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Human / Robot interaction is evolving rapidly.  Legacy user interfaces such as joysticks, 
tablets and gloves are already giving way to more natural communication modes 
including verbal dialogue, whole-body gestures and facial expressions.  Human/robot 
interfaces appear to be following recent advances with voice-controlled IoT (Internet of 
Things) and home automation interfaces.  In this paper, we present a further evolution in 
human / drone interaction, suggesting that immersive haptic feedback using EMS 
(electrical muscle stimulation) coupled with auditory and visual cues using VR (virtual 
reality) and AR (augmented reality) interfaces will eventually allow the operator to 
engage with a drone in a more natural manner.  We expand on our previous work in 
developing the Haptic / Human Machine Interface (HHMI) and discuss the potential 
implications of using the HHMI enabled drone controller to teach “human-like” behavior 
to drones and allow human operators to learn “drone-like” reactions to external stimulus. 

INTRODUCTION 

Kinaptic, LLC, is an emerging growth, technology-based company engaged in the development of a 
human/machine interface technology with broad market potential in the nascent Wearable and IoT 
(Internet of Things) markets.  Kinaptic conceives and develops patented and proprietary products, 
specific-use applications, and high yield manufacturing technologies.  These technologies empower 
clothing and other wearable garments with the capability to "detect, analyze and apply" the naturally 
occurring electrical signals of the human body for worldwide application in education, entertainment, 
gaming, remote unmanned vehicle control, medical and military markets. Providing the necessary link 
between human and machine - the patented Kinaptic HHMI (Haptic Human Machine Interface) provides 
a cost effective, lightweight, wearable, bi-directional capability for detecting, analyzing and applying 
signals to the body. 

   
Drones have evolved quickly and are commonly used for a variety of tasks ranging from the sublime 

to the magical.  Drones are commonly used for aerial survey, surveillance, photography, videography and 
more.  The methods by which we control and interact with drones are evolving along with the hardware 
and the embedded AI algorithms that promise to give drones the ability to operate independent of human 
control.  At some point, drones will possess the appearance of artificial general intelligence (AGI)3, and 
we will find ourselves interacting with these machines in an entirely different way.  Consider how human 
behavior has changed over the past decade where we rely heavily on embedded devices to provide us with 
driving directions, answers to technical, logical and philosophical questions and much more.  The new 
suite of personal digital assistants are evidence of user’s acceptance and reliance on machines that provide 

                                                           
1 CEO, Kinaptic, LLC, P.O. Box 1359, Gray, Maine 04039, USA. 
2 CTO, Kinaptic, LLC, 30 Renees Way, Madison, CT 06443, USA . 
3 https://en.wikipedia.org/wiki/Artificial_general_intelligence 

AUVSI’s XPONENTIAL 2019-Curcio/Daniels 



us with answers and support.  At present, most of our interaction with these devices is limited to auditory 
and visual I/O (input/output), but on the near horizon we are beginning to see haptic enabled humanoid 
robots4 that will provide us with all of the above and more.  If lessons can be gleaned from the trajectory 
of human / machine interface with these devices, it is likely that a similar path will emerge for human 
interaction with drones and other forms of AI enabled mobile robots.  This is made evident in reviewing 
the current state of the art with the nascent field of Human Drone Interaction (HDI)56.  In this paper, we 
will explore one particular element of this human/machine interface, the bi-directional haptic / human 
machine interface as developed by KinAptic, and suggest potential influences the KinAptic HHMI might 
have on the advancement of modern HDI techniques and methodologies. 

HHMI – HAPTIC / HUMAN MACHINE INTERFACE 

KinAptic has developed a bi-directional wearable interface called the Haptic/Human Machine 
Interface (HHMI) which has been demonstrated in practice in a variety of embodiments, including 
medicine, gaming, drone control and more.  Relevant to drone control, the HHMI has been used for 
simple flight control using basic hand gestures with measurable success (Figure 1).  Here, we explore 
future utilization of the HHMI as a bi-directional mechanism for advancing the control and feedback loop 
between human operators and singular or multiple drones.   We will discuss the fundamental principles of 
the HHMI and elaborate on the practical applications proposed and tested.  We explore the benefits 
offered through drones as a “force multiplier” and the eventual operational potential of large swarms of 
autonomous drones, absent human control.  In particular, we discuss the potential of employing the 
HHMI as a mechanism for augmenting the training regimen of the human drone operator and for assisting 
in the embedding of AI in the drone autonomy package. 
 
 

Figure 1 Left Image - A still 
frame taken from a video 
demonstrating flight control 
of a drone using detected 
hand gestures delivered by 
the KinAptic HHMI sleeve.   
Right Image – Example 
hand and arm gesture used 
for drone flight control. 
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HHMI Technology Explained 
 
The HHMI is at the core of the Kinaptic-Enabled™ suite of technologies and gives wearable 

electronics the ability to multiplex the application and detection of electrical signals using a pixelated 
large array of individually addressable electrodes. The core technology is Kinaptic’s Haptic 
Human/Machine Interface (HHMI).  The HHMI is a wearable electronic garment having a grid of 
individually addressable dry electrodes that detects muscle and nerve activity, analyzes the detected 

signals, and generates a corresponding activation signal that is applied via 
the same electrode grid to create movement and touch sensations.  At the 
core of the Kinaptic technology is a thin flexible membrane employing a 
unique screen-printed conductive ink (ink developed by DuPont and digital 
printing manufacturing process co-developed with Fuji / Kinaptic) 
controlled through a proprietary multiplexed electronic circuit packaged in 
a watertight enclosure suitable for integration into a full line of wearable 
garments, as depicted in Figure 2.  These unique and patent-pending 
innovations empower wearable electronics with the capability to detect, 
analyze and apply the electrical signals of the human body.   
 
Figure 2, Image of the inner surface of a generic KinAptic HHMI sleeve as 
used with hand gesture drone control, depicting the printed ink electrodes 
and wire traces.,  

 
Benefits of HHMI Technology 
 

Unlike any other wearable architecture, the large array of small addressable electrodes create easy 
user-customization, calibration and change in the use of the garment.  Pixelation allows subsystem 
(neuromuscular) level scale detection which provides a more precise and refined data capture and muscle 
activation capability. Location and placement of the garment on the body does not have to be precise, can 
shift around, and automatically accommodates for different sizes and user physiologies.  Bi-directional 
capability allows the system to operate proactively.  As opposed to most wearable products on the market 
currently that provide gross scale measurements, the KinAptic HHMI allows for high resolution 
detection, multi-modal sensory data capture and direct involuntary muscle activation using AI software 
embedded directly in a wearable garment.  
 
Haptic Feedback 

 
HHMI adds a new mode of interaction to the Human Machine interface. Haptic sensory feedback is 

used to provide touch cues related to the remote robot internal and ambient conditions. Also, using the 
same basic structure, the detection of body movements of the operator from muscular electrical signals 
can be utilized to generate remote electrical signals. These features enable the operator to be alerted to 
subtle variances in conditions which over time could become problematic. The HHMI, when combined 
with available virtual reality products and proprietary software and hardware, completes the immersion so 
that the brain of the operator processes the received haptic, visual and auditory cues for a new form of 
robotic teleoperation and telepresence.  The operator feels, sees and hears the synchronized sensory cues 
that put him in the skin of the robot whether it is real-time, recorded or virtual, or whether it is land based, 
water, space, macro- sized, micro-sized, nanosized, flying, or other moving or stationary machine. The 
HHMI utilizes the natural electrical physiology of the user to interface the user with the machine, to 
convey locally generated or remotely received or determined (e.g., the robot) information and to control 
the remotely located machine.   

 



The hands of a human are particularly sensitive to haptic stimulation. For example, the muscles that 
move the finger joints are in the palm and forearm. Muscles of the fingers can be subdivided into extrinsic 
and intrinsic muscles. The extrinsic muscles are the long flexors and extensors. They are called extrinsic 
because the muscle belly is located on the forearm. The application of haptic sensation, such as the haptic 
sensory cues, can be applied to various parts of the body, and the HHMI adapted to enable a wide range 
of applications, from remote control operation to teaching to entertainment to rehabilitation. By noting the 
sensitivity to stimulation of the body parts (e.g., the fingertips are very perceptive to tactile stimulation), 
the application of haptic sensory cues can be selective in accordance with a desired interface, learning or 
entertainment enhancement. For example, the fingers (and/or the muscles controlling the fingers and/or 
the nerves communication with those muscles) can receive haptic stimulation in the form of a pressure, 
vibration, electrical impulse or other stimulation. 
 
Pilot Orientation Feedback 
 

In unmanned aircraft operations, pilots lack proprioceptive inputs and must instead receive all 
information about aircraft orientation through other means. Typically, this has been done through visual 
and auditory aids on the ground stations of remote controllers, each of which, if overused, can become a 
detriment to a pilot’s awareness of the situation.  Haptic cues provided directly to the remote pilot through 
an HHMI interface allow the remote pilot to feel sensations as though he/she were physically present in 
the distal aircraft.  Electrical stimulation is applied through the skin of the pilot dependent on the stimulus 
being conveyed. The desired body position can be related to a sensed parameter, such as flex, rotation, 
tilt, pitch, yaw, temperature, vibration, and other detectable stresses or conditions of a mechanical 
component (wing, fuselage, control surfaces, etc.) of the drone. The sensed parameter could be air 
pressure experienced at a wing control surface while maneuvering. The pilot experiences the sensation of 
resistance or pressure because of the computer controlled electrical signals applied to the pilot’s own 
sensory/muscular physiology. In addition to pressure and resistance, the physical sensation of vibrations, 
knocks and even scratches can be perceived as the result of subcutaneous controlled electrical signal 
stimulation.  

 
Haptic cues cause the operator to experience wind gusts as sudden jarring movements, or unbalanced 

stresses on the mechanical and control surfaces, such as experienced in a tight banking maneuver, as 
proportionally applied pressure or resistance to movement.  Thus, forces experienced by the drone are 
detected and transmitted, then converted to proportional electrical signals. The operator’s body’s 
receptors such as, mechanoreceptors, thermoreceptors, proprioceptors and chemical receptors, receive the 
computer controlled haptic cues applied as electrical stimulation to replicate natural sensations received 
by the human body through the skin, muscles and bones.  The remote transmitter can be part of a 
remotely controlled vehicle, such as a drone, robot or remote vehicle. This enables the pilot to intuitively 
“feel” the forces on the drone while visually seeing the results of a flight maneuver of the drone, such as a 
banking turn. This sensory feedback to the pilot’s control of the flight enables the pilot to have an 
intimate and immersive perception of the drone’s flight.  

 
In the case of using the HHMI with a drone for example, haptic sensory cues are generated and applied 

to the pilot in synchronization dependent on the time sequential data that is received from the drone. In 
addition to the time sequential data that pertains to the haptic cues, time sequential first sensory data is 
also received from the remote transmitter. This time sequential first sensory data may be, for example, 
video or audio data that is collected by appropriate components on a drone. In this manner, the haptic 
sensory cues represent the flight conditions (e.g., control surface orientation and air pressure, etc.) 
experienced by the drone synchronized to the visual information from one or more cameras on the drone. 
One or both of the time sequential data and the time sequential first sensory data may include at least one 
sensed condition that is sensed at a location remote from the user. Figure 3 depicts this close-coupled 
relationship between the embedded AI (artificial intelligence) wearable garment, the immersive VR 



hardware providing auditory and visual cues and the HHMI garment providing muscle sensing and 
actuation.   

Figure 3, Depiction of the functional 
data and actuation flow using VR 
enabled HHMI and pixelated wearable 
garment. 

 
Haptic feedback provides an 

additional outlet for alerting a drone 
pilot to the true state of the aircraft, but 
historically, haptic interfaces have not 
been well-received. If improvements in 
haptic stimuli could reach the point that 
gentle “pressures” could be applied to 
the pilot’s body in varying locations (to 
promote a sense of being upside down 
or tilted to the side), it may provide an 
additional alerting mechanism to 

inappropriate aircraft orientations. In addition, a 
variety of other alerts could potentially be sent 
through a similar interface.   

Figure 4 illustrates the HHMI configured for 
applying electrical stimulation to large muscle 
groups to provide haptic cues of an unmanned 
aerial vehicle.  The HHMI provides such an 
interface with haptic feedback in a product 
platform that can be integrated into existing and 
future robotic systems. Data from sensors on a 
remote UAV is used to indicate remote flight 
conditions via an electrical stimulation (haptic 
cues) applied to the pilot (e.g., warning the pilot 
that the drone is in an unintended banking 
condition or is approaching an obstacle). The 
sensors of the drone are mapped to the operator 
so that the large muscle groups of the back, 
shoulders and thighs become indicators to the 
operator of the flight conditions of the drone.   

Figure 4, Depiction of array of haptic feedback elements on drone operator.  These elements will provide 
haptic cues to the operator based on sensory inputs received by the drone.  
 
HHMI coupled with Augmented Reality and Virtual Reality for Drone Control 

 
If desired, a direct feedback loop can be created whereby the remote pilot and the flying drone are 

coupled, allowing both pilot and drone to behave in lockstep.  This is accomplished by stimulating muscle 
movements that are involuntarily and automatic. There are no mechanical force simulators involved, 
although there can be. Vibration, for example, can be stimulated by both the applied electrical signal and 
mechanical buzzers (or rumble packs, etc.) that can be applied, for example, from a haptic chair or from a 



transducer associated with one or more of the electrodes of the HHMI sleeve.   Using this closed-loop 
feedback mechanism, pilots can feel the sensation of the drone in flight and can react to this remote 
external stimulus and influence the motion of the drone in real time.   The benefit of this type of feedback 
control becomes more apparent when considered as an element of pilot training and drone AI 
development as depicted in Figure 5. 

 
Figure 5, Depiction of VR enabled distal drone control with bi-directional HHMI enabled haptic control 
and feedback.  The pilot and the drone (virtual or real)  begin to “feel” one another in real time. 

 
The HHMI with VR interface is intended to isolate the pilot from local ambient distractions, but the 

degree of this isolation can be easily controlled to maintain safe conditions.   In addition to the full 
immersion of visual and auditory stimulation corresponding to the remote drone as it flies, the application 
of auto-action and other haptic cues enable the pilot, in a sense, to intimately “feel” the flight conditions 
experienced by the remote drone. With the level of “Remotality”7 immersion into the real-time conditions 
of the drone created by the HHMI, the pilot does not just feel like he or she is flying the drone, to the 
extent possible, the pilot becomes the drone. 

 
Deeply immersive haptic/VR enables HDI users to feel what is commonly referred to as “experiencing 

presence”8 whereby the operator experiences the perception of being physically present in the non-
physical world.  Some VR users will express the notion that they actually begin to believe that they are 
present in the virtual world.  This is accomplished by reducing and/or eliminating sensations that they are 
experiencing from their actual physical surroundings, such as ambient noise, vibrations, air currents and 
smells present in their immediate environment.  Haptic influence as experienced with the KinAptic HHMI 
can create the perception of “presence” in the virtual environment by creating physical influence on 
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various body parts.  According to Dourish, with “proper embodied interactions, the distal robot becomes 
transparent to the user, whose actions will only be defined by the environment.”9  Done properly, a user 
should truly begin to feel that they are in flight with their perception driven by auditory, visual and haptic 
sensations and their First Person View (FPV) and intimate feedback and control of the distal robot.  The 
robot becomes an extension of the operator, and the operator an extension of the robot. 

HHMI – PRACTICAL APPLICATIONS 

The HHMI has been used with virtual reality visual systems that deepen the immersion for the user 
(e.g., pilot, student, sports fan, patient, etc.) by tying in real-time head and body movements to a three 
dimensional, perceived visual sphere.  Initial demonstrations of the HHMI with VR include a VR gaming 
demonstration where a user is immersed in a medieval jousting match.  Outfitted with the KinAptic 
HHMI sleeve, the player is challenged to ride a horse and using the joust, strike an opponent with the 
intention to dislodge them from their horse.  When the virtual joust strikes the opponent, the player 
experiences an involuntary arm “flinch” including a very real sensation of the expected physical reaction 
forces as would be encountered if a real joust struck a real opponent.  Figure 6 depicts the game 
environment along with a sketch of the functional elements of the HHMI VR system. 

 

 
 
Figure 6, KinAptic HHMI VR Gaming demonstration.  Top 
Left Image – Player with VR headset and HHMI sleeve worn 
on right forearm, holding game controller as proxy for joust.  
Visible on table behind game player is laptop computer 
screen with joust game world view.  Top Right Image – 
drawing of joust held in the hand of the VR/HHMI game 
player with EMS electrodes used to involuntarily activate 
forearm flexor muscles in response to inputs from VR game.  
Lower Image – VR gamer’s perspective view of joust 
delivering fatal strike to opponent during game play.  
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In a parallel development effort, KinAptic has leveraged the same core HHMI technology coupled 
with VR software to develop and demonstrate a VR Stroke Rehabilitation product for 
medical/rehabilitation use.  As part of a funded effort on behalf of Bayer Corporation, KinAptic is 
advancing this core HHMI technology within the medical / rehabilitation field with this VR Stroke Sleeve 
as depicted in Figure 7 below.  Using the KinAptic VR Stroke System, a stroke patient who is otherwise 
afflicted with limb motion deficiency is encouraged to initiate limb movement in response to auditory and 
visual stimulation through the VR interface.  Involuntary muscle movement is coupled to the intention to 
initiate movement and the resulting neural feedback stimulates accelerated neuromuscular reprogramming 
and retraining.   

Figure 7, KinAptic HHMI / VR Stroke 
Rehabilitation System.  Top Image 
depicts the slim, lightweight KinAptic 
Stroke Sleeve operated with remote APP.  
Used alone, this sleeve promotes 
involuntary muscle movement as a potent 
physical therapy mechanism to relieve a 
common affliction associated with stroke, 
MS, Parkinson’s and brain trauma, 
called Contracture.  This condition 
results in permanent upper limb 
disability.  The KinAptic Contracture 
Stretch Sleeve promotes muscle 
rehabilitation when used alone.  When 
coupled with the KinAptic HHMI VR 
Stroke Rehabilitation System, as depicted 
in Lower Image, a patient wearing the 
KinAptic Contracture Sleeve is immersed 
in a VR environment and challenged to 
initiate movements of their arm.  The 
HHMI detects the slightest motion 
intention and augments the movement 
through the EMS enabled HHMI sleeve 
with accompanying VR visual and 
auditory feedback.  Used as a system, 
this activity promotes accelerated 
neuromuscular rehabilitation. 

 
 These two initiatives provide KinAptic with sufficient foundational technical development and a 

framework onto which we can proceed to advance the HDI initiative previously discussed.  The core 
technology remains consistent across these otherwise diverse applications, requiring only minor 
adjustments to software and interface protocols. 

 
HHMI used with Human-Drone Interaction (HDI) 

 
Recent literature associated with exploring various options for effective Human Robot Interaction 

(HRI) and more specifically Human Drone Interaction indicate that tightly coupled control of a distal 
robot is particularly difficult when using conventional interfaces.  In particular, Cherpillod et.al. point out 
that when controlling non-anthropomorphic distal robots, the “use of embodied interactions instead of 
interfaces could bridge the gap between humans and robots, allowing humans to naturally perceive and 



act through a distal robotic body.” 10  Much work is currently ongoing in research and within the drone 
community developing advanced visual systems employing cameras to view an operator as a means of 
conveying human initiated flight control intention.  Couchard et.al.11 point out that people often interact 
with a drone as they would with another person or a pet, using common gestures, facial expressions and 
mannerisms, as though the drone is able to interpret them.  Broadly speaking, a large body of work is 
being done in this field using hardware devices (such as cameras, Microsoft Kinect and phone-based 
controllers).  In addition to requiring a stable gesture-based language for interpretation and accurate 
control, time delays, illumination requirements and camera infrastructure requirements remain as 
challenges.  In one instance, a significant body of work is being done in developing camera systems that 
attempt to predict the upcoming hand gesture from an operator, in order to reduce the processing dwell 
time.12  In other instances, the use of Natural User Interfaces (NUIs) are leveraged in order to make use of 
innate human features, gestures and speech subsequently compared relative to more common controllers 
and Graphical User Interfaces (GUIs).13  In another instance, a drone flying above a user projects an 
image onto the ground in front of the user who then uses foot gestures within the field of view of the 
drone to send non-verbal instructions to the drone.14 Overall, the trend appears to be moving towards 
gesture based control and body machine interfaces15 and away from conventional joysticks and tablets, in 
particular when operating distal robots in complex environments. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 8 Left Image “Embodied Flight With a Drone (Cherpillod) depicting the human operator in an 
apparatus shaped and configured like a fixed wing aircraft, where the human operator’s limbs and torso 
are engaged and aligned with the wings and fuselag. Right Image – Depiction of the KinAptic HHMI 
torso suit with whole body haptic mapping.  With arms outstretched like a bird or a fixed wing aircraft, 
arm motions affect wing actuation. 
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The notion of “Embodied Flight With a Drone”16, as elegantly described by Cherpillod, et.al, appears 

very similar to the proposed KinAptic HHMI approach as portrayed by Daniels in a recent International 
Application published under The Patent Cooperation Treaty (PCT) 17 and depicted in Figure 8 above. In 
both instances, the human operator assumes the form of a fixed wing aircraft with haptic mapping 
aligning flight control surfaces on the drone aircraft to arms, legs, torso and head of the operator.  As 
pointed out by Cherpillod, et.al, this approach accomplishes two goals; [a more natural and effective 
ability to control a distal robot as well as effectively transforming the human into a “sensory-motor” 
system akin to the robot itself].  The primary differences include the obvious morphology of the two 
distinct “platforms” (human and drone) as well as range of behaviors.  The former being bridged through 
careful interface design and programming, and the latter being aligned through the close-coupling of 
sensory, haptic and control interfaces.  In general, a more natural gesture-based control is created with 
immersive and “rich multi-modal” feedback, where the “user can ultimately embody a robot with non-
anthropomorphic morphology, hence the user’s body and perception can be seamlessly blended with a 
distal machine”.18 
 
HHMI with SWARM Autonomy 
 

Much has been written and demonstrated under the topic of Swarm Autonomy19 applied to 
drones.  Through computer controlled coordinated flight, spectacular air shows have been created and 
displayed in recreational (Intel’s world record breaking drone demo at the 2018 Olympic Games at 
Pyeongchang, China20) and military exercises (Perdix micro swarm21) clearly illustrating the potential 
effectiveness of collaborative swarm capabilities with drones.   Swarm autonomy is a broad topic, with 
many levels of complexity and challenge.  One general principal associated with Swarm robotics is the 
notion of centralized control and decentralized operation.  Loosely described, this implies a single 
overarching agenda mandated by the swarm operator, with individual “local” decision making executed 
by individual nodes in the swarm.  For instance, in an application requiring a large swarm of drones to 
spread out and provide aerial coverage over a moving vessel at sea, a single commanded instruction might 
be to “maintain a fixed altitude over the moving vessel, with the center of drone population directly over 
the center of the vessel”.  This instruction is all that is required on behalf of the swarm pilot, allowing 
each individual drone the local authority to localize within the larger population of drones, maintaining 
safe stand-off distance and formation flying objectives.  If an outside disturbing influence disrupts a 
portion of the swarm (drone malfunction causes one element to fall from the swarm for instance), it will 
be the local behavior autonomy that will cause neighboring drones to relocate and maintain the desired 
swarm flight configuration.  The swarm pilot does not need to micro-manage individual drones, but can 
be made aware of the re-adjustment, and ultimately decide if this requires any command level input. 

 
Of particular interest here, we explore the potential utilization of the HHMI technology as applied 

to Swarm autonomy.  As long as a human operator will interact with a swarm, a bi-directional control and 
feedback mechanism will prove beneficial.  As exemplified in the DARPA OFFSET (OFFensive Swarm 
Enabled Tactics Program)22, whose expressed goal is to “design, develop, and demonstrate a swarm 
system architecture – encoded in a realistic game-based environment and embodied in physical swarm 
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autonomous platforms – to advance the innovation, interaction, and integration of novel swarm tactics”, 
leveraging bi-directional human / machine interaction is beneficial.  Figure 9 depicts one element of the 
DARPA OFFSET objective to include human-swarm teaming in order to influence swarm (and system) 
behaviors.  One primary tenant of the KinAptic HHMI objective as related to drone operation is the belief 
that through full haptic immersion, a human operator will come to discover subtleties of drone in-flight 
behavior and movements that would otherwise go unnoticed using more conventional user interface 
devices.   In addition, it is an expressed objective of the HHMI drone control system that human 
behaviors can be captured and used to influence embedded autonomy and drone behaviors.  In essence, 
both human and drone will learn from one another through the KinAptic HHMI bi-directional interface. 

 
Figure 9 Image of DARPA OFFSET 
(Offensive Swarm Enabled Tactics 
Program) slide depicting the five tenets of 
swarm capability.  Of particular interest 
here is the “human-swarm teaming” 
aspect.  Bridging the gap in sensing, 
actuation, decision making and advancing 
embedded AI can be accomplished 
through tightly coupled human-drone 
interaction. 

 
 
 
 

 
 

 
A relatively new concept called "artificial swarm intelligence,"23 has been cited in recent literature.  

This is based on employing swarms of humans coupled via the internet to achieve a “collective, 
synchronous wisdom” that exceeds the wisdom of any individual member.  It may be possible to leverage 
lessons learned from this novel concept to influence programming and system development focused on 
decentralized control, while maintaining centralized command of drone swarms.  One can only hope that 
at a minimum it opens up the discussion about the potential benefits and risks associated with deploying 
swarms with or without a human in the loop.  Given the bias towards the latter approach (human in the 
loop), research would suggest that a human outfitted with a bi-directional haptic (consider the HHMI) 
system would be best equipped for this application. 

CONCLUSION 

In this paper, we have explored the evolving world of human drone interaction and begun to see a 
trend towards more “human gesture” and body machine interfaces (BMI) of distal robots.  This is 
particularly useful when controlling large numbers of drones operating beyond line of sight, and when 
subject to external influences.  The burden of additional control infrastructure associated with complex 
camera (and other) control mechanisms does not render the drone control system as easily portable and 
rapidly fieldable. Simple BMI means of interfacing with a single drone, or swarm of drones will provide 
operators with greater control precision, higher fidelity feedback and a more immersive experience.  The 
addition of VR (and AR) interfaces further improves the human drone interaction.  The KinAptic HHMI 
is well suited to delivering the necessary bi-directional haptic interface allowing for a more immersive 
control and sensory connection between distal drone (robot) and human. 
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