output from the signal processor block is presented in 
Figure 12(c) and 12(d). The final initial set is diverse in 
the amplitude-phase pairs. Now these pairs have values 
that intuitively correspond to an actual ship’s reflectance 
properties. The resulting output from the signal processor 

block looks like usual Slant Range Profiles and 
corresponding ISAR images for a ship vessel. Analytically 
the final result of a reflectivity solution that resembles a 
single-layered vessel for test purposes is presented in 
Figure 13(a) for the slant range profile and Figure 13(c) 
for its corresponding ISAR image. For the solution to 
have more credibility we have the enhanced version of the 
multiple layered ship which is presented in Figure 13(b) 
for the slant range profile and Figure 13(d) for its 
corresponding ISAR image. 

A. Verification Analysis 

Verification is a quality process used to evaluate 
whether or not a system complies with the initially stated 
algorithmic specifications, regulations and conditions. In 
other words it is the process that establishes the 
mathematical agreement of the final product to the 
physical phenomenon that it has been called upon to 
represent.  

 
 
 

0 5 10 15 20 25 30 35
1

1.5

2

2.5

3

3.5

4

4.5

5
1 TEST MODEL - Slant Range Profiles Antenna 1 - 32 Pulses

Resolution Cell ID

R
ef

le
ct

an
ce

 V
al

ue

 
0 5 10 15 20 25 30 35

0

20

40

60

80

100

120

140

160
1 TEST MODEL - ISAR Image Antenna 1 - 32 Pulses

Resolution Cell ID

D
op

pl
er

 
0 5 10 15 20 25 30 35

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5
2 TEST MODEL - Slant Range Profiles Antenna 1 - 32 Pulses

Resolution Cell ID

R
ef

le
ct

an
ce

 V
al

ue

 
0 5 10 15 20 25 30 35

-20

0

20

40

60

80

100

120

140

160
2 TEST MODEL - ISAR Image Antenna 1 - 32 Pulses

Resolution Cell ID

D
op

pl
er

 
(a) (b) © (d) 

Figure 12. Uniform amplitude/phase model 
Model 1 (a) Slant Range Profile (b) ISAR imageModel 2 (c) Slant Range Profile (d) ISAR image 
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Figure 13. Diverse amplitude/phase single layer model with added phase delay effects  
Single Layer (a) Slant Range Profile (b) ISAR image Multiple Layer (c) Slant Range Profile (d) ISAR image 
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The method to verify the model involved the diversity 

in increasing complexity of the major mathematical 
expressions within each component [10]. The expressions 
that were refined towards better resolution were the range 
finder equation, the polarization properties, the signal 
attributes and the environmental response of transmit 
receive block and the digital signal processing block 
algorithm. Therefore verification for this project is done at 
component level. 

B. Validation Analysis 

Validation is the process of establishing documented 
evidence that provides a high degree of assurance that a 
system accomplishes its intended requirements. The 

process involves accreditation actions like acceptance and 
suitability certificates that the system model is compatible 
with the physics aspects that was designed to implement. 
Validation is an intuitive process that involves Subject 
Matter Engineers and external customers. The 
organization model should be validated and tested against 
known or physically expected results in order to ascertain 
its authority. The validation loop that was followed is 
shown in Figure 14 [31]. After the loop we obtained 
results as shown in Figure 15 that follow the simulation 
complexity history. These results show the output of the 
three systems in a sequence and help to debug any 
validation issues. Therefore we conducted the validation 
for this project at system level. 
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Figure 14. Validation procedure 
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Figure 15. Simulation complexity history 
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 The project can be extended by adding a second 
antenna at a different depression angle in order to provide 
three-dimensional imaging. The results are shown in 
Figure 16 and reveal another fact that enhances the 
credibility of the simulator. High intensity points in lower 
superstructure coordinates appear as having greater height 
than in reality and that the same target viewed from two 
antennas separated by any distance produces a different 
Range-Doppler signature [11][12][13]. The latter fact is 
normal and forms the basis of the Interferometry 
technique where two R-D images are combined in order to 
provide a three-dimensional representation of the target 
[28]. 

Moreover another validation milestone has to be 
confirmed. We added translation effects in our pace 
engine and have found, as shown in Figure 17, that only 
roll and pitch motions contribute to the final outcome of 
ISAR imaging. Translational motion does not alter the 
result so the solution already contains global angle 
alignment for the range-bin alignment stage [34] and 
minimum entropy methodology for the phase adjustment 
stage [35]. 
 

VI. DISCUSSION 

 An ISAR simulator system and its corresponding 
organizational details like its components, pace engine 
and interfaces for an extended target has been described. 
Verification was done at component level whereas 
validation was performed at system level. Gradual model 
complexity strengthens both of the above testing 
procedures. We argue that data created by a simulator can 
be used to build upon a new system design without the 
need to utilize real experimental data as long as certain 
milestones are observed. In this case we have made 
certain that the input phase follows correct practices, the 
transfer function phase conforms to theoretical and 

practical guidelines and the output phase conforms to 
valid results.  

Analytically the verification part is conducted by 
explaining the datatom of the simulator. And the 
validation part is performed by explaining the 
corresponding informatoms of the simulator. The datatom 
can be defined as the simplest configuration that can 
provide satisfactory verification in a simulation process. 
And the informatom can be defined as the simplest result 
or group of results that can provide satisfactory validation 
in a simulation process [13]. Furthermore the tests keep 
track of all the prior understanding of how the software 
implemented the target scientific theory. Datatoms are 
created by process tests which ensure that each process is 
reflected in the code and informatoms are created by 
canonical results which preserve the empirical support of 
the theory [17].  

Looking at all the results that the simulator has 
produced we can see that the theoretical aspects of 
military ship imaging is certified. Namely : 

Only roll and pitch motions contribute to the final 
outcome of ISAR imaging. Translational motion does not 
alter the result. 

High reflectivity in lower superstructure coordinates 
produces high Doppler in the ISAR image as expected. 
This function can be used to produce an image that more 
resembles a military target. 

The superstructure of the target is made of different 
layers that each contribute to the final ISAR image. 

RCS solution is dependent on aspect and depression 
angle configurations. For the same aspect angle the result 
must be different when the target is viewed by antennas 
mounted at different positions and therefore different 
depression angles, as in real situations. 

The computing force that moves the false target is 
based on elements from the virtual reality and computer 
game industries. 
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Figure 16. ISAR Shortcomings Effect 
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Figure 17. Translation Impact (should be minimum) 
 

 

II. CONCLUSIONS 

 The method of generating ISAR images for the 
purpose of generating false targets for electronic warfare 
purposes is described in this work which addresses both 
the simulation engineering and the radar engineering 
communities. The overall implementation is constructed 
like a computer game. The threat radar and the friendly 
assets are moved while interacting into a three 
dimensional environment. Simply the target returns are 
carefully crafted to realistic levels by considering ISAR 
imaging considerations. This approach allows the use of 
simulators as active elements in electronic warfare 
applications. The next step in this work would be to 
introduce more phase error into the generated ISAR return 
signal because the enquiring sensor is expecting such 
responses, like target angular glint effects.  
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Enlarged Versions of Detailed Figures 
 
 

 
 
 

Figure 1. FB-16 Simulation geometry draft 
 

 

 
 

 

Figure 4. Synthetic Environment Modelling 
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Figure 2. Theoretical Inverse Synthetic Aperture Radar process 
 (b) Complete Model  
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Figure 2. Theoretical Inverse Synthetic Aperture Radar process 

  (c) ISAR Subset 
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Figure 5. Extended target modelling 
(a) Single Layer Model (b) Multiple Layer Model 
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Figure 5. Extended target modelling 

(a) Single Layer Model (b) Multiple Layer Model 
 


