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ABSTRACT 

Mobility within a city is an indicator of the quality of life of its inhabitants. When the technological infrastructure on 

which the traffic systems are supported does not have sufficient capacities, it causes a deterioration in the ability of an 

individual to move within their environment. Bogotá's traffic light system requires an update process as it has 

technological platforms with more than 30 years of service. This article presents the technical characteristics of the 

existing traffic computers and local traffic control equipment in the Bogotá traffic light system and projects the 

minimum requirements for the integration of the traffic light infrastructure within an Intelligent Traffic System (SIT). 

KEYWORDS: Mobility, Transportation, Intelligent Transportation System, traffic management center 

Received: Dec 08, 2020; Accepted: Dec 28, 2020; Published: Jan 07, 2021; Paper Id.: IJMPERDDEC202075 

1. INTRODUCTION 

The traffic control equipment, currently installed in the city of Bogotá DC, which are commanded by the traffic 

management centers, are of different technologies and manufacturing dates, among which the Siemens GE, Siemens 

Traffic Control Equipment stands out. MP, Siemens MR, Siemens Sitraffic C800V / C800Vk and Siemens Sitraffic 

C900V (Velásquez Méndez, 2019). In the same way, in addition to the costs caused, the loss of communications with 

the centrals causes the control equipment installed in the highway corridors to become uncoordinated and cause 

congestion and vehicular chaos. 

Given the characteristics of the city's traffic light system and the little information available on the subject, 

the proposed document is the elaboration of a protocol in which it allows the interconnection of the existing Control 

equipment in the traffic light system of the city of Bogotá. DC and the technical requirements are raised in order to 

allow a migration of the traffic computers and the local traffic control equipment of the Bogotá D.C. traffic light 

system. to an ITS based on the AENOR protocol. 

The interconnection between exchanges is done through a point-to-point LAN network between the three 

different control centers, which allow a remote access unit to enter the data from the traffic computer without 

exchanging information between the three computers of the control system. traffic of the city of Bogotá. With which 

you can have control of all the installed capacity in the city from the same management center. The interconnection 

trunks are 6-gauge copper cables of 20 telephone pairs (KLAUS DEMBOWSKI, 2003), through which the data is 

transmitted between the remote monitoring terminal and the traffic control computer and the time synchronism data 

which transmits time, minute, second and system sync cadence pulse. 
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2. TECHNICAL ASPECTS 

The communication medium transfers the information using fast frequency key modulation (FFSK, acronym for Fast 

Frequency Shift keying in English), with a rate of 2600 baud, a word length of 16 bit and proprietary coding from the 

manufacturer FFSK modulation is characterized by its ability to adapt to industrial communications networks on high-noise 

systems over telephone pairs and allows transduction through impedance coupling transformers with a transmission capacity 

of up to 13000 meters (“CMX469A -1200/2400/4800 Baud FFSK Modem - CML Micro,” n.d.). 

Table 1: Characteristics of the BEFA communication protocols of the Bogotá traffic light system. Source(CHAVEZ, 

MAURICIO, & IGNACIO, 2016) 

CHARACTERISTICS BEFA 8 BEFA 15 

Kind Analogical Digital (serial) 
Modulation / transmission Current pulses FFSK FULL DUPLEX 
Communication channel Three (3) copper pairs One (1) pair of copper 
Maximum reach 13,5 Km 10 km 
Modulator By means of relays it generates current 

pulses given by reversal of polarities 
and potential differentials 

FM modulator 

Maximum of transmitted 
commands or information 

Transmits a maximum of 8 different 
messages: 
Advance pulse, disconnect pulse, 
Connect pulse, Equipment failure pulse, 
Power failure pulse, Interconnection on-
line status pulse, Synchronism pulse and 
Automatic pulse 

Allows the transmission of 65536 
different words (the mathematical result 
of the different 16-bit combinations, 2 ^ 
16 = 65536), among which stands out: 
Advance, Disconnection, Connection, 
Plan change, Processor failure, Timing 
failure Intermediate, Failure of signaling 
due to failure of reds, Failure of 
signaling due to green failures, 
Consumption failure and voltage 
variation, On-line plan monitoring, 
Status monitoring and Clock 
synchronism 

 

The traffic light stations of the city of Bogotá D.C. have a maximum nominal capacity given by the manufacturer 

of 400 connected equipment serving a simple intersection, clarifying that the number of equipment interconnected per central 

may vary according to the size of the number of groups served by each control equipment and the number of planning plans 

and permissibilities that they execute(Luis Fernando, César Augusto, & Danilo Alfonso, 2013), the installed capacity for 

each type of communication and the total capacity of the power plant system according to the technical annex for traffic 

lights of December 31, 2014 is presented in the following table 2 : 

Table 2: Distribution of installed capacity by communication protocol of the traffic management center 

DISTRIBUTION OF CONTROL EQUIPMENT BY COMMUNICATION PROTOCOL 
 

DESCRIPTION CHICÓ PALOQUEMAO MUZÚ TOTAL 
TEAM BEFA 8 151 180 134 465 
TEAM BEFA 15 192 180 169 541 
AVAILABLE BEFA 8 29 0 42 71 



 Integration and Compatibility of the Traffic Computers and Local Traffic                                                                                                                             701 
Control Equipment. Case Bogotá (Colombia) 

 
www.tjprc.org                                                                                                                                                                         editor@tjprc.org 

AVAILABLE BEFA 15 0 12 23 35 
TOTAL 372 372 368  1112 

 

In the city of Bogotá D.C. Currently, 5 different generations of equipment and technologies are installed according 

to their design and manufacturing date. This equipment has a common characteristic; they are capable of interconnecting to 

the different traffic computers in the city. those that have the system in the field are Siemens GE (B. Jairo and B. Klaus, n.d.), 

Siemens MP(Klaus, n.d.), Siemens MR (Bastidas Jairo and B. Klaus, n.d.), Siemens Sitraffic C800V / C800Vk (SIEMENS 

S.A., 2010a) and Siemens Sitraffic C900V (SIEMENS S.A., 2010b), whose most relevant technical characteristics are 

presented in the following table 3: 

Table 3. Technical description of local traffic control equipment. Source (CHAVEZ et al., 2016) 

Control 
Equipment 
GE 

N ° 
groups 
Max. 

 
Kind 
Analogous 

Maximum 
intersections 

Minimum luminaire 
power 

Communication protocol 
Supports 
ITS 

Quantity 
in service VALUE 

(W) 
TYPE DESCRIPTION TYPE 

MP 8 Analogous 1 55 Halogen BEFA 8 Analogous NO 161 
MR 16 Digital 1 55 Halogen BEFA 8 Analogous NO 282 
C800V / VK 

24 
Digital 

2 12 LED 
BEFA 8 
BEFA 15 

Analogous 
/Digital 

NO 234 

C900V 
32 

Kind 
4 12 LED 

BEFA 8 
BEFA 15 

Analogous 
/Digital 

SI 332 

Control 
equipment 

32 
Digital 

4 12 LED BEFA 15 Digital SI 46 

 

Currently, the city of Bogotá has three control and monitoring centers already mentioned, 1055 teams to control a 

total of 1301 intersections, which are from the supplier SIEMENS S.A. distributed like this: 

Table 4: Distribution of control equipment in the city of Bogotá D.C 

QUANTITY OF CONTROL EQUIPMENT 

TEAM CHICO PALOQUEMAO MUZÚ BOGOTA D.C. TECHNOLOGY 

GE 53 70 38 161 OLD 
MP 88 100 94 282 OLD 
MR 104 76 54 234 OLD 
C800V 81 72 77 230 NEW 
C800VK 34 22 46 102 NEW 
C900V 9 19 18 46 NEW 

TOTAL 369 359 327 1055  
 

3. PROPOSAL INTEGRATION OF THE EXISTING EQUIPMENT TO A SYSTEM BASED ON 

THE AENOR PROTOCOL 

The proposed solution allows the integration of the different traffic control equipment to the new traffic center, maintaining 

the characteristics that currently exist in Bogotá DC, the solution is supported by an emulation system of an M56 central, 

such as those currently in the city. from Bogotá DC 

Given the vulnerability to theft of the material of existing copper pairs that make up the interconnection network of 

the traffic light system, it is proposed that the solution be implemented directly within the control equipment (device pro 

equipment) or in the last kilometer of the network of copper (distributor by zones or networks). Such devices must have 
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synchronisms given by GPS systems or methodologies inherited from the centralized control of the AENOR protocol in 

order to guarantee the reliability of the signals that control the centralized behavior of each traffic control equipment. 

According to the above, each equipment must have an IP terminal which will allow it to connect through the Befa protocol 

and will be available at the time of migration to the AENOR protocol. 

A. BEFA 15 PROTOCOL INTEGRATION 

Given the technical characteristics of the Befa 15 Protocol, presented in Table 2, which handles a Half Duplex configuration 

and FFSK digital modulation with a maximum frequency of 2400 Hz. It is proposed to carry out a simulation of the control 

panel by acquiring the forward signals and back of the network, based on an analysis in time and generating a test protocol 

in order to identify the frames that allow the control of the equipment from the central. 

The analysis of the communications channel must be done by means of a digital oscilloscope or acquisition system 

with the capacity to generate files based on time which can be reproduced and digital treatments performed. The above in 

order to identify each of the frames sent by the control panel and the equipment according to the test conditions. 

Likewise, the impedance coupling between the channel system of the copper pairs of the befa 15 and the data 

acquisition system must be guaranteed, assuming that the transmission resembles the structure of a telephone system. 

Once the data has been acquired and processed into information, a test protocol must be generated by means of 

which, from a computer equipment, it allows emulating the M56 control panel supported by the Befa 15 protocol and 

guaranteeing the control of the system functions. 

When successfully passing the tests of the control of an equipment through a computer system, a device based on 

the AENOR protocol must be developed, which is a remote terminal with the ability to connect via an IP NETWORK with 

the AENOR central and emulates the existence of a control unit based on Befa 15 protocol per copper pair and connect to 

the equipment controlling the largest number of available functions. 

The proposed hardware configuration consists of: 

 A high-performance analog-to-digital conversion integrated circuit used in audio, or a signal acquisition system, for 

example Hantek6222BE (USER’S MANUAL, n.d.). 

 The control unit proposes a high-performance microcontroller, capable of connection via Ethernet by IP protocol, 

this solution can be integrated by means of a microprocesses terminal connected to a protocol adapter, being an 

adapter to TCP / IP protocol it can be used by SPI communication protocol with the ENC28J60 control unit or via 

UART communication protocol with the UART-TCP / IP converter NEMO 10 from the manufacturer SENA 

(Embedded Device Server with built-in UART, NEMO10, n.d.). 

 The coupling between the transmission pair of the traffic control equipment using the Befa 15 protocol and the 

communication system developed is proposed the solution given in the application note AN854 “Connecting a 

PICmicro Microcontroller to a Standard Analog Telephone Line” from Microchip Technology Inc (AN854, 2002). 
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Figure 1: Block diagram of the solution for Befa 15. Source: Authors 

B. BEFA 8 PROTOCOL INTEGRATION 

Given the characteristics of the befa 8 protocol, the possibility of generating and receiving current signals or the pulses of 

the OP3 / OP2 based on the same architecture and procedure of the device for Befa 15 must be integrated into the protocol 

unit. 

C. TRAFFIC PLANNING INTEGRATION 

Achieving integration at the physical level between the control equipment and the traffic center emulation system, the 

characteristics of the planning are migrated based on the characteristics of advances by synchronism pulses and advance that 

are currently used in centralized control by means of normal RILSA, both for Befa 8 and Befa 15, allowing a controlled and 

planned migration to the new city traffic control protocol. 

Also based on the study of both protocols (Befa and AENOR), a parallel of similarities and correlation between the 

functions will be carried out, designing translation systems at the software and hardware level in order to minimize the 

differences between the two technologies. 

 

Figure 2: Proposed model for system integration. Source: Authors 

D. PROPOSED TESTS 

Once the system is developed, it is proposed to carry out technical tests in a controlled environment, by installing a traffic 

control equipment programmed for both the Befa 15 protocol and the Befa 8 protocol, measuring the behavior and response 

variables of the system. Finishing at an intersection or test corridor that is preferably outside the Bogotá interconnection 
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system in order to demonstrate the efficiency of the development. 

i.Testing in a controlled environment 

Controlled environment tests should include the following elements: 

ÍTEM TEST EXPECTED RESULT 

1 

Control by means of a system 
that emulates the signals of the 
control panel (Control panel by 
software) 

The equipment must detect the control panel as an M56 and receive the 
orders according to the programmed protocol, it must also transmit the 
information required by the control panel without differentiating between 
the traffic control panel and the test system. 

2 

Control by transmitting the 
signal emitted by the M56 
equipment (data transmission 
layer) 

The designed system must be able to translate the orders sent by the M56 
control panel and send them to the equipment through a LAN network and 
also respond to the control panel, with the installation of the system being 
transparent for both the control panel and the control equipment. 

3 

Control from AENOR protocol. The developed system must be able to receive orders from an AENOR 
central and issue orders in the BEFA 8/15 protocol to the equipment, as the 
case may be, and respond to the central with the orders previously 
programmed in the control dictionary. 

 

ii.Field testing or real conditions 

Controlled environment tests should include the following elements: 

ÍTEM TEST EXPECTED RESULT 

1 

Control by means of a 
system that emulates the 
signals of the control panel 
(Control panel by software) 

The equipment, or the equipment network, must detect the control panel as an 
M56 and receive the orders according to the programmed protocol, it must also 
transmit the information required by the control panel without differentiating 
between the traffic control panel and the test system. It is important to take into 
account the compliance with the times and the verification of the response in the 
face of equipment failures. 

2 

Control by transmitting the 
signal emitted by the M56 
equipment (data 
transmission layer) 

The designed system must be able to translate the orders sent by the M56 control 
panel and send them to the equipment through a LAN network and also respond 
to the control panel, with the installation of the system being transparent for both 
the control panel and the control equipment. 

3 

Control from AENOR 
protocol. 

The developed system must be able to receive orders from an AENOR central 
and issue orders in the BEFA 8/15 protocol to the equipment, as the case may be, 
and respond to the central with the orders previously programmed in the control 
dictionary. 

 

Given the tests, they are considered successful if, for an established protocol of failures and orders, each test shows 

reliability and response, integrating equipment in isolated networks in the same way. It should be noted that the equipment 

must be tested first in direct connection with the M56 control unit, converting these tests as the unit of measurement compared 

to the tests to be carried out. 

REFERENCES 

1. AN854. (2002). Retrieved from http://www.microchip.com 

2. B. Jairo and B. Klaus. (n.d.). “Siemens proyectos industriales, introducción a los equipos de control de tráfico, Equipo de 

control de tráfico GE.” 

3. Bastidas Jairo and B. Klaus. (n.d.). “Siemens proyectos industriales, introducción a los equipos de control de tráfico, Equipo 

de control de tráfico MR, capacitación equipo de control MR, Bogotá DC.” . 



 Integration and Compatibility of the Traffic Computers and Local Traffic                                                                                                                             705 
Control Equipment. Case Bogotá (Colombia) 

 
www.tjprc.org                                                                                                                                                                         editor@tjprc.org 

4. CHAVEZ, E., MAURICIO, G., & IGNACIO, J. (2016). Technique propose for integration and compatibility of traffic computers 

and local traffic control equipment installed in Bogota D C to a traffic central with open protocol under AENOR norms using 

the currently communication network. https://doi.org/10.15224/978-1-63248-113-9-55 

5. CMX469A -1200/2400/4800 Baud FFSK Modem - CML Micro. (n.d.). Retrieved December 26, 2020, from 

https://www.cmlmicro.com/products/120024004800-baud-ffsk-modem/ 

6. Embedded Device Server with built-in UART, NEMO10. (n.d.). Retrieved from http://www.sena.com 

7. Klaus, B. J. and B. (n.d.). “Siemens proyectos industriales, introducción a los equipos de control de tráfico, Equipo de control 

de tráfico MP.”. 

8. KLAUS DEMBOWSKI. (2003). HARDWARE. (S.A. MARCOMBO, Ed.). 

9. Luis Fernando, P.-M., César Augusto, H.-S., & Danilo Alfonso, L.-S. (2013). Sistema de comunicación TCP/IP para el control 

de una intersección de tráfico vehicular**Citación estilo Chicago Pedraza-Martínez, Luis Fernando, César Augusto 

Hernández-Suárez, Danilo Alfonso López-Sarmiento. Sistema de comunicación TCP/IP para el contro. Ingeniería, Investigación 

y Tecnología, 14(4), 583–594. https://doi.org/https://doi.org/10.1016/S1405-7743(13)72268-6 

10. SIEMENS S.A. (2010a). SITRAFFIC C800V, Guía de operación para el controlador C800V y detector LD4. 

11. SIEMENS S.A. (2010b). SITRAFFIC C9X0, PRODUCT OVERVIEW TRAFFIC CONTROLLER, DESCRIPCION Y MANUAL 

DE OPERACION. 

12. USER’S MANUAL. (n.d.). Retrieved from www.hantek.com 

13. Velásquez Méndez, A. (2019). DESARROLLO DE UNA METODOLOGÍA PARA EL CONTROL DE LA SEÑALIZACIÓN DEL 

TRÁFICO Y EL SISTEMA DE SEMAFORIZACIÓN UTILIZANDO LAS LÍNEAS DE POTENCIA ELÉCTRICA-PLT (PLC) ING. 

AUGUSTO VELÁSQUEZ MÉNDEZ UNIVERSIDAD NACIONAL DE COLOMBIA. Retrieved from 

https://repositorio.unal.edu.co/handle/unal/70263 

 

 





 
www.tjprc.org                                                                                                                                                                         editor@tjprc.org 

 


