
Computer Simulation Helps Design Wearable 

Antennas for Future Force Warrior 
 

Future Force Warrior (FFW) is the Army’s flagship science and technology 

initiative to develop a lightweight, fully integrated combat system including 

weapon, head-to-toe protection and netted communications. A key part of FFW 

is providing conformal body worn antennas that have sufficient gain regardless 

of the warrior’s position. In designing a wearable antenna for the FFW program, 

MegaWave Corporation found that one of the greatest challenges was simulating 

the impact of the human body on the antenna’s performance. MegaWave 

engineers simulated these effects with finite difference time domain (FDTD) 

software that accurately models the effects of the body by representing it with a 

material having the properties of a saltwater body as described by Siwiak 

[Radiowave Propagation and Antennas for Personal Communication, Artech 

House, 1995]. The simulation determined impedance and radiation patterns of 

the initial design concepts. MegaWave engineers used the results to understand 

and improve their initial designs.  

 

MegaWave's engineering team brings over 80 years of combined experience in 

electromagnetic engineering, radio wave propagation and computational 

electromagnetics to the problem of designing antennas to meet the 

communications and end-user needs of the 21st century. The company’s military 

customers have included the Defense Advanced Research Projects Agency, the 

United States Army Communications and Electronics Command (CECOM), the 

U.S. Army Natick Labs, the United States Navy, and the United States Special 

Operations Command (SOCOM). The U.S. Army’s Communications and 

Electronics Research and Development Center (CERDEC) at Fort Monmouth 

enlisted MegaWave to assist with the development of new antennas for the FFW 

program which is intended to provide robust team communications during 

combat.  

 

Tough performance requirements 

 

FFW antennas were required to provide approximately equal performance in all 

soldier positions, i.e. when the soldier is standing, and when the soldier is in the 

prone position. The wearable antennas also needed to be compatible with and fit 

on the FFW ensemble and not interfere with the soldier’s mobility. The antenna 

design was thus constrained by needing to be conformal to the FFW ensemble, 



to avoid any snagging hazard which might impede the soldier’s mobility and to 

operate in the presence of the warfighter’s ballistic armor plates.  

 

The tough performance requirements for the wearable antenna concept made 

simulation essential for quickly and inexpensively evaluating a wide range of 

designs. The challenge was simulating not just the performance of the antenna, 

but also the effects of the human body and the armor plates worn by the soldier. 

MegaWave engineers considered a number of modeling tools, but the 

requirement to include the human body and armor plates ruled out some 

approaches.  

 

FDTD simulation speeds antenna design 

 

MegaWave engineers decided to use XFdtd
®
 software from Remcom Inc., State 

College, Pennsylvania, which incorporates a full-wave, three-dimensional solver 

based on the finite difference time domain (FDTD) method. “MegaWave was 

one of Remcom’s first customers for XFdtd. We originally selected this program 

because it offered superior price and performance to other alternatives available 

at that time,” said Glynda Benham, President of MegaWave. “We have seen the 

software make steady improvements over the years. Version 6 made particularly 

important advancements such as the ability to generate and display the antenna 

VSWR in addition to S parameters. Another major new feature is adaptive 

meshing which automatically generates a finer mesh in areas where more 

accuracy is needed while using a coarser mesh in other areas to reduce 

computational requirements.” 

 

Adaptive meshing capabilities reduce solution times while maintaining high 

levels of accuracy by automatically adjusting the mesh to provide more cells in 

areas with high transients and reducing cells in areas where there is less 

variation. In addition, the use of a distributed memory parallel computational 

code allows for cluster computers to be utilized in order to perform calculations 

faster as well as allowing larger model sizes. While not providing the large 

memory of a cluster computer, another approach to providing very fast 

calculations is XFdtd’s XStream
®
 hardware option. This utilizes the ability of 

the Graphics Processing Unit (GPU) in modern computer graphics cards to 

stream floating point calculations to achieve extremely fast calculation speeds. 

Results depend on the size of the FDTD mesh, but for calculations that fit within 

the memory constraints of the cards, calculation times are on the order of, or 

faster than, a 32 node computer cluster. 

 



XFdtd provides a wide range of features for modeling electromagnetic 

interactions with the human body. For example, Remcom provides a high 

fidelity male head and shoulders mesh, male body mesh, and female body mesh 

that provide highly accurate detail for modeling internal body structures. This is 

particularly useful when internal EM fields are important such as with implanted 

medical devices. MegaWave’s experience has been that the full body model is 

not necessary for many antenna computations and that computations based on 

the simplified body model agree very well with measured data.  

 

Modeling the new antenna design 

 

Deliang Wu, Senior Antenna Engineer for MegaWave, developed a simplified 

human body model by creating a geometry with the right proportions and 

modeling it as a saline solution with properties that closely match those of the 

human body. “We knew that the soldier’s body and armor plates would have a 

major effect on the antenna performance so we included them in our very first 

model,” Wu said. His first pass for the antenna consisted of a two element array 

with one element on the front of the ensemble and the other element on the back. 

Each wideband dipole element was sized to fit in the available area.  

 

 
In practice, the two antenna elements are fed in phase through a combiner. In the 

FDTD model, the isolated elements are excited by in-phase voltage sources. The 

coaxial feed cables and the combiner are not included in the model. XFdtd 

determines the impedance of the individual elements and the radiation patterns 



of the array as a function of frequency. The electromagnetic field in each cell is 

calculated by the software through time domain solution of Maxwell’s 

equations. Electromagnetic simulation takes only a small fraction of the time 

and expense involved in building and testing wearable antennas. Simulation also 

provides more information than physical experiments by yielding results at 

every point in the solution domain, far exceeding the results that can be achieved 

with physical measurements. Wu evaluated a large number of alternative 

designs in order to optimize the performance of the antenna relative to the 

customer’s requirements. 

 

Using XFdtd, MegaWave engineers can create and evaluate a number of design 

iterations per day, making it possible to reach an optimized design in a short 

period of time. Furthermore, simulation helps engineers gain an understanding 

of the sensitivity of various design parameters providing much faster 

optimization of design than in the past. Wu adjusted the detailed design 

parameters to match the feed point impedance of the two antenna elements, 

maximize the gain, and achieve a total field pattern that is nearly 

omnidirectional.  

 

Physical testing confirms simulation predictions 

 

MegaWave then built a prototype of the antenna and measured it mounted on a 

salt water phantom. The antenna performance closely matched the simulation 

results as seen in Figures 1 and 2 (the radiation patterns are mirror images due to 

measured data being collected in the opposite rotational sense to the computed 

data). The final antenna system is shown below (Figure 3) and also installed on 

the FFW ensemble (Figure 4). 
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Figure 1: Measured azimuthal radiation patterns as a function of frequency 

(vertical polarization) 
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Figure 2: XFdtd computed azimuthal radiation patterns as a function of 

frequency (vertical polarization) 

 



 
Figures 3 and 4:  Antenna system and system mounted on chassis 

 

For each new antenna, the company’s engineers will go back to the original 

XFdtd model and make changes to meet the new performance requirements. 

“FDTD simulation helped us evaluate a wide range of antenna designs in a 

fraction of the time that would have been required to build and test prototypes,” 

Benham concluded. “As a result, we were able to quickly iterate to a design that 

met the Army’s requirements.” 


