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The paper presents an overview 
of the development of five serv-
ice modules for the hospital ro-
bots developed in the framework 
of the EU FP6 funded iWARD 
project. The major tasks of the 
modules are cleaning, pa�ent 
guidance, pa�ent condi�on mon-
itoring, surveillance and delivery. 
Each robot module is a�ached to 
the mobile robot pla�orm using 

quick-change mechanical connec-
�ons and standard electrical con-
nec�ons. Upon connec�on, the 
plug-and-play modules are recog-
nised by the applica�on so�ware 
and ac�vate the corresponding 
client so�ware.
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1 INTRODUCTION
iWARD is an EU FP6 funded re-
search project with the par�cipa-
�on of ten partners form seven 
different EU countries. Its primary 
objec�ve is to develop a proto-
type of a hospital robot swarm 
that helps to overcome the typi-
cal shortages in EU hospitals.

As opposed to currently avail-
able specialised robots used in 
hospitals, the iWARD robots are 
small, inexpensive, general pur-
pose ones with a modular design. 
To execute various scenarios in 
the hospital, inexpensive service 
modules are installed on the ro-
bots. This arrangement has the 
following advantages over spe-
cialised robots:

Easy configura�on ›

Easy expansion (with exis�ng   ›
and new modules)
Low cost ›
Easy op�misa�on of mission- ›
schedules

The role of Dublin City University 
in the project is to lead the devel-
opment of five service modules 
for the robot pla�orms for clean-
ing, delivery, pa�ent guidance, 
pa�ent condi�on monitoring and 
surveillance. Details of the mod-
ules are given below. Any module 
can be connected to any of the 
robots using quick-change me-
chanical connec�ons and stand-
ard electrical connec�ons. Each 
module contains an embedded 
microcomputer (Gums�x [1]). 
When a module is connected the 
Gums�x powers up, informs the 
hardware manager of the robot 
about which module is plugged in, 
and starts the corresponding so�-
ware for the module. This plug-
and-play mechanism enables up-
da�ng the shared knowledge of 
the robot system and scheduling 
and execu�ng the scenarios in the 
hospital. The modules opera�on 
includes powersave mode; when 
the module is not in use most of 
its equipment is switched off au-
toma�cally, thus reducing power 
consump�on from the main bat-
teries of the robot. So�ware in 
each service module is organised 
as an Orca component, which en-
ables communica�on with other 
components of the robot system.

2 CLEANING MODULE
The aim of the cleaning module is 
to provide cleaning of the hospital 
floor in the wards, corridors and 
other rooms. The cleaning device 
is a small motor operated vacuum 
cleaner.  The cleaning nozzle is at-
tached to the front of the robot 
and is operated by two solenoids. 
(Figure 1). 

In order to prevent the nozzle 
from hindering the movement of 
the robot during transporta�on 
it is normally locked up a couple 
of millimetres above ground level 
using the solenoids. During clean-
ing the nozzle is lowered to the 
ground automa�cally. The nozzle 
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Figure 1: 
Cleaning nozzle.
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is spring-loaded in the horizontal 
direc�on and is able to absorb im-
pacts when the robot bumps into 
an obstacle. Once this happens 
the nozzle ac�vates the bumper 
of the robot. Two major cleaning 
tasks are considered: scheduled 
cleaning and spot cleaning.

2.1 Scheduled cleaning
Scheduled cleaning in the hospi-
tal is performed according to pre-
defined cleaning plans. The plan 
(schedule) contains all daily clean-
ing ac�vi�es. A�er a robot with 
the cleaning module a�ached to 
it navigates to the specified loca-
�on, the cleaning module is ac�-
vated and general cleaning using 
cleaning pa�erns is performed. 
Figure 2 shows a cleaning pa�ern 
using parallel cleaning mo�ons. 
Another op�on is to use a random 
cleaning pa�ern and �me limit to 
finish the scenario. 

2.2 Spot (spillage) cleaning
The task of the spot cleaning cy-
cle is to remove spillages from the 
floor. This type of cleaning is not 
scheduled but rather ini�ated by 
a staff member who recognises 
the spillage. The person marks the 
spillage area with a cone. Since 
during spot cleaning it is not nec-
essary to clean the whole room, 
the robot needs to recognise the 
posi�on of the spillage by finding 
the cone in the room. To facilitate 
this, the cone is equipped with an 
infrared light emi�er (LED) (Fig-
ure 3). The camera on the robot 
has infrared filters that only pass 
lights in a narrow bandwidth, 
corresponding to the bandwidth 
of the infrared LED. This way the 
images from the background and 
from other light sources (sun, light 
bulbs) can be filtered out and do 
not interfere with the LED’s light 
emission. 

Once in the room, the robot at-
tempts to locate the IR LED block 
vie random movements and rota-
�ons. If the LED block is found, the 
orienta�on of the robot rela�ve 
to the cone is calculated based on 

the horizontal posi�on of the im-
age from the infrared LED in the 
frame of the camera (Figure 4). 

Since the ver�cal posi�on of the 
camera rela�ve to the robot is 
fixed, distance measurement be-
tween the robot and the cone can 
be based on the ver�cal posi�on 
of the image of the infrared LED 
in the frame (Figure 4).  Assuming 
the ver�cal viewing angle α of the 
camera is constant, the distance 
between the camera and the ro-
bot L can be calculated based on 
the ver�cal posi�on of the light 
spot from the LED in the picture 
frame:

     (1) 

where H is the height of the light 
spot rela�ve to the camera and 
n is the ra�o between the space 
below and above the light spot  
(H and A) in the picture frame:

H
An =

                              (2)

Once the robot is close to the 
cone it is guided around locally to 
clean up the spillage.

Figure 2: 

Scheduled cleaning 
plan.

Figure 3: 

Spillage cleaning.

Figure 4: 

Orienta�on and 
distance of the 
robot rela�ve to 
the cone.
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3 DELIVERY MODULE
The delivery module is used to 
transport small items like X-rays, 
medicines, medical records and 
small personal belongings of pa-
�ents in the hospital. The mod-
ule contains a delivery box with 
automa�c control. The locking 
mechanism is controlled by an 
electrical lock (Figure 5) through 
a digital power relay. Once the 
spring-loaded door is closed the 
box is locked automa�cally. It can 
only be opened a�er successful 
authen�ca�on using an iBu�on 
[2] interface.

A microswitch, installed on the 
delivery box gives feedback in-
forma�on about the status of the 
box (open/closed). This prevents 
the robot from being sent away 
before the box is actually closed.

Figure 5 shows the delivery box 
opened and with all electrical 
connec�ons exposed.

4 PATIENT GUIDANCE MODULE
The aim of the pa�ent guidance 
module is to provide assistance 
of pa�ents by guiding them be-
tween pre-defined loca�ons in 
the hospital. The pa�ent follows 
the moving robot. Since the nor-
mal walking speed of people can 
widely vary, it is essen�al that the 
speed of the robot is adjusted to 
that of the pa�ent. This is done 
by permanently measuring the 
distance between the robot and 
the pa�ent (Figure 6).  

Distance measurement is per-
formed by using a radio frequen-
cy iden�fica�on system (RFID). A 
Wawetrend [3] RFID reader (Fig-
ure 9) is installed on the robot, 
and the pa�ent carries two ac�ve 
RFID tags with different ranges. 
The distance between the robot 
and the pa�ent is related to the 
signal strength from the tags.

The speed of the robot is con-
stantly adjusted based on the cal-
culated distance.

Besides distance measurement 
the RFID is also used to iden�fy 
the pa�ent. When a staff mem-
ber instructs the robot to guide 

a pa�ent to a loca�on, he/she 
introduces the tags of the pa�ent 
to the robot. The robot then only 
guides the pa�ent with these tags 
and ignores signals from other 
possible tags.

5 PATIENT CONDITION MONITO-
RING MODULE
The pa�ent condi�on monitoring 
module serves several major sce-
narios: remote collec�on of data 
from pa�ents related to their 
condi�on, virtual consulta�on be-
tween pa�ents and doctors, and 
situa�on recogni�on. 

5.1 Remote data collec�on from 
pa�ents

In this scenario the robot remotely 
collects data from pa�ents related 
to their condi�on and behaviour. 
The pa�ent wears an Equivital 
belt [4] with built-in sensors (Fig-
ure 7). The belt is able to measure 
vital parameters like body (skin) 
temperature, heart rate, respira-
�on effort rate, body posi�on and 
accelera�on. The coded signals 
from the sensors are transmi�ed 
with a radio frequency transmit-
ter to a receiver connected to the 
Gums�x computer of the module. 
The sensory informa�on is then 
analysed and the pa�ent’s con-
di�on and behaviour is defined. 
If necessary the programme can 
inform a doctor or nurse that the 
pa�ent requires medical a�en-
�on. The system can also be used 
for rou�ne collec�on and storage 
of pa�ent data in a database.

Hospital Robot Module Development in the iWARD Project 

Figure 6: Pa�ent guidance

Figure 5: Delivery box.
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The accelerators in the sensor 
belt can be used to detect a per-
son falling and also to recognise if 
a pa�ent is feeling uneasy in their 
bed.

Since all measurements are taken 
during usual patrolling of the ro-
bots, it eliminates the necessity 
to install permanent data trans-
mi�ers in every loca�on in the 
hospital.

5.2 Virtual consulta�on
In this scenario a doctor instructs 
a robot to go to a pa�ent’s bed. 
The robot is equipped with a 
camera, microphone and speaker 
system. The Canon VC-C4 pan/
�lt/zoom video camera [5] can 
be teleoperated by the doctor 
from a remote terminal (Figure 
8). The image quality and se	ngs 
can also be controlled remotely. 
Through opened audio/video 
channels the doctor and the pa-
�ent can have a virtual consulta-
�on. The doctor’s image appears 
on the touchscreen of the robot.

5.3 Situa�on recogni�on
In this scenario certain situa�ons, 
connected to the condi�on and/
or behaviour of the pa�ents can 
be recognised. An example is to 
recognise a pa�ent lying on the 
floor. For this scenario a Canon 
VC-C4 pan/�lt/zoom camera [5] 
and a PMD3D laser scanner [6] 
is installed on the robot (Figure 
9). Using imaging techniques, the 
module recognises if a pa�ent is 
lying on the floor and warns the 
nurses through their terminal 
about this. In order to gather more 
informa�on a nurse can teleoper-
ate the video camera similarly to 
a virtual consulta�on session. 

6 SURVEILLANCE MODULE
This module has two major tasks: 
to monitor the environment in 
the hospital and to provide se-
curity informa�on and recognise 
intruders.

6.1 Environmental monitoring
The aim of this scenario is to con-
stantly monitor major environ-
mental parameters (like tempera-
ture, humidity, smoke/fire) in the 
hospital. Sensors measuring these 
parameters [7] are connected to 

a Gums�x computer through an 
RSIOADXR [8] data acquisi�on 
card (Figure 10). The data acquisi-
�on card is controlled through an 
RS232 serial port. The computer 
analyses the collected data and 
warns the corresponding staff 
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Figure 7:

Equivital sensors 
transmi	ng data 
to the robot.

Figure 8: 

Remote consulta-
�on.

Figure 9: 

Recognising a 
pa�ent lying on the 
floor.
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member if the measured values 
are outside their normal range.

6.2 Intruder recogni�on
The intruder recogni�on scenario 
is mainly used during the night 
when there is a limited only pres-
ence of staff in the hospital. The 
aim is to iden�fy a person in the 
hospital who could be a poten�al 
intruder.

When a passive infrared (PIR) 
sensor [9] on the robot senses the 
presence of a person it ac�vates 
the image recogni�on so�ware 
of the module to try to iden�fy if 
that person is a legal one in the 
hospital or is a poten�al intruder. 

The recogni�on system is 
equipped with a video camera 
and a 3D laser scanner (Figure 
11). These two devices a�empt to 
locate a person by recognising a 
face and body in the images. 

Once the person is located the 
camera searches for an iden�fica-
�on badge on the clothing of the 
person rela�ve to his face (Figure 
12). All legal persons in the hos-
pital (pa�ents, doctors, nurses, 
…) should wear a badge that is 
recognisable by the system. If 
this badge can not be located it 
is an indica�on that the person 
could be a poten�al intruder and 
the surveillance module focuses 
and zooms the camera onto the 
person and using the pan and �lt 
mechanism follows the move-
ment of the face, thus providing 
detailed security informa�on. At 
the same �me the module warns 
the security staff that a poten�al 
intruder is found. A staff member, 
analysing the video images, de-
cides if interven�on is required.

7 SUMMARY
This paper gives an overview of 
five service modules developed 
for a hospital robot swarm within 
the iWARD project. The mod-
ules are successfully integrated 
into the system and are easy to 
install and remove without re-
star�ng the robots’ computers. 
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Figure 10: 
Sensors connected 

to the computer 
through a data 

acquisi�on card.

Figure 11: 
Face detec�on..

Figure 12: 
Staff recogni�on.
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The plug-and-play capabili�es of 
the system ensure that the robot 
management system is aware all 
the �me which robot is equipped 
with which modules. The mod-
ules are currently undergoing ex-
tensive tes�ng in both laboratory 
and real hospital environments.
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