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Abstract. Development of new multisensory Soldier display systems requires 
context-driven evaluation of technology by expert users to assure generalizabili-
ty to operations. The capture of Soldier performance demands is particularly 
challenging in this regard, as many factors converge to impact performance in 
actual usage. In this paper, we describe new capabilities for tactile communica-
tions that include an authoring system, use of android-driven displays for con-
trol and map-based information, and engineering tactors with differing salient 
characteristics. This allows development of a dual-tactor display that affords a 
larger variety of tactile patterns for communications, or TActions. These inno-
vations are integrated in a prototype system. We used the system to present  
navigational signals to combat-experienced soldiers to guide development of 
tactile principles and the system itself.  Feedback was positive for the concept, 
operational relevance, and for ease of interpretation.    
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1 Introduction 

Multisensory tactile display systems for military performance have demonstrated their 
potential for performance and tactical advantage across a number of applications. 
Experiments and demonstrations have been conducted across a wide range of settings, 
from laboratory tasks to high-fidelity simulations and real-world environments [1]. 
Operators of these various tactile systems have successfully perceived and interpreted 
vibrotactile cues even in adverse, demanding, and distracting situations. The im-
provements in performance are explained by two theory-based schools of thought: 
alleviation of sensory overload [2] and/or alleviation of cognitive deliberation [1]. In 
related research, it has been suggested that tactile events may be processed preatten-
tively - tactile information is processed preferentially by the nervous system under 
conditions of divided attention [3].  This preferential processing may also account for 
the enhanced performance.  
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The US Army Research Laboratory, Human Research and Engineering Directorate 
(ARL/HRED) conducted experiments with systems using tactile displays for Soldier 
navigation and communication. First, task analytic investigations identified key situa-
tions in which Soldiers are visually overloaded, such as missions requiring land navi-
gation [4]. Several HRED studies were then conducted within the context of soldier 
land navigation, to investigate effects of tactile cues in context [5]. The studies dem-
onstrated that Soldiers could detect not only single alerts but also patterns of multiple 
tactors to represent different messages. It is particularly promising that the soldiers 
could perceive these patterns during strenuous movements [6]. Three additional 
HRED experiments demonstrated the efficacy and suitability of a torso-mounted tac-
tile belt for Soldier navigation [7].  Given this series of results from land navigation 
studies, it is evident that tactile navigation displays can be used in strenuous outdoor 
environments and can outperform visual displays under conditions of high cognitive 
and visual workload. In addition, Soldier feedback (e.g., after-action reviews, com-
ments, and structured rating scales) was very positive, indicating core advantages of 
the system was that it was “hands-free, eyes-free, and mind-free.”   

The experiments described above establish the potential of tactile systems for sup-
porting Soldier performance while easing workload and gaining high user acceptance. 
At the same time, Soldiers have provided many suggestions for device design before a 
system can be practically used in combat. Specifically, the device must be made to be 
lightweight, comfortable, rugged, and easily maintained. The device must enable 
reliable communication among Soldiers. Currently, Soldiers use visual hand signals to 
communicate and coordinate movements and target detection. Tactile systems can 
build upon these techniques, by enabling commanders to easily and covertly signal 
Soldiers regarding alerts or movements. This would build upon battlefield visualiza-
tion techniques now common to command and control, by enabling the commanders 
to quickly relate critical communications as to where to go or where to shoot. In this 
way, distributed tactile communications could enable dynamic battle maneuvers with 
covert and intuitively understood signals that can be understood in high-noise, high-
stress, and/or low-visibility contexts.  

While considering soldier’s recommendations, HRED researchers have also recog-
nized the need for the development of tactile systems that can enable further applied 
research on multisensory performance issues relevant to soldier performance. These 
systems should provide the means by which task performance can be easily assessed, 
with capabilities that can track communications, time-stamp performance events, and 
track GPS-enabled assessment of navigation time and accuracy. This paper describes 
the development of one such system developed by Engineering Acoustics Inc. (EAI), 
to illustrate the advantage to Soldier performance in mission context, while offering a 
testbed for research. The resulting capabilities should generalize to many other navi-
gation contexts:  military, government, first-responder, and commercial (e.g., hiking, 
hunting, tourist) applications. 

2 Tactile Salience  

One of the general problems in all sensory perception is information overload, but 
humans are adept at using selective attention to quickly prioritize large amounts of 
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Tactile salience is complex and situation-dependent. Thus, predictions and prin-
ciples must consider and articulate the critical situational factors that interact to effect 
performance with tactile systems. Design and testing of tactile array systems must 
replicate the intended environment and user characteristics while measuring salience. 
A cognitive task analysis should preface development of any system, to provide de-
velopers with information about the nature and type of information processing and 
environmental demands the system users are likely to encounter. In this case, the us-
ers were soldiers and therefore, the first step was to identify the mission tasks that 
would most benefit from a multisensory tactile approach. Consideration of mission 
and task context then informs tactile display requirements (e.g., tactile display must 
be easily perceived when performing combat maneuvers). Measurement of tactile 
salience may be measured through direct task performance (e.g., response times, ac-
curacy, etc.) and also subjective reporting (e.g., confidence scales). 

2.1 Dual Tactor Capability 

Engineering Acoustics, Inc. (EAI) has a long history of tactile system development  
for many applications (including situation awareness support for aircraft pilots [13]). 
Currently, EAI is developing the ATAC (Active Tactile Array Cueing) Navigation 
Communication (NavCom) system. This system for soldiers has focused on combin-
ing two different types of tactors (C-2 or C-3 (operating at 250 Hz) and EMR) with 
varying characteristics, to provide a system that enables intuitive communications as 
well as direction information. In addition, the C-2 tactor was optimized for higher-
frequency tactile signals that are easily and quickly perceived, even during strenuous 
movements [6].  The C3 is a smaller, lighter, and more covert version of the C-2.  
The EMR is a new motor-based design with an operating frequency range of 60-250 
Hz. This design is able to produce a wide range of perceivable tactile features ranging 
from a strong “alert” to a “soft” pressure pulse or “nudge”. Therefore we have de-
signed the EMR to be capable of producing substantial peak displacements of up to 
1.2 mm p-p (as measured against a phantom with the mechanical impedance of skin). 
In contrast, the C-2 or C-3 would typically only be driven to peak displacements of 
about 0.5 mm p-p owing to the relatively high PC channel displacement sensitivity. 
Figure 2 shows the EAI tactor types.   
 

 

 

Fig. 2. The EAI C-2, C-3 and EMR vibrotactor transducers (left to right respectively) 
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The simplest informational requirements for soldiers completing a navigation task 
are the direction to and distance from the waypoint, and this information can be pre-
sented to them on a torso-worn tactor array. Directional information is naturally 
mapped to corresponding sectors on the torso, and studies [14] have shown that an 
array of 8 tactors in a single row around the body, is sufficient for accurate navigation 
(e.g., more tactors would not result in higher precision). Therefore the two tactors 
types are mounted in two rows within a dual flexible belt, each sector comprising an 
array with a C-2 (or C-3) and an EMR. 

2.2 ATAC NavCom 

Figure 3 shows a block diagram for the ATAC NavCom system. The system compris-
es visual display hardware (e.g., a smartphone), EAI tactor controller and dual belt 
array, a COTS (Commercial off the shelf) GPS / compass sensor interfaced directly to 
the tactor controller and software components. Wireless task management and record-
ing (using a cloud based database) are also provided for mission management and 
data collection. 

 

Fig. 3. Block diagram for the proposed ATAC-NavCom system 

Our experimental focus is on determining the effectiveness and salience of mul-
tiple tactors and tactile patterns, or TActions [15], for critical communications. Thus 
the NavCom system and the research it enables are expected to support the core criti-
cal demands for Soldiers – to move, to shoot, and to communicate.    

The TActions were developed as easily recognizable (salient) tactile representa-
tions of the standard hand and arm “command” signals, shown in table 1.  
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to 77 (99th percentile) inches, indicating a range of body size. Their total years in the 
military ranged from 3 to 21, and rank ranged from E4 (SPC Specialist or CPL Cor-
poral) to E6 (Staff Sergeant). An additional soldier from Fort Benning with equivalent 
experience also participated.  The experience level of the soldiers was critical for 
their feedback with regard to operational use.   

Single cues.  Each soldier was introduced to the system and was trained on the 
components and concept of use.  Single-tactor location cues on the body were identi-
fied by o’clock positions, which are familiar concepts to all soldiers.  After a brief 
introduction to each tactor position, soldiers demonstrated their proficiency through a 
training set of direction cues.  In the absence of visual cues, they were to respond to a 
set of tactile single direction cues, presented with the EMR tactors, as well as with the 
C-2 tactors.   The EMR tactors were as effective (mean = 0.5 errors) as the C-2 tac-
tors (mean = 0.62 errors) for direction cues.  Examination of the error types show no 
particular pattern.  The total number of errors were low and most of the participants 
had none.  Most of the errors were accounted for by two participants.   

Commands.  Each soldier was then trained on six hand and arm signal patterns 
used during land navigation (Attention, Move out, Take cover, NBC, Rally, Halt) 
presented with the tactors belt.  The trainer introduced two signals, had the soldier 
identify each correctly, then would add another signal, until the soldier could correct-
ly identify each of the three (twice).  This protocol continued, adding a signal to the 
group until the soldier could correctly identify all six. They were trained to proficien-
cy in less than five minutes. Some of these patterns were modified versions of those 
developed in previous efforts [16].  The Soldiers then responded to a set of 24 coun-
terbalanced tactile cue patterns, presented through C-2 tactors.  All Soldiers identi-
fied all patterns correctly.   

Commands and Directions. After completion of training on the set of tactile Com-
mands, each soldier learned a set of counterbalanced cues that mixed tactile  
commands (C-2 tactors) with tactile direction cues (EMR tactors).  Most of the sol-
diers performed with a perfect score. One soldier confused “Take Cover” with “Move 
Out”, and a second soldier confused direction 6 with direction 4_5.     

Robot commands.  Because soldiers sometimes use robotic assets during land na-
vigation, a notional set of six commands were developed for communication from a 
robot to the operator (Look at display, Wheels are spinning, Road is rocky, Steep 
incline left, Steep incline right). Soldiers were introduced to the tactile patterns 
representing these messages, as before, and practiced until they were proficient, tak-
ing less than five minutes to do so. They were then presented with a randomized 
counterbalanced set to identify. All soldiers identified all cues correctly. 

Soldier comments.  Soldiers provided comments and ratings (using a 7 point  
semantic differential scale in which 1 = very difficult, very ineffective, strongly disag-
ree to 7 = Very easy, very effective, strongly agree; etc.) with regard to system  
features and operational relevance.  Table 2 provides mean Likert ratings of effec-
tiveness.  All ratings were positive, ranging from a mean of 4.75 for daytime route 
navigation to a mean of 5.88 for night operations.  Soldiers agreement was high for 
positive statements (e.g., it was easy to feel) and low for negative statements (e.g., the 
signal was annoying).   
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Table 2. Mean degree of agreement (7pt Likert scale) to statements regarding system features 

Degree of agreement with:  Mean rating 
It was easy to feel each tactile signal 6.38 
The tactile signal should be stronger 3.25 
The tactile signal was annoying 2.62 
It was easy to understand what each signal meant 5.25 
I was very certain what each signal meant 5.63 
I recognized each signal immediately 5.50 
The tactile cues are a good means of silent communication  5.63 
The tactile cues are too noisy for regular patrols 3.25 
The tactile cues are too noisy for covert missions 4.50 
The tactile cues are a good substitute when radios cannot be used 5.63 
The tactile cues help keep my attention on my surroundings 5.00 
The tactile cues can be a useful way for soldiers to communicate  5.88 

 
 
Soldier comments.  Soldiers offered many comments with regard to the advantag-

es and issues dealing with the tactile interface. Soldiers particularly valued the hands-
free aspect, as it allows them to keep weapons in hand. They also commented on the  
usefulness of the tactile cues for situations where visibility is limited, such as night 
operations and combat (e.g., smoke). In such situations it was felt that the tactile di-
rection alerts could be easily perceived and intuitively followed, allowing the soldier 
to maintain attention on their environment and sources of threat. Soldiers listed sever-
al missions where this capability would be useful, such as urban operations, dismount 
patrol, room clearing, area and zone reconnaissance, and guard patrol.   

Soldiers also pointed out issues that may be relevant in certain missions. They 
noted the noise, while tolerable for normal operations, may not be acceptable for  
covert missions.  In this evaluation, the tactile signal strength was high, and this is 
associated with a slight buzzing noise.  The signal can be reduced, when appropriate. 
In addition, caution should be taken with regard to the number of commands, to keep 
TActions to critical communications that are very easily distinguished.  These issues 
are being addressed through the TAction authoring system and adjustability of the 
system to lower the volume of the signals.  A critical aspect to such a soldier system 
is to afford the soldier the ability to adjust signal patterns and strength, or make new 
signals to best accommodate the mission at hand.       

4 Discussion  

Multiple experiments and demonstrations have supported the theory-based predictions 
regarding advantages of haptic and tactile cues to support performance in high-
workload situations, particularly multi-tasked situations with high demands for focal 
visual attention. Task analysis models identified that Soldiers have very high demands 
for visual attention, particularly when they are moving or shooting. Subsequent expe-
riments proved the value of tactile systems to support their navigation and communi-
cation.  As tactile displays are increasingly used for communication of more complex 
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and multiple concepts, it will become evident that tactile and multisensory systems in 
general must be designed for salience (i.e. rapid and easy comprehension). This paper 
described efforts underway toward the goal of effective support of Soldier perfor-
mance, and the development of a system that can also be used for grounded research 
(i.e. high generalizability to military operations) in multisensory perception and  
comprehension. With regard to operational use, flexibility is critical. While default 
settings can be engineered to be effective in most situations, Soldiers need and want 
the ability to create their own signals and adjust the “volume”, to best accommodate 
specific mission goals and requirements.     
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