


6 Further work

6.1 Detection

As previously explained, the design of event detection algorithms must be
data-driven, meaning that it is based on empirical data acquired from real-
life observations of the phenomena that are to be detected. As stated in
section 5.1.1, the lack of large amounts of such data represents the greatest
weakness of this work. Consequently, this also represents the greatest
potential for future improvement. As calculated in [1], the accumulated
volumes of CAM and DENM data generated in real-life traffic will quickly
rise to the levels of terabytes, petabytes and exabytes once the C-ITS
technology matures and starts being embedded in actual vehicles on the
road. Such datasets would enable vastly more advanced detection methods
to be used, resulting in more accurate detection of both abrupt braking
and more complex types of events.

Improving the detection of abrupt braking events

The detection of the simple abrupt braking event type can surely be im-
proved by using a larger amount of data to tune and test the developed
algorithm, finding values for the tunable parameters that fit even better.
However, as alluded to in section 5.1.1, it does not seem like this alone
will allow the accuracy of the detection to reach satisfactory levels. Once
in possession of greater volumes of data, one should thus re-do a thorough
analysis of the data, to investigate whether there are other variables and
methods that could be suited for achieving a higher accuracy. For in-
stance, perhaps one would benefit from making the deceleration threshold
dynamic, taking into account e.g. the road type and number of vehi-
cles present nearby, and the speed of the vehicle performing the braking
maneuver.

Detecting other types of events

Abrupt braking events were chosen, among other things, for their ability
to be detected using only the speed variable (see section 4.2). More com-
plex events, such as near-collisions between vehicles, illegal maneuvers or
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reckless driving, depend on a much higher number of variables, with in-
tricate relations between them. Even if one had all the relevant variables
available for measurement, it is unlikely that it is even possible for humans
to analyze and manually configure a detection algorithm for such complex
types of events.

Fortunately, the emergence in later years of increasingly more sophis-
ticated machine learning methods pose a perfect fit for this problem, once
the volume and quality of the available datasets reach sufficient levels.
Where humans quickly lose control when faced with large volumes of
data, computers thrive in such conditions, performing better the more
data they are fed. Machine learning detection methods, such as neural
networks, would be able to handle a large number of different variables,
and identify perhaps unintuitive correlations between them.

6.2 Weighting

As stated in section 4.5.3, the weights currently used to differentiate be-
tween the severity of different types of events are purely based on a subjec-
tive assessment. The first improvement of the weighting module would be
to base these values on empirical observations. Going further, the weight-
ing could be changed from using statically defined values to dynamically
calculated ones. Events could be weighted differently according to the time
of day, road conditions and so on. One could also implement a feedback
from the clustering module, such that, for instance, subsequent events
happing at the same location are given increasingly large weights. All
this, of course, places even higher demands on the availability of empirical
data supporting such adjustments.

6.3 Clustering

There are a number of optimizations that can be performed on the cur-
rent implementation of the clustering module in order to make it more
efficient in its calculations. At present, on recalculation of the level of
danger across a map, an iteration is performed once per event over the
entire map, as such:
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for lat in np.arange(lat_min, lat_max, lat_step_size):
for lon in np.arange(lon_min, lon_max, lon_step_size):
for event in events:
# Calculate danger inflicted by event to location (lat,
lon) and add to total danger at location (lat, lon)

This places limitations, mostly on the granularity of the map, in order
for the calculation to not become too slow. An improvement could be made
in order to reduce unnecessary calculations, for instance by identifying the
boundaries of events, and not calculate the danger inflicted by an event
outside of these boundaries (where it will be zero regardless).

For further development, there is a large amount of potential in using
empirical data to express events more precisely in space and time. Es-
pecially in the way events are modeled with symmetrical spatial decay is
likely to be quite inaccurate in the real world. An improvement would be
to use knowledge of the road infrastructure to extend an event’s impact
along the nearby roads, perhaps only in one particular direction of travel.
For instance, a severe event on a highway can have ramifications along its
entirety, with its impact stretching tens or hundreds of kilometers along
it. At the same time, it might have negligible impact on traffic traveling
in opposite lanes along the same highway.

6.4 Visualization

As previously explained, parts of the visualization solution is built mostly
to be of help during development, debugging and tuning of the entire
system. Future development would demand even better methods of visu-
alization. An obvious extension is to build support for visualizing data
coming from multiple vehicles in parallel. Another is to incorporate the
display of a road map in the map view, on which the data can be overlaid.
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Om oppgaven

| et kommuniké fra EU kommisjonen 30.november 2016 bes det om at alle land i Europa, inkludert
Norge, begynner utrulling av C-ITS for Connected Vehicles og Autonomous Vehicles i 2019:
http://europa.eu/rapid/press-release MEMO-16-3933 en.htm

C-ITS er en standardisert mate for biler av forskjellige typer (Volvo, Audi, Opel) & kommunisere p3, der
de utveksler sakalte CAM pakker hvert sekund. En slik pakke er ca. 350 bytes og inneholder
posisjonskoordinater, hastighet, retning, data hentet ut fra kjgretgyets OBD-Il port og mye mer. |
tillegg kan bilene og infrastruktur (veikantstasjoner, tunneler, bruer, veiarbeidsomrader) utveksle
sakalte DENM pakker som inneholder trafikkmeldinger. Disse er ogsa ca. 350 bytes, men sendes kun
ut ved behov. Standardene som beskriver alt dette finner man her:

https://goo.gl/Mouv8r

For & kommunisere brukes ETSI-ITS-G5 radioer. Tanken er at disse vil vaere innbygd i nye biler fra ca.
2020. For eldre kjgretgy kan de bli ettermontert. Teknologien er basert pa IEEE 802.11, tilsvarende
vanlige Wi-Fi, men med noen justeringer som illustrert nedenfor.

Wifi — Router G5-radios

|EEE 802.11 a/b/g/n |EEE 802.11 p/ocb

SSID: My-Wifi SSID: N/A

WPA2: password WPA2: N/A

Freq.: 2.4GHz and 5GHz Freq.: 5.9GHz

Max: 20 dBm Max: 33 dBm (1km range)
Comm: many to one Comm: many to many

Aventi har alt jobbet med denne teknologien i flere ar bade med hands-on programmering og
deltakelse i forskjellige fora. Her er en YouTube video fra en av vare C-ITS tester:
https://www.youtube.com/watch?v=Nv7z_Xjkj k

Nar ETSI-ITS-G5 radioene sender ut og tar imot CAM og DENM pakker, sa lagres alle disse i PCAP filer
som kan dpnes og analyseres i Wireshark. Og det er nettopp det vi gnsker med denne oppgaven. Men
i stedet for a lete igjennom titusenvis av CAM og DENM pakker manuelt, sa gnsker vi 8 benytte en Big
Data Igsning som for eksempel Hadoop.

Microsoft
A Azure
L

am. (1) PCAP-filer m/ CAM, DENM og mer : Tidligvarsling

e
Machine Learning

Statens vegvesen

=
E—
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Fgrste utfordring:

1.

4.

Studenten og noen hjelpere kjgrer rundt omkring pa NTNU campus med biler (eller lekebiler)
utstyrt med ETSI-ITS-GS radioer (I tillegg kan det settes opp en radio som veikantstasjon), der
det genereres CAM og DENM pakker. Se YouTube video ovenfor som viser denne kjgringen.
Etter en god stund med kjgring, s dumpes alle PCAP-filer inn i Hadoop (eventuelt Azure
Machine Learning e.l.).
Der lages det queries som forsgker & hente ut nyttig data som f.eks.:

a.  Minimum, maksimum og middels hastigheter.

b. CO; produksjon

c. Radiosignalstyrke

d. Antall ulykker og trafikkmeldinger av forskjellige typer (DENM)
Resultatene sammenlignes med handnotater gjort underveis.

Andre utfordring:

1.

Studenten og noen hjelpere kjgrer rundt og rundt i samme mgnster om og om igjen. Dersom
for eksempel den rgde bilen kjgrer vestover pa Kolbjgrn Hejes vei, mens den bla og den gule
kjgrer sgrover pa O. S. Bragstads Plass, ja sa gjentas altsa dette kjgremgnsteret hundre ganger.
Bilene vil hele tiden generere CAM pakker som lagres i PCAP-filene. Nar den rg¢de og den bla
bilen mgtes i veikrysset, sa kolliderer de. Dette indikeres ved at man trykker pa DENM for
Accident pa Android nettbrettet (se YouTube videoen). DENM pakkene vil ogsa bli lagret i alle
kjgretgyenes (og veikantstasjonens) PCAP-filer.

Studenten kan ogsa velge a simulere all denne kjgringen ved a overstyre GPS koordinatene i
C-koden til radioene (veldig enkelt). Da mistes imidlertid variasjoner i radiostyrke, GPS-signal
og andre ting som oppstar nar man kjgrer innimellom bygningene, og det kan jo tenkes at
dette er ting maskinlaeringsalgoritmene kunne tatt tak i.

Vel, atter en gang sa dumpes alle PCAP filene inn i Hadoop, men denne gangen skal man kjgre
maskinlzeringsalgoritmer som gjenkjenner kjgremgnsteret for de tre bilene, og som ledet opp
til en ulykke i form av en DENM for Accident.

Nar studenten fgler seg sikker pa at algoritmen kan gjenkjenne kjgremgnsteret som ledet opp
til ulykken, sa skal det utvikles en live Igsning som samler inn CAM og DENM pakker
fortlgpende (og ikke PCAP filer fra de siste par timer). Dette kan gjgres via et JSON interface
pa veikantstasjonen. Nar sa studenten og hjelperne denne gangen kjgrer den rgde bilen
vestover pa Kolbjgrn Hejes vei, og den bla og den gule sgrover pa O. S. Bragstads Plass, sa skal
systemet varsle om at kollisjon er nzert forestaende.

Tirsdag, 2. mai 2017 © Aventi Group AS Side3av 4
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oppgaven deles opp i sakalte «sprints», der studenten gjgr ferdig verdifulle dellgsninger underveis. Vi
foreslar sprints pa ca. en maned, og stand-up mgter to ganger i uken. Vi gnsker at prosjekt-
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File structure of attached digital material

attached_material

| datasets
test_set.csv
test_set.log
test_set.mat
training_set.csv
training_set.log

training_set.mat

training_set_map.osm

D solution

m Elog

its_server_cam.log
its_server_denm.log
'] monitoring
monitor_logs.sh
clustering.py
denm _parser.py
detection.py
main.py
requirements.txt

run.sh

traffic_event.py

vehicle.py

weighting.py
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] utilities
L matlab
. add_braking_event.m
detection_algorithm_tuning.m
replay_cam.m
denm_generator.py

log_to_csv.py

replay_cam.py



km/h/s

C Acceleration unit conversion

The simple figure below is included in order to provide a quick way of
converting between the two acceleration units m/s? and km/h/s. The
former is used throughout the thesis, while the latter is easier to relate
to for humans used to traveling by car. For instance, a deceleration of 10
km/h/s means slowing down by 10 km/h over a period of 1 second.

Conversion between m/s? and km/h/s
T T T

40

30 — -

25— >

15— ~
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