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Abstract 
The theory and application of a human-robot collaboration using Mixed Reality based methods are 
discussed in this study. By using this technique, industrial robotic arms can be controlled for grab 
jobs by a human in a natural and intuitive manner. Human-robot interaction (HRI), that entails an 
operator collaborating with and monitoring nearby robots, is now possible because to mixed reality 
(MR). Using a head-mounted display (HMD) like the Microsoft HoloLens, the operator may see 
the actual robots in HRI situations. To increase security, acceptance, and reliability, multiple 
virtual information can be placed on the real-world view. The risk of system injury or harm to the 
solitary operator can be reduced to the greatest extent possible by being able to anticipate future 
robot actions in-situ before they occur. Researchers looked at two different multimodal HRI 
systems that used speech and either neck position, often known as direction, or (ii) pointing to 
choose the pick place on a target item. The findings demonstrate that for MR-based pick-and-place 
situations, heading-based action to address are more accurate, take less time, and are assessed as 
less mentally, physically, and mentally exhausting. 
Keywords: human-robot, interaction, gestures, pointing, mixed reality 
 
1. Introduction: 

Robots must produce human behaviours during planning and communicate to users during 
execution in order for human-robot collaboration to be effective. Together, these processes make 
it possible to find common ground in terms of shared goals, objectives, and beliefs. The current 
range of these interactions is, however, severely constrained by the technology currently available 
in natural language processing. This is mainly because robots find it challenging to (1) understand 
human intents and (2) clearly convey their own intentions due to differences in how humans and 
machines represent and communicate information. Many earlier HRI studies have focused on the 
ensuing communication barrier. For purposes of safety, productivity, and usability, such obstacles 
are particularly significant whenever combined human-robot teams are engaged in collaborative 
tasks. The Roadmap for U.S. Robotics places emphasis on this, stating that "people need to be able 
to read and recognise robot actions in order to understand the robot's comprehension." 
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Even though there has been some preliminary work in this area for many years latest events in 
mixed reality and virtual reality systems have greatly increased the viability and potential of this 
strategy. Systems to visualise the movements of robots and mobility wheelchairs have recently 
been created, and the results point to the fact that people prefer to engage with robots that directly 
communicate their intentions through visual cues. Although there has been a lot of new study in 
this field, the majority of it focuses on passive, non-interactive systems having constrained 
applications. Furthermore, these systems do not truly embrace mixed reality since they do not take 
into account how their surroundings changes as they project information. 
To successfully connect with robots, humans must convey their expertise and intent (HRI). For 
instance, the assistance robot must provide the proper instrument when a surgeon commands, 
"Hand me the scalpel." Humans naturally interact using loud modalities including speech, gesture, 
and eye contact in order to effectively collaborate. Failures in collaboration and communication 
happen when the mental states of two agents are out of sync. A robot can learn about its uncertainty 
by asking questions, which makes it easier for it to recover from failure conditions.  
Designing interfaces for Human-Robot Interaction (HRI) is one of the most difficult difficulties 
the field of robotics is now facing. Collaborative work between people and robots will increase in 
frequency as HRI interfaces develop. With this in mind, the Mixed Reality Human-Robot 
Collaboration system was created, which enables people to interact with robotic devices naturally 
through spoken dialogue and gestures. Real-time mixed reality combines the real environment and 
virtual 3D images. Real-time interaction with 3D images is made possible by MR, allowing users 
to access into the Mixed reality and interact with 3D objects as if they were actual items. The robot 
is shown in this work's virtual graphics working alongside a human in a shared workstation. By 
giving the human an exocentric view of the robot as well as its surroundings, the human is better 
able to stay situationally aware of the robot, ground their dialogue, and forge genuine 
collaborations for challenging tasks. 
 
It was necessary to lead a model mobile robotic through a set maze. Performance and collaboration 
were considered when comparing three user interfaces. One interface featured a single egocentric 
video feed from of the robot in a standard teleoperation mode. The MR interface of a second 
interface, which was a constrained form of the MRHRC system, let the user to watch the robot in 
its working environment, but it did not offer any tools for pre-planning or reviewing the robot's 
intended activities. The final interaction was indeed the full MR-HRC system, which let the user 
interact with the robot by speaking to it and using gestures to formulate and review a plan before 
executing it. 
 
The study of human-robot interaction (HRI) spans a wide range of knowledge in humans. It sits at 
the nexus of computer science, cognitive science, and robotics. The investigation of human-human 
interactions, the layout of software and hardware systems, and human and robotic perception are 
all included. Human communication takes place through a variety of modalities, including speech, 
gesture, facial expressions, eye contact, and physical contact. It is usual to categorise interactions 
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in human contact as physical (pHRI) and mental (cHRI). These fields each receive a brief 
overview. 
 
 In order to study contact force and control consistency, dominant distribution in multi-agent 
settings, haptic feedback, etc., pHRI includes physical contacts between the agents. Exoskeletons, 
or "wearable robots," are a common form of physical human-robot interaction. They increase a 
wearer's strength to improve their innate talents or for therapeutic reasons. cHRI, on the other hand, 
deals with higher-level interactions in which the agents merely exchange information rather than 
using force. Concepts, such as directions, locations, and everyday things (such as "a can of soda"), 
can be used to convey information in the mental interaction example. Since cHRI is the subject of 
this PhD study, we'll just call it HRI from now on. A substantial portion of robotics research has 
been focused on gesture-based human-robot interaction in recent years. Hand gestures and arm 
gestures are the two forms of gestures most frequently used. Arm gestures are more frequently 
connected to pointing or deictic movements while hand motions are typically related with iconic 
instructions or emblems, pantomimes, and sign language. Since pointing necessitates moving both 
the arms and the hands (the pointer finger is stretched and the forearm is straight), most work that 
refer to hand gestures also imply the usage of arm gestures, and as a result, the terms are frequently 
used interchangeably. 
 
2. Literature survey 
 
Williams Tom (2018) Researchers in HRI, robotics, artificial intelligence, and mixed reality will 
come together at the first international workshop on virtual, augmented, and mixed reality for 
human-robot interactions (VAM-HRI) to discuss difficulties in human-robot mixed reality 
interactions. 
 
Rosen, Eric (2020) Existing methods have opted to either use actual behaviours, such as pointing 
and eye contact, or invented behaviours, such as mixed reality. Research on how MR compares to 
physical activities for lowering robot uncertainty is lacking, nevertheless. We investigate the claim 
that virtual deictic gestures are superior to physical behaviours for human-robot interaction (HRI). 
 
Krupke, Dennis (2018) The ability to foresee prospective robot activities throughout before they 
are taken does have the greatest chance of lowering the hazards of system damage or injury to the 
human operator. The application of this system, that allows an individual to naturally and 
intuitively control an adjacent industry robot arm for a variety of tasks. 
 
Wang, Qiyue (2019) Based on feedback, the person welder is presented with a three-dimensional 
(3-D) working environment through a head-mounted display through a kinetic headset in real-
time. To compensate for the gap between both the order motion as well as the actual movement of 
the robotic, a markov model is proposed to replicate and predict the actions by human welders. 
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The travelling speed data of person welders are categorised into latent states using the K-means 
clustering algorithm. Based on the developed prediction system, a root means square method is 
used to forecast the movement of human welders. 
 
Ostanin, Mikhail (2020) The created system relies on the HoloLens glasses coupled to the Unity 
engine and robotic manipulators via the Robotic Operation System. The system offers the ability 
to create tasks using virtual markers and menus, locate the real robot using point cloud analysis, 
and generate trajectories for execution on a manipulator or simulator.  
 
El Hafi & Lotfi (2020) It has been discovered that general service tasks requiring human-robot 
interaction are challenging, in particular because (1) robots have high-level context-based 
intelligence and (2) people are unable to forecast the perceptual state of robots as they can for other 
humans. This system makes use of a number of key inventions, including (1) a primary structures 
ideas formation for planning general robot task interaction and (2) a mixed reality interface that 
enables people to organically engage with the robot perception as it is now in operation. 
 
A. Gupta et al (2014) represented a method for robust speech recognition technique. Speech 
recognition is a process by which system can understand natural language. By the help speech 
recognition method like this would be able to give robot system the voice command to perform 
task.  
 
Matsas et al (2018) In recent years, the necessity for shared collaborative execution of 
manufacturing operations has given rise to Human-Robot Interaction (HRI). The latter is meant to 
enrich the former's content.  
 
Szafir, Daniel (2019) The successful and broad deployment of robotic technologies continues to 
be severely hampered by effective human-robot interaction (HRI). Fundamentally, HRI issues are 
a result of communication breakdowns between humans and robots, which results in errors in 
mental models, miscalibrated trust, a lack of situational awareness, etc.  
 
Chang, Christine (2020) The successful and broad deployment of robotic technologies continues 
to be severely hampered by effective human-robot interaction (HRI). Fundamentally, HRI issues 
are a result of communication breakdowns between humans and robots, which results in errors in 
mental models, miscalibrated trust, a lack of situational awareness, etc. 
 
Shu et al (2020) When it comes to human-robot collaboration, collaborative robots open up a wide 
range of options. The safety of the human worker is currently ensured by the robot's safety 
controller in most cases by bespoke, sensor-integrated ways. These solutions adhere to the laws 
and norms of the present. 
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Dianatfar et al (2021) There has been significant interest in developing more adaptable and 
reconfigurable automation systems during the past few decades. This includes research interests 
in human-robot cooperation (HRC) solutions, which allow for the combination of semi- or 
completely automated processes with the dexterity and adaptability of humans without adding 
complexity or rigidity. Though not yet intuitive, quick, or flexible, human-robot communication 
is nevertheless possible.  
Angrisani (2018) Augmented reality (AR) provides a new channel of communication that can 
improve interactions between humans and robots. A Brain-Computer Interface (BCI) can be very 
useful for interacting with an AR headset because it essentially acts as a "thinking mouse" and 
allows the user to control the system without using their hands, allowing them to complete other 
things at the same time. 
 
Chandan & Kishan (2019) In an office setting where numerous mobile robots perform delivery 
duties, we have experimented on both simulated and real robots. Human-robot collaboration is 
therefore required because the robots could not execute the jobs independently and occasionally 
needed assistance from a human partner. The results show that ARN dramatically decreased the 
work completion time for the human-robot team as compared to a non-AR baseline strategy. 
 
Rosen (2021) Relevant topics include developing engaging robots for mixed reality, using virtual 
reality in engaging robot development, developing augmented reality interfaces to mediate 
between humans and robots, researching mixed reality interactions for robot learning, comparing 
the skills and preconceptions of robots and virtual assistants, and best design practises. 
 
zu Borgsen & Sebastian Meyer (2018) For a variety of uses in the field of Human-Robot 
Interaction (HRI), such as telerobotics or as a tool for developing and debugging robotics software, 
virtual reality (VR) and mixed reality (MR) have previously been applied into robotic systems. In 
this situation, MR techniques enable the user to have a more satisfying experience and engage with 
the robot more effectively. 
 
Weber et al (2022) It is essential that the robot be aware of its physical environment in order for 
human and robot interaction to be reasonable. There are countless potential items for interaction. 
Due to this, using robots in unpredictable environments with unknown interaction entities is 
difficult, and it is not always possible to use pre-trained object-detection neural networks. 
 
Suzuki et al (2022) Augmented and mixed reality (AR/MR) is a novel method to enhance robotic 
interfaces for human-robot interaction (HRI).  Recent studies in the HCI, HRI, and robotics 
disciplines have demonstrated how AR enhances interactions between people and machines.  
 
3. METHODS: 
3.1. MIXED REALITY HRI PROTOTYPE 
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The use of MR technology to solve some of the aforementioned problems has huge promise. Real 
working places and digital information combine to produce a mixed environment that can yield 
valuable input during HRI. This defined MR as a phrase based on a continuum between a fully 
virtual environment (VE), also known as virtual reality, and the real world, also known as our 
physical reality (VR).  
 
As previously said, MR technology has a lot of promise to enhance HRI user interfaces (UIs). Our 
research focuses on human-robot collaboration, where an MR user can direct an industrial robot 
arm to manipulate actual objects. In our implementation, a virtual robot is shown over a real robot 
while the user is wearing a Microsoft HoloLens. The user can see more details about objects they 
can interact with.  
 

 
Fig. 1. The proposed human-robot collaborative system relies on a modular and tetherless 

arrangement that employs a pick-and-place industrial robot and a self-contained see-through MR 
display. 

3.2. Implementation 
Our MR HRI prototype's implementation uses particular hardware, but it can be made to work 
with any robot and a variety of AR and VR HMDs. It adheres to the basic idea. Fig. 2 indicates 
how the pick-and-place implementation is used. 
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Fig. 2. Implementation procedures for pick-and-place 

 
Hardware setup: 
We use a Robotiq Adaptive 3-Finger Gripper coupled to a ROS system for interaction (Kinetic)-
controlled industrial manipulation of the Universal Robot UR5. The HoloLens is a stand-alone 
mobile device that supports hand gestures, speech recognition, and inside-out tracking. The 
HoloLens has a 30°_17:5° field of vision and a resolution of 1268 x 720.  
 
3.2.1. Communication: 
The ROSbridge node, which would be made available by robot web tools project, is used to 
implement communications between both the headsets as well as the robot control software. The 
ROSbridge, a ROS node, provides websocket networking. On the Unity3D side of the system 
under discussion, there is a C# version again for Universal Windows Platform (UWP). 
3.2.2. Workspace switching 
We refer to Sh-plane as that of the secondary workspace shape (Figure 3b), which the user can 
switch to upon request, and Scylinder as the main workspace form (Figure 3a), which is the one 
that is active by default (Figure 3c). On such a joystick (Logitech F710), the operator switches 
between both the two configurations using a simple spring-loaded trigger mechanism; the other 
joystick switches & controls were not utilised during the trials. 
 
By linking the button's stated condition to the selected workspace shape, a crucial system state, the 
user is kept informed of the system's current state. On the other hand, the status would be altered 
automatically if the active workspace were modified after the mouse was released. Second, 
whenever the trigger is released, the active workspace changes to a primary (cylinder) 
configuration, serving as a makeshift handle and ensuring fail-safe behaviour. Because the circular 
region is centred entirely around the person, it would be difficult for the robot to accidentally 
collide with them. Another example is when the drones are flying at eye level and the guiding ray 
is parallel with the horizontal plane. If the helicopter's elevation angle with regard to a user's phone 
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is within 5" of the horizontal plane, we prohibit moving to the second workspace (see Figure 3d). 
The joystick rattles to alert the operator when a request to shift to a different workspace is rejected; 
blocking the trigger button physically is also an option. 

 
 

Figure 3. Using workspace shapes to interact: a) The user directs the drone in the 
main workspace Scylinder; b) By pressing, the user changes to the secondary form.  a button; c) 
the user controls the drone in the secondary workspace Sh-plane; and d) the user is not permitted 

to change the workplace to Sh-plane when the drone is flying near the user's eyes. 
 
3.2.3. Gesture sensing 
Researchers used a low-cost wearable IMU (Mbientlab Meta- WearR) to create the system; its 
form factor is similar to a wrist smartwatch (Figure 4, right). The device's internal firmware 
continuously executes the required sensor fusion techniques and outputs an exact estimate of the 
device's absolute 3D-orientation in any chosen fixed reference frame with an upward-pointing z-
axis. A vibration motor, an LED light, and a microswitch button are all included in the gadget. The 
information is transmitted over a Bluetooth Low-Energy (Bluetooth 4.0) connection to the host PC 
at a rate of about 50 Hz.  
 

 
Figure 4. Hardware used in the trials includes a Mbientlab MetaWearR+ IMU bracelet on the 

right and a Bitcraze Crazyflie 2.0 quadrotor on the left. 
 
3.2.4 Registering & precision:  
The prototype and its localisation are automatically adjusted as they are processed on the HMD's 
hardware interface using a SLAM approach. When the lifespan of HoloLens "holograms" and 
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associated real anchors were earlier evaluated, it was discovered that there was a gradually 
transitioning error of 5:83_0:51mm. To quickly calibrate the digital space in relation to the 
physical one using Vuforia camera-based marker identification, one 2D marker approach is used. 
This marker's transfer from its location to a WMT framework used for planning is known, so that 
it could also be used as a indicator of infrastructure. 
 
3.3. Multimodal UI for Pick-and-Place Tasks 
We expanded methods for controlling things generally using augmented reality utilising a mobile 
headset in our implementation. Unresolved research issues include manually configuring the 
placements of robot grippers. A red ring-shaped pointer, as seen in Fig. 1, alerts the user visually 
to the current selection location in both selection techniques. Commits can be made with ease using 
voice commands, which also reduce sensorimotor errors.  
 
3.3.1. HB Selection: 
A ray is projected forward into the head point of the HMD using our heading-based solution. The 
posture of the user's HMD determines the heading vector, which is hypothetical equivalent of a 
green laser pointing directly ahead between the mobile screen towards the forward direction of the 
HMD. The user rotates their heads around to determine which actual thing they might be looking 
at, and while they do so, this ray may collide both with real or spatial mapping mesh objects. 
 
3.3.2. H2F Selection: 
 The item that is selected using this technique is one that the person's finger covers. The finger is 
tracked using the inside-out tracking capability of the HoloLens. The ray-cast is then produced by 
the patient's head and eyes (from between the eyes) as well as the position of the index fingertip. 
 
3.3.3. Pre-Visualization of Robot Actions 
Once the user is satisfied with the robot's imagined motion, they can use the voice control 
"confirm" to have the real industrial robot arm do the same tasks as the simulation. A pre-
visualization like this has several advantages. The user can initially see a preview of the complex 
robot arm's motions before they take place. This not only increases safety but also makes it simpler 
to train robots and comprehend their behaviour. 
 
4. Results: 
4.1. Participants 
16 volunteers, ages 21 to 38 (M = 28.31), 3 female and 13 male, participated in this study. The 
participants were unpaid staff members or students from the neighbourhood computer science 
department. The participants' gender split is typical of our department's staff, and as a result, of the 
target user base. The students received class credit for their involvement if they so desired. Due to 
the approach, which permits gestures with either the left or right hand, handedness was irrelevant. 
The trial took place on average for 25 minutes, of which 15 minutes were spent wearing the HMD. 
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Fig. 5. Participant throughout the experiment: (a) HB-selection , (b) H2F-selection , and (c) the 

participant's perspective through the augmented reality headset . 
 
The user observed the actual laboratory as shown in Fig. 5. A different yellow cylinder was chosen 
at random for each trial. The desired position along the cylinder's outside edge was identified using 
the participant's present position. The objectives were represented by 1:125 cm-diameter red 
spheres. 
 

 
Fig. 6. The positioning of the targets on the surface of the cylinders and the positioning of 

the cylinders on the table 
 

4.2. Performance: 
The duration between the presentation of a new target and the participant's selection is shown in 
Fig. 7. The outcomes are displayed in Table 1. These findings support H2. Participants chose the 
objectives in substantially less time, as shown by Table 1 and Fig. 7. These outcomes support H3. 
We also determined the success rates of each approaches. By choosing the incorrect cylinder 
location, a failure was defined. The rate of failure for HB was 1.29%, and for H2F it was 7.08% 
overall. 

 
TABLE 1 Task-load,accuracy, time,  and usability summary 



 
 
 

6867 
 

Ann. For. Res. 65(1): 6857-6872, 2022 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
https://www.e-afr.org/ 

© ICAS 2022 

 
 

 

 
Fig. 7. (Left) The choice between HB and H2F. Error in the distance between HB and H2F 

(centre). (Right) For the 2 conditions of the AttrakDiff survey: HB for the going to head method 
and H2F for the finger-pointing approach, average values and confidence rectangles are 

provided. 
 
Usability:  
The paired samples T-Test was used in the investigation since the data were normally distributed 
(p >:05). When compared to method H2F, the taskload for technique HB is significantly lower, 
suggesting that the driver's capability is being used much less frequently. These findings back up 
H1. Figure 8 depicts the change of the target's distance over time; the right plot's comparison of 
means demonstrates how similarly both interfaces behave in this regard. These outcomes support 
our earlier conclusion for a comparable 2D task. A particular interface performs better the nearer 
the relative length is near 1.0. These data are displayed in Figure 9 as a 2D plot, where the x and 
y coordinates of the black dots and the blue crosses are determined by the median relative distances 
of the joystick and pointing interfaces, respectively. 
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Figure 8. The graphic shows each trajectory as a line, with t = 0 corresponding to the t0 time of 
each trajectory. analysis of the goal distance's temporal evolution for each flown trajectory. On 

the left, a joystick interface (N = 90). interface aimed at the centre (N = 90). Correct: average all 
trajectories for each interface. 

 
Researchers have compared the mean and mean delays to target, as well as the average and median 
trajectory lengths, for the two endpoints in Table 2. For each participant (row), researchers show 
the mean and median score for each of the control modes across all sections (columns). Because 
the samples are paired and allow us to compare the outcomes of a single subject using both regulate 
modalities, we can apply a paired difference test to assess if the hypothesis that pointing provides 
good outcomes than joystick—lower duration or duration—is statistically significant. 
 

Table 2. Subject-specific performance (mean and median across all segments) 
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Figure 9 relative trajectory lengths, normalised by straight target distances, flown using the 

joystick and pointing interface. For each user (Nu = 10), the mean and median values are 
represented by the black dots and blue crosses, respectively. The error bars show the percentiles 

from the 25th to the 75th. 
 
Shorter durations were achieved with the pointing input; this may be attributed to smoother 
trajectories. In fact, a test image of the trajectory segments produced by the pointing (Figure 11) 
and the joystick (Figure 10) shows that joystick trajectory is made up of several orthogonal pieces 
in the horizontal and horizontal planes, while the pointing trajectory only displays this property 
for vertical segments. The time to target measure, on the other hand, did not show any statistically 
significant improvement. There could be several reasons behind this. First, because the operator 
directly communicates the position of the object, low-level trajectory execution is carried off 
automatically and more successfully using the pointing interface. Operators who use the joystick 
interface, on the other hand, must manually draw the trajectory and send orders in the velocity 
space. This leads to longer trajectories and less real control. 
 

 
Figure 10. Using the joystick, a trajectory's two segments are seen. The tall, narrow cylinder 

represents the user, while the short cylinders stand in for the objectives. 
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Figure 11.  2 segments of a trajectory are seen by pointing. 

The red segment is carried out utilising the horizontal plane workspace, while the green segment 
uses the cylinder workspace. The tall, narrow cylinder represents the client, and the short 

cylinders stand in for the targets. 
. 

5. CONCLUSION  
In this article, we described the fundamental idea and design of an MR human-robot cooperation 
system, which enables a person to naturally operate a nearby industrial robot arm for pick-and-
place tasks3. To specify the select and put location on a target item, we tested two distinct multi-
modal HRI strategies employing (i) HB and (ii) H2F, both in conjunction with voice. There are 
some restrictions, though, which might be fixed in subsequent development. Additionally, the 
operator could receive more data than is now provided. For further enhancing the user's 
performance, the robot's range and dexterous abilities in the workspace might be of interest. The 
set of manipulatable objects in the implementation is predetermined. Future upgrades will 
incorporate object recognition and new candidate interaction between the user interface and the 
robot side. In this study, researchers proposed a human pointing paradigm as a relationship 
between the user's posture and the environment's pointed-at location. Using a single IMU sensor, 
researchers first calculate a directed direction in the shape of a ray. We next estimate the aimed-at 
position by intersecting this ray with the surrounding environment. Our primary contribution is a 
technique that makes it possible to predict such positions even in unrestricted 3D space, for 
instance, when operating a quadcopter. 
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