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* Motivation and scope

* Stressful working spaces and environments
* Measurement and simulation

e System architecture and components

* Data management

e Data evaluation and interventions

* Applications and benefits
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Motivation and scope |
Trans{XV'Safe

s

e Contribute to a healthy lifestyle at safety-critical jobs
* Keep skilled senior employees longer on the job

* Better stress management

* Reduce potential stress related human errors

* Improve the safety record of service and provider
 Reduce health related working disability

eeeeeeeeeeeeeeeeeee
eeeeeeeeeeeeeeeeeeeeee

HOCHSCHULE il[Home|Lab
LUZERN

e designled
SR VAG smm— [LQALB i ‘”konplan

The Project Trans,Safe is co-founded by the European AAL JP and the national authorities and R&D programmes from Switzerland, Germary, Italy and UK

= Page 3




Working spaces and environments Xj

Tranoi ISafe
Operating Control Centres (OCC) P

Public transport
system control room

Similar environments:

e Air traffic control |
 Power plants and
electricity grid

* Logistic centres
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Working spaces and environments \J

Trans

OCC characteristics
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Supervising higly
automated systems
Potential for bore-out
In case of incident very
complex network has
to be managed (stress)
Safety relevant job:
Mistakes can result in
high or even fatal costs
Employees need vast
background knowledge
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Working spaces and environments Xj

Trans ¢/
Truck cockpit Safe
== Similarities to
* Tram
* Bus
* Train

e Aircraft cockpit
 Construction machines
* Bridge (vessel)

* Etc.
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Working spaces and environments . |
Transxv

Safe

e Badjob reputatlon (hard
to find new / young
employees)

e Safety critical job.
Mistakes can cost lives.

 Potential bore-out (e.g.
long, straight, empty
motorway at night)

* Potentially stressful (e.g.

e e d ense tra ffi C, time
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pressure)

Truck driver job characteristics
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UiLC UVispdalllict. Jonn iier

Age 5b years R I
Weight / size 86kg/1,85m a n s —|
Relationship status divorced, 1 daughter o O:I S a fe
Hobbies Travelling, hiking, /°
cycling, jogging

Favorite movie/series Top Gun

Dream job Hotel tester

His job:

Aim. John feels satisfied if he has dealt with interruptions of the
underground lines successfully, and a good mixture of relaxation
and action at work is perfect for him. He prefers to have enough
leisure time in between shifts without having to act as a floater.

Likes. Mr. Idler loves to communicate and make jokes together
with his colleagues. The favourite aspect of his job is the team
work and the feeling that everybody cooperates and working
steps interlock perfectly due to knowing each other and the job
for a long time.

Stressors. The most burdensome events at work are accidents
with personal damage. In general, being responsible for other
people’s wellbeing and paying attention constantly to what's
going on “out there” means a high burden to him. In case of an
accident or interruptions, many different tasks have to be
handled at the same time, leading to a high noise level in the

room.

Lucerne University of n'l}" mbl[e phme

heplied Sciences andiAts Coping. After critical incidents, John exchanges views with his

HOCHSCHULE colleagues to cope with the situation and try to learn from it for
the future. In high-pressure situations, it sometimes happens that

LUZERN my stress John starts shouting out loud or throws his computer mouse. In

Technik & Architektur management skills order to relax, John leaves the control room and reads the

FH Zentralschweiz newspapers or listens to the radio in the recreation room. On his

way home, he smokes a cigarette in his car and listens to his

favorite songs to calm down,
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Truck Driver: Robert Mead ‘

Age 59 years °

Weight / size 110kg /1,85 m nsS - S f
Relationship status married, 3 children / /\| a e
[-]
Hobbies gardening, taking care of his
grandchildren, going for a walk
with his dog

Favorite movie/series Bonanza

Dream job Truck driver

His job:

Alm. Robert's goal is to deliver the cargo in time, and to cock off
early enough to be able to spend time with his family and friends.

Likes. Robert enjoys the freedom and silence of driving around

(his “highway-feeling”, as he calls it), for instance starting off at

night and rainy weather in Germany, and seeing the sunrise with
beautiful weather at the Lake Garda in Italy. Travelling to B
different countries and always meeting new people at truck stops ]
makes him never feel bored.

Stressors. The worst thing about his job is the time pressure to
deliver the cargo in time, given common traffic jams, construction
zones and speed limits. In general, critical situations arising from
the traffic frequently lead to stress, e.g. the dangerous behaviour
of other road users, or the fear of overlooking someone.
Although Mr. Mead considers himself a night owl, he has
HOCHSCHULE my mobile phtme experienced situations of microsleep, and he knows thatthis isa
LUZERN common phenomenon among truck drivers.
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FH Zentralschweiz Coping. When feeling tired or being upset, Robert likes listening
to folk music or calling his family or friends to calm himself down

my stress ) or keep him awake. Sometimes, he also stops the truck for some
mnagment skills minutes and takes a walk around it. Some of his colleagues drink

SR yac coke when driving or alcohol before sleep, but he sticks with Page 9
T T — A% | water in order to preserve his health.
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End user involvement

r/-high noise level
*incident scenario

saccident

.

possible gadgets

-

=night shift
sweekend shift
«|ittle traffic/no incidents

scenario

VLS

Figure 15: Matrix for the development of user scenarios
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scenario

straffic jam (stress)

sstress with dispatcher or while
waiting for loading/unloading
sthreat caused by other road users
sroad works (narrow lanes)
saccident (involved or witness)
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/

interactien

+traffic jam (boredom)
=night shift
s*monctonous driving
sstandby timelboredom)
sfatigue after break/meal
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Measurement and simulation XJ

Safe

Measurement Sensor choice criterias:
sensors collect + Measurement accuracy
physiological data ¢ Unobtrusiveness

Chosen wearable sensor set:

9 O Empatica E4 (Body T, acceleration,
heartbeat/HRV, galvanic skin resp)

, v, * Zephyr Bioharness (heart beat /

g ',O,' HRV, acc, body T, respiration)

]
gy  Shimmer GSR Module (heart beat,
HOCHSCHULE iHome|Lab L.
LUZERN galvanic skin response)
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Measurement and simulation [

Measurement

sensors collect

environmental
data
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Sensor choice criterias:
 Measurement accuracy
e Unobtrusiveness

Environmental sensors:

* Temperature

e Humidity

* Loudness

* Light intensity

* |n truck: sensors of vehicle (via
CAN bus)
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Measurement and simulation I
X\/Safe

0

Data acqwsmon in OCC simulator

up ol Physiological data
measurement in OCC
simulator
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Measurement and simulation f
Transxv'

M Safe
Data acqmsmon in truck simulator
: Truck driving S|mulator
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Measurement and simulation Xj
|
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Measurement and simulation I
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simulator i \
Simulated stress ! i
induction i \
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De Waard, D., The measurement of drivers' mental
e . workload, Groningen University, Traffic Research
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Measurement and simulation [
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System architecture and components

System architecture
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| W-LAN | | Internet | | BLE J ‘ CAN-Bus
Stress Detection | User and System Data Management |
Actuation System —  Net OR Mapper
Logic Web
i Application 3
Truck System I El E
ey
e ———
Stress Detection bl
GAN-Bus (4) Algorithm MS SQL REST
Server Service
A R—
= v
2 o
Gateway API
g ]
Ed Data
LISE L | Acquisition
i Android Ap
HTTRS (1) ! 4
Data Collection !
¥
I
AV AV—
7] “mnn ks
2] =
Environmental <l——— Feature Extraction BLE
Gateway Wearable Gateway WebSockets (2) | .| End-User Activaie v
JSON Android App Stress Data
Light
Intervention

AN
(1) Information is uploaded
encrypted over HTTPS and
contains the data collected from
the wearables and environment.
The Gateway AP will only store
about 10 values from the sensors.,
Mo personal information is
exchanged through this interface.
The result of the stress detection
is calculated on the fly and
immediatly returned as an answer
to the request of the wearable
gateway.

(2) A connection from the end-user
app is established and a web
socket session is started. Through
this connection the wearable
gateway will deliver stress results
received from the stress detection
algorithm.

(3) Results and intervention
possibilities are downloaded to the
app from the server. It is also
possible to send a command to
delete are user related data.
Authentication is necessary. The
stress results are uploaded from
the smartphone to the server over
this interface.

(4) CAN-Bus Interface is
connected via USB and the PEAK
Gateway. Tests can be done
through the VECTOR system that
then again can be connected via
USB to a computer.
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Data management: System architecture
Trans \g
= Safe

Local acquisition & analysis hub

| i Cloud based server

10 values from the sensors,

)ersonal information is
System <—> et OR Mapper is

Stress Detection |

result of the stress detection
lculated on the fly and
ediatly returned as an answer

Actuation

anged through this interface.
Logic Web

Application e request of the wearable
3 3 way.
connection from the end-user
is established and a web

et session is started. Through
il connection the wearable

a (way will deliver stress results

¢ ivad from the stress detection
¢ rithm.

REST

Jay

app from the server. It is also
possible to send a command to
delete are user related data.
Authentication is necessary, The
stress results are uploaded from

Gateway API
REST

E4 Data the smartphone to the server over
Acquisition this interface.
Android App

(4) CAN-Bus Interface is
connected via USB and the PEAK.
Gateway. Tests can be done
through the VECTOR: system that

then again can be connected via
USB to a computer.
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Data management: Privacy and security by desqgn
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the wearables and environment.
Th  Gateway API will only store
ab Ut 10 values from the sensors.
Mg sersonal information is

ex| anged through this interface.
Th result of the stress detection
is ¢ ilculated on the fly and

im| ediatly returned as an answer
to | e request of the wearable

ga way.

(2] \ connection from the end-user
ap s established and a web

so (et session is started. Through
thi. connection the wearable

ga way will deliver stress results
rec ived from the stress detection
alg rithm.

(3] tesults and intervention

- -sibilities are downloaded to the
app from the server. It is also
possible to send a command to
delete are user related data.
Authentication is necessary. The
stress results are uploaded from
the smartphone to the server over
this interface.

(4) CAN-Bus Interface is
connected via USB and the PEAK
Gateway. Tests can be done
through the VECTOR system that
then again can be connected via
USB to a computer.
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Data evaluation

Support vector
machine based
algorithm evaluates

data and determine

the stress level
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Offering Interventions .
Tra noix\/l—c’safe

Interventions by —

e Realtime, unobtrusive feedback via smartphone offering
* Light shower (stimulating or calming light)
» Offering stress management tips (e.g. breathing exercise)

* In truck: activation of driving assistance systems, option to
change environment (e.g. air conditioning, radio loudness)

l AR I“
> S - Ny / .

Light intervention glasses
developed in project.
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Limitations of the interventions XJ

Trans Safe

* Interventions must be unobtrusive otherwise they -
contribute to stress potentially

* Challenges at OCC and steering wheel:
— No smartphone usage allowed
— No light shower allowed

* Users prefer interventions not visible to others

=» The intervention capabilities of the Trans.Safe system will be
used during breaks or before/after a shift — not during the work.

=2 The system does not make a relaxing job from a stressy one!
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Applications and benefits ¢
Transxv

= Safe
The stress level is If stress detected:
unobtrusively presented e Relaxation measures are
on the smartphone suggested and prepared
Health 4l
ROI ull
A A Benefits for industry:
e More balanced and healthier,
] . .
. C experienced employees with less
L At dIS.alf)Ihty absence and increased
=SS efficiency
Uy T ... [ page 24
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Questions & Answers

i Contact:
HOCHSCHULE iHome‘Lab iHomelab, Lucerne University of Applied Sciences
LUZERN

Martin Biallas martin.biallas@hslu.ch
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