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Robots have been tradi�onally ex-
ploited in produc�on engineering 
to boost produc�vity and com-
pe��veness in manufacturing sys-
tems. More recently, robo�cs and 
its related technologies are pro-
gressively and substan�ally enter-
ing homes and public places with 
the scope to improve the quality 
level of human life and welfare. 
As this new trend requires ro-
bots increasingly capable to col-
laborate and work closely with 
people, the design of a suitable 
Human Robot Interface (HRI) has 
then become a fundamental issue 
in robo�cs, since it can enable ef-
ficient and effortless robots-user 
communica�on. In this research 
work, the problem of configuring 
the most appropriate HRI to be 
implemented on a robot swarm 
for hospital care is inves�gated. 
With the aim to get a full view of 
the poten�al tools offered on the 
market, the most relevant avail-
able HRIs are presented and eval-
uated by taking into account the 
specific requirements imposed by 
the hospital environment and the 
poten�al users. The most suit-
able interface is iden�fied using a 
Mul�-A�ribute Decision Making 
(MADM) method based on the 
Simple Addi�ve Weight (SAW) 
aggrega�on technique coupled 
with the Linear Scale Transforma-
�on Max Method and eventually 
configured with reference to an 
applica�on test case concerning 
the delivery of medicines within 
the hospital area.
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1 INTRODUCTION
For many years, robo�cs has been 
largely employed in shop-floors 
since it offers the opportunity to 

significantly increase produc�vity 
and compe��veness of manufac-
turing industries. Nowadays, this 
technology is moving out of the 
industrial environment towards 
homes and public places. Accord-
ingly, while in the past robots 
were mainly employed for indus-
trial manufacturing and transpor-
ta�on tasks, to date increasing re-
search and development efforts 
are dedicated to service and en-
tertainment applica�ons [1].

The trend of many recent research 
studies on robo�c systems has 
now invested the market where 
tradi�onal cleaning, transpor�ng 
and guiding applica�ons in en-
vironments like metro sta�ons, 
hospitals and museums are now 
increasingly conceived for con-
sumer-targeted robots [2]. The 
robot systems of the next years 
will be human assistants, helping 
people do what they need in a 
natural and intui�ve manner.

As a ma�er of facts, new social 
and public service demands have 
emerged in modern society for 
which innova�ve solu�ons can 
be effec�vely found in robot-
ics. An example is represented 
by the ever-increasing growth of 
the elderly popula�on and labor 
shortages in the welfare service. 
To tackle these problems, numer-
ous researchers are inves�ga�ng 
the applicability of intelligent 
systems and robo�c artefacts in 
assisted-living environments [3] 
with func�onali�es related to the 
support of basic ac�vi�es: mo-
bility, household maintenance, 
monitoring and safety preserva-
�on, etc. [4]. 

This ar�cle relates to a wider re-
search effort whose main purpose 
is to overcome the lack of health-
care staff with par�cular refer-
ence to hospitals and healthcare 
centres. This research work aims 
at the implementa�on of a robot 
swarm that will carry out four ma-
jor tasks: a�endance, recogni�on, 
communica�on and support (for 
assis�ng, cleaning and delivery).

Advantages achievable through 
the implementa�on of this robot 

swarm include (but are not lim-
ited to) the increase of a�en�on 
paid to pa�ents by hospital staff; 
the reduc�on of human error in-
stances; improved cleanliness of 
the environment; faster and �me-
lier delivery of medicines. The 
self-organising robot swarm will 
efficiently support hospital staff 
by offering them a convenient 
manner to request tasks. The ro-
bot swarm user will simply need 
to specify to one of the robots in 
the swarm the job that should be 
carried out, without the necessity 
to program robots or worry about 
the details of execu�on. The robot 
swarm will autonomously decide 
which robot should carry out the 
mission and how to perform it.

In order to carry out the speci-
fied ac�vi�es, the swarm robots 
should be capable of performing 
diverse tasks in an unstructured 
dynamic environment such as the 
hospital ward, not only by oper-
a�ng among humans but also 
by con�nuously interac�ng with 
them. The main robots require-
ments are: mobility; advanced 
percep�on capabili�es; and easy 
interac�on with humans [2]. 

This ar�cle focuses on the lat-
ter aspect, i.e. the need of com-
munica�on/interac�on between 
humans and robots. This is the 
prerequisite to allow the robots 
to work proficiently in the same 
environment and under the com-
mand of different users.

To enable efficient and effortless 
communica�on, a proper Human 
Robot Interface (HRI) is funda-
mental. This HRI should permit 
the average user to transmit their 
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will to the robot in a simple way 
and to control and assess the 
state of the system. Moreover, a 
well-designed HRI can make the 
robots more acceptable by all 
kind of users.

The main purpose of this ar�cle 
is to find the most suitable HRI 
to be implemented on hospital 
swarm robots. Even if different 
devices can be available to hospi-
tal staff, the HRI should be unique 
for every applica�on involving in-
terac�on with the swarm robots, 
and should take care of all the 
problems related to the usage by 
several different poten�al users.

2 AVAILABLE INTERFACE TECH-
NOLOGIES
The various kinds of HRIs com-
mercially available on the market 
have all been designed to on the 
basis of the typical ways of human 
communica�on in daily life.

This is because the principal re-
quirements of HRIs or, more gen-
erally, all human-machine inter-
faces (HMIs) is to provide an easy 
and intui�ve human-like interac-
�on.

HRIs designed to make use of all 
or some of the five senses (par-
�cular focus is on vision, hearing 
and touch interac�on), represent 
rela�vely simple tools enabling 
natural communica�on.

In the following, the most relevant 
available HRIs are introduced and 
evaluated.

2.1 Graphical User Interface
A Graphical User Interface (GUI) 
allows people to interact with a 
device through direct manipu-
la�on of graphical elements. 
Graphical icons, visual indicators 
or special graphical elements 
called „widgets“ are used rather 
than typed commands or text 
menus. Icons are generally used 
to display a current state object, 
process or situa�on. Compared 
to text, they permit to save much 
space and their visibility, accen-

tuated by a par�cular posi�on 
on the screen, provides a very 
easy to use interface. Usually the 
icons are employed in combina-
�on with text and labels to clearly 
represent the informa�on and 
the ac�ons available to the user. 
Besides icons, also symbols, but-
tons, drop-down lists and menus 
are employed to allow easy view-
ing of data [5]. Typical input de-
vices are keyboard and mouse.

2.2 Touch User Interface 
A Touch User Interface (TUI) al-
lows the user to employ both 
the senses of sight and touch to 
ac�vate func�ons. It requires a 
pressure on parts of a graphical 
surface, replacing the common 
interac�on devices like keyboard 
and mouse with a touch screen. 
Ac�ons can be carried out just by 
interac�ng with the touch sur-
face: the printed pages act as a 
template or overlay to a switch 
array, and the switching sensor 
holds the connec�on with a data-
base in order to launch the appro-
priate applica�on.

TUI icons are used to show what 
func�on is ac�vated by interact-
ing with the corresponding part 
of the printed page. The most 
common touch screens are Resis-
�ve touch screens, usually em-
ployed for applica�ons like PDA 
(Personal Digital Assistant), but 
also Capaci�ve touch screens and 
Dispersive Signal Technology. 

2.3 Gaze-based Interface 
A Gaze-based Interface employs 
an eye-tracking system able to de-
tect the visual behaviour of users. 
Input can be entered by turning 
the gaze into a poin�ng device. 
Gaze controlled systems provide 
hand- and barrier-free interac�on 
that can be used in a large spec-
trum of applica�on fields. They 
could increase the efficiency of 
human-machine interac�on in the 
near future adding an addi�onal 
modality besides conven�onal 
interac�on devices. Applica�ons 
could be controlled by eyes with a 

display showing the func�on and 
interac�on feedback.

2.4 Voice User Interface
A Voice User Interface (VUI) 
founds interac�on with machines 
on a voice/speech pla�orm to 
ini�ate an automated service or 
process. Since speech is the main 
mean of communica�on for hu-
mans, a VUI is a natural interac-
�on modality. However, designing 
a good VUI is very difficult, and 
can be done in different ways.

In the natural language recogni-
�on the system converts words 
into text, just as if they had been 
entered via keyboard. In the case 
of Speaker-dependent system the 
user has to introduce samples so 
that it could iden�fy his voice. 
Speaker-independent system 
does not require the registra-
�on of samples of voice, but can 
recognize limited vocabularies. 
There are three types of voice 
recogni�on applica�ons: Com-
mand system that can recognize a 
few hundreds of words, Discrete 
voice recogni�on that is usually 
employed for dicta�on and re-
quires a pause between single 
words, Con�nuous voice recog-
ni�on that understands natural 
speech without using pauses. 

On the other side, to synthesize 
text into speech Text to speech 
technology has been significantly 
improved in recent �mes, and al-
though it is s�ll not comparable 
to recorded human voice, it offers 
an alterna�ve to produce sound 
messages from text that cannot 
be known in advance.

A hearing-based interface can also 
include a sound emission device. 
Sound is widely used for warnings, 
alarms, and monitoring status in-
forma�on. The effect of sound on 
human behavior depends on in-
tensity, pitch or �mbre. Some of 
them will be completely ignored 
while others are automa�cally as-
sociated to a specific situa�on or 
have alarming nature as a siren. 
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2.5 Mul�modal Interface 
A Mul�modal Interface offers to 
the user mul�ple modes of inter-
ac�on with a system: it typically 
combines a visual modality like a 
display, keyboard, and mouse so-
lu�on with a voice modality such 
as speech recogni�on for input, 
speech synthesis and recorded 
audio for output. However other 
modali�es may be used [5]. The 
advantage of mul�ple modes is 
increased usability: the weak-
nesses of one modality are off-
set by the strengths of another. 
Mul�modal interfaces have the 
poten�al to enhance users‘ ac-
cess to informa�on technologies 
through an augmenta�on of the 
perceptual processes via mul�ple 
modali�es. Users who have dif-
ficulty with one modality could 
greatly benefit from using an al-
terna�ve one, or a combina�on 
of modali�es enabled by a mul�-
modal interface [6].

3 TECHNOLOGY EVALUATION

3.1 Interface Requirements
In order to select the most suit-
able interface technology for the 
hospital swarm robots, it is essen-
�al to examine the environment 
in which they will be implement-
ed and the different kinds of users 
they will encounter.

In a hospital, human-robot inter-
ac�on can occur in several dif-
ferent scenarios such as wards, 
pa�ent rooms, staff offices, etc. 
These environments have very 
different features: they should be 
then analysed to iden�fy the en-
vironmental constraints (loca�on, 
accessibility, temperature, noise 
level, etc.) and the requirements 
that a HRI should meet to be em-
ployed in those loca�ons. 

The analysis of the hospital en-
vironment has been carried out 
through interac�on with the ac-
tual users as well as on the ba-
sis of a research performed on 
internet. The la�er offers a wide 
variety of informa�on, not only in 
the form of wri�en ar�cles and 
statements, but also in the form 

of mul�media files. It is possi-
ble, for example, to listen to the 
characteris�c sounds of a hospital 
environment in different rooms 
and condi�ons, such as a cor-
ridor rather than a pa�ent room 
etc. (e.g. on the website www.
audiosparx.com many different 
files related to hospital sounds 
are available). 

On the basis of this research, some 
considera�ons can be made. In a 
corridor, for example, noise level 
will be much higher than in pa-
�ent rooms or staff offices. This 
could influence command under-
standing and hence compromise 
the task achievement in case a 
voice based technology is em-
ployed. These issues should be 
taken into considera�on when 
designing a proper interface.

Also the inclusion of the user’s 
perspec�ve throughout the en-
�re design and development 
process is central for an effec�ve, 
efficient, and usable interface [7]. 
For this reason, it is essen�al to 
make a sort of classifica�on of 
the poten�al users to consider 
the needs of any category.

The hospital swarm will interact 
with four main groups of people, 
each having different skills and 
requiring a different func�onality 
from the robot. Supervisors are 
part of medical staff with the role 
of monitoring and controlling the 
overall situa�on; operators are 
skilled users able to modify the 
internal state of the robot, with 
knowledge of robo�c program-
ming and architecture; peers 
are agents with specific abili�es, 
interac�ng with the robot at an 
high level to reach common goals; 
bystanders are agents that simply 
co-exist in the same environment 
of the robot [6].

On the basis of this scenario, the 
main requirements that a HRI 
should sa�sfy can be iden�fied:

Ease of use: The robot needs to 
interact with the medical staff, 
but also with pa�ents and visi-
tors. Due to this fact, the interface 
should be easy to use enough to 

allow anyone for a simple interac-
�on with the machine.

Effec�veness: The interface 
should assure an effec�ve inter-
ac�on between the robot and the 
user. Effec�veness measures how 
well a result is achieved. 

Efficiency: Efficiency is related to 
the user efforts to fulfil a task: the 
more quickly users are allowed to 
carry out their jobs, the more an 
HRI is efficient. 

Transparency and understand-
ability: Many poten�al users, es-
pecially pa�ents, could be in�mi-
dated by the robots technology. 
Then, it is of crucial importance 
to make robots behavior fully 
comprehensible and their inten-
�ons clearly apparent for all us-
ers. Transparency of the robot’s 
in¬ternal state is then required 
for assistance within hospital 
centers. This also allows poten�al 
sources of misunderstandings to 
be immediately detected.

Robustness to errors: Errors will 
occur in human-robot teamwork 
just as they do in human-¬human 
teamwork. This is par�cularly 
true when the environment is 
noisy and the user is unskilled. 
Successful human-robot coopera-
�on must then rely upon a robust 
interface.

Hygiene: Hospital swarm robots 
must sa�sfy precise hygiene in-
struc�ons to avoid transmission 
of infec�ons. Par�cular a�en�on 
should be paid to the interface 
devices, as they are the part of 
the robot in direct contact with 
users.

Accessibility: The interface should 
be accessible to every poten�al 
user. In a hospital, this problem 
is par�cularly felt since different 
levels of pa�ent disability can 
be encountered. The interface 
should be developed taking into 
considera�on the different de-
grees of percep�on and mobility 
for the pa�ents.

Cost: The development of a new 
interface should also consider 
cost issues, which include not 
only purchase costs – that in some 
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cases can be very significant - but 
also maintenance needs.

Availability on the market: Avail-
ability on the market should be 
considered since a commonly 
used device allows for easy and 
fast purchase, and its mainte-
nance will be simple as necessary 
skills and spare parts are readily 
available.

3.2 Interface Evalua�on 
Evalua�on methodology

The problem of selec�ng the 
most suitable interface for the 
swarm robots can be classified as 
a Mul� A�ribute Decision Making 
(MADM) problem, i.e. a problem 
that involves ranking or evaluat-
ing a finite number of alterna�ves 
with mul�ple, o�en conflic�ng, 
a�ributes.

A powerful methodology to solve 
this category of decision-making 
problems is represented by the 
use of a decision matrix. The 
la�er consists of an array that 
presents on one axis a list of n al-
terna�ves, also called op�ons or 
solu�ons, and, on the other axis, 
a list of m criteria to be weighted 
dependently on their respec�ve 
significance for the final decision 
[8, 9]. 

In this case, the alterna�ves are 
represented by the available in-
terface technologies, evaluated 
by considering as criteria the in-
terface requirements described 
above. In order to build the deci-
sion matrix, it is fundamental to 
analyse how each of the exis�ng 
technologies meets those re-
quirements.

Evalua�on of the exis�ng inter-
face technologies

The evalua�on of the exis�ng in-
terface technologies with refer-
ence to the selected requirements 
has been carried out on the basis 
of the exper�se of 10 users and 
5  developers of interface sys-
tems. The following paragraphs 
summarise the main issues of the 
analysis.

Graphical User Interface: Trans-
parency and understandability are 
the major advantages of a GUI, 
since the shape of the informa-
�on is always formulated exactly 
for the robot. Hence, there are no 
understanding problems and an 
effec�ve final task achievement, 
as the error rate is very low. How-
ever, if the easy understanding of 
commands posi�vely influences 
efficiency by reducing the opera-
tor’s effort, the interac�on proc-
ess can require a number of ac-
�ons. Transparency of the robot’s 
internal state is also determinant 
to improve robustness to errors, 
as the they are clearly apparent 
to the user and can be easily iden-
�fied. The use of graphical icons 
and visual indicators can enhance 
the ease of use in giving com-
mands to the robot. Problems re-
garding the hygiene requirements 
can be encountered because in-
put is introduced via keyboard 
or mouse, which are difficult to 
keep perfectly clean. Accessibility 
is not allowed for all kinds of pa-
�ents, in par�cular for those who 
have impairments. Moreover, 
people who are not familiar with 
ICT (Informa�on and Communica-
�on Technology) could require a 
long �me to accept this interface. 
Finally, availability on the market 
and cost aspects can be posi�vely 
evaluated because this technol-
ogy is very common and doesn’t 
require a large financial effort.

Touch User Interface: A TUI 
presents characteris�cs that are 
very similar to those of a GUI. It 
offers both effec�veness and ef-
ficiency, because the data input 
path is simple and leaves no space 
for misunderstandings. As in the 
GUI technology, this is one of 
the factors that support the suc-
cessful achievement of the final 
result, and guarantee robustness 
to errors and transparency. Ease 
of use and acceptability are en-
hanced since a TUI just requires 
the touch of the screen icons 
related to the various func�ons, 
which is more intui�ve for com-
mon users if compared to the use 
of keypad and mouse. Moreover, 
using touch screen as combined 

input/output device is a solu�on 
that provides a more hygienic 
interface than a tradi�onal GUI 
where input occurs via keyboard 
or mouse. Touch screens can be 
easily cleaned at regular intervals 
to ensure that hygienic require-
ments are fulfilled. The main dis-
advantage of this kind of interface 
concerns its accessibility: pa�ents 
with disabili�es could not be able 
to interact with the robot as the 
process requires ge�ng to the 
touch screen. Availability on the 
market and cost do not represent 
problems because this technolo-
gy is commonly used and doesn’t 
require a large investment.

Voice User Interface: High ef-
ficiency and ease of use are as-
sured by a VUI, because language 
is certainly the simplest and fast-
est form to provide commands. 
The possibility to keep hands and 
eyes free while inpu�ng data or 
commands allows an easy opera-
�on even for people who have 
vision or limbs limita�ons, and 
promotes accessibility. Transpar-
ency and understandability are 
not always ensured as recogni-
�on problems are common in 
spoken communica�on. This is-
sue also affects effec�veness and 
robustness to errors, par�cularly 
in a noisy environment, where 
speech interac�on is nega�vely 
influenced [1]. Hygiene is guaran-
teed since interac�on takes place 
without any physical contact with 
the robot. Availability on the mar-
ket and cost are not the same of a 
GUI or a TUI, but this technology 
is s�ll under development and it 
is becoming progressively more 
common and cheap.

Gaze-Based Interface: HRI based 
on gaze seems the most innova-
�ve and complex technology. It 
imposes several strict condi�ons 
to the environment to allow the 
interac�on process. User’s visual 
a�en�on is absolutely neces-
sary to carry out interac�on, but 
the hospital chao�c atmosphere, 
noisy corridors and pa�ents’ 
rooms may not guarantee this 
fundamental requisite and the 
robot understanding of data in-

Human Robot Interface Design for Hospital Robot Swarm 



25VIMa�on Journal | Interac�ve Systems in Healthcare | Issue 1, 2010

put provided through eyes move-
ments. In this case, gaze-based in-
terface may not be very effec�ve 
and robust to errors. Ease of use 
is not ensured because every user 
should know the right movements 
and posi�on to perform for giving 
commands to the robot. This limit 
also reflects on transparency and 
understandability: not all pa�ents 
could interact with the robot, this 
func�on should be rather per-
formed by an expert. Neverthe-
less, the use of this technology 
would ensure high hygiene and 
accessibility. Finally, availability 
on the market is limited and cost 
is high since this technology is s�ll 
under development.

Mul�modal: A mul�modal inter-
face combines the characteris�cs 
of different interac�on modali-
�es. To date, the most common 
mul�modal interfaces available 
on the market are basically com-
posed of a visual interface (like 
a GUI or TUI) combined with a 
voice interface. In this configura-
�on, effec�veness, robustness 
to errors and transparency are 
enhanced because each single 
technology posi�vely contributes 
to the achievement of these re-
quirements. Efficiency and ease 
of use are assured because the 
user can choose between differ-
ent input/output modali�es (e.g. 
a word that may be quite difficult 
to type, could be easier to say). In 
addi�on, mul�modal interfaces 
offer broad accessibility: a well-
designed mul�modal applica�on 
can be used by people with a 
wide variety of impairments. Visu-
ally impaired users can rely on the 
voice modality with some keypad 
input. Hearing impaired users can 
rely on the visual modality with 
some speech input. Hygiene is 
preserved since the voice modal-
ity can be used when there is risk 
of infec�ons by contact. The cost 
of a mul�modal interface can vary 
a lot depending on the combined 
technologies and is usually higher 
than for single interfaces.

Decision matrix construc�on

Through the previous analysis, 
scores (called performance rat-

ings, xij) were assigned to the 
different available technologies 
according to how well they fulfil 
each of the iden�fied require-
ments. Moreover, a weight was 
a�ached to each requirement to 
set its rela�ve priority (the sum of 
the weights is equal to 1). 

Two processes are usually re-
quired to obtain the overall pref-
erence value for each alterna�ve: 
normaliza�on and aggrega�on 
[10]. Normaliza�on is first used 
to transform performance ra�ngs 
to a compa�ble unit scale. Aggre-
ga�on is then used to combine 
normalized performance ra�ngs 
and a�ribute weights to obtain 
the overall preference value for 
each alterna�ve. On this basis, 
the overall ranking of alterna�ves 
is achieved.

The selec�on of the most appro-
priate normaliza�on and aggrega-
�on techniques depends on the 
specific problem to deal with. 
Research studies suggest that in 
decision problems where the at-
tributes measurement units have 
different ranges and there are a 
small number of alterna�ves to 
be ranked, the Simple Addi�ve 
Weight (SAW) aggrega�on meth-
od coupled with the Linear Scale 
Transforma�on Max Method for 
values normaliza�on are par�cu-
larly suitable [10].

The Linear Scale Transforma�on 
Max Method performs normali-
za�on by dividing the perform-
ance ra�ngs of each a�ribute by 
the maximum performance ra�ng 
among alterna�ves for that at-
tribute.

For benefit a�ributes, like in this 
case, the normalized value rij , for 
each performance ra�ng xij is ob-
tained by:

ij
ij max

i

x
r

x
=

                               (1)

Where xi
max is the maximum per-

formance ra�ng among alterna-
�ves for a�ribute i = 1, 2, …, m. 

Through this method, ra�ngs are 
transformed in a linear way.

method, ra�ngs are transformed 
in a linear way.

To aggregate the data, the SAW 
method, also known as the 
weighted sum method, is prob-
ably the best known and most 
widely used MADM technique. 
The basic logic of the SAW meth-
od is to obtain a weighted sum of 
the performance ra�ngs of each 
alterna�ve over all a�ributes. The 
overall preference value of each 
alterna�ve is obtained by:

1

m

j i ij
i

V w r
=

=∑
  j = 1,2,...,n  (2)

where Vj is the value func�on of 
alterna�ve j , wi is the weight of 
requirement i, and rij is the nor-
malized performance ra�ng. This 
means that weighted ra�ngs have 
been obtained by mul�plying 
each op�on’s normalized ra�ng 
by the corresponding weight and 
summed to achieve an overall 
preference value for each alter-
na�ve.

The resul�ng decision matrix is 
shown in Table 1 where, under 
each alterna�ve, two columns are 
reported: the first for normalized 
performance ra�ngs (rij) and the 
second for weighted ra�ngs (wi 
rij).

The op�on with the highest over-
all preference value has been 
emphasized in bold since it rep-
resents the solu�on suggested by 
the matrix.

4 INTERFACE DESIGN

4.1 Interface Selec�on
According to the decision matrix, 
a mul�modal interface appears to 
be the most suitable HRI for the 
hospital swarm robots. The high 
overall preference value achieved 
by this type of HRI is based on the 
fact that, par�cularly if combining 
visual and voice technologies, it 
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is poten�ally very robust, effec-
�ve and efficient, and can be em-
ployed by all user groups. Going 
into further details, some consid-
era�ons about the specific mul�-
modal HRI for the swarm robots 
are reported below.

As regards the visual modality, a 
TUI is preferable to a simple GUI 
since touch screens as input/out-
put devices provide a more hygi-
enic and intui�ve interface com-
pared to keyboard and mouse. A 
suitable size of user interface el-
ements, proper contrasts, legible 
texts, suitable colour coding, and 
non-reflec�ve displays are essen-
�al. Controls and displays should 
be large enough to allow interac-
�on even in case of low coordina-
�on, and should have easily rec-
ognisable icons. The interac�on 
surface should be wide enough 
to allow easy viewing even when 
the user needs a digital keyboard 
to input any addi�onal data. Sym-
bols on the keyboard should be of 
suitable size for an easy introduc-

�on of data using fingers, in order 
to perform opera�ons faster. This 
implies that the touch screen lo-
cated on robots should be mount-
ed on a Laptop rather than on a 
PDA, as the first one is easier to 
use even by inexpert users such 
as pa�ents or visitors.

As regards the voice modality, a 
VUI including a microphone to in-
struct the robot via speech could 
be used. Sound emission from the 
robot would be helpful to report 
any danger, alarm or warning, 
while further informa�on could 
be provided by a speaker system.

Sounds should be used to a lim-
ited extent to avoid alarming peo-
ple, especially pa�ents, if not nec-
essary. Acous�c feedback should 
be used in specific cases, such as 
the announcement of a robots ar-
rival or an emergency. 

Once iden�fied the type of in-
terface technology to implement 
on the swarm robots, the design 
process can proceed by defin-

ing how the so�ware interface 
should be configured.

4.2 Interface So�ware Configu-
ra�on
With the aim to configure the 
best interface so�ware, it is help-
ful to define the so-called inter-
ac�on pa�erns for the specific 
hospital applica�on, as they rep-
resent useful tools to translate 
requirements into explicit so�-
ware solu�ons. Interac�on pat-
terns are generally defined as ar-
tefacts which explicitly represent 
the recurring communica�on or 
interac�on: they can be physical 
or abstract instruments such as 
devices, processes or configura-
�ons having the purpose to allow 
communica�on and fundamental 
to perform it [11].

In user interfaces design, interac-
�on pa�erns focus on solu�ons 
to problems encountered by end-
users when interac�ng with a 

Human Robot Interface Design for Hospital Robot Swarm 

Require-
ments Weight

GUI TUI Gaze VUI Mul�modal

rij Wi rij rij Wi rij rij Wi rij rij Wi rij rij Wi rij
Effec�ve-

ness 0.14 1.00 0.14 1.00 0.14 0.56 0.08 0.67 0.10 1.00 0.14

Robustness 0.14 0.90 0.13 0.90 0.13 0.30 0.04 0.60 0.09 1.00 0.14

Ease of use 0.14 0.75 0.11 0.87 0.12 0.50 0.07 1.00 0.14 1.00 0.14

Accessibil-
ity 0.14 0.56 0.08 0.56 0.08 0.56 0.08 0.89 0.13 1.00 0.14

Hygiene 0.14 0.40 0.06 0.60 0.09 1.00 0.14 1.00 0.14 0.80 0.11

Efficiency 0.10 0.75 0.07 0.87 0.08 0.62 0.06 1.00 0.10 1.00 0.10

Transpar-
ency & Un-
derstand-

ability

0.10 1.00 0.10 1.00 0.10 0.22 0.02 0.78 0.07 0.89 0.08

Availabil-
ity on the 

market 
0.05 1.00 0.05 0.90 0.04 0.20 0.01 0.70 0.03 0.60 0.03

Cost 0.05 1.00 0.05 0.90 0.04 0.30 0.01 0.60 0.03 0.45 0.02

OVERALL 
PREFER-

ENCE 
VALUE

- 0.79 - 0.82 - 0.51 - 0.83 - 0.90

Table 1:
Decision Matrix 

for HRI Technology 
Alterna�ves.
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system, with the aim to improve 
usability. Therefore, as a basis for 
the development of the interface 
module for the hospital swarm 
robots, inves�ga�on have been 
carried out to iden�fy the pos-
sible interac�ons and interac�on 
pa�erns between humans and 
robots [12]. 

Iden�fica�on of pa�erns can be 
realised star�ng from inves�ga-
�on and social interac�on with 
the poten�al user community, as 
a powerful source of informa�on 
on current ac�vi�es and problems 
that need to be solved.

Feedback results must then be 
classified and organised by fit-
�ng them into interac�on pat-
terns. During this process, all the 
scenarios are described in logical 
steps and the following interac-
�on pa�ern elements are iden�-
fied [11]:

Problem: Problems are related  ›
to the usage of the system: 
they represent the issues rel-
evant to the user or any other 
stakeholder who is interested 
in usability. 
Usability Principle: Interac- ›
�on pa�erns usually employ a 
‚principle‘ on which the solu-
�ons are based. Usability prin-
ciples can be grouped accord-
ing to user problem categories 
as: Visibility for user guidance, 
grouping, and incremental 
revealing; Affordance for 
metaphors; Natural Mapping 
for compa�bility; Constraints 
for minimizing ac�ons and 
self-explana�on; Conceptual 
Models for compa�bility and 
adaptability; Feedback for 
immediate feedback and 
transparency; Safety for error 
preven�on and correc�on; 
Flexibility for explicit control.
Context: The context is  ›
focused on the user and de-
scribes the framework of the 
interac�on in terms of user, 
tasks and environment. 
Solu�on: The solu�on consists  ›
of the descrip�on of the sys-
tem’s structure and behaviour, 
and must be clearly described 

without introducing new 
problems. 
Ra�onale: The ra�onale  ›
provides a descrip�on of how 
the pa�ern works, and its 
benefits. It illustrates the deep 
structure and key mechanisms 
that lie under the surface of 
the system, and includes an 
argumenta�on for the impact 
on usability. 

The iden�fica�on of these el-
ements helps in genera�ng a 
descrip�on of the interac�on 
pa�erns, thus represen�ng an ef-
fec�ve star�ng point for decision 
making on the development of 
the so�ware interac�on module. 

Hence efforts have been made to 
logically decompose the hospital 
scenarios into detailed steps; i.e. 
goad directed task analysis [13] 
and iden�fy the interac�on pat-
terns required for fulfilling the 
tasks [11]. 

4.3 Applica�on Test Case 
One of the main ac�vi�es of the 
hospital swarm robots (the proto-
type is shown in Figure 1-2) con-
cerns the delivery of medicines 
from the pharmacy department 
to a nurse in a par�cular ward. 
This has been chosen as applica-
�on test case scenario to show 
how the interface module can be 
designed.

In order to clearly analyze the 
ac�vi�es that need to be per-
formed, and iden�fy the interac-
�on pa�erns, this scenario has 
been divided in the following dif-
ferent tasks, each consis�ng of a 
number of points:

1. Nurse makes a request for med-
icines to pharmacy department;

2. Pharmacist receives the re-
quest, and prepares the packet;

3. Pharmacist calls for delivery 
robot;

4. Swarm system iden�fies deliv-
ery robot and redirects it to phar-
macy department;

5. Delivery robot no�fies pharma-
cist of its arrival;

6. Pharmacist iden�fies himself to 
the robot;

7. Pharmacist places medicines in 
the delivery box and instructs the 
robot on the delivery task, using 
an order number; robot extracts 
other informa�on from the cen-
tral system on the final des�na-
�on of delivery;

8. Robot navigates to the 
des�na�on ward, no�fies 
of its arrival and uses the 
order number to give informa�on 
on delivery;

9. Nurse iden�fies herself to the 
robot;

10. Delivery box opens, nurse 
takes the medicines, and closes 
the delivery box;

11. Robot senses the box closure 
and returns to its base.

In this paper, the first phase of the 
medicines delivery robot swarm 
mission, comprising the first five 
tasks (from nurses’ request for 
medicines to robot arrival at phar-
macist’s), is analysed in details in 
order to iden�fy the relevant in-
terac�on pa�ern elements and 
show how the mul�modal inter-
face could be configured.

Task 1: Nurse makes an ini�al re-
quest for medicines to Pharmacy 
department

Figure 1: 

Robot prototype.
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The following interac�on pa�ern 
elements can be specified:

Problem: The nurse needs some 
medicines for a pa�ent: thus, 
she has to send a request to the 
pharmacy department through a 
proper interface. 

Usability Principle: Natural map-
ping is considered to create a 
clear rela�onship between what 
the user wants to do and the pro-
cedure for doing it. Constraints 
reduce the number of ways to 
perform the task and the amount 
of knowledge necessary to do 
it, Visibility guides the user dur-
ing the procedure. Flexibility al-
lows the user to change his mind 
and modify input parameters. 
Feedback provides for immedi-
ate awareness and transparency, 
Safety for error preven�on and 
correc�on.

Context: The nurse has to order 
some medicines to the pharmacy 
department by using a proper 
interface: the applica�on should 
allow her to know the available 
func�onali�es at any point dur-
ing use. Using the GUI/TUI, she 
should be able to select the “or-
der delivery” op�on from a list of 
available ones, and to enter the 
order details in terms of medi-
cines, related quan��es and ward 
number for delivery des�na�on. 
During this interac�on, func�ons 
that have undesired effects or 
require in vain the use of shared 
resources could be accidentally 
ac�vated.

Solu�ons: Within GUI/TUI inter-
face, the nurse should be allowed 
to select a single op�on at a �me 
from a list of available ac�ons. A 
menu must show all the func�ons 
that are accessible in the current 
context and make them reach-
able in one ac�on. While entering 

the medicine details, it is essen-
�al to avoid incorrect data: fields 
for each data element of the 
structure should be labelled and 
well recognisable, and the nurse 
should select the appropriate data 
from a list of items to assure the 
correct syntax. Then, the input or-
der should be verified to prevent 
errors. Thus, the interface should 
require reconfirming the desired 
order to avoid wrong and un-
necessary ac�ons. Moreover, the 
user must be given the possibility 
to change the order details by go-
ing back to the previous screen 
shot. At the end, the applica�on 
should provide a feedback to con-
firm order acceptance. 

Ra�onale: User guidance, realised 
by providing a list of data to select 
from or sample data, reduces er-
rors and increases interac�on per-
formance. Providing a fixed lay-
out for similar input fields helps 
in having a consistent interac�on 
with the system, thus increasing 
interac�on speed. Adding a shield 
or warning reduces errors and in-
creases safety and effec�veness, 
since two repe��ve mistakes in-
stead of one become necessary to 
ac�vate a wrong func�on. How-
ever, the shield addi�onal layer 
requires further user ac�ons and 
longer procedure �me. 

Interac�on pa�erns: The iden�-
fied interac�on pa�erns for this 
task are list op�ons or contextual 
menus (for constraints), unambig-
uous format (for user guidance), 
shield (for safety and flexibility), 
and feedback pa�erns (for trans-
parency). 

GUI/TUI based configura�on for 
this task is shown in the form of 
screen shots for the nurse in fig-
ures 3-6.

Task 2: Pharmacist receives the 
request and prepares the order

The following interac�on pa�ern 
elements can be recognized:

Problem: As the nurse confirms 
the delivery order, the pharma-
cist should be no�fied of the 
new order. Then, he accepts it or 
modifies it on the basis of his in-
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Figure 3: 
GUI/TUI for order 

selec�on: only one 
op�on can be se-

lected from a list of 
available ac�ons.

Figure 4: 
GUI/TUI for order 

details entering: the 
fields are labelled 

and do not allow in-
correct data input.

Figure 2: 

iWARD Robot 
Swarm.
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ventory, and places it in the order 
queue. 

Usability Principle: Natural map-
ping is needed to link the objec-
�ve of the user and the ac�on 
required to achieve it. Constraints 
reduce the number of ways to 
perform the task by guiding the 
user. Flexibility allows the user to 
modify some order parameters.

Context: The pharmacist needs to 
be no�fied of the new order. Then, 
he can decide whether to accept 
the received order or modify it on 
the basis of medicines inventory. 
To do this, he should be able to 
check the order details and sug-
gest possible altera�ons. A�er 
pharmacist’s acceptance, a mes-
sage must be sent to the request-
ing nurse to no�fy that the order 
has been successfully placed or 
modified.

Solu�ons: The user should be 
provided with a suitable GUI/TUI 
allowing to visualize the order 
details by selec�on of the corre-
sponding op�on: then, he must 
be given the possibility to select 
only one of these two ac�ons: 
change the order details, by sug-
ges�ng proper altera�ons, or ac-
cept the order as is, with few ac-
�ons. At the end, by choosing to 
forward the order, an appropriate 
message must be communicated 
to the reques�ng nurse. 

Ra�onale: The op�ons list gives 
the user an immediate overview 
of all possible ac�ons, increasing 
performance speed and reduc-
ing errors. By selec�ng the “pro-
ceed” bu�on, a pharmacy order 
feedback is generated toward the 
nurse, improving awareness and 
transparency. 

Interac�on pa�erns: Interac�on 
pa�erns that can be used for this 
task are list op�ons, command 
area for entering commands/ac-
�ons, shield and feedback.

GUI/TUI based interac�on for this 
task is shown in figures 7-8.

Task 3: Pharmacist requests for 
delivery robot

The following interac�on pa�ern 
elements can be listed:

Problem: The pharmacist needs 
to call a delivery robot by either 
directly interac�ng with it or ask-
ing another robot to call it. A suit-
able mode must be provided to 
make the call. 

Usability Principle: Natural map-
ping is important to create a clear 
rela�onship between what the 
user wants to do and the pro-
cedure for doing it. Constraints 
reduce the number of ways to 
perform a task and the amount 
of knowledge necessary to do it, 
making it easier to figure out how 
to operate. Feedback allows for 
immediate awareness and trans-
parency, and Safety for error pre-
ven�on and correc�on.

Context: The pharmacist needs 
to call a delivery robot to come 
to the pharmacy department: 
the applica�on typically contains 
many func�onali�es and the user 
needs to know them at any point 
during use. Using the GUI/TUI, he 
should be able to select the deliv-
ery op�on from a list of available 
ones, while for voice based inter-
ac�on he should give commands 
consis�ng of vocabulary that the 
robot understands. During this in-
terac�on, func�ons that have un-
desired effects or require in vain 
the use of shared resources could 
be accidentally ac�vated.

Solu�ons: Within GUI/TUI based 
interac�on, the pharmacist 
should be allowed to select a sin-
gle op�on at a �me from a list 
of available ones. A menu must 
show all the func�ons that are 
accessible in the current context 
and make them reachable in one 
ac�on. Then, the selected op�on 
should be verified to prevent er-
rors. For voice based interac�on, 
the pharmacist should be allowed 
to give voice commands to the ro-
bot, with a fixed set of vocabulary 
that the robot understands. Open 
ended or ambiguous prompts that 
could rouse a very large number 
of responses should be avoided, 
preferring prompts that explic-
itly or implicitly provide the user 
with a list of op�ons. As it is quite 
common for a speech recogni�on 
system to misunderstand a com-

Figure 5: 
GUI/TUI for ac�on 
taken in ordering 
medicines: flex-
ibility is provided 
by the possibility to 
modify the order 
details.

Figure 6: 
GUI/TUI for 
feedback: user is 
informed that the 
entered request 
has been accepted.

Figure 7: GUI/
TUI for selec�on 
of orders to be 
processed: only 
one op�on (order) 
can be selected at 
a �me.

Figure 8: GUI/
TUI for ac�on 
selec�on: user can 
choose to check 
the availability, 
accept or modify 
the order before 
proceeding, i.e. or-
dering the delivery 
robot.
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mand, it is important to confirm 
what was recognized. Thus, the 
robot should ask the pharmacist 
to reconfirm the required ac�on, 
in order to avoid errors, and then 
it should provide a feedback to 
confirm the request acceptance. 
In VUI as in UI, the user is warned 
before proceeding with the task 
and is given the chance to abort 
it: adding such a shield as an extra 
protec�on layer to the func�on 
prevents the user from making 
mistakes. 

Ra�onale: The menu of func�ons 
gives the user an immediate over-
view of all the available func�on-

ali�es. Adding a shield or warning 
in GUI/TUI and feedback confir-
ma�on in VUI contributes to re-
duce errors and increases safety 
and effec�veness, since wrong 
func�ons need to be confirmed 
twice before being ac�vated. 
However, the extra layer requires 
addi�onal user ac�ons and longer 
performance �me. 

Interac�on pa�erns: For GUI/TUI 
based interac�on, list op�ons or 
contextual menus, shield and/or 
warning could be used, whereas 
for VUI, useful interac�on pat-
terns are commands and feed-
backs. 

Using the selected interac�on pat-
terns, a GUI/TUI based interface 
for this task can be configured as 
shown in figures 8-9 in the form 
of interface screen shots.

The VUI based interface can be 
configured to support a speech 
interac�on with the following 
dialogue:

Pharmacist: “Call a delivery ro-
bot”.

Robot: “Do you want to call a de-
livery robot? Respond by saying 
YES or NO”.

Pharmacist: “YES”.

Robot: “Request accepted and 
now calling a delivery robot”.

Task 4: Swarm system iden�fies 
delivery robot and redirects it to 
pharmacy department

This task deals with intra swarm 
communica�on; therefore, it is 
based on machine-machine mes-
sage protocol. Since human users 
are not involved, analysing this 
task is not useful in order to iden-
�fy the interac�on pa�erns of the 
HRI.

Task 5: Delivery robot no�fies 
pharmacist of its arrival

The following interac�on pa�ern 
elements can be listed:

Problem: When the delivery ro-
bot arrives at the pharmacy de-
partment, the pharmacist needs 
to be informed of its arrival.

Usability Principle: Feedback is 
required to provide user aware-
ness through visibility and audi-
tory no�fica�on.

Context: The pharmacist should 
be no�fied as soon as possible 
of delivery robot’s arrival, so that 
he can address the robot at once. 
Announcement should be made 
in both GUI/TUI and VUI modes in 
order to easily capture pharma-
cist a�en�on.

Solu�on: In GUI/TUI mode, the 
pharmacist should be no�fied 
through a flashing message on 
the screen, while in VUI mode he 
could be alerted through sound. 
In both cases, the next ac�on to 
be performed should be suggest-
ed by the robot.

Ra�onale: The message/feedback 
alerts the pharmacist about the 
robot’s arrival, increasing user 
awareness and performance 
speed. 

Interac�on pa�erns: For GUI/TUI 
based interac�on, Warning/Mes-
sage and Hint pa�erns (sugges�ng 
the next ac�on to perform) can 
be used to improve user aware-
ness and opera�on transparency, 
while for voice based interac�on 
sound no�fica�on at regular in-
tervals could be effec�ve.

GUI/TUI based interac�on for this 
task is shown in the screen shot 
of figure 10-11.
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Figure 9: 
GUI/TUI screen shot 
for ac�on confirma-

�on.

Figure 10: 
GUI/TUI screen 

shot for robots cur-
rent state.

Figure 11: 
GUI/TUI screen 

shot for robot ar-
rival no�fica�on 

and user authen�-
ca�on.
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Voice based interac�on could be 
realised by no�fying pharmacist 
of robots arrival:

System/Robot: “Delivery robot 
has arrived”

System/Robot: “Please authen�-
cate yourself before fulfilling the 
delivery request”.

UI for voice based interac�on 
for all the tasks (1-5) men�oned 
above is shown in the figure 12.

5 CONCLUSIONS
The problem of designing the 
most suitable HRI to be devel-
oped with reference to a robot 
swarm for hospital care tasks is 
studied. The currently available 
interface technologies are illus-
trated and analysed on the basis 
of the requirements related to 
the hospital environment and the 
par�cular users. A mul�modal so-
lu�on is proposed as most appro-
priate interface and implemented 
with special focus on medicine 
delivery applica�ons.
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