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Abstract— Wireless communications will play a key role in 

the development of the Factories of the Future. Most applications 
are initially foreseen to manage and control industrial processes 
and equipment. However, wireless industrial communications 
can also have a major impact in improving the workers’ health 
and safety conditions. To demonstrate such impact, this paper 
presents an heterogeneous wireless industrial testbed and the 
implementation of two safety use cases (collision avoidance and 
working at height). The use cases have been tested in a factory 
where the potential of wireless industrial communications to 
improve health and safety has been demonstrated. 
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I.  INTRODUCTION  

Wireless communications are being gradually introduced in 
industrial environments due to their potential to provide 
ubiquitous, reconfigurable and scalable communication 
opportunities at reduced costs. For example, several studies 
have highlighted the benefits of exploiting Wireless Sensor 
Networks (WSN) in industrial environments [1]. Most 
wireless industrial use cases currently focus on the operation, 
monitoring and maintenance of industrial processes and 
equipment [2]. However, the introduction of wireless 
communications in the factory of the future will also facilitate 
the deployment of distributed and mobile sensing applications 
for improving the workers’ health and safety conditions. In 
this context, the FASyS (Absolutely Safe and Healthy Factory, 
http://www.fasys.es/en) project is working to develop 
technologies for monitoring the working environment and 
conditions, as well as the workers’ health and safety. This 
monitoring process will be facilitated by FASyS’s 
heterogeneous wireless communications platform for short, 
medium and long range communications (Fig. 1). FASyS’s 
short range communications will be enabled through the 
deployment of low cost WSN. The deployment of WSN 
allows continuously monitoring on-site the working conditions 
and the workers’ health and safety. To transmit the sensed data 
to a control centre, a wireless backhaul including medium 
range technologies for communications within the factory, and 
long range technologies for the transfer of the aggregated data 
to the control centre has been designed. The medium range 
technologies (IEEE 802.11/WiFi and IEEE 802.16/WiMAX) 
transmit locally sensed data (including video) from different 

areas of the factory towards a factory’s gateway. The gateway 
can then transmit the received data using WiMAX and/or high 
bandwidth cellular (e.g. HSDPA) to a remote control centre. 
Measurements on the wireless connectivity achievable within 
industrial environments were reported by the authors in [3]. 
This study also demonstrated the possibility for ubiquitous 
wireless connectivity of mobile sensor devices in industrial 
environments. Building on these results, this paper presents 
the implementation of two use cases (collision avoidance and 
working at height) that demonstrate how heterogeneous 
wireless solutions can improve the workers’ health and safety 
conditions in industrial environments. 

 
Fig. 1. FASyS heterogeneous communications architecture. 

II. USE CASES  

The FASyS partners identified 54 safety use cases in 
industrial environments where FASyS technological solutions 
could help improve the worker’s health and safety conditions. 
Out of these use cases, two of them were selected to 
demonstrate the safety benefits that could be gained from 
deploying WSNs in industrial environments: collision 
avoidance and working at height. 
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Fig. 2. Implementation of the collision avoidance and working at height use cases. 

A. Collision avoidance 

One of the most common accidents in factories is the 
collision between workers and fork-lift trucks, or between any 
types of industrial vehicles. To avoid such collisions, workers 
and vehicles are here equipped with WSN motes to detect 
their indoor position and dynamically exchange real-time 
information about their position and speed. Using the 
exchanged information, a collision detection algorithm detects 
in advance possible risks of collisions. Such risks are 
estimated computing the trajectories of the mobile nodes using 
the location information. The implementation of this use case 
is represented in Fig. 2. The system is built around the 
deployment of a WSN within the factory with fixed nodes that 
are used for the localization of mobile vehicles and workers. 
Vehicles and workers are also equipped with portable WSN 
motes that are used both for their localization and the 
exchange of messages. The system is completed with FASyS’ 
heterogeneous communications backbone that allows 
transmitting on-site information to a remote control centre. 
The backbone connection is also used to configure from the 
remote Toolbox any of the deployed communication nodes. 

Most of the functions and algorithms necessary for both use 
cases are implemented at the coordinator node that is deployed 
on-site. The node has been implemented in OSGi [4]. OSGi is 
a dynamic modular system over Java that establishes how to 
create modules (applications and services), and how these 
modules interact in real-time. Its modular structure allows 
reusing modules by different application and services. The 
OSGi modules implemented at the coordinator node are next 
described (Fig. 2). 

SZBComm: this module configures the communications 
serial interface between the coordinator’s computer and the 
WSN mote that is acting as coordinator of the deployed WSN. 
In particular, the module configures the USB port that is 
connected to the WSN mote through the communications 
MIB520 Gateway. The information received from the WSN 

mote is retransmitted towards the SDispatcher module. 
SDispatcher: this module launches a new event each time it 

receives a serial message from SZBComm. This event is dealt 
by all modules of the OSGi platform that need the received 
message for their operation. This module also implements a 
service capable to transmit control and configuration messages 
towards the WSN motes through the SZBComm. 

SLocation: this module implements the localization 
algorithm. The algorithm first estimates the distance between 
the mobile nodes and the fixed neighbour reference nodes 
(Fig. 2). To this aim, the implemented algorithm uses the RSSI 
(Received Signal Strength Indication) levels obtained at the 
reference nodes from the messages transmitted by the mobile 
nodes. To establish the relation between RSSI levels and 
distance, the algorithm implements a dynamic 
parameterization method. The parameterization is done using 
the RSSI levels obtained from the messages exchanged 
between fixed reference nodes. It is important noting that the 
algorithm knows the location of the fixed reference nodes. 
Once the distance between the mobile node and the reference 
nodes has been estimated, the algorithm computes the location 
of the mobile node using a multilateration method and a 
particles filter. This filter has been chosen to improve the 
location estimation of mobile nodes. More information about 
the designed localization algorithm can be found in [5]. 

SCollision: this module is in charge of evaluating the risk of 
collision of mobile nodes each time SLocation updates the 
location of one of them. To evaluate such risk, the module 
defines two zones based on the time to collision (TTC-Time 
To Collision) and the reaction time of the driver and/or worker 
carrying the mobile motes. The TTC is computed based on the 
speed of the mobile node (vM) and the distance d(M,C) to the 
possible point of collision (e.g. an intersection) [6]:  

),( CMd

v
TTC M              (1) 

The breaking zone (Fig. 7) represents the area where the 
mobile node needs to urgently break in order to avoid a 
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collision. Its duration is computed as the sum of the breaking 
time (speed divided by maximum deceleration of the mobile 
node) and the reaction time (usually between 0,75s and 1s). To 
avoid a sudden deceleration or abrupt reaction, the collision 
alert should be provided to the driver or worker before 
reaching the breaking zone. To this aim, we have defined a 
warning zone where an alert to the driver and/or worker would 
avoid the collision and the need for a sudden reaction. The 
duration of the warning zone has been set to a fixed value. 

The detection of a possible collision works then as follows. 
Each time the location algorithm updates the location of a 
mobile node, the SCollision module computes its TTC. This 
value is compared against the TTC of other mobile nodes 
moving towards the intersection. In particular, if we consider 
nodes A and B in Fig. 7, a possible collision will take place 
when:  

 BA TTCTTC       (2) 

B

B

A

A

v

L

v

L     (3) 

with LA and LB representing the length of both nodes (in m), 
and vA and vB their speed (m/s). If the condition represented in 
(2) is met, and the mobile node is either in the breaking or 
warning zones, the workers will be informed of the risk of 
collision through audio and visual alerts. The control centre is 
also informed of the risk of collision. 
 SDBController: this module implements using OSGi 
services all the mechanisms necessary for the management of 
the local database. These services are accessible to all OSGi 
modules that need access to local data (e.g. location and 
identity of mobile nodes). 
 SToolboxHTTPConnector: this module implements the 
service that handles the communications with the management 
Toolbox located at a remote control centre. The Toolbox 
monitors the quality of all wireless connections in the FASyS 
architecture in order to detect possible link failures in real-time. 
This module sends reports about the wireless link qualities to 
the Toolbox. It also processes the control actions executed by 
the Toolbox and sent to the coordinator node (e.g. modifying 
the transmission power of a WSN mote). As a result, the 
SToolboxHTTPConnector needs to communicate with the 
SDispatcher and SWFComm modules. 
 SWFComm: this module configures the IEEE802.11/WiFi 
communications interface of the coordinator node. 

B. Working at height 

Working activities at high altitudes represent an important 
risk if workers’ do not use the necessary safety equipment 
(e.g. harness). Unfortunately, it is common that workers do not 
use them when working at heights for various reasons (e.g. 
discomfort). To reduce safety risks, this paper presents the 
implementation of a use case that detects if a worker is 
working at height without using the adequate safety measures 

(in particular, whether the harness equipment is being used). If 
this is the case, the prototype launches an audio alarm to alert 
the worker, and wirelessly notifies the control centre of the 
safety risk. The implemented use case is also shown in Figure 
2. The height measurements taken by the WSN mote carried 
by the worker are sent to the coordinator node where they are 
processed by the SSensor module. The SDBController module 
is in charge of storing the height measurements in the local 
database at the coordinator node. The SSOSInterface module 
sends the measurements to the control centre’s database. The 
SSensor module implements the functions to detect a safety 
risk and launch the necessary alarms. A risk is detected if the 
height overpasses a safety limit and the harness is not hooked. 

III. PROTOTYPE 

This section describes the prototypes used to demonstrate 
the selected use cases. Although the complete FASyS 
architecture was deployed to evaluate these use cases, 
interested readers can refer to [3] for detailed information on 
the heterogeneous wireless backbone from the coordinator 
node to the control centre. In this section, we focus on the 
mobile WSN motes carried by vehicles and workers. 

The WSN motes used are the MEMSIC IRIS motes 
working in the 2.4GHz frequency band. These motes were 
selected due to their reduced cost, low power consumption, 
and good performance-efficiency trade-off in industrial 
environments [3]. The IRIS motes implement the IEEE 
802.15.4 PHY and MAC layers. The reference nodes for 
localization are IRIS devices powered by batteries and 
configured as routers. The coordinator node includes an IRIS 
mote configured as a network coordinator. 

The IRIS motes carried by mobile nodes also include the 
Mongoose sensors platform. It combines the ADXL345 triple 
axis accelerometer, ITG-3200 triple axis gyroscope, 
HMC5883L triple axis magnetometer, and BMP085 
barometric pressure sensor in a small form factor PCB. The 
data from the sensors are processed by an onboard 
Atmega328P which is preloaded with the Arduino bootloader 
and is output over the serial port. The height measurements are 
obtained using the barometer included in the PCB. 

Fig. 3 shows the implemented mobile mote. The figure 
shows the IRIS mote and its Titanis antenna, the 
Mongoose9DoF PCB, an interface PCB between the IRIS 
mote and the Mongoose9DoF PCB, a rechargeable battery, the 
connector to recharge the battery, an ON/OFF switch, and a 
buzzer for the audio alarm that is launched when there is a risk 
of collision or the worker is working at height without 
correctly connecting the safety equipment. The buzzer is 
included in the interface PCB between the IRIS mote and the 
Mongoose9DoF PCB. The safety equipment used for height 
working conditions is shown in Fig. 4. It includes a harness 
node that detects whether the harness’ hook is adequately 
connected (a simple electronic circuit has been designed to 
detect such connection, Fig. 4). If this is not the case, the 
harness node informs the coordinator node. The coordinator 
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node continuously receives the height measurements from the 
worker’s node. If a risk is detected, the coordinator node 
launches the buzzer alarm on the worker’s mote and informs 
the control centre. The harness and worker nodes were 
implemented in separate nodes due to the requirements of the 
test site factory. However, they could perfectly be 
implemented in a single node. 

 
Fig. 3. Mobile motes carried by workers and vehicles. 

 
Fig. 4. Harness and communications motes for the working at height use case. 

IV. EVALUATION 

 Tests were conducted in the TRW automotive factory in 
Pamplona (Spain) to validate both use cases. FASyS’s 
communications system was deployed including fixed and 
mobile WSN motes, a coordinator node, WiFi routers, and a 
WiMAX connection to a remote control centre that includes a 
central database and the Toolbox for monitoring in real-time 
the quality of the heterogeneous wireless backbone. Mobile 
motes are configured to transmit beacon messages with a 7 
bytes payload every 100ms. The payload includes information 
about the battery level, type of measurement –e.g. harness 
connection or atmospheric pressure- being reported, and value 
of the measurement. 

A. Collision avoidance 

The first tests were conducted to validate the indoor 
localization solution and the collision avoidance use case. 
Such tests required the deployment of fixed reference nodes 
(placed every 6m) and mobile motes as shown in Fig. 5. In 

particular, 9 fixed referenced nodes were used by the 
localization algorithm. Mobile motes were carried by a 
pedestrian worker and a fork-lift truck. The conducted tests 
reproduced the mobility of the fork-lift truck towards an 
intersection with reduced visibility at TRW. A worker is 
located at a corner of the intersection performing certain tasks 
without line of sight visibility with the corridor from where 
the truck is approaching the intersection at a constant speed.  

 

 
Fig. 5. Collision avoidance use case deployment. 
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Fig. 6. CDF of the localization error. 

Fig. 6 shows the cumulative distribution function (cdf) of 
the localization error of the mobile mote placed at the fork-lift 
truck as it moves along the corridor during the tests. The 
obtained results show that the localization error is lower than 
4,25m for 90% of the estimates. The error is further reduced to 
2,75m in the case of half of the location estimates. 

Fig. 7 shows the results obtained in four different tests of 
the collision avoidance use case. The upper figure shows the 
initial location of the nodes and the warning and breaking 
zones. The duration of the warning zone was set to a fixed 
duration of 2s. The duration of the breaking zone depends on  
the TTC and therefore on the speed of the fork-lift truck. The 
duration of the breaking zone is computed considering a 
deceleration of 1.9m/s2. The limits of the warning and 
breaking zones are depicted in the bottom figure with the 
vertical lines. The fork-lift truck was moving at a speed of 
2.1m/s (maximum operational speed) during the first and 
second tests. The obtained results show that the implemented 
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use case was able to detect a risk of collision, and the alarm 
was correctly activated during the warning zone to alert the 
driver and worker with sufficient time to react. The speed of 
the fork-lift truck during the third and fourth tests was set to 
1.75m/s (average operational speed). In this case, the alarm 
was activated before reaching the warning zone. It is 
important noting that in all the tests, the implemented use case 
was able to detect the risk of collision before reaching the 
critical breaking zone. 
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Fig. 7. Evaluation of the collision avoidance use case at TRW factory. 

B. Working at height 
The tests for the working at height use case were also 

conducted at TRW. The worker carried a mobile mote and 
harness equipment. Fig. 8 shows the results achieved during 
one of the trials (similar trends were observed in all trials). 
The first figure depicts the worker’s height and the safety level 
triggering the audio alarm if the worker has not adequately 
hooked its harness (the safety level was set to 2m for these 
trials). The second figure shows the harness state, with the ON 
state indicating that the harness equipment is adequately 
hooked. The third figure shows the alarm state. The ON state 
is activated when the height is higher than 2m and the harness 
is not adequately hooked. In this case, an audio alarm is set 
and the control centre is informed of the incidence through the 
coordinator node deployed at the factory. The obtained results 
show that the implemented use case is capable to detect health 
risks while working at height if the safety equipment is not 
adequately used. For example, during the first part of the trial 
the harness is not connected. When the height overpasses the 
safety limit at t=48s, the alarm is switched ON. The alarm is 
not immediately switched ON after passing the safety height 
level. In particular, a 3 seconds margin has been considered in 
this trial to avoid false alarms resulting from variations in the 
height estimation. Such false alarms are also avoided using 
hysteresis thresholds (2m and 1.5m). If the worker reacts and 
hooks its harness, the alarm is deactivated. If the worker 
disconnects again its harness (from t=63s to t=68s), the alarm 
is activated again. The trial results show that the alarm is not 
activated if the height does not pass the 2m safety level. 

The height measurements and information about the harness 

connection are periodically transmitted to the coordinator 
node. This node formats this information (SensorML) and 
sends it to the control centre through FASyS’s heterogeneous 
wireless backbone. In the conducted tests, the coordinator 
node evaluated the risks checking the harness connection and 
the working height. Alarm and measurement reports are 
periodically sent to the control centre for their storage and 
possible post processing. However, the system is currently 
also able to implement the risk detection at the control centre. 
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Fig. 8. Evaluation of the working at height use case. 

V. CONCLUSIONS  

This study has shown how wireless communications can be 
used to improve health and safety working conditions in 
industrial environments. To this aim, the paper has presented 
the implementation of two use cases (collision avoidance and 
working at height) that have been deployed and tested in an 
automotive factory. The obtained results have shown that 
WSNs supported by an heterogeneous wireless backbone can 
represent an attractive solution to prevent accidents in 
industrial environments. 
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