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Abstract - Laser and radar technology is an area of interest in the field of military research. Currently military services face many 
challenges in maintaining financial stability and sustainability in training phases. Military trainings exercises focus mainly on 
strengthening the simulation culture rather than focusing on theoretical aspects. In the sphere of military radars, simulators play 
very important roll with regard to low cost and lesser risk. In this research we focus on implementing a mathematical model for 
radar simulation in 3D maritime environment with dynamic perceptions. The proposed approach takes the 3D environment as the 
input and maps the objects via electromagnetic wave properties. It captures the surrounding environment and gives the 2D 
visualization of the 3D environment as the end result. This approach uses efficient techniques by embedding the optical phenomena 
of reflection, refraction, polarization and attenuation in wave propagation. 
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I. INTRODUCTION 
 
 With the peak improvements in the domain of 
military training, simulations and modeling has become 
significant. Virtual reality related simulations and 
modeling has been vital in military training due to many 
facts; where it provides cost effective training sessions in 
maritime environment, where it prepares trainees for 
critical situations finally it enables the users to get a real-
time experience by providing direct feedbacks from 
system in a safer way. Real time user experience with a 
simulation system at the initial naval training phase give 
the trainees prepare for real time system beforehand. 
 Radar system alone cannot identify targets in the 
environment. Before the simulation era arise traditional 
methods such as standalone radars, sonar’s and nautical 
chart plotters which use artificial GPS and AIS data to 
find the target position, gyroscope to capture the bearing 
were extensively used. Thus a traditional radar system is 
not a single device but it requires collection of devices to 
capture the basic functionality in identifying a presence of 
an object. 
 According to Sri Lankan context, in the maritime 
environment standalone radar is capable of identifying the 
presence of target. It uses GPS to capture longitude and 
latitude positions. Gyroscope is used to capture bearing of 
the targets. Maritime radars do not emit electromagnetic 
waves to the sea surface or water underneath. Due to the 
attenuation or extinction caused in medium of water, 
quantitatively significant portion of electromagnetic wave 

is attenuated, thus echo sounder is used to capture the 
depth of the sea. The primary focus of this research is to 
eliminate vagueness of maritime environment by giving 
the benefit to naval trainees to prepare for most of the 
possible incidents in the maritime environment. Proposed 
mathematical model considers radar origin coordinates as 
the radar hosted ship coordinates(Fig. 1). 
 

 
Fig. 1. Using radar hosted ship coordinates as the origin 
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 This paper presents dynamic perception where the 
radar hosted ship is static while other vessels in the 3D 
virtual environment are dynamic. Our approach 
captures 2D coverage by incorporating 
electromagnetics wave phenomena namely; reflection, 
refraction and polarization, propagation phenomena 
namely; attenuation and free space path loss to capture 
targets in high sea environment. Doppler Effect is used 
to capture the dynamic behavior. 
 
 

II. RELATED WORK 
 
 For decades, radar simulation in naval training 
processes was a major topic in maritime environment 
with greater demand. Several researches have been 
carried out in this domain to model numerically 
electromagnetic wave propagation and radar 
simulations. There were limited models, which were 
capable of capturing 3D surrounding for scanning the 
input. Limited number of models was capable of 
handling dynamic environment where vessels are 
navigating. Several image processing and robotics [1] 
approaches have been taken to simulate radar systems 
in maritime environment, which lead to higher 
complexity. 
 Whitted [2] used geometrical optics as an 
improved illumination model for shaded display. 
Authors had represented rays to model the propagation 
of light amidst optical system. Light is a wave subtype 
of  lectromagnetic wave spectrum. According to 
Whitted technique, it allowed even a complex optical 
system to be mathematically simulated on a computer. 
Whitted simulation is valid for high frequency waves 
where wave length is less than obstacles dimensions. 
With the Whitted approach, we are able to simulate 
EM waves in high frequency band as an illumination 
model, which captures 3D environment. Ikegami [3]et 
al. presented radio propagation model to capture urban 
scenario which is 2.5 dimension surrounding. 
Landstorfer [4] proposed a hybrid model which is a 
combination of ray tracing and empirical models which 
captures reflection and diffraction by building a 
visibility tree. Several databases were used to capture 
terrain namely indoor, urban and hybrid. Several 
acceleration methods for ray optical models have been 
presented in many occasions to capture optical 
propagation. APLs Trophospheric Electromagnetic 
Parabolic Routine (TEMPER) [5]was developed with 
the assumption that radar and targets varies only in 
range dimensions. They tried to enhance computational 
efficiency by neglecting scattering and diffraction 
aspects that is not linearly related to radar theories. 

Signal processing techniques have been used in 
identifying moving targets by Sparr [6], where it uses 
time-frequency methods to identify targets of images. 
 MODENA a simulation model to capture 
maritime environment is a research work by Gahaleb 
at. el [7]. Reproducing the acquisition of a Real 
Aperture Radar (RAR) moving along its axis is the 
simulation principle. Sea surface is generated by 
using a multiscale model by incorporating 
hydrodynamic interactions in the maritime 
environment. An important part of the research 
targeted at modeling and simulating the 
electromagnetic interactions between the 
environment and the wave both emitted and received 
by an antenna of airborne or satellite radars. Sea 
surface was modeled using meshes and then 
preprocessed by high-resolution numerical 
simulations. Statistical models were used to evaluate 
electromagnetic fluctuations involved by the 
roughness of the sea surface. Ships in the 
surrounding meshed in triangular facets to capture 
accurate estimated contribution. Ships in the 
environment were limited to simple polygonal 
objects in order to avoid high complexity. It is a 
good approach where they capture 3D environment 
by incorporating sea surface to radar theories.  
 Ranaweeraat el. [8] had proposed an light weight 
approach on simulating a virtual radar in 2D 
environment using height map concept. It uses 
Bresenham’s line algorithm to mark heights of the 
terrain along each ray angle and plot on the radar map. 
However, this approach capture the terrain information 
as height variations but it doesn’t take electromagnetic 
properties, optical properties, and optical phenomena in 
to account. Our prior research investigates possibilities 
to capture static perception of the virtual radar system 
in 3D environment. Where it explores radar hosted 
vessel and the target vessels in the 3D environment are 
in static mode [9]. There are commercial available 
virtual learning and training systems like “Transas” 
[10], “Oceaniccorp” [11] which are extremely 
expensive, proprietary and closed systems. Commercial 
radar simulators have the capability to capture 
geometry of objects and relative position. Simulation 
has combined reflection capability of material 
properties, 3D wave property incorporated earth 
curvature in the simulation. In contrast to above 
mentioned related work our approach tries to map the 
3D virtual maritime environment to 2D radar coverage 
by using efficient techniques of optimizations and 
integrating electromagnetic theories to the  virtual  world. 3D 
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IV. DISCUSSION AND ANALYSIS 
 
 Output of our proposed mathematical model is being 
compared with real time marine radar output (Fig. 6) by 
Sri Lankan naval radar experts. While evaluating the 
mathematical model we found that simulation time is 
directly correlated to the angle between two adjacent rays. 
An evaluation is being conduct to find the means of 
improve the possibilities to enhance the performance of 
the mathematical model to capture the real-time scenario. 
Incrementing the angle between two adjacent rays will 
enhance the performance and efficiency while allowing 
small gaps in ray angle will reduce the performance as 
clearly stated in figure (Fig. 7). 
 We identified that low polygon vessel structures are 
increase the performance of the real-time model 
comparing to complex vessel structures (Fig. 8 and Fig. 
9). Simple vessel structure is being model with lesser 
number of polygons maintaining simple geometry. We 
have identified that polygon count of the object directly 
correlate with the simulation time while after using 
polygon simplification techniques like introducing low 
polygon count objects will drastically reduce the 
simulation time though it lies on exponential curve. 
 Bounding box (Fig. 10) concept is an optimization 
methodology where it estimates the rays that intersect 
with the box and directs the identified rays to real target. 
Consequently, the number of rays will be limited and it is 
certain that those rays have the higher probability on 
intersecting with the target. 
 

V. CONCLUSION AND FUTURE WORK 
 
 Marine radar in 3D virtual environment molded using 
scene graph representation where it captures the dynamic 
behavior of the 3D environmental in a realtime manner. 
Finally it gives the 2D visualization of the dynamic 
behavior of the 3D environmental data time to time. 
Proposed model captures electromagnetic optical 
properties namely; shape, refractive index and luster, 
optical phenomena namely; reflection  and refraction, 
propagation phenomena namely; attenuation and free 
space path loss into the model. Doppler Effect has been 
incorporated in to the model to capture the frequency 
change of the moving vessels. In order to capture the 
propagation path loss, electromagnetic wave, model 
considers 10% of origin gain of the wave need to preserve 
for further interactions and calculations. We have 
identified time complexity of the simulation arises with 
the emitting beam strength. Where angle between two 
adjacent rays decreases simulation time exponentially 
increases. Processing of complex vessel exponentially 
increases the simulation time. Identified solution for the 
complex vessel structures are simple polygonal vessels 
which represents the vessel using limited polygon count. 
Our mathematical model is being evaluated by Sri Lankan 

Navy radar experts. For future work we are hoping to 
extend this model by enhancing the real-time behavior of 
the system by using parallel computing techniques. 
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