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Background

Many kinds of autonomous ground vehicles are
becoming more common as new technical solutions are
applied even more successfully. Driverless cars have
been featured and they have already tens of millions
kilometers documented driving. Autonomous mobile
machines have been successful in some specific
applications related e.g. to agriculture, ports and
mines. There are already some standards for
autonomous systems, which shows that the associated
technological fields are expecting increase in
autonomy. However, so far, autonomous mobile
machines have been applied in limited conditions and
the final steps to full autonomy need to be done.

There are several concepts and terms for
autonomous ground vehicles in different applications.
The following terms are applied commonly to refer
autonomous vehicles: driverless cars, unmanned
ground vehicles (UGV), driverless industrial trucks,
autonomous machines, highly automated agricultural
machines and automated guided vehicles (AGV). There
are also several levels for autonomy from manual to
conditionally automated and furthermore autonomous
operation. The Society of Automotive Engineers (SAE)
has six levels of autonomy from 0 to 5. Level 5 is
associated to full autonomy.

Aims

The aim of this study is to show basic concepts for
autonomous mobile machines, which are applied in
industrial outdoors applications.

Materials and methods

The article includes literature review, study of

standards and compilation of findings in recent projects
at VTT.
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Results

Fig. 1 shows an example of autonomous mobile system,
which includes autonomous operating zone, monitored
manned  machines, monitored persons and
autonomous mobile machines. Unmonitored machines
and persons are outside the autonomous operating
zone. Vehicles and persons can enter the autonomous
operating zone when it is safe. There are several means
to establish safe operation, like, changing operating
mode or dividing autonomous area into several zones
with their own area access control systems.

Three standards related to autonomous mobile
systems show different aspects to autonomy.
Autonomous earth moving machine standard (ISO
17757:2019) shows a model of complete autonomous
system, which have central control to monitor
individual machines and persons. Driverless industrial
truck standard (ISO 3691-4:2020) gives examples of
different levels of isolation and safety functions with
functional safety requirements. Highly automated
agricultural machine standard (ISO 18497:2018) gives
information about on-board safety systems of
autonomous machines.

Safety measures of autonomous mobile machines is
based on

— fleet management and supervisory system,
which gives tasks and keeps the machines in
permitted area and prevents impacts, with
other automated machines,

— area access control, which can permit persons
and machines to enter a specific area,

— on-board safety system, which monitors
neighborhood and maintains safety by
applying relevant safety functions (e.g. stop
command).

Safety of driverless cars is typically based on on-board
safety system, which detects objects that can cause
collision hazard. In autonomous mobile machines on-
board safety systems are applied to detect objects,
which are beside the autonomous mobile machine in a
hazardous position. Typical sensors for object detection
are laser scanners, lidars, radars and tactile sensors.
Cameras are common in cars.
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Fig. 1 Autonomous mobile machine system example according to ISO 17557:2019 (modified).

The autonomous mobile machines are controlled and
monitored by fleet management, supervisory and area
access control systems, which are essential part of the
autonomous system safety. If autonomous area could
be isolated totally and no persons were allowed to
enter the automated area in automated mode, then
most of the hazards inside the area can be under
control. However, usually it is not practical to prevent
the access completely, but the conditions when the
entrance is safety, need to be arranged.

New technologies, like, novel sensors for perception
and positioning, navigation systems and artificial
intelligence are applied in conjunction to ensure safety.
There is still uncertainty how safely the systems can
operate in all conditions. Taeihagh and Lim have
reported 2019 that driverless cars have had minor
accidents in California about every 67 000 km and
according to Wikipedia (“List of self-driving car
fatalities”) in the world there are at least 5 fatalities.
The systems are not yet perfect and therefore more

Conclusions

The safety approaches can be divided into three
groups: isolation of autonomous mobile machines, safe
separation between machines and objects and rules
increased situational awareness for persons and
machines at the automated area.
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Background

Automated functions and autonomy are increasing in
mobile machines. The levels of driving automation for
road vehicles are described in SAE J3016_201806
(2018). The levels are: No Automation (0), Driver
Assistance (1), Partial Automation (2), Conditional
Automation (3), High Automation (4) and Full
Automation (5). Currently some cars have reached level
4, but level 5 (autonomy) in traffic environment is in
research phase.

Driverless cars have been leading the development
of autonomous ground vehicles due to enormous
amount of research. Driverless cars have been driving
autonomously millions of documented kilometers and
there are some results available of the development so
far. The year 2016 was a turning point in terms of risks
of self-driving cars (Taeihagh and Lim 2019). During
2015, there were only about 20 minor accidents and in
each them fault was attributed to human divers. In
2016, there was an accident that was obviously caused
by a self-driving car. A little bit later, the first fatal
accident happened. In most of the driverless car
accidents, driver of a conventional vehicle hits the rear
end of the driverless car within or close to an
intersection. Taeihagh and Lim (2019) present that
human is responsible for 90 % of all car accidents. One
factor in accidents is that manual control of the
autonomous vehicle is used to handle difficult
situations. For example, Google (Waymo) driverless
cars have had about 0,68 disengagements (i.e. manual
driving required) per 1000 km (Dixit et. al. 2016).

In manual machines, humans have the main
responsibility for safety. When the level of automation
increases, liability turns more and more from human to
automation. A currently unsolved question is whether
automation can have better situational awareness and
ability to control actions than a human driver. One
factor here is that implementation of automation and
safety functions requires many different technologies,
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like communication, navigation and perception
systems. Failure of the safety ensuring technology is a
risk source. Although safety systems make autonomous
mobile machines safer, parts of the safety system can
be also potential risk sources.

Aims

The aim of the study has been to identify and categorize
safety risk sources and hazards related to autonomous
mobile machines applied in industrial outdoors
environments.

Materials and methods

The study included an analysis of standards for
autonomous machinery, a literature review and a
compilation of findings from recent projects conducted
in VTT. Data related to driverless cars and manual
mobile machines have been used as a benchmark for
risk source identification.

Results

An important difference between driverless cars and
autonomous mobile machines operating outdoors is
that the operating area is usually isolated. Good
examples of autonomous mobile machine systems are
in mines and ports. Risks are minimized by preventing
untagged persons (without tracking device) and
manually driven vehicles from entering the area where
the automated machines are operating in autonomous
mode. Usually, automated machines are stopped and
turned to manual mode when a person enters the area.
The overall operating area of autonomous machines
can have one or several area access control systems to
monitor access to each critical part of the autonomous
operating area. The safety of autonomous mobile
machines is based on many kinds of safety measures
(layers), such as fences, gates, access control systems,
communication with fleet control and on-board
sensors. One specific risk source of autonomous
vehicles is related to perception systems. Outdoor
perception sensors are not capable to operate in all
environmental conditions. The sensors cannot usually
detect objects, which are beside or behind another
larger object. Long detection range and wobbling of the
machine cause higher tolerances to the detection
compared to indoors applications.
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Risk sources specific for autonomous mobile machines in outdoors environment
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Fig. 1 Risk sources specific for autonomous mobile machines.

Another specific risk source of autonomous mobile
machines is related to communication with area access
control systems, fleet management systems and
internal systems. Fig.1 shows an overview of risk
sources.

VTT has made a checklist to identify risk sources
specific for autonomous mobile machines. The
checklist does not describe the risks in detail, but it is
intended to cover subsystems, but not all components.

Conclusions

There are many kinds of different applications and new
technologies are developed continuously. Therefore,
risk sources for all kinds of autonomous mobile
applications cannot be presented. The checklist gives
ideas for risk assessment to identify new risk sources.
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Aarne Klemetti* and Erkki Rasdanen

Foundations and Case Studies on the Scalable
Intelligence in AloT Domains

Abstract: The Internet-of-Things (loT) concept is based
on networked, mobile, and sensor equipped
microelectronic devices. The deployment of artificial
intelligence (Al) to loT, referred to as artificial
intelligence of things (AloT), enables intelligent
behavior for the whole cyber-physical system (CPS)
whether it is designed for human co-operation,
completely autonomous operations, or something in
between.

The foundation of Al requires a lot of processing power
due to the amount of data and recursive/concurrent
nature of calculation. Until recently this has been
accomplished mainly in the cloud environment, where
the raw data is uploaded into. This exposes all the data,
even private and sensitive data, to the transmission
phase and processing system. In conjunction with loT
there is a possibility to perform ML closer to the origin
of data concerning local intelligence. It means that only
the results of local or edge ML are transmitted to cloud
for more general aggregation of Al. Local systems do
not need to send the raw data anymore, which helps on
prevailing the privacy and security of the data. This type
of ML is referred to as federated/collaborative learning
(FL).

This study focuses on finding the existing and/or
recommended solutions for up-to-date Al close to the
devices. At first, the definitions of devices are reviewed
in order to find out classifications of their capacity to
contribute for the computation and scalability.
Secondly, the other computing and serving options
between the devices and the cloud are studied. Thirdly,
the facts learned are being applied in two use cases in
order to support the discussion and applicability of AloT
in practice.

The main conclusion is that there are no silver bullets
for solving all the requirements. Instead, there are
multiple options from mutually connected devices via
middle layer support to cloud services, and distributed
learning, respectively.

Keywords: Internet of Things, Machine Learning, Arti-
ficial Intelligence, Artificial Intelligence of Things,
Federated Learning, Edge computing, Scalability
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Background and aims: The main focus of this article is
in the AloT provided by edge computing. The research
problem is that when, where, how, and why to
implement on-premises Al-related computing with
mobile - or more specifically portable - computing
equipment. Our two research questions are:

1. Which are the key properties and requirements to
loT edge computing?

2. How to maintain the speed, reliability, safety, and
security in AloT computing?

Methods applied: We'll begin with a literature review
on the latest research around AloT and related areas.
Then we approach the practicalities required with two
use cases: an example on mining and another on setting
up a test platform with remote building control and
surveillance as practical applications.

Results: The amount of information available on AloT
shows that the topic is interesting from the viewpoint
of scientific research. The selections we made on
literature review support our RQs. In our view a more
indepth survey on scientific papers should be
conducted separately. This should be carried out from
the viewpoints of benchmarking, testing, authorization,
trust, and security of AloT related concepts and
applicable practices in general.

Conclusions: Our two research questions on the
requirements were answered, but they need to be
elaborated in every new implementation. We
recommend also setting up customized environments
for testing the systems. Al is a wide discipline with
multiple possibilities. For edge purposes the techniques
like federated learning is a good starting point.

It is important to understand also that the technologies
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are evolving rapidly. The consequence is that the
devices, hardware and software are not upgraded and
developed synchronously. With that in mind the work-
ing systems tend to be version dependent until they are
fully matured to production scale operations. There is
still a lot of work to be done before the AloT is business
as usual. One should not wait, though, because there
are so many disciplines involved and steep learning
curves around. More importantly, one shouldn’t expect
to find silver bullets resolving the challenges.
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Model predictive control in multiple injection
strategy for maritime diesel engines
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Extended abstract

International emission regulations (e.g. Tier III, China
IT) are becoming stricter every year, which sets more
challenges on the heavy duty, maritime engine manu-
facturers in particular. The amount of both cargo and
passenger shipping is increasing rapidly. Because of the
large energy efficiency needed in large ships no replace-
ment of combustion engines can be foreseen in the near
future. There is a need for new efficient use of renewable
fuels and new low temperature combustion technologies
that would reduce the harmful emissions. In 2020 the
FEuropean Parliament has decided to include shipping
in the emissions trading system (ETS), which will re-
quire a 40 percent reduction in carbon dioxide (CO2)
emissions by 2030. In addition, reduction of sulphur,
nitrogen dioxide (NO2) and small particle (PM) emis-
sions are a strict requirement for the increasing amount
of ships worldwide.

Lowering the emissions excessively under the legis-
lation limits would increase the engine operating costs
such as higher fuel consumption [1]. The challenge is to
fulfill the emission standards and to maximize the en-
gine efficiency. Overcoming this problem requires more
advanced combustion control than the traditional en-
gine tuning and calibration. There have been several
new approaches in the engine combustion control, which
are based on new low temperature combustion tech-
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nologies, e.g. RCCI (reactivity controlled compression
ignition), HCCI (homogeneous charge compression igni-
tion) and PPC (partially premixed combustion). Con-
trol in these is complicated however, and they are based
on controlling the cylinder pressure by several succes-
sive fuel injections during each engine cycle. Engine ef-
ficiency can be increased by maintaining the cylinder
pressure at its highest level throughout the combustion
[2]. Multiple injection strategy is one of the new meth-
ods being used to maximize the cylinder pressure. It is
an alternative approach to single injection combustion,
which has been proved to be more efficient in terms of
noise and emission reduction, and fuel consumption [3].
The multiple injection enables better control of the fuel
distribution [4].

In this work, a model predictive control (MPC) is
applied for multiple injection strategy in a maritime
diesel engine. The aim is to predict and control the en-
gine combustion parameters cycle-to-cycle. The MPC
controller is designed based on a state-space represen-
tation of the combustion process. The state-space is ob-
tained by data driven method from a multiple injection
combustion model.

The controller is then simulated on the developed
multiple injection combustion model. Figure 1 demon-
strates the simulation scheme.

p_cyl, IMEP,
SOl m_f CA50

Model predictive
controller

Combustion model

Fig. 1. A block diagram of the major inputs and outputs of the
system.

The combustion model block simulates the engine
combustion process based on the values of Start of Injec-
tion (Sol) of each individual fuel injection and injected
Mass flow (my). The simulation calculates the values
of engine’s outputs such as maximum cylinder pressure
(peyr) and Indicated Mean Effective Pressure (/M EP).
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The reason for choosing the MPC method is upon
its ability to solve the optimization problem using a
moving time horizon window [5], which can be consid-
ered as the working cycle of the cylinder. In this prob-
lem, the MPC is controlling the fuel injection param-
eters under constraints such as the maximum cylinder
pressure value. The optimization problem is to maxi-
mize the cylinder pressure and the IMEP over a cycle.

The developed control algorithm will be tested first
by simplified combustion models, further by an exten-
sive "true" model of a 4-cylinder test engine and finally
by a real engine at the VEBIC laboratory in Vaasa.

Results of this work can be further used in real en-
gine implementation and attached to more accurate en-
gine models.
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Helena Leppakoski*, Bishwo Adhikari, Leevi Raivio, and Risto Ritala

Prediction of future paths of mobile objects

using path library

Abstract: In situational awareness, the ability to make
predictions about the near future situation in the
area under surveillance is often as essential as being
aware about current situation. We introduce a privacy-
preserving instance-based prediction method, where a
path library is collected by learning earlier paths of mo-
bile objects in the area of surveillance. The input to the
prediction is the most recent coordinates of the objects
in the scene. Based on similarity to short segments of
currently tracked paths, a relative weight is associated
with each path in the library. Future paths are predicted
by computing the weighted average of the library paths.
We demonstrate the operation of a situational aware-
ness system where privacy-preserving data is extracted
from an inexpensive computer vision which consists of a
camera-equipped Raspberry Pl-based edge device that
runs deep neural network-based object detection and
feature extraction algorithms on the camera feed and
stores only the coordinates and timestamps of the de-
tected objects. To infer which detections from differ-
ent time instances came from the same object, we used
probabilistic reasoning based on joint probabilistic data
association, Hungarian algorithm and Kalman filter.

Keywords: Path Prediction, People Tracking, Prob-
abilistic Data Association, Instance-based Learning,
Computer Vision
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1 Extended abstract

Background: The current developments in camera
technologies and deep-learning based signal processing
have made computer vision systems cost-effective and
feasible options for various surveillance tasks. In many
applications, the ability to make predictions about the
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near future situation in the area under surveillance is as
essential as being aware about current situation. For
example, the security of the working environment of
mobile machinery could be improved by a vision sys-
tem that automatically detects objects in the area, pre-
dicts locations of the mobile objects, and determines
how probably some parts of the area will be occupied
in the near future.

We introduce a instance-based prediction method,
where a path library is collected by learning earlier
paths of mobile objects in the area of surveillance, and
which preserves privacy of the tracked people. Many ex-
isting computer vision systems for surveillance rely on
transmitting or storing video data to servers for further
analysis. This compromises the personal privacy of the
people in the area. In our method, only position coor-
dinates of the detected moving objects and the detec-
tion timestamps need to be extracted from the camera
data. Any data that might identify the individuals is
not stored.

Aims: We demonstrate the operation of a sit-
uational awareness system that uses only privacy-
preserving data extracted from the computer vision sys-
tem to track paths, learn the path library, and predict
paths with the path library. Our system uses the lim-
ited set of data to answer the following questions: Where
there are people in the surveillance area? What kind of
paths are they taking? Where will they be located, and
which parts of the area will probably be occupied in the
near future?

Materials and Methods: The structure of the
path prediction system is shown in Fig. 1. In real data
demonstration, we used the location and timestamp

Training

Detections
* Coordinates
* Time stamp

Save |

Path library

1]

1
1

1

1 | New detections

! | associated with quate path

! o estimates

1 | existing paths H
1

1

Fig. 1. Main functional blocks of the path prediction system.
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person

.

Fig. 2. Camera view from the test setup running real time object
detection on a Raspberry Pi platform.

data recorded by a detection system, which consists of
a Raspberry Pi 3b computer equipped with Pi camera
module. The device runs single-stage detection (SSD)
network with a MobileNet feature extractor. The sys-
tem runs this object detection model on camera feed in
real-time and saves the detection result. The data was
collected with the camera looking over the open space
of Tampere University Hervanta campus (Fig. 2).

To create the path library, we used stored location
and timestamp data that was collected on one day dur-
ing 13 hours. The data from the next day was used to
compare the predictions produced by the path library
and the traditional Kalman filter (KF). The path track-
ing and prediction was implemented with Matlab.

As the data did not include elements that link the
latest detections to the earlier detections from the same
object, we formed the link computationally using prob-
abilistic reasoning (Fig. 3). We implemented the reason-
ing using Joint Probabilistic Data Association (JPDA),
a well-known method in, e.g., radar-based surveillance
systems. In JPDA, we used KF to propagate the es-
timates in time, Hungarian algorithm to associate the
new detections to the existing path estimates, and again
KF to update the corresponding path estimates with the
new samples associated with them. In the KF, we used a
motion model with position and velocity states, driven
by zero-mean, Gaussian acceleration.

coordinates Validate detections:

. . . For each path, check which detections fall into
Threshold probability of validation region——"| their validation region (probable observation
area)

New

ion region
(mean,Cov)

detections in validation
regions of active paths

detections outside
validation regions
of active paths

Reduction of active paths:
+ Remove if uncertainty too large

mean,Cov

Predict paths

mean,Cov
Combined detected coordinates
Uit falit for each path

Kalman filter

Associate detections with paths.

+ Association probabilities:
Probability that detection j
comes from path i

_{.

mean,Cov

Start new
path

Hungarian data
association algorithm

Fig. 3. Subtasks of probabilistic reasoning for path estimation.
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Fig. 4. The predicted path is the weighted sum of the most simi-
lar library paths.

The input to library-based prediction is the most
recent coordinates of the objects in the scene (Fig. 4).
The paths are tracked from the detections with KF and
JPDA techniques. When the lengths of such paths in-
crease above a given threshold, the obtained path seg-
ment is compared to the contents of the path library.
Based on similarity, a relative weight is associated with
each path in the library. The future path is predicted by
computing the weighted average of the paths in the li-
brary and its uncertainty is expressed with its weighted
covariance matrix. Quite commonly, the prediction is
composed of several "branches”, meaning that the dis-
tribution of predicted agent’s location is multimodal. In
this case an appropriate descriptor of the uncertainty is
the smoothed probability distribution produced by the
Gaussian mixture that represents the branches.

Results, Conclusions: The predictions based on
path library were compared to KF predictions. Exam-
ples of path tracking and prediction and area occupancy
prediction show that the path library gives much more
accurate, but multimodal predictions (Figs. 5, 6).

Tracked path:
JPDA & KF
estimates based
on recent
observations

" ®a.  Predictions based
i on path library

Predictions based
on KF model

Fig. 5. Real data example: path tracking and predictions with
Kalman filter and path library.
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At=6: pred. att =18 for t = 24 At=11:pred.att=13fort=24

. °
KF . S
- "
Path - - - -
Library
-
=3 .

At=19: pred. att=5fort=24

Fig. 6. Real data example: comparing area occupancy predictions
by Kalman filter (top) and path library (bottom). The red mark-
ers give the locations of objects at t = 24 s. The gray clouds in-
dicate the predicted probability of the location being occupied by
the agent. The predictions were made using observations obtained
6 s (left), 11 s (middle) and 19 s (right) earlier, respectively. The
path library gives much more accurate, but multimodal predic-

tions.
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Comparing Performance of Algorithmic and Driver-
Planned Routing of Forest Forwarder

Abstract: The time and energy efficiency when
collecting felled wood logs from a forest stand are
critical for the forestry economics and sustainability.
Choice of collection routes varies greatly depending on
the experience of the forest forwarder driver. With
modern vehicle routing optimization algorithms, this
variance could be reduced, and less experienced drivers
supported, therefore making the log collection at forest
stands more efficient. In this paper the repeated
matching (RM) algorithm solving the routing problem
for a capacity-limited forwarder is adapted from an
earlier work and extended to consider constraints on
the number route segments can be driven through and
one-way route segments. Furthermore, the forwarder
unloading to sorted piles is integrated to the route
optimization. The performance of the algorithm is
compared to that of a group of forwarder driver
students in Finnish national skill competition finals. The
case had 164 piles of six timber classes and three
depots, some unidirectional segments and some
segments with limited number of drives. When our
algorithm was run for 8 hours, it performed best
amongst the nine finalists, and when it was run for one
hour, it performed fourth best.

Keywords: RVRP, CVRP, repeated matching, realistic
constraints, metaheuristic

*Corresponding Author: Teijo Juntunen: Tampere
University, Finland, E-mail: teijo.juntunen@tuni.fi
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risto.ritala@tuni.fi

1 Extended abstract

Background and Aims: While the harvester travels
through the forest felling trees next to its driving route,
a route network is created in the felling area. As the
harvester is working, a map is created from harvesters
GPS data. Using this map, a forwarder driver plans his
collection routes. The experience of the forwarder
driver is the most important factor in the productivity
of the resulting route set. Unnecessary driving also
strains the soil and trees that were left standing by the
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harvester. For these reasons, the aim of this paper is to
investigate how well the route optimization algorithm
created route sets compare to the route choices of
human drivers and whether the performance of
inexperienced drivers could be improved by providing
them with ready-made driving routes designed by the
algorithm.

Previously, this CVRP path optimization problem has
been investigated in a study by Flisberg et al. [1], using
the repeated matching method. Our work includes real-
world constraints that significantly impair the
algorithm's efficiency: some routes are marked as one-
way only (e.g. a steep slope) and some routes can be
travelled through only a limited number of times before
they are worn out. Costs depending on the direction of
travel (reversing being slower) and cost depending on
the mass of the load were included. The capacity
constraints and wood grade specific unloading areas in
the Flisberg et al study were also included in our study.

Methods and materials: The algorithm first calculates
the cost matrix, i.e. the shortest distances by the
Dijkstra algorithm for all piles and unloading area
intersections. The adjacency matrix is calculated, i.e.
which of the collection piles are adjacent to one
another. Because of the one-way routes, adjacent
matrix is not symmetric. The route set that collects all
the piles is then solved with the repeated matching
method (Flisberg et al.), which creates a perfect
matching of piles that includes every pile once and only
once. A total cost of this route set is then calculated
according to the cost structure. The internal order of
the piles in each route is optimized by a genetic
algorithm. The flow chart of the algorithm is seen in
figure 1.

Automaatiopéivat24, 13-14 April 2021 12
Virtual Event



Extended Abstracts
ISBN: 13 978-952-5183-60-3

Automaatiopaivat24 2021

Initialization

initialSet

Calculate matching Apply Splitingto
costs bestGlobalSet

No
Is splittings =
maxAmount

currentset N

o
s currentSetCost < Is bestlocalCost <
bestlocalCost bestGlobalCost
‘(js

Yes

Update Update

bestlocalCost and and
bestlocalSet bestGlobalSet

Matched routes and costs

Solve matching
problem

bestlocalSet

aaaaa

Fig 1. A diagram of the repeated matching algorithm
used in this study.

In the Taitaja2014 competition finals, nine forest
machine driver students designed and implemented
driving routes at Ponsse Forwarder Game (PFG), trying
to maximize productivity by minimizing their driving
time. PFG is a game that simulates a real driving
situation with the same restrictions as the algorithm
used. The productivity of the solutions of the algorithm
was compared with the results gathered from the
performance of the human driver students. There were
four one-way routes on the map and two route
segments were limited to two drives. There were 164
piles to be collected and 6 grades of wood. All piles
were one cubic meter in volume and consisted of a
single wood grade.

The search space is too large to solve the optimal route
set, but the solution improves as a function of the
computational time used. In this study, one-hour, two-
hour, and eight-hour computation times were applied,
of which an hour-long calculation time would be useful
even in a real-life situation where the calculation would
be performed immediately after the harvester has
completed the roadmap. In many cases the route set
could be optimized during the night.

Results and conclusions: In total 50 instances of one-
hour optimizations were made, of which the best,
worst, and four middle solutions are shown in Table 1.

Table 1. Six results taken from 1-hour calculations that
were driven in PFG:

Set # Cost units Productivity, m3/h
1 17031 26.5
24 | 18749 24.6
25 | 18802 24.0
26 | 18838 25.1
27 | 18851 24.2
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50 20234 23.8

The average results of the 8-hour, 2-hour and hourly
solutions compared to the results of the human drivers
in the Taitaja computation are shown in Table 2 (when
five 8-hour, 20 2-hour and 50 hourly solutions were
considered). In addition to total productivity, the
productivities during driving empty, loading, driving
loaded and unloading are specified in the article.

Table 2. Productivity results of the Taitaja2014-
competition compared with the algorithm.

Driver Productivity, m3/h
Driver #2 27.9
Driver #9 26.1
Driver #3 26
Driver #7 24.6
Driver #1 24.6
Driver #8 23.6
Driver #5 23.2
Driver #6 22.6
Driver #4 22.2

Algorithm (8 h) 28.0
Algorithm (2 h) 26.1
Algorithm (1 h) 24.6

The hour-long solutions are comparable to the average
solution time of human driver students while 2-hour
calculation solutions perform close to the top of the
drivers. Long 8-hour calculations perform at the same
level as the top finalist in this competition.

Reference:

[1] P. Flisberg, M. Forsberg ja M. Roénngvist,
"QOptimization Based Planning Tools for Routing of
Forwarders at Harvest Areas,” Canadian Journal of
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Developing data-driven operational and
analytical services for interoperable industrial

ecosystems

Abstract: Industrial production systems need data for
their operations as well as for value-added services, such
as condition monitoring and maintenance. When devel-
oping and applying new technologies one challenge is
combining and integrating data and services efficiently.
This paper gives a brief overview of two use cases in the
Productive4.0 project and the main means implemented
that improve use of data and developing analytics solu-
tions using a unifying service architecture. The use cases
are production monitoring of chain hoists and condition

monitoring of vibrating screens.

Keywords: Production monitoring, Condition monitor-
ing, Systems of systems, Interoperability
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1 Introduction

Process and equipment data is needed both for produc-
tion as well as for value-added services, such as con-
dition monitoring and maintenance [1]. In modern sys-
tems, sensors provide a lot of data but, increasingly,
other systems as well. Also, machine or device fleets can
provide more insight, extending the connection between
utilizers and manufacturers.

The challenge is developing and applying new tech-
nologies, and combining and integrating data and ser-
vice components efficiently and interoperably, i.e. in a
plug and play fashion [2]. In order to develop modu-

Suomen Automaatioseura ry
Finnish Society of Automation

lar components, e.g. for data acquisition, preprocessing
and advanced analytics, this means that data and its se-
mantics are interoperable, communication is standard-
ized, and agreed means to compose functionality are
in place. Further on, information security is essential as
systems also span open networks possibly including mul-
tiple other vendors. Finally, as production related sys-
tems span the whole range of IoT, edge, fog and cloud
infrastructures they need to cope on a wide range of
hardware and software platforms.

Productive4.0 is a large European project under the
Digitalizing Furopean Industry initiative with the focus
on common integration principles for IoT and systems
of systems. It is funded by EC ECSEL and national
funding agencies of the member states such as Business
Finland. The project involved over 100 partners across
Europe during 2017-2020. One of the aims of such a
huge project is involving industry, technology providers
and research organizations to collectively develop and
demonstrate new technologies and their application on a
large scale. The outcomes are expected to contribute to
standards for products, processes and business models
that will enable the digitalization of industry.

The research and development in Finland, focusing
on two use cases of production monitoring and condition
monitoring, were carried out by Konecranes, Metso Min-
erals, Wapice, CrossControl, VI'T and Tampere Univer-
sity [3][2].

2 Use cases and results

In the production monitoring use case, various loT sen-
soring was mounted on a chain hoist used in a typical
production assembly setting. The overall objective was
to achieve intelligent activity monitoring for combined
analytics with machine and other data. This would give
visibility into equipment activity, performance and effi-
ciency, and ultimately automation of material flows and
task optimization. The needed data varies for different
processes and the data collection solution implementa-
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tion can be device specific. Therefore it would be ben-
eficial if the system would enable independent and ex-
changeable software components and communication.

The second use case focused on condition monitor-
ing of vibrating screens. These machines are used to
separate materials such as ores and are thus prone to
wear caused by the involved large masses and accelera-
tions. The condition monitoring could be built by simply
transferring all data to the cloud. However, the objective
was to unify the analytics application composition and
execute it similarly on the edge as well as in the cloud,
independently of what kind of measurement setups or
data processing tools are used.

Central to both use case solutions is the use of the
Arrowhead Framework (AHF) [4] as a key interoperabil-
ity component. AHF is an open source service frame-
work offering the tools to discover, bind and autho-
rize application service compositions following a system
of systems (SoS) model [5]. The application composi-
tion follows the logic of systems providing services that
are consumed by other systems. The services are pre-
defined in terms of their interface and data semantics
between the system of systems to be composed. To en-
sure wider application ecosystem interoperability AHF
uses a predefined model for the run-time discovery, bind-
ing and authorization. This means that plug and play
is achieved using a chain of trust and services are in-
terchangeable as long as the consumer and provider un-
derstand each other. Several supporting services are also
provided as part of AHF expanding its functionality.

Additional specification was needed for the applica-
tion services, their interfaces and data payloads as AHF
mainly provides the infrastructure for binding services.
Service interfaces and message semantics were defined
so that service providers could easily be exchanged. Due
to the service nature this also enabled implementing the
services using different implementation platforms.

As a result dynamic application service composition
was achieved for both use cases meaning that the flow of
data from sensors or sensor systems could be centrally
orchestrated to specific storage or processing services
at run-time. It was also showed that various hardware
and software platforms can be supported given that web
services are used as the interoperability layer.

Regarding service composition interoperability
AHF provides the foundation for the application ecosys-
tem in which to discover, bind and authorize composi-
tions, and use services across different systems. For full
technical interoperability it is further required to specify
and agree on application service interfaces, their inter-
action patterns, and data semantics.

Suomen Automaatioseura ry
Finnish Society of Automation

3 Conclusions

Production systems are expected to be even more net-
worked in the future sharing data among individual
devices and systems. This calls for new solutions that
enable efficient development of applications integrating
data and functionality from a wide range of involved
systems. Dynamic composition and interoperability can
be facilitated using common, shared framework models
such as AHF. The development of these kind of harmo-
nized frameworks and associated business models and
ecosystems — enabling the full digitalization — require
efforts in which technologies are jointly developed and
piloted in industrially relevant environments.

Acknowledgement

This work has received funding from the EU ECSEL
Joint Undertaking under grant agreement no. 737459
(Productive4.0) and from the national funding author-
ity Business Finland. Furthermore, the authors are also
grateful to the Academy of Finland for their funding
supporting this work (grant 310098).

References

[1] Burns T, Cosgrove J, Doyle F. A Review of Interoperability
Standards for Industry 4.0. Procedia Manufacturing. 2019;
38:646—653. 29th International Conference on Flexible Au-
tomation and Intelligent Manufacturing, June 24-28, 2019,
Limerick, Ireland, Beyond Industry 4.0: Industrial Advances,
Engineering Education and Intelligent Manufacturing.

[2] Hastbacka D, Halme J, Larrafiaga M, More R, Mesia H,
Bjorkbom M, Barna L, Pettinen H, Elo M, Jaatinen A,
Hoikka H. Dynamic and Flexible Data Acquisition and Data
Analytics System Software Architecture. In: 2019 IEEE SEN-
SORS. 2019; pp. 1-4.

[3] Halme J, Jantunen E, Hastbacka D, Hegediis C, Varga P,
Bjorkbom M, Mesia H, More R, Jaatinen A, Barna L, Tuomi-
nen P, Pettinen H, Elo M, Larrafiaga M. Monitoring of
Production Processes and the Condition of the Production
Equipment through the Internet. In: 2019 6th International
Conference on Control, Decision and Information Technolo-
gies (CoDIT). 2019; pp. 1295-1300.

[4] Delsing J, Eliasson J, van Deventer J, Derhamy H, Varga P.
Enabling loT automation using local clouds. In: 2016 IEEE
3rd World Forum on Internet of Things (WF-loT). 2016; pp.
502-507.

[5] Derhamy H, Eliasson J, Delsing J. System of System Compo-
sition Based on Decentralized Service-Oriented Architecture.
IEEE Systems Journal. 2019;13(4):3675-3686.

Automaatiopéivat24, 13-14 April 2021 15
Virtual Event



Extended Abstracts
ISBN: 13 978-952-5183-60-3

Automaatiopdivat24 2021

Esko K. Juuso

Intelligent temporal
statistical data

Keywords: intelligent methods, temporal analysis,
coronavirus, COVID-19

Esko K. Juuso, Control Engineering, Environmental and
Chemical Engineering, Faculty of Technology, P.0.Box
4300, FI-90014 University of Oulu, Finland, E-mail:
esko.juuso@oulu.fi

1 Background

The coronavirus COVID-19 is affecting around the
world. There are strong differences between countries
and regions. People of all ages can be infected but older
people and people with pre-existing medical conditions
are more vulnerable to becoming severely ill.

The risk is presented with three parameters:

— Transmission Rate (Ro) - number of newly infected
people,

— Case Fatality Rate (CFR) - percent of cases that
result in death,

— Determine whether asymptomatic transmission is
possible.

Fluctuations, trends and models have been used in
temporal analysis for all types of measurements,
features and indices. Recursive updates of the
parameters are needed in prognostics.

2 Aims

This research aims to develop unified intelligent
temporal analysis methodologies for detecting the
fluctuations, trends and severity of the corona
situations. Parametric systems are used to adapt the
solution for varying operating conditions caused by
local areas and groups of people. Recursive updates are
used in the parametric models.

3 Materials and methods

Generalized norms are used in data analysis to extract
features from waveform signals collected from the
statistical databases. The computation of the norms
can be divided into the computation of equal sized sub-
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analysis of

coronavirus

blocks, i.e. the norm for several samples can be
obtained as the norm for the norms of individual
samples. This means that norms can be recursively
updated.

The analysis is done for several groups of people.
Within each group, the risk levels are represented by
using nonlinear scaling. The scaling functions are
defined by five corner points by generalized norms
whose orders are obtained from the data. These orders
are used in the recursive tuning. Fluctuations are
detected are detected from difference of two norms
related very high and low order, correspondingly.

The calculations are done with numerical values and
the results are represented in natural language. Trend
indices are calculated from scaled values for
informative short and long time periods. The trend
index and its derivative visualize trend episodes. The
severity of the situation is evaluated by a deviation
index which combines the trend index, the derivative of
it and the level.

The analysis is done in a similar way for different
subsets. Specific scaling functions can be used in local
analysis and for people groups to increase the
sensitivity of the temporal analysis. More aggregated
material is used for analyzing countries and continents.

The norms can be recursively updated and the norm
orders related to the scaling functions are updated less
frequently.

4 Results

Different trend episodes are detected efficiently and
the need for the recursive tuning is clear during the
autumn period. The time periods, thresholds and
weight factors are selected in the tuning.

5 Conclusions and future development
This research is done for selected datasets and future

development focuses on comparing different subsets
and integrating the calculation levels.
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1 Background

Engineering education needs to provide both
theoretical knowledge and problem-solving skills. A
traditional organization of the courses gives separate
lectures and practical sessions. Lecturing is not the best
possible method in reaching the goals mentioned
above. Computer exercises are good tools in teaching
the skills. However, this approach would require
extensive time to cover the curriculum. Learning by
doing is very efficient when it is combined with lectures
to provide additional material and perspectives.

An advanced teaching scheme, which aimed to balance
these goals by combining different teaching practices,
was presented in [1]. The teaching scheme combines
lectures, computer exercises, case studies, seminars
and reports. Problem-based learning is the key and the
teachers act as project managers facilitate the learning
process. The scheme has been found to be beneficial
for overall learning progress and the students are
increasingly ready to use the course material in
practice.

Currently, the teaching periods at the universities are
carried out remotely. This practice was already started
in the spring 2020 and it will continue for many months.
Learning management systems provide essential
support for remote teaching. Systems developed for
virtual meetings, webinars and conferences bring new
tools for teaching as well. Lectures are widely done with
these tools and exercises can be done remotely and
reported through learning management systems.
However, interactive working practices require
additional efforts.

2 Aims

This research aims for adapting the advanced teaching
scheme to the new period of remote teaching
practices.
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3 Materials and methods

Lectures, which are aimed for giving the overall ideas
and extending the problem-based learning, can be
done by remote lectures. Lecture questions are aimed
for activating student questions and interaction.

Individual instructions in the exercises are needed for
getting all students more closely in the same level. The
problem-based case studies deepen the learning.

In the advanced teaching scheme, the seminars
including student presentation and opponent
questions are aimed for integrating the different topics
into a flexible toolbox.

4 Results

Participating in the remote lectures are preferred and
the lecture questions should be available during the
lectures. The presentations should be divided into two
or preferably three subtopics with a discussion period
between. This is important when the presentations are
available after the remote lectures. Too long lectures
do not activate questions and the lectures without
questions will also reduce the lecture participation.

The seminars including presentations, opponent tasks
and discussions are important in completing the
sufficient material for the continuous assessment.
Concluding remarks given by the teacher provide
motivating material for the students. The final reports
are very informative for the evaluation of the learning.
A fair grading can be achieved by weighting the
assessments of the different parts. The exams, which
are difficult to organize properly, are not needed.

5 Conclusions and future development

The advanced teaching scheme can be adapted in the
remote teaching. The continuous assessment combines
all the parts of the learning results.
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