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Abstract. Since 2012, a new automatic traffic enforcement camera project has
been in operation in Israel. Several databases are included in this project, i.e.
sensor data, traffic reports, and road accident records. In 2014 a business
intelligence system was developed to obtain all the data from the sensors of the
new project and to merge them with the existing data to run the project effec-
tively and efficiently. The aim of this paper is to present the process and the
configuration of the business intelligence system, and to present the improve-
ments in all measurements. In this paper we demonstrate the importance of a
business intelligence system for operating, engineering, researching and
managing aspects of a project.
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1 Introduction

The new project of automatic traffic enforcement digital cameras, which detects
red-light offenders and speeding drivers, was established in Israel in 2012. Each
enforcement site includes electromagnetic loops in the road as sensors of the passing
vehicles, and a pole next to the road, which is connected to the sensors. There is an
option to install a camera in the pole to record the offences. At the end of 2015 there
were around 150 poles and 100 cameras. The data collected from the sensors in each
operated site is data per vehicle, which pass on the electronic loops. The data includes
time, location, the vehicle’s length, a measurement if the vehicle performs an offence,
and validation indexes of the data. This database includes around 40 million records per
month, therefore it increases rapidly. After two years of gathering these records, it was
recognized that a business intelligence (BI) system is crucial for analyzing this database
and to merge this new database with other existing databases of traffic reports and road
accident records, to optimize the project’s benefit for maximal quantity and quality
tickets for better deterrence to reduce the number and severity of accidents. To run the
project effectively and efficiently, three levels of users have to use this BI system:
(1) The control and operation unit that wants to detect timely problems in the flow for
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operating the project smoothly. (2) The research unit responsible for two aspects of
strategic and tactical planning: camera mobile planning between the poles in the
planning horizon and determining the enforcement’s speed level per camera, per period
according to the limitation of the resources. (3) The project management’s aim is to
reduce the bottlenecks and waste in the system. The BI system has to operate
throughout all the stages: Detect the sensors’ operations, obtain the sensors’ data,
present the data, convert the data into information, help the different units obtain
knowledge from the information, and in the last stage help the workers perform actions
to improve the output from the project. The aim of this paper is to present the process
and the configuration of the business intelligence system, which was built specifically
for the automatic traffic enforcement camera project, and to present the improvements
in all measurements as the results. This paper is organized as follows: Sect. 2 is
devoted to a literature review. Section 3 describes the stages of building the BI system.
Section 4 presents the configuration of the business intelligence system. The results are
presented in Sect. 5. The final section summarizes the paper and makes suggestions for
further developments.

2 Literature Review

In this section, we discuss research in the literature that is covered in this study,
including road safety and automatic traffic enforcement cameras (Sect. 2.1), and
business intelligence (Sect. 2.2). To the best of our knowledge, this is the first time an
integration of the two subjects has been presented.

2.1 Road Safety and Automatic Traffic Enforcement Cameras

Approximately 1.25 million people die each year as a result of road accidents world-
wide. These road accidents cost approximately 3%—5% of the countries’ gross national
product [1]. One of the causes of road accidents is traffic offences and speed is one of
the main violations that contribute to road accidents, mainly severe ones. For example,
for every 1 km/h decrease in the average speed, there is an estimated 4% reduction in
the number of accidents [2, 3]. In general, on average, 40-50% of drivers drive faster
than the posted speed limit [2, 4-6]. In addition, larger differences in speed between
vehicles are related to a higher accident rate [7]. Therefore, an effective road safety
strategy needs a balanced approach on three aspects: engineering, education, and
enforcement [8].

In this paper, we focus on police enforcement. Traffic police has limited resources,
therefore it tries to maximize the benefits from available resources and use effective
operation methods. Speed offences can be enforced manually in the form of a police
officer with a laser gun who gives a ticket on site, or generates an automatic ticket
where the vehicle is spotted as an offender and the owner of the vehicle gets a ticket in
the post. Because the traffic police currently has limited resources, they are assigned to
tasks that cannot be automated [2, 5, 8].
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In 1958, the world’s first speed measuring device and the first speed camera used to
enforce traffic law was introduced. Since then, many countries have been using speed
and red-light enforcement cameras [9]. However, the automatic enforcement camera
technology, like any resource, is expensive and cannot be deployed everywhere at all
times [5]. Therefore, operational methods should be developed as is described in this
research.

2.2 Business Intelligence

Organizations have rapidly increasing volume, velocity, and variety of data from many
resources and it is necessary to analyze it and make decisions. Business Intelligence
(BI) tools help the organization in this aspect [10].

BI systems are a combination of operational data (gathering and storage) and
analytical tools for knowledge management at several levels in the organization, i.e. the
planners and the decision makers. The BI systems are based on techniques, tech-
nologies, methods and applications that analyze and visualize the data to help under-
stand the business performance and make better future decisions to increase value and
performance, by time and quality [11, 12]. BI improves the efficiency and effectiveness
of the process chains inside the business on one hand, and strengthens the business’s
relations with customers, suppliers and competitors, and improves strategic and tactical
decisions on the other hand [11, 13—15]. The BI system helps the organization in the
dynamic business environment with incomplete information, multiple sources of
information, and noisy data. It gives a fast response, despite the complexity and several
objectives and possible solutions [16]. In addition, the BI system helps to forecast
future trends, to implement plans, and to achieve goals in a proactive way [11]. There
are several definitions of BI in the literature, as mentioned above. The best definition
for our case study is from [10] - A system comprised of both technical and organi-
zational elements that presents its users with historical information for analysis to
enable effective decision making and management performance.

BI systems are currently moving from “data-aware” information systems to
“process-aware” information systems, because in many organizations the “workflow
management” or the “business process management” is the key factor for success in the
dynamic and knowledge-intensive world, to improve performance indicators such as
cost, quality, time, and flexibility. Therefore, businesses are increasingly interested in
improving the quality and efficiency of their processes and the BI systems are changing
into a Process-Aware Information System (PAIS) to react to changes in its environment
in a quick and flexible way. PAIS helps to manage and execute operational processes
involving people and information sources. PAIS uses process mining on the “recording
events” or the “event logs” and provides support with the control-flow, based on
various forms of analysis (e.g., simulation, monitoring, delta-analyses) and using a
constraint-based process modeling approach. There are several options for PAIS. In the
workflow management systems, mainly a Person-to-Application (P2A) system is being
used, since its primary aim is to make people and applications work in an integrated
manner [17-20].
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Best practice examples for BI/PAIS systems are mainly from the telecommunica-
tions, retail, aviation, finance, healthcare, and automotive industries. The objective is to
increase the quality of the service units in these industries: call centers, check-in and
production processes [18, 19, 21].

The BI literature has been silent on how BI creates business value and only a few
studies have been published on BI for a working team at a macro level [22]. Our paper
strives to contribute to these subjects. We will describe in this paper our novel BI
system for the automatic traffic enforcement camera project as a Process-Aware
Information system (PAIS) for several units working as one team for the project, for
business value.

3 The Stages of Building the BI System

The new digital automatic traffic enforcement camera project was started in 2012 by the
Israel traffic police together with a private company as a PPP (public-private-
partnership) project. The private firm that won the contract is responsible for the
equipment’s installation and the operation aspects (the electromagnetic loops, the poles,
the cameras and its illumination, and the relevant software). The traffic police is
responsible for the enforcement operation aspect (fixing the enforcement speed level
per camera, detecting the offences and producing the traffic tickets, sending the tickets
to the vehicle owners, answering letters from the drivers, and prosecuting the ticket in
court). A byproduct of the project is the traffic parameters data, which is gathered from
the installation of the sensors in the roads, for each of the passing vehicles on the
electromagnetic loops. This huge database was gathered by the private company only.
In mid 2014, a decision was made that all the data from the sensors collected from all
the passing vehicles is important for improving the enforcement by combining it with
tickets and road accident data. Therefore, a BI interface was selected and the relevant
human and technology resources were allocated to build it on Qlikview, the organi-
zation’s existing BI platform. There were three stages in the process of building a BI
system for this project.

3.1 Definition of Needs

The new imported data from the sensors is a unique database of information that will be
used for three learning purposes: (1) management— summary, trends, and irregular data
represented in tables, graphs, and maps as management and control reports; (2) oper-
ations — balance and control of the loads at each working station in the enforcement
system (encoders, prosecutions, answering drivers’ queries, etc.); (3) researchers and
engineering — in-depth investigation of the data over time combined with other BI
platforms for road accidents and traffic tickets. Each of the purposes was analyzed and
the workers were asked what their needs were. An evaluation of all the needs gave rise
to the idea of building several screens that will be suited to all the users, each user with
his needs to operate the system: view, drill down, quick output for presentation or to
use in other software for further analytic work.
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3.2 Building the Database According to the Information Definition

The strategic decision was to “pull” all the historical data to date and include all the
record fields from the sensors and import them weekly to the BI system. Therefore, we
now have all the data for all the vehicles that pass on the electromagnetic loops. Each
vehicle’s record include these fields: location of the vehicle (site number, lane number,
and driving direction), time of the event, for vehicles that cross a junction — the color of
the traffic light (red, yellow or green) and the crossing time from the beginning of this
color, traveling speed, vehicle length and validation parameters for the speed and
length data. This database is added to the other databases at the organization: road
accidents and traffic tickets as a whole and especially at the project sites, and the current
status of the project operation (operated cameras, level of enforcement per camera).
Merging all databases gives us the option to “push” analytic results to the different units
in the process. Figure 1 demonstrates the project’s UML (Unified Modeling Language)
diagram.

Fig. 1. The UML diagram

3.3 Analysis of the Data

Several designated screens were developed for all the management-operational-
research aspects with comparable GUI (graphical user interface) for the different users.
In the next chapter, the configuration of the screens will be demonstrated.

4 The Configuration of the BI System

Several screens were developed in this new BI (business intelligence) system based on
the process characterization from the previous chapter to address the needs of all the
users, taking the sensors’ data into information presentation, formatting it into
knowledge that will help to perform actions in the automatic traffic enforcement camera
project. All the screens are dashboards with interactive graphical displays. The users
can have a high-level view or click to choose a specific parameter or different display
(graphical, table, or export to Excel).
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4.1 A Statistical Data Screen

This is the default home page of the BI system, when a user enters the system. It is a
table presentation of the statistical data per site as shown in Fig. 2. Each site is a row in
the table. The columns are the statistical values that are important for road safety and
enforcement policy. The parameters in the columns are: the speed limit, traffic count
(number of vehicles crossing the electromagnetic loops per chosen period), total
measurement days per chosen period, average speed, the percentage of vehicles driving
above the speed limit, standard deviation (Stdev), and the speed on the 85th percentile
of the speed distribution. The size of the table is flexible and can be decided by the
user: selective periods, select several sites by group (type of camera, type of road, etc.)
or a specific site and selective statistical parameters. The table can be sorted according
to each of the parameters in the columns. Exceptional values like the percentage of
vehicles driving above the speed limit and the standard deviation have been colored
according to severity: no color — low importance; yellow — medium concern, and red —
high concern.

Year @ © 2015
# Sites Speed limit :;?j;:; # of days A:;;:ge :;oezgoliﬁt Stdew Stderr % 85th
70 2,620,368 221 69 0.00% 12 0,00737 80.00
110 4,164,865 147 a5 0.00% 13 0.00616 105.00
100 8,892,543 239 a1 0.00% 15 000506 102,00
100 15‘823’50 304 a9 15.30% 16 0.00400 101.00
80 2,288,483 186 74 0.00% 13 0.00844 85.00
70 628,835 46 70 0.00% 16 0.01990 83.00
Legend 80 1,549,907 110 76 35.70% 13 000988 87.00
30 1,729,470 107 4 0.00% 1 000856 93.00
Speed 100 10‘5;4’63 142 77 10.73% 27 0.00821 98.00
T o a0 HLOI%0Z - ogg 87 43.08% 17 0.00502 99.00
0.3 0.4 80 5,426,460 357 75 31.28% 14 000590 86.00
70 1,507,166 58 74 £4.49% ‘ 14 001139 86.00
0.7 0.E
80 1,607,626 282 77 45.31% 17 0.01368 90,00
an 4.M4.2/7 351 7R 3R.5A% 11 N.NNS5SA /7.NN

Fig. 2. The statistical data screen (Color figure online)

Two models run in the background: (1) summarizing the sensors’ data log into the
statistical parameters per period and (2) coloring the uncommon and high parameters
for visibility.

This screen enables engineering to understand the drivers’ behaviors versus the
road design. It gives the operation unit recommendations on where to mobilize a
camera from an out of order site to a site with the highest percentage of offences. The
research unit can evaluate the influence of enforcement on the road safety parameters.
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The goal of the enforcement project is to reduce the average and deviation of speed,
mainly on the sites that are marked with color.

4.2 Traffic Count and the Offences Distribution Screen

This screen graphically displays information and knowledge for the traffic police, of the
entire picture of the speed offences in the project as shown in Fig. 3. First is the “big
picture”, how many offenders there are. Figure 3a demonstrates that in 2015 around
14% of the vehicles that cross the enforcement sites drove above the speed limit, and
are therefore offenders. It also showed the total number of vehicles passing the sites,
totaling around 350 million. In Israel there are around 3 million registered vehicles
[17], thus on average a vehicle passes the project’s sites around 117 times per year.
Figure 3b zooms into the offender distribution according to level of offence, from low
offence with fine and no points, to severe offence with court summons. Figure 3b
demonstrates the total offender distribution and Fig. 3c demonstrates a zoom of each
site with the offender distribution. This screen gives management a holistic look at the
offences in the project and zooms in to specific sites. The goal of the enforcement
project is to reduce the number of offenders, mainly the offenders in the top end of the
speed distribution.

Total traffic vohume 450640,74%

e
-

roofenoe 306,14.576

EpEEEm

(a) (b)

K
| «
0%
0%
20%
10%
% . - >

(c)

Q

Fig. 3. (a) Speed no offenders/offenders distribution. (b) Speed offenders distribution. (c) Speed
offenders distribution per site
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Two models are running in the background: (1) summarizing and coloring the
offences groups per site and per period and (2) summarizing and coloring the sensors’
data log into offenders and non-offenders pie.

4.3 A Control Panel

A graphical presentation for irregularity in the data is presented in this screen. The
model that runs in the background is a summary of all the vehicles in the sensors’ data
log per month and year. The information is summarized so that it can be seen visually
from the graphs. For example, in Fig. 4 the operation users can see the month when the
cameras were operated and the number of events per month. This specific camera
began to be operated in mid August 2012 to November 2013 and then for brief periods
in January-February 2015 and October-December 2015. With this information, the
operation unit can follow the operation plan and supervise the private company work.
For example, is it according to the plan that there are no events in 2014 and in March—
September 2015? The research unit can analyze the decrease in the number of events
between November 2012-2013 and November 2015. Or why is there a decrease in the
number of vehicles passing this site in January 2013 and 2015?

1000000 2
500000
Year 0
2015 W *Q"/" U A G R ‘D\’:‘\ 07 &
2014
2013

2012 @ vn

Fig. 4. Monthly operational data

4.4 An ID (Identity Card) of a Site

This screen is a drill down into a specific site with a graphical presentation of all the
important information for engineering, control, and research units. The road safety
parameters are demonstrated in several aspects according to desired information for the
enforcement in this site. Figure 5 shows all the graphs that are shown together on the
same screen, to see the “big picture”. The screen is divided into four graphs: (a) speed
distribution; (b) traffic count per hour; (c) the distribution of vehicles entering the
junction on a red light and its speed and (d) the distribution of vehicles entering the
junction on a yellow light and its speed. For each graph, a model is run in the back-
ground per site and per period to create the specific distributions from the parameters in
the sensors’ data log: (a) creating a speeding distribution; (b) creating a traffic count
distribution; (c) creating traffic count and speeding distributions when the red traffic
light is operated; (d) creating traffic count and speeding distributions when the yellow
traffic light is operated,;

This data can help the engineers to understand driver behavior according to the
traffic light schedule and the junction’s construction. From Fig. 5a we can see that there
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Fig. 5. (a) Speed distribution per site. (b) Traffic count per hour per site. (c) Number and speed
of vehicles entering on a red light. (d) Number and speed of vehicles entering on a yellow light
(Color figure online)

are few speed offenders at this site, and their offences are on the low fine level (up to
100 km/h) above the speed limit (90 km/h). On the other hand, there are many vehicles
that cross the junction on a red light (Fig. 5¢). Each figure can be easily changed to
another display, for example: the traffic count (Fig. 5b) divided into days, zoom in to a
specific range of the x-axis scale, or different periods.

4.5 A Geographic Information System Presentation

Another useful presentation is a Geographic Information System (GIS) (Fig. 6). Here,
the automatic enforcement site is presented with its surroundings — other locations of
traffic tickets are presented. The data can be easily filtered by time or type of ticket. The
model that runs in the background is a geographic model that displays each ticket’s
location on the map. This presentation can help the decision maker with a decision to
operate other enforcement resources in this neighborhood.

4.6 A Simulation Screen

This screen is a What-If screen (Fig. 7) with a friendly user interface. In this screen, the
users can enter an optional enforcement level per site and the model that runs in the
background calculates the new scenario. It changes the different parameters in the flow
of the production line per all the operation units, i.e. the predicted percentage of drivers
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Fig. 6. A GIS screen

who will get a fine that will want to go to court and the predicted number of court
summons that will be canceled. A graphical speed distribution (similar to Fig. 5a) is
presented to help the users with the decision. In this screen the users can check different
alternatives. The parameters entered by the user are combined with the databases of
traffic flow, traffic distribution, and traffic tickets. A mathematical calculation is made
in the background to present the information required for the final decision, i.e. the
overload at the court, the difference in the number of tickets. The result is a sensitive
analysis for understanding the effect of the new planned enforcement level on the
number of traffic tickets per type and the load this causes the different working units in
the process (encoders and traffic courts).

4.7 The Raw Data Screen

Figure 8a presents an example of the raw data including all the fields for a specific
month and a specific site. Each raw data represents a vehicle that crosses the elec-
tromagnetic loops. The fields are: date, time, the day of the week, the time the vehicle
crosses the junction in the light cycle (red-yellow-green), the vehicle’s lane, the length
of the vehicle and the validation of this measurement, the speed of the vehicle and the
validation of this measurement, and whether the vehicle is an offender. In addition, a
model runs in the background to create a pivot table, as shown in Fig. 8b, based on the
raw data table. This screen is for researchers to export the raw data to statistical
software for further analysis, and to help decision makers regarding optimum
enforcement levels.

All the screens above have the advantages of a BI system: Default presentation for
the manager level “what you see is what you get”, with maximal relevant data and
information on the main screens. From the operational, engineering, and research
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Fig. 8. (a) The raw data screen. (b) A pivot table from the raw data
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Fig. 9. (a) The percentage of cancelled tickets. (b) The number of requests for court summons

aspects this BI system is an intuitive graphical user interface (GUI). It enables data
analysis after selecting a specific parameter in a specific field, drill down to a time
frame, specific location, etc. In addition, there are available bookmarks that can be
saved with important drill down information for future use. With this BI system, the
researcher can present the data in several displays, export it to statistical software, and
merge it with other BI systems.

5 Results

The development of a BI system for the automatic traffic enforcement system is a huge
step in the project’s development from several aspects: (1) For management — to get a
“big picture” of the project — total traffic passing through the project, percentage of
offenders per type, severity, time, location, type of vehicle, etc.; (2) for operations, the
BI system helps to determine the level of enforcement in each camera, determine the
mobility of cameras between the poles and the necessity of poles; (3) helping main-
tenance, for example to discover if an electromagnetic loop or a camera are not
working; (4) helping engineering discover sites with exceptional offenders; exceptional
time frame, traffic volume, vehicle types; (5) helping researchers explore this database
to check for trends, forecasting and simulation; (6) connecting this BI to other Bls of
road accidents and traffic tickets to understand the “big picture”.

Here are some examples that demonstrate the importance of a BI system and the
improved effectiveness of the automatic traffic camera enforcement project with the BI
system: (i) The process flow is now smoother for two measurements: the number of
canceled tickets decreased from 19% at the beginning of the project in 2012 to 3% in
2015 (Fig. 9a), meaning fewer events entering the encoder and request units. In
addition, the number of requests for court summons decreased from 5% in 2012 to 3%
in 2015 (Fig. 9b), meaning a lower load on the traffic courts and request unit. (ii) More
quality tickets are produced in the process. Here are some examples: the number and
percentage of court summons tickets increased from 6,291 tickets as 9.8% in 2012 to
19,294 tickets as 15.2% in 2015 (Fig. 10a). The deterrence improved by shortening the
time between the offence and the conviction in court (Fig. 10b).

In Fig. 10b we can see the decrease in the gap between the average number of
months between the offence (the traffic ticket) and the court date. At the beginning of
the project it increased dramatically to a gap of 17 months. Today, after using the BI
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Fig. 10. (a)The nominal number of court summons and its percentage of the total number of
tickets. (b) The average monthly gap between court date and the offence

system, it is even less than during the initial months of the project and stands at around
7 months (half of this period is a constant time of sending the ticket by mail), and with
more traffic court summons than ever in the project.

The project’s efficiency can be evaluated from the deterrence aspect as well. There
are only 14% speed offenders (Fig. 3a) and most of them in the low fine category above
the speed limit (Fig. 3b). Also, the number of red-light offenders (an offence where all
offenders are caught) is reduced. In Fig. 11a we presented the number of red-light
offenders for nine cameras that were operated throughout the years. The number of
offenders was reduced from around 400 tickets per month to less than 300 tickets per
month. In Fig. 11b, the 85th percentile of speed was calculated per 25 cameras that
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Fig. 11. (a) The number of red-light tickets per 9 cameras. (b) The 85th percentile of speed
distribution change over the years at 25 sites (Color figure online)
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Fig. 12. Road accidents and traffic tickets per year per site

were operated throughout the years. In most sites, the 85th percentile of speed was
reduced. In Fig. 12 a specific site is evaluated. Data on road accidents per year (on the
right) and data on traffic tickets per year (on the left) are presented on the same screen.
It can be seen that the number of road accidents was high until the year 2012 and then it
started to decrease. One optional explanation is the installation of automatic traffic
enforcement there at the end of 2012.

6 Summary and Further Development

In this paper we presented the stages of building a new BI system for the new automatic
enforcement cameras project as PAIS. The large amount of data that is gathered each
day from the sensors and the electromagnetic loops in the roads was the trigger to build
this advanced BI system to efficiently and effectively operate the new automatic
enforcement system. This BI system takes the data and converts it to information and
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knowledge. The connection of this BI system to other BI systems (road accident and
traffic tickets) leads to a holistic view of the drivers-enforcement-offences-road acci-
dents flow and helps to optimize enforcement based on the current resources.

This new BI system helps all the units involved in the process: the operational unit
with control elements in the process, the engineering unit with analytical presentations
on the different sites, the flow and the behavior of the drivers, the research units with
data mining analytics, and the management who can visually see the ‘big picture’ with
excellent insight into the process, to make the correct decisions. The final output of the
BI system is the determination of the enforcement level in each camera and the
mobility plan of cameras between the poles.

There are some lessons and best practices acquired with the operation of this Bl
new system. First, as in [21], the knowledge from the information affects tactical
decisions for setting the enforcement speed level, and the strategic decision for moving
the cameras between the poles and acquiring more cameras and poles. Second, the
business processes were improved. On the one hand, the capacity of maximum tickets
was accomplished (around 130 thousand tickets per year, in 2015) (Fig. 10a). On the
other hand, there are fewer tickets waiting for court summons and a shorter average
monthly gap between court date and the offence (Fig. 10b). Third, the project’s visible
influence as fewer offenders (Fig. 11) and fewer road accidents (Fig. 12).

In the future, this BI system will include data from the vendor operating the
cameras (pictures of the vehicles, statuses of the events) and the customers: the courts
and the call center that answers the drivers’ queries. In addition, from the research unit,
there is a demand to connect the data from the BI system with a linear programming
model to automatically determine the enforcement level and mobility of the cameras.
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