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Abstract: - The use of Optical Character Recognition (OCR) to identify vehicles enables better monitoring of 
various processes, such as local bus, unauthorized vehicles and so on. These systems, known as Intelligent 
Transport Systems (ITS) allow the company to use the facilities to carry out activities, so that, this study 
investigated the use of LPR (License Plate Recognition) as a tool for its BRT operation. 
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1 Introduction 

The opportunities are central to bringing diverse 
and substantial social and economic benefits to 
world, however, these decisions affect the design, 
accessibility and use of these technologies could 
open wrong ways [1]. This mobility, permit to have 
information in anywhere, then the ITS systems can 
be more effective allowing to have real-time 
information. Also the accessible cost of devices and 
communications channels permit using in more 
services in order to inspect the road and supply 
chain. The operation purpose determine whether a 
particular technological solution will be used to 
trace the statistical analysis of evidence of 
irregularities or if tracking systems & monitoring 
will be combined with other technologies to support 
the BRT operations in real time. As for the object, 
different solutions and technologies are used for 
tracking and monitoring of vehicles (bus). 

Technologies and solutions adopted are also 
influenced by the type of operation to be monitored: 

• Operational purpose: 
o Statistical analysis of routes, 

location, time and business with 
real time monitoring (bus); 

o Non-authorized vehicles. 
• Object: Vehicles 

This paper presents an effective solution for the 
surveillance of vehicles with LPR (License Plate 
Recognition) and integration with the ITS, allowing 
in real-time identify which vehicles are using the 
BRT Lane. The LPR is one of most important 
component of ITS. 
 
 
2 Proposed Solution  

A possible solution to problem presented in the 
anterior topic is the need to use an integrated 

C. F. Fontana et al.
International Journal of Transportation Systems 

http://www.iaras.org/iaras/journals/ijts

ISSN: 2534-8876 1 Volume 1, 2016



solution, consisting of vehicle identification, means 
of communication and integration with ITS. For this 
purpose, this paper proposes the solution presented 
in this topic. 
 
LPR Technologies 

The LPR (License Plate Recognition) has been 
implemented through a combination of sensors, 
cameras, software and other equipment for the 
recognition of characters on the plates, using OCR 
(Optical Character Recognition) algorithms on 
images captured on the road or street, as shown in 
Figure 1. 

  

 
Figure 1: License Plate Recognition 
 

LPR system usually requires that each lane (road, 
avenue or a toll plaza, for example), figure 2, is 
equipped with a sensor that detects the presence of 
vehicles and then shoot one infrared camera, as 
shown at figure 3. 

 
Fig. 2: Overview of LPR 
 

Sensors and cameras of all stripes are usually 
connected to a local processing unit, whose main 
component is a computer that captures or select the 
images generated by cameras, processes the OCR 
algorithm, stores and / or send plates for later 
recognized processing. 

 

Fig.3: Typical Infrastructure of LPR 
 
Recent advances in performance with reduced costs, 
OCR algorithms and communication channels 
(mobile, Internet, etc ..) allow LPR computing 
evolving in terms of system reliability (accuracy 
more than 90% of the plates), operating units, 
maintenance and cost . LPR systems operate with 
stationary or moving vehicle (depending on the 
detection equipment) in areas inside or outside, but 
its performance is influenced by adverse weather 
conditions such as fog or heavy rain. Still, these 
systems can be used in various situations, even with 
vehicles traveling at high speed. 
The detection of vehicles performed by sensors 
embedded in the track, such as inductive, optical 
detector, among others. More sophisticated systems 
LPR that rely on sensors, cameras capture multiple 
frames per second (like a movie) continuously and 
LPR software automatically selects the most 
relevant images - that is, vehicle license plates. 
Although relying on cameras and processing 
software, or more expensive, this option is the lower 
cost of installation and operation. 
 
Telecommunications Channels 

Appropriate communication channels are 
required for interconnection between the equipment 
that makes the identification of vehicles on the track 
(LPR), checkpoints (mobile or fixed), the ITS. The 
telecommunications industry offers several 
technologies for data transmission; with different 
profiles cost, speed, mobility and availability. This 
paper studies the transmission via mobile. 

In Brazil, there are technologies available for 
transmission via cellular data, generally (GPRS) 
from second and third generation (3G), which are 
available along the main road, see Figure 4. The 
main advantages of mobile technology are mobility 
and wide availability of equipment and operators 
offering these services. Also 3G technologies offer 
rated speeds up to 7 Mbps (the speed of business 
systems in real conditions, however, rarely exceed 
1Mbps). [14] 
 

 
Figure 4: Communications Channel by Mobile 
 
Operational Process using LPR 

This scenario assumes that the vehicles are 
traveling on a track the usual speeds permitted by 
law. automatic license plate readers (detectors and 
vehicle cameras) are installed at the bus stop or 
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pass. 
When the vehicle passes through the detector, a 

plate of the picture is taken and a system that uses 
an image processing algorithm to OCR (Optical 
Character Recognition) get the license plate in 
question. You can check that a vehicle has passed or 
was present at the place where the equipment is 
installed LPR without the same need to stop or slow 
it. In the scenario described the following statements 
can be made, see Figure 5: 1. The sensors detect the 
passage or stationary vehicles; 

2. The cameras capture images of detected 
vehicles; 

3. The local processing unit processes the OCR 
algorithm on the image to recognize the license 
plate; 

4. The local processing unit sends the card to the 
central control identified by the communication 
channel, to find the vehicle information concerned. 
In the central control is installed ITS; 

5. Standard Central query control of your 
identify the authorized bus; 

6. Central Control sends back vehicle board that 
need to be investigated; 

7. The local processing unit displays message on 
the electronic board with the vehicle plate, notifying 
you. The message is also sent to the tax in the 
inspection station. 

A wide range of devices and systems for vehicle 
detection may be used in conjunction with LPR, 
which may range from the popular inductive links 
via microwave for systems for various purposes 
(including weight) as described in Table 1. This 
table It shows a comparison between the detection 
systems. The most comprehensive detection system 
is the optical scanner, however, maintenance is 
complicated because it requires the sensors are 
always clean. 
Figure 5: Identification Process through LPR 

   

 
More traditional sensors, such as inductive 

loops, while the popular and lower cost of 
acquisition, have higher operating cost, lower 
accuracy and high failure rate, partly explained by 
the fact that they are invasive or groom the lane. 

Alternatively, there LPR systems that do not 
require sensors for image capture is continuous as a 
video camera, about 30 frames per second. But this 
solution requires more sophisticated LPR systems 
because of the need to select the image that contains 
vehicle and its license plate, without repetition and 
in real time, before processing the OCR algorithm. 
 
Table 1: Comparison between main vehicle 
detection systems 

 
Requirements for Information System 

This item presents the requirement for 
information system necessary to implement the 
proposed solution. 
 
LPR Systems Requirements 

The LPR system must meet the following 
requirements: 

• It should be possible to identify the 
characters of license plate for at least 90% 
of the stored images, regardless of the 
situation or lighting; 

• The rate of false positives (plates whose 
reading differs from the real characters) 
must be less than 2% of the plates read by 
LPR, except cases of fraud. A high rate of 
false positives implies higher cost of 
operation of the LPR, depending on 
required processing; 

• The maximum speed for image recording 
should be greater than 160 km / h; 

• Each system must be able to record the 
images and perform LPR in following 
condition: a road or street with at least 4 
lanes with traffic of 500 vehicles per 
minute, traveling at 120 km / h. 

 
 
Telecommunication Requirements 
This item describes the requirements for the 
communication channel between the LPR System 
and Central Control. The bandwidth needed for 
transmission of data already processed on the 
identification of vehicles (LPR). If these situations 
is considered as a premise that:  

• Identification of 100% of the vehicles via 
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LPR;  
• Each identify has 200 bytes;  
• In those circumstances are sent 500 x 200 / 

60 = 1,667 bytes / s, or 13.3 kbps data 
useful.  

Therefore, in these conditions any link available in 
the locality can be used, because it is not necessary 
broadband channels. 
 
4 Conclusion 

The proposal permit to have an efficient system 
that permit to monitor vehicles though license plate 
recognition system with the following 
characteristics: 

• Capacity to identify vehicles without 
disrupting the normal flow or even cause a 
decrease in speed;  

• Non-intrusive scenario in perspective of 
owners or users of vehicles, for example not 
rely on devices or tags installed in all 
vehicles, as opposed to RFID; 

• Possibility to sending images or other types 
of high-volume data by the communication 
channel; 

• The use of others technologies, like RFID, 
are more sophisticated than LPR and it is 
subject to fraud, as use of adhesives or mud 
applied on the plate; 

• The LPR may have read rates with less 
success than RFID. This can result in higher 
operating costs, mainly associated with 
inspections generated by errors on LPR. 
Moreover, the performance of LPR can be 
harmed by adverse climatic conditions, such 
as storms. 

The next step of research is to evaluate the collected 
information on pilot project and identify the number 
of false positive results, in order to evaluate if this 
technologies is appropriated for real time 
monitoring operation. 
 
 
5 Acknowledge 

We appreciate the support of Prefeitura de São 
José dos Campos - SP - Brazil which enabled this 
research. The survey results are being applied in city 
hall of specific projects in infrastructure, traffic and 
transportation. 
 
 
References: 
[1] Dutton, W, Social Transformation in an 

Information Society: Rethinking Access to You 
and the World, United Nations Educational, 

Scientific and Cultural Organization, Paris, 
2004 

[2] Amaral, G and et all, Estudo sobre sonegação 
fiscal das empresas brasileiras, Instituto 
Brasileiro de Planejamento Tributário, Curitiba, 
2009 

[3]  Relatório online de Execução Orçamentária da 
SEFAZ/SP available at 
http://www.fazenda.sp.gov.br/  

[4] Gristec – Associação de Empresas de 
Gerenciamento de Riscos e de Tecnologia de 
Rastreamento e Monitoramento available at  
http://www.gristec.com.br  

[5] Relatorio do Sindicato das Empresas de 
Transportes e Carga de São Paulo available at 
http://www.setcesp.org.br  

[6]  Smiths Detection available at 
http://www.smithsdetection.com  

[7] Universidade Federal do Rio Grande do Sul – 
UFRGS. Instituto de Física. Produção de Raios 
X available at 
http://www.if.ufrgs.br/tex/fis142/fismod/mod0
5/m_s01.html  

[8] CESVI BRASIL – Centro de Experimentação 
de Segurança Viária – available at 
http://www.cesvi.com.br/avaliacoes/index.shtm 

[9] International Electrotechnical Commission, 
IEC 60529 Degrees of protection provided by 
enclosures (IP Code), 1999. 

[10] Drilo, B,. and et all, The role of 
telecommunications in development of new-
generation Intelligent Transport Systems in 
proceedings of 1st International Conference on 
Wireless VTAE 2009, 2009. 

[11] Harman, G, A Case Study on Data 
Interoperability for License Plate Recognition 
in proceedings of IEEE conference on 
technologies for homeland security, 2008. 

[12] Anagnostopoulos, C and et all, License Plate 
Recognition From Still Image and video 
Sequences: A Survey in proceedings of IEEE 
Transactions on Intelligent Transportation 
Systems. 2008. 

[13] Lopez, J. and et all, A versatile low-cost car 
plate recognition system in proceedings of 9th 
International Symposium on Signal processing 
and Its Applications. 2007. 

[14] MELO, V.AZ., FONTANA, C. F., SAKURAI, 
C. A., DIAS, E.M. Business Models for SAT - 
Sistema Autenticador e Transmissor de Cupons 
Fiscais Eletrônicos In: 8th Internatioal 
Conference on Information Systems and 
Technology Management - Contecsi, 2011, São 
Paulo. (Página 301 a 315) 

[15] DIAS, M. L. R. P., PEREIRA, S.L., 

C. F. Fontana et al.
International Journal of Transportation Systems 

http://www.iaras.org/iaras/journals/ijts

ISSN: 2534-8876 4 Volume 1, 2016



SAKURAI, C. A., DIAS, E.M. Technological 
Model for Tracking & Monitoring Brazilian 
Beef Supply Chain In: 2nd European 
Conference of Systems (ECS'11), 2011, 
Tenerife-Spain. (Página 316 a 334) 

[16] SAKURAI, C. A., DIAS, M. L. R. P., 
FONTANA, C. F., DIAS, E.M. Technological 
Model for Tracking & Monitoring of 
Movement of Loads In: Proceddings of the 
International Conference on Energy Systems, 
Environment, Entrepreneurship, Innovation, 
2011, Barcelona. (Página 335 a 357) 

[17] SAKURAI, C. A, DIAS, E.M. MELO, V.Z. 
FONTANA, C. LIGO, A.K. Technological 
Model for Application of Internet of Things to 
Monitor Trucks. In: 8th ITS European 
Congress, 2011, Lyon. (Páginas 445 a 461) 

[18] SAKURAI,C.A., LIGO, A.K., VENDRAMIN, 
V.L., DIAS, M.L.R.P., DIAS, E.M. Proposal of 
Integrated System for Vehicle Monitoring with 
Emphasis on Goods Operations. In 18th World 
Congress on Intelligent Transport Systems, 
201, Orlando. (Páginas 462 a 475) 

[19] SAKURAI, C.A, FONTANA, C. DIAS, E., 
FONTANA, C. Virtual Tax Inspection Using 
ITS Components. In 19th ITS World Congress. 
Viena. 2012. (Páginas 488 a 490 e 502 a 504). 

[20] YOSHIOKA, L. R. ; OLIVEIRA, M. C. ; 
MARTE, C. L. ; FONTANA, C. F. ; 
SAKURAI, C. A. ; YANO, E. T. . Framework 
for designing automotive embedded systems 
based on reuse approach. International Journal 
Systems Applications, Engineering & 
Development, v. 8, p. 9-17-17, 2014. 

[21] SAKURAI, C. A.; MARTE, C. L. ; 
YOSHIOKA, L. R. ; FONTANA, C. F. . 
Integrating Intelligent Transportation Systems 
Devices Using Power Line Communication. 
international journal of energy, v. 8, p. 36-42, 
2014. 

[22] FONTANA, C. F. ; PAPA, F. ; MARTE, C. L. 
; YOSHIOKA, L. R. ; SAKURAI, C. A. . 
Intelligent Transportation System as a Part of 
Seaport Terminal Management System. 
international journal of systems applications, 
engineering & development, v. 8, p. 41-46, 
2014. 

[23] YOSHIOKA, L. R. ; MARTE, C. L. ; 
MICOSKI, M. ; COSTA, R. D. ; FONTANA, 
C. F. ; SAKURAI, C. A. ; CARDOSO, J. R. . 
Bus Corridor Operational Improvement with 
Intelligent Transportation System based on 
Autonomous Guidance and Precision Docking. 
international journal of systems applications, 
engineering & development, v. 8, p. 116-123, 

2014. 
[24] FERREIRA, M. L. ; MARTE, C. L. ; 

MEDEIROS, J. E. L. ; SAKURAI, C. A. ; 
FONTANA, C. F. . RFID for Real Time 
Passenger Monitoring. Recent Advances in 
Electrical Engineering, v. 23, p. 170-175, 2013. 

[25] SAKURAI, C. A.; MARTE, C. L. ; 
YOSHIOKA, L. R. ; FONTANA, C. F. . 
Optical Character Recognition Technology 
Applied for Truck and Goods Inspection. 
Recent Advances in Electrical Engineering, v. 
23, p. 207-214, 2013. 

[26] MARTE, C. L. ; YOSHIOKA, L. R. ; 
MEDEIROS, J. E. L. ; SAKURAI, C. A. ; 
FONTANA, C. F. . Intelligent Transportation 
System for Bus Rapid Transit Corridors 
(ITS4BRT). Recent Advances in Electrical 
Engineering, v. 23, p. 242-249, 2013. 

[27] SAKURAI, C. A.; FONTANA, C. F. ; 
YOSHIOKA, L. R. ; MARTE, C. L. ; 
SANTOS, A. S. . License Plate Recognition as 
a tool for Fiscal Inspection. In: 21st World 
Congresso n Intelligent Transport Systems and 
ITS America Annual Meeting, 2014, Detroit. 
Reinventing Transportation in our Connected 
World. Red Hook, NY: Curran Associates INc., 
2014. v. 1. p. 360-371. 

[28] MARTE, C. L. ; FONTANA, C. F. ; 
SAKURAI, C. A. ; YOSHIOKA, L. R. ; 
PERON, L. ; FACIN, P. L. M. . Deploying ITS 
Sub architectures over IMS (4G NGN). In: ITS 
World Congress 2013, 2013, Tolyo. 
Proceedings of the 20th World Congress on 
Intelligent Transport Systems (ITS), 2013. 

[29] SAKURAI, C. A.; FONTANA, C. F. ; 
MACCAGNAN, C. M. . Smart Grid as an 
infrastructures for Intelligent Transport 
Systems. In: 19th ITS World Congress, 2012, 
Viena. 19th ITS World Congress, 2012. 

 

C. F. Fontana et al.
International Journal of Transportation Systems 

http://www.iaras.org/iaras/journals/ijts

ISSN: 2534-8876 5 Volume 1, 2016




