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I. Introduction
Mobile soldier, police, firefighter, forest worker, etc. need “hand free” operation for their wireless equipment. A solution is to use antennas borne or worn on their helmet (as helmet antenna) or on their upper torso (as vest antenna). A major difficulty in designing a vest antenna is to meet broadband/multiband requirements of upcoming wireless systems. Indeed, major wireless systems on the drawing board, such as UWB (Ultra-wideband), dynamic spectrum, software radio, JTRS (Joint Tactical Radio System), etc. all demand large and/or multiple bandwidths.
To achieve broadband/multiband, numerous research efforts were carried out in the last decade. Notably, Lebaric et el [1, 2] and Abramo et al [3] developed vest antennas that claimed to cover most JTRS frequencies (2-2000 MHz). Kohls et al [4] pointed out that these earlier vest antennas did not provide the needed omnidirectional pattern, and reported an improved vest antenna. 

A close examination on these and other earlier broadband vest antennas known to us reveals that they all use nonconformal antennas, apparently without a conducting shield, which is needed between the antenna and the wearer. Without the shield, RF power is strongly coupled to the body of the wearer, which can result in antenna gain loss up to 2 to 3 dB in general and 10 dB or more at resonance frequencies. In addition, the RF power lost inside the body of the wearer is a radiation hazard, which can become dangerous hot spots at resonance frequencies. 

This paper presents a vest antenna design using a conformal antenna, which not only has a shielding ground plane but also exhibits much better RF performance [5].

II. A Vest Antenna Based on SMM Antenna Technology
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The present vest antenna is an array of two mode-1 SMM (spiral-mode microstrip) antennas [6, 7], which are the only conformal antennas with established multioctave bandwidth. Fig. 1 shows all components of the array, including the front element (the larger one) and the rear element, the two-way in-phase power divider, and the connecting cables. The array antenna can be MOLLEed to the front and back of a military gear, respectively, such as that shown in Fig. 2. It can also be integrated into any specific vest. Both front and rear element antennas are 0.75-inch thick. The antenna per se is 12-in in diameter for the front element, and 7.25-in for the rear element.
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III. Measured Performance 

Extensive laboratory measurements in WEO’s anechoic chamber were carried out for this newly developed vest antenna, for both mounted and dismounted cases. Laboratory and field tests were also made at other installations with various frequency and spatial sampling schemes, yielding confirming and consistent results. We will only present some data on this antenna mounted directly on a mannequin filled with saline bags to simulate an upper torso. 
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   Fig. 2. A military gear.



The current model was designed for 0.225-1.0 GHz. Fig. 3 shows representative azimuth radiation patterns (about the z axis) over 0.225-1.0 GHz for the full vest antenna system mounted on a saline mannequin, for both vertical and horizontal polarizations (VP and HP). As can be seen, these patterns are broad-beamed, with few nulls. 

It is worth commenting that a vest antenna cannot have full-fledged omnidirectional pattern over any significant bandwidth at frequencies where the diameter of the torso is over 0.1 free-space wavelength. The physical presence of the wearer’s body generally requires a circular array antenna approach, which has unavoidable pattern ripples due to spatial phase cancellation between array elements. 
Since truly omnidirectional pattern is beyond reach, a body-borne antenna is often judged by its “average gain” and “median gain.” Based on its gain patterns, as exemplified in Fig. 3, the average gain of the present antenna is estimated to be approximately 2 to 5 dB below the peak gain, varying over 0.225-1.0 GHz. 

The pitfall of using the average and median gain criteria is that it does not differentiate the important difference between a rapidly varying amplitude pattern and a slowly varying one. The former has fast phase swing over spatial angle that could cause up to 10 to 20 dB loss in connectivity, which is not a problem for a truly omnidirectional antenna. For terrestrial communications in VHF through S band, the best omnidirectional coverage achievable by a body-borne antenna over a significant bandwidth, without using active devices, is by having multiple broad beams with nulls of minimal number and of shallow depth. Based on this concept, we are developing new figures of merit for body-borne antennas, which are also applicable to other antennas on or near small platforms.

It is also worth pointing out the advantage of circular polarization (CP), and to some extent the “slant” polarization containing both VP and HP as well, in overcoming multipath fading in terrestrial communications. Note that this SMM vest antenna has good CP at frequencies above 0.3 GHz, and generally slanted LP (linear polarization) at lower frequencies with slant angle changing with frequency.
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Fig. 4 shows measured peak antenna gain, in the azimuth plane, of this vest antenna mounted on the saline mannequin for HP, VP (in dBiL), and the total in dBi. As can be seen, the total gain is over -3 dBi except for a dip to about -10 dBi at 0.250–0.275 GHz and another dip to about −7 dBi at 0.425–0.450 GHz. As discussed earlier, the average gain in the azimuth plane is approximately 2 to 5 dB lower.
To assess the potential for further performance improvements, measurements were also made at subsystems. Fig. 5 shows measured SWR for the front element antenna, placed on an air mannequin, from 0.225 to 5 GHz. As can be seen, it is potentially capable of covering a bandwidth of more than 22:1. The SWR for the smaller rear element antenna is similar. 

Therefore, the bandwidth of the current model is limited mainly by that of the power divider. Pending the availability of a suitable power divider, the SMM vest antenna is potentially capable of a much wider bandwidth, up to 22:1, as well as improvement in other performance parameters. 

IV. Key Advantages of SMM Vest Antenna over Whip Antenna 
While the SMM vest antenna exhibits considerably better performance and much less radiation hazard than other vest antennas in the open literature, as discussed in the preceding section, it must also be able to compete against whip antennas. Table 1 summarizes key advantages of this SMM vest antenna over the common whip antenna. 

Table 1. Key advantages of SMM vest antenna over whip antennas.
	
	Instantaneous

Bandwidth
	Visual 

signature
	Safety
	Stability of wireless connectivity

	Whip
	< 2:1
	Visible
	Easily snared, entangled, and broken
	Vulnerable to multipath fading due to lack of diversity gain

	SMM Vest antenna
	Up to 20:1
	Invisible
	Safe

· low radiation

   hazard

· will not poke

   the eye
	More stable due to diversity gain (>3 dB from CP and potentially more via pattern diversity).


The disadvantages of the SMM vest antenna are that it is larger, heavier, and costlier than the whip. However, its cost and size are within competitive range, and it is feasible to reduce its weight to less than two (2) lbs. 

V. Conclusions 
A multioctave broadband vest antenna based on the SMM antenna technology has been developed. The brassboard model exhibits considerably better performance, and much less radiation hazard, than previous vest antennas. It has major advantages over the whip antenna: much wider bandwidth, invisible, safer, and more stable connectivity. 
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    Fig. 1. Components of a vest antenna of 2-element array.





     Fig. 5. Measured SWR of front element


  antenna over 1 to 5 GHz.





       Fig. 4. Measured peak antenna gain in the azimuth plane.





Fig. 3. Representative azimuth patterns for vest 


  	antenna mounted on saline mannequin.
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