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Abstract  

The Research Institute of Vehicle Engines and Automotive Engineering (IVK) at the 

University of Stuttgart is developing an experimental electric vehicle. With that vehicle 

different research topics in the scope of e-mobility will be investigated. Some of these 

topics are range prediction and optimization issues, adapted control of inverter and 

electric motor, as well as, different battery charging techniques. 

The aim of this master thesis is to design and to implement the control system, by CAN 

Network, for the distributed systems in the experimental electric vehicle.   
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1 INTRODUCTION 

1.1 Problem description 

The Stuttgart University’s Institute for Internal Combustion Engines and Automotive 

Engineering (IVK) is carrying out a research program on E-mobility. In this program they 

are studying a sample of electric vehicles from a small motorcycle to vans and trucks. In 

the frame of this program it is the E-Smart project.  

The E-Smart project consists in the electrification of a common Diesel Smart, using a kit 

from E-Car-Tech Company to substitute the combustion engine powertrain with one that 

employs a single electric motor. The IVK Institute projects goes beyond the building of the 

electric Smart car, implementing different charging systems and the necessary equipment 

to be able to study the vehicle in depth. 

To integrate all these equipment a new communication and control system should be 

designed and built. Following are the identified requirements: 

• Real Time analog and digital data conversion and communication through CAN 

Network to the proper ECU. 

• Run a Computer application to control and test the system, but also to analyze the 

data.  

• Include a PC connection to be able to run control of the shelf software. 

• Display of selected data in the Car PC using a screen installed in the vehicle. 

• Reduced dimensions and weight of system parts to allow the proper installation in 

the car reduced available space. 

• System parts must be powered from the car. 
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1.2 Purpose 

This Master Thesis focuses in the design and implementation of custom equipment for the 

Stuttgart University IVK Institute, in the frame of the E-Smart Project. For this purpose a 

complete data acquisition and analysis system, with a new central control System and a 

custom Controller Area Network (CAN network) to communicate all the elements has 

been made.  

The aim of this Master Thesis is to describe the implementation of the CAN network and 

the design of the associated control systems, protocols and data transmission 

customization for the proper intercommunication of the devices installed in the car.  

The work is focused in the global implementation of the data acquisition and 

communications systems. Custom sensor and electric equipment design is off limits to this 

thesis. These details are covered in other student works. 

Related works  

The E-Smart Project involves the cooperation of a multidisciplinary team of students, PhD 

and Engineers with several Thesis and Study works running in parallel at the same time. 

Some current related works are listed below. 

PACHUR, J. Constructive and technical preparation and execution of electrifying a smart 

by conversion kit. Stuttgart Universität, August 2011 

Wang, Cong.  Aufbau und Dokumentation des Batteriemanagementssystems im IVK 

Elektro-Smart. Stuttgart Universität, August 2011 

Schnierle, E. Analyse und Entwicklung eines Messsystem zur Bestimmung der 

Leistungsflüsse in einem Elektro-Fahrzeug mit Hilfe eines CANSAS-Modulus. Stuttgart 

Universität, 2011 
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1.3 Content 

This Master Thesis is structured in seven chapters that describe the work that has been 

done from a general overview in the first chapters to the details in the last ones. 

After this introduction, the chapter 2 describes the E-Smart project in depth, with the 

project goals and the vehicle electric and measurement system parts.  

The Chapter 3, “Communication System”, starts with a brief introduction to communication 

systems in cars followed with a short description of the communications protocols (CAN, 

Serial) and equipment (gateways) used in the project. Following, there is an explanation of 

the communication needs of the car devices, and at the end of the chapter there is a 

proposed network. 

The Chapter 4, “Software”, introduces the software used in this work. There is software for 

testing purposes, like CANoe or ControlDesk; other programs like Simulink have been 

used for programming the control units or the messages databases like CANdb++. 

Chapters 5 and 6 are the core of the work done. Chapter 5 describes the control model 

used in the main ECU to manage communications and log the data measured in the entire 

system. Whereas chapter 6 shows how the information has been organized through the 

different messages in the CAN bus, and filtered using different sub-networks.  

Chapter 8 describes the tests applied in different system parts to debug the errors and 

check the proper operation of the vehicle. There is also a brief explanation of the data 

logging and analysis tools implemented in the car. 

Finally the last chapter includes the conclusions and further work proposals in the scope 

of this Master Thesis.    
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2 THE E-SMART PROJECT 

2.1 Goals 

The E-Smart is part of a larger IVK project to study and investigate the electric vehicle in 

depth. The project goals go beyond the construction of the electric car. The study of 

strategies to increase the vehicle range and the testing of different charging methods are 

also goals of this project. 

2.1.1 Electric car construction 

E-Car-Tech Company has designed an electric kit to convert common diesel or petrol 

Smart “ForTwo” vehicles in electric cars. The first goal of the E-smart project is to 

customize and build one of the electric kits supplied by this company on a diesel Smart 

“For Two” vehicle, including additional equipment to be able to achieve the IVK Institute 

research goals.   

2.1.2 Drive Strategies 

Another main goal of the E-Smart project is to study driving strategies that allow better 

energy use and increase vehicle range. For this purpose test equipment has been built-in 

the car. For the correct operation of these devices a communication system that allows 

the transfer of information between them is required.  

2.1.3 Charging Methods 

The aim of the E-Smart project goes beyond the construction of the kit. The vehicle E-Car-

Tech electric kit has been modified to allow the testing of different charging techniques.  

As nowadays there are not yet standard plugs and charging features the car has been 

equipped with different charging systems for evaluation. These techniques are:  

• Onboard charger:  This is the original charging system included in the E-Car-Tech 

kit. It allows the charging of the car using a common house electric plug.  

• Off-board wired charging stations: the IVK Institute has built an electric vehicle 

charging station in the parking in front of the institute building. Three different plugs 

and charging techniques are available with this charging station: 
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o Mennekes: this plug allows up to 32 A 

monophasic or triphasic charging current.  

o Schukko: this plug allows up to 16 A 

monophasic charging current. 

o Phoenix: enables monophasic or 

triphasic, up to 32 A AC charging current 

or up to 200A DC charging current. 

 

• Wireless Inductive Charger: The main characteristic of this charging method is that 

it avoids the use of plugs. This wireless method uses two coils, one in the car and 

other buried under ground. When the underground coil is powered it induces an 

electric flux on the vehicle coil to charge the battery. 

2.2 E-Car-Tech Kit 

  

Figure 2.2: E-Car-Tech evatus ES-Series electric kit battery pack (left) and powertrain (right). 

As described in the introduction the E-Smart project uses a Kit from E-Car-Tech Company 

to electrify a Diesel Smart. This kit consists of the following main elements:  

• 30 kW AC induction electric motor  

• Motor controller, Curtis 1238R 

• Battery Management System,  GuanTuo power co. GTBMS005A-MC11 

• Battery pack with 60 Winston Battery WB-LYP60AHA cells  

• Onboard Battery Charger,  ElCon 3000W HF/PFC 

Figure 2.1: Intstitute’s electric 
vehicle off-board charging 
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Furthermore, as the main goal of IVK Institute is to study in depth the electric car a 

complete set of test equipment has been built-in the car. For the correct operation of these 

devices a communication system that allows the transfer of information is required. Figure 

2.3 shows a schematic with the distribution of the main elements in the car. 

 
Figure 2.3: E-Smart main elements location. 

2.3 Vehicle devices 

Taking an overview of the vehicle devices, they have been classified in three groups:  

• The devices that belong to the smart car and have not been removed. From the 

point of view of the communication system these devices are the car electronic 

control units like ESP-ABS, or the instrument cluster. 

• The devices that are part of the E-Car-Tech electric kit. Those include both 

devices that are connected to the bus like the inverter or the BMS, but also others 

that are not, like the motor or batteries.  

• The equipment added by the institute to take measurements and do experiments. 
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2.3.1 Smart Car OEM devices  

Prior to the installation of the electric kit on the Smart car the Combustion Engine, engine 

cooling system are removed. Additionally, for package reasons, the clutch must be also 

removed. The remaining parts of the car are kept, with slightly modifications in some 

cases. A full description of the kit installation process is fully described in [Pachur, J., 

2011] work.     

From the point of view of the communication system the four ECUs listed below interact 

with the designed control system.  Those ECUs are connected to a Controller Area 

Network (CAN) configured with a 500 kbps speed and Standard frame format (CAN 2.0A) 

with 11 bit Message identifiers.  

• Fuse box (Sicherkasten) ECU: All of the fused circuits are routed through the fuse 

box located on the left side of the driver compartment, under the steering wheel. 

This Unit controls the status of relays and switches, like doors, ventilator, defroster 

or interior lights. 

• Dashboard (Kombi) ECU: This unit controls the warning displays, the speedometer 

needle, the gear engaged among other information showed to the driver on the 

dashboard. 

• ABS-ESP ECU: This unit controls the "Electronic Stability Program" (ESP). It is an 

active safety system which improves vehicle stability in all driving situations. It 

operates by actuating the brakes individually on one or more wheels on the front or 

rear axle. ESP complements the familiar functions of the anti-lock brake system 

(ABS), acceleration slip regulation (ASR) and engine braking regulation (EBR).  

• Electronic diesel control unit (EDG): It is the Smart name for power-train control 

module (PCM). This type of electronic control units determines the amount of fuel, 

ignition timing and other parameters an internal combustion engine needs to keep 

running. This ECU has been removed from the car with the diesel engine due to 

the conversion to electric vehicle. However its presence in the network should be 

simulated because otherwise the other Smart ECUs detect a failure and stop 

working. It is simulated using the main control unit (DS1).    
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2.3.2 E-Car-Tech Electric kit devices

 

Electric Motor:

Motor parameters and data outputs are communicated via the 

inverter CAN bus 

set also through the inverter inputs. The power is supplied to the 

motor via a high voltage connection from the battery pack.

 

Battery Pack:

data is communicated to the

devices via CAN. Additionally, in the E

voltages are monitored using custom measurement circuits. 

 

On board charger:

installed on behind the car front bumper.

charging using a common household plug. The onboard charger 

uses the same network configuration than the BMS system.

 

Motor controller:

performance. IT has been customized by E

necessary information from the powertrain with three Standard 

CAN messages, 500 kpbs speed. Due to the inverter 

high voltage and the network in low voltage levels an electrical 

isolation from the CAN network is necessary.

 

BMS s

system that manages the energy flow in the battery pack. The 

BMS tasks are such as by monitoring its state, reporting that 

data, battery protection, environment control and cell voltages 

balancing. To c

Network with 250kbps baud rate and the use of Extended 

identifiers CAN 2.0B messages.

 

Vacuum pump:

pressurize the assisted braking system. This function was 

previously done
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Tech Electric kit devices  

Electric Motor:  The electric motor is controlled by the inverter. 

Motor parameters and data outputs are communicated via the 

inverter CAN bus connection; on the other hand motor inputs are 

set also through the inverter inputs. The power is supplied to the 

motor via a high voltage connection from the battery pack.

Battery Pack:  It is regulated with the BMS. Battery pack status 

data is communicated to the BMS and from the BMS to the other 

devices via CAN. Additionally, in the E-Smart project, cell 

voltages are monitored using custom measurement circuits. 

On board charger:  The onboard charger allows is a charger 

installed on behind the car front bumper. It allows the battery 

charging using a common household plug. The onboard charger 

uses the same network configuration than the BMS system.

Motor controller:  The motor controller controls the electric motor 

performance. IT has been customized by E-Car

necessary information from the powertrain with three Standard 

CAN messages, 500 kpbs speed. Due to the inverter 

high voltage and the network in low voltage levels an electrical 

isolation from the CAN network is necessary. 

BMS system:  The battery management system is an electronic 

system that manages the energy flow in the battery pack. The 

BMS tasks are such as by monitoring its state, reporting that 

data, battery protection, environment control and cell voltages 

balancing. To communicate with other devices requires a CAN 

Network with 250kbps baud rate and the use of Extended 

identifiers CAN 2.0B messages. 

Vacuum pump:  A vacuum pump has been installed to 

pressurize the assisted braking system. This function was 

previously done by the combustion engine. 
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Motor parameters and data outputs are communicated via the 

on the other hand motor inputs are 

set also through the inverter inputs. The power is supplied to the 
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Smart project, cell 
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The onboard charger allows is a charger 

It allows the battery 

charging using a common household plug. The onboard charger 

uses the same network configuration than the BMS system. 

The motor controller controls the electric motor 

Car-Tech to provide 

necessary information from the powertrain with three Standard 

CAN messages, 500 kpbs speed. Due to the inverter works with 

high voltage and the network in low voltage levels an electrical 

The battery management system is an electronic 

system that manages the energy flow in the battery pack. The 

BMS tasks are such as by monitoring its state, reporting that 

data, battery protection, environment control and cell voltages 

ommunicate with other devices requires a CAN 

Network with 250kbps baud rate and the use of Extended 

A vacuum pump has been installed to 
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Heater:

system in substitution of the previous combustion engine cooling 

system, no longer available.

2.3.3 Measurement and experimentation devices

Several devices have been i

purposes. This equipment 

Car PC. Following there is a shor

small image to ease the identification in the car.

Figure 2.4: E-

Car PC:

the passenger seat, which is connected to the MicroAutoBox II 

(DS1) via Ethernet.  Th

devices control via dSPACE ControlDesk software.  (Intel P8700, 

1 GB RAM and 500GB HDD)

 

dSPACE 

The dSPACE MicroAutoBox II ECU is the main control system in 

the ve

and is the main controller of the vehicle electric power train.  The 

Hardware consists of a FPGA Board with several analog 

inputs/outputs, digital inputs/outputs, CAN and RS232 interfaces 

among othe

MATLAB
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Heater:  It has been installed to warm water for the ventilation 

system in substitution of the previous combustion engine cooling 

system, no longer available. 

easurement and experimentation devices  

Several devices have been installed in the vehicle for research and development 

purposes. This equipment includes Data acquisition and data processing units and even a 

Car PC. Following there is a short description of each device, its functions 

he identification in the car.  

 
-Smart trunk with all the testing and control equipment.

Car PC:  The vehicle is equipped with a PC and a touch screen in 

the passenger seat, which is connected to the MicroAutoBox II 

(DS1) via Ethernet.  This enables data logging and vehicle 

devices control via dSPACE ControlDesk software.  (Intel P8700, 

1 GB RAM and 500GB HDD) 

dSPACE MicroAutoBox II (DS1):  It is the main ECU of the car.  

The dSPACE MicroAutoBox II ECU is the main control system in 

the vehicle. It manages the communications, monitors the system 

and is the main controller of the vehicle electric power train.  The 

Hardware consists of a FPGA Board with several analog 

inputs/outputs, digital inputs/outputs, CAN and RS232 interfaces 

among other features. This board can be programmed using 

MATLAB-SIMULINK and the ECU can be monitored and 
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Hardware consists of a FPGA Board with several analog 

inputs/outputs, digital inputs/outputs, CAN and RS232 interfaces 
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SIMULINK and the ECU can be monitored and 
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operated using dSPACE ControlDesk Software. 

 

dSPACE 

system for performing fast function control prototyping (

applications. Once configured it can operate like an ECU. In this 

project it is used to monitor battery cells and because of the two 

can transceivers it has been programmed as a Gateway between 

two CAN subnetworks.

Micr

the inductive charger, under the scope of a sister project of the 

Institut für Leistungselektronik und Elektrische Antriebe (ILEA), 

Stuttgart University. 

 

Bluetooth 

provides wireless data transmission 

or 

this project this device is used to communicate the vehicle with 

the Charging Stations during charging / d

 

IMC CANSAS Modules:

for the acquisition of physical measurement data, which is 

communicated via CAN network. Three Modules has been 

installed in the car for different measuring purposes.

 

Correvit SF II Sensor:

of longitudinal and transversal dynamics

analog and 4 digital outputs, that allow simultaneous 

measurement of longitudinal, transversal, and magnitude speed, 

as well as the 

transfer via CAN Bus, RS232, and USB, the SFII P Sensor can 

be used with any current data acquisition systems.

 

Garmin GPS 18 LVC:

and an antenna. The GPS 18 tracks multipl

while provides fast time

This product output communicates using serial (RS

protocol.  
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operated using dSPACE ControlDesk Software. 

dSPACE MicroAutoBox (DS2):  MicroAutoBox is a real

system for performing fast function control prototyping (

applications. Once configured it can operate like an ECU. In this 

project it is used to monitor battery cells and because of the two 

can transceivers it has been programmed as a Gateway between 

two CAN subnetworks. MicroAutoBox (ILEA): This third 

MicroAutoBox will be used in future works to monitor and control 

the inductive charger, under the scope of a sister project of the 

Institut für Leistungselektronik und Elektrische Antriebe (ILEA), 

Stuttgart University.  

Bluetooth CAN link:  RM Michaelides CAN link

provides wireless data transmission two different

 between a CAN network and a PC via Bluetooth connection.

this project this device is used to communicate the vehicle with 

the Charging Stations during charging / discharging operations.

IMC CANSAS Modules:  It is a modular instrumentation design 

for the acquisition of physical measurement data, which is 

communicated via CAN network. Three Modules has been 

installed in the car for different measuring purposes.

orrevit SF II Sensor:   It is a sensor for slip-

of longitudinal and transversal dynamics. This sensor has 4 

analog and 4 digital outputs, that allow simultaneous 

measurement of longitudinal, transversal, and magnitude speed, 

as well as the angle b. Complemented with high

transfer via CAN Bus, RS232, and USB, the SFII P Sensor can 

be used with any current data acquisition systems.

Garmin GPS 18 LVC:  This GPS includes an embedded receiver 

and an antenna. The GPS 18 tracks multiple satellites at a time 

while provides fast time-to-first-fix precise navigation updates. 

This product output communicates using serial (RS

protocol.   
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operated using dSPACE ControlDesk Software.  

MicroAutoBox is a real-time 

system for performing fast function control prototyping (RCP) 

applications. Once configured it can operate like an ECU. In this 

project it is used to monitor battery cells and because of the two 

can transceivers it has been programmed as a Gateway between 

MicroAutoBox (ILEA): This third 

oAutoBox will be used in future works to monitor and control 

the inductive charger, under the scope of a sister project of the 

Institut für Leistungselektronik und Elektrische Antriebe (ILEA), 

N link Bluetooth device 

two different CAN networks 

Bluetooth connection. In 

this project this device is used to communicate the vehicle with 

ischarging operations. 

It is a modular instrumentation design 

for the acquisition of physical measurement data, which is 

communicated via CAN network. Three Modules has been 

installed in the car for different measuring purposes. 

-free measurement 

. This sensor has 4 

analog and 4 digital outputs, that allow simultaneous 

measurement of longitudinal, transversal, and magnitude speed, 

angle b. Complemented with high-speed data 

transfer via CAN Bus, RS232, and USB, the SFII P Sensor can 

be used with any current data acquisition systems. 

This GPS includes an embedded receiver 

e satellites at a time 

fix precise navigation updates. 

This product output communicates using serial (RS-232) 
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3 COMMUNICATION SYSTEM 

3.1 Background  

In the last decades, the electronics has revolutionized the automobile industry, extending 

the use of electronic components in almost all systems in the vehicle. Engine 

management systems, active and passive security systems like ESP or Airbag, or the 

comfort systems like cruise controls are some examples.  

The electronic systems are grouped in Electronics Control Units (ECU) that needs to 

communicate and share information between each other for the proper operation of the 

vehicle. Current vehicles use many of these ECUs that are all around the car. Therefore 

there was the requirement of finding a way to communicate them reducing the amount of 

wire. For this communication the most extended solution is the Controller Area Network 

(CAN Network) designed by Bosch GmbH.  

The CAN Network allows a reliable and fast enough data communication in electrically 

noisy environments, like vehicles. It uses only a twisted pair of wires and a simple 

asynchronous and fast protocol that allows the exchange of short messages between one 

ECU and any others on the Network. Current vehicles use more than one independent 

network with different configuration depending on the purpose of the ECUs involved.   

To communicate all the listed devices, except the GPS, a CAN Network has been 

implemented. The GPS uses instead a RS232 Serial connection on the MicroAutoBox 

DS1. Due to some device requirements it is necessary to divide the network in different 

subnetworks. Some devices require a different network configuration, others must be 

isolated and in some cases message filtering is necessary. To fulfill those requirements 

subnetworks should be implemented. The use of Gateways allows the communication 

between those networks with different configuration, message filtering and change of ID’s, 

as well as guarantees the galvanic isolation between both networks. 

3.2 Controller Area Network (CAN) 

The Controller Area Network (CAN) is a bus standard that was originally designed for 

automotive networks, where many small sensors need to report small values frequently. It 

utilizes a 2 wire bus to transmit and receive data. Each node on the network has the 

capability to transmit up to 8 bytes of data in a single message frame that can be 

transmitted on the network if the bus is free. Each message frame consists of a message 
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header, followed by 0 to 8 data bytes, and a checksum to validate the message. Each 

message that is to be sent in the network has a unique identifier (ID) that is contained in 

the message header. If multiple nodes attempt to transmit at the same time, an arbitration 

scheme is used to determine which node will control the bus. The message with the 

highest priority, as defined in its header, will win the arbitration and its message will be 

transmitted. The losing message will retry to send its message as soon as it detects a bus 

free state.  

The advantages of this bus are: 

• High message rate per second. 

• High reliability through extensive CRC checking by every node. 

• CAN is a multi-master network, therefore each node send data at any time.  

• It has high immunity to electromagnetic interference (EMI). 

3.2.1 CAN Protocol 

Physical Layout 

CAN networks use a twisted pair of wires for communication, CAN_H and CAN_L. 

However the trunk of wiring can be up to 4 wires, when additional common ground and 

power supply is necessary. Depending on the bus speed a termination resistor must be 

connected between the CAN_H and CAN_L at each end. For buses that run at 500kbps 

and 1000 kbps a 120 Ω is recommended.  

The information is coded using two voltage levels. In the recessive state, both CAN_L and 

CAN_H are at 2,5V. In the dominant state CAN_L voltage level changes to 1,5V level and 

CAN_H changes to 3,5V, with a 2V difference between them. CAN networks behaves like 

a wired “AND gate” logic. If a single node writes a dominant bit (zero), the entire network 

will be at dominant state. Only when all nodes write the recessive bit (one) will be the 

network at recessive state. 

A non return to zero (NRZ) line code is used to keep down the number of transitions. 

However, the lack of an idle state can drive to synchronizing problems. For this reason the 

CAN protocol introduces an additional complementary bit every time those 5 bits with the 

same level are detected. Receivers must ignore those additional bits when decoding.  
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Data Link Layer 

The bus arbitration method in CAN is the Carrier Sense Multiple Access/Collision 

Detection with Arbitration on Message Priority (CSMA/CD+AMP). The collision arbitration 

process is one of the central features of CAN. This method arbitrates simultaneous bus 

access requests that are resolved with the survival and transmission of the higher priority 

message. The entire process is implemented in such a way that no bandwidth is lost.  

CAN frames 

Four different kinds of frames can be sent in CAN: 

• Data frame: it is used by every node to send information through the bus and can 

contain up to 8 bytes of data. 

• Remote frame: it is employed to request signal information from a message ID. 

The node that has this signal information will send it using a data frame. 

• Error frame: this frame is sent when a faulty frame is detected to warn all nodes 

the information is wrong, what normally cancels the message. 

• Overload frame: this frame forces the others to increase the time between frames, 

in order to allow lower priority messages to be sent. 

The CAN data frame format 

The data frame is the one used most often in CAN, as it is the frame that contains process 

data. Figure 3.1 shows the fields of the Data frame.  
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Figure 3.1: CAN data frame format with length in bits of each field. 
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Figure 3.1 shows a CAN data frame. Reading from the left to the right, the CAN Data 

Frame begins with a dominant start bit, Start Of Frame (SOF). Notice that while idle the 

bus is in recessive state, therefore transition from idle to dominant is considered start of 

frame. 

Next field is the CAN message identifier, with 11-bit length in base format and 29-bit 

length in extended format. This field is part of the arbitration process and each message 

ID must be unique in the network. This means that a CAN ID cannot be transmitted by 

more than one node at a time. Following there are 3 control bits. 

DLC (Data Length Code) specifies how many data bytes are in the frame. Although it is a 

4-bit field only values from 0 to 8 are allowed. 

The data field contains as many data bytes as specified in the DLC code. Therefore, the 

bit length of this field is either 0, 8, 16, 24, 32, 40, 58, 54 or 64.  

After the data field there is the 15-bit Cyclic Redundancy Checksum (CRC) and the CRC 

delimiter bit. Receiving nodes have one bit time to compare CRC calculated internally on 

the received data with the CRC field on frame.  

Following there is the Acknowledge field (ACK), made of two bits: the ACK slot and the 

ACK delimiter. The ACK slot is transmitted in recessive state from the sending node, but 

this bit is modified to dominant state by all receiving nodes when they have performed the 

CRC successfully. If the last delimiter is recessive it confirms that all nodes received the 

frame and matched the CRC.  

The data frame ends with an end of frame sequence of 7 consecutive recessive bits. 

Further details can be found in [Dessler et al., 2004] and [Pfeiffer et al., 2008]. 

3.3 RS232 Serial communication standard 

The RS232 is an Electronic Industries Association communication standard. It is a serial 

asynchronous communication with a speed from 1200 bps (bits/second) up to 115200 

bps. 

The standard defines voltage levels from 3 to 25 V correspond to a logic “0” (space state) 

and voltage levels from -3 to -25 V correspond to a logic “1” (or mark state). A DB-25 or 

DB-9 connector is used as a physical connection.    
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Data flux control can be done by hardware using the signals RTS/CTS, DTR and DSR. 

The information frame begins with a start bit (logic “0”) followed by 5 to 8 bits of 

information, sending them from least to most significant bits, a parity bit and a stop bit. 

Figure 3.2 shows an example of the transmission of the ‘V’ ASCII code. 

 
Figure 3.2: RS232 standard example: transmission of the ASCII code for “V” letter. 

In this project the RS232 communication standard is used to transmit ASCII characters 

data from the GPS to the DS1 following the NMEA 0183 Protocol. 

3.4 NMEA GPS Format 

GPS receiver communication is defined within the specification of the National Marine 

Electronics Association (NMEA) that defines the interface between marine electronic 

equipment. The NMEA format sends data in strings of letters called sentences. All those 

standard sentences have a two letter prefix that defines the device that uses that 

sentence type. For GPS receivers the prefix is GP. This prefix is followed by a three letter 

sequence that defines the sentence contents. 

Each sentence begins with a “$” and ends with a return/line feed sequence, with a 

maximum length of 82 characters of text. Data is contained within this single line with data 

items separated by commas. The data itself is just ASCII text contained in one variable 

length sentence. At the end of each sentence there is a checksum field consists of a “*” 

and two hex digits representing an 8 bit exclusive OR (XOR) of all characters between, 

but not including, the “$” and “*”. 
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The GPS unit interface is designed to meet the NMEA requirements and it is compatible 

with computer serial ports RS232 protocols. On this model the interface speed can be 

adjusted to higher transfer rates but the NMEA standard is 4800 bps (bit per second rate) 

with 8 bits of data, no parity and one stop bit. 

This GPS receiver understands the standard 0183 up to version 2.30. This standard 

dictates a transfer rate of 4800 bps. Since an NMEA sentence can be as long as 82 

characters with this transfer rate it can be limited to less than 6 different sentences. 

However data transfer rate can be increased if it is necessary to transmit more sentences. 

The DS1 has been programmed to read the following NMEA 0183 GPS sentences: 

GPRMC, GPGGA, GPGSA, GPVTG using dSPACE library blocks for the MicroAutoBox 

serial interface and a programmed S-function to decode the information contained in the 

sentences and assign it to Simulink variables. A full explanation of sentences content is 

included in the Annex A. 

3.5 Gateways 

Different CAN networks have been designed in this project for different reasons and 

gateways have been used to allow the communication between them.  

In the E-Smart network the following gateway requirements have been identified:   

• Enable communication of two networks with different properties, like different baud 

rate and/or frame format.  

• Message filtering, and sometimes message ID modification from one network to 

the other.  

• In some cases, isolate electrically two networks from each other.   

To achieve those requirements two kinds of gateways have been used in this project:  

 
 

ADFweb s.l.r. gateways are easy to configure, small and low 

cost units that allow two directional translation of information 

between two different CAN including filtering functions, and 

provide electrical isolation between buses. Termination 

resistors are built in each CAN and can be activated with a 

switch.  Three of these gateways have been used in the 



Universität Stuttgart
 

 

network.

DSPACE MicroAutoBox units are powerful rapid control 

prototyping programmable equipment 

CAN interfaces. Therefore, they 

gateway duties among other tasks. Two of these units have 

been used for gateway functions. 
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network. 

DSPACE MicroAutoBox units are powerful rapid control 

prototyping programmable equipment that implements two 

CAN interfaces. Therefore, they can be programmed to 

gateway duties among other tasks. Two of these units have 

been used for gateway functions.  
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programmed to do

gateway duties among other tasks. Two of these units have 
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4 SOFTWARE 

4.1 Mathworks Simulink 

Simulink is an environment for Model-Based Design and simulation of dynamic and 

embedded systems. It provides an interactive graphical environment and a customizable 

set of block libraries that allow design, simulate, implement and test a variety of time-

varying systems, including communications, controls, signal processing, video processing, 

and image processing.  

Simulink is integrated with MATLAB, providing access to an extensive range of tools to 

develop algorithms, analyze and visualize simulations, customize the modeling 

environment, and define signal, parameter, and test data.  Simulink can be complemented 

with add-on products that extend this software to multiple modeling domains, as well as 

provide tools for design, implementation, and verification and validation tasks. In this 

project dSPACE add-on libraries have been used. 

4.2 Software dSPACE  

The dSPACE software package includes several programs each of them with a specific 

role in the board programming. Following there is a brief description of these applications. 

4.2.1 SIMULINK add-ons (dSPACE RCP & HIL 7.0 propri etary blocks) 

To be able to program dSPACE products with Simulink, dSPACE software must be 

integrated with a previously installed Matlab – Simulink installation. During the installation 

dSPACE adds custom block libraries that contain the functionalities of the different 

dSPACE boards. In this project the dSPACE proprietary CAN and Serial libraries have 

been used. Those libraries add new blocks with the functionalities of the dSPACE boards 

that include communications interfaces, signal control and processing among others 

features. The blocks employed will be fully described in following chapters. 

4.2.2 Real Time Interface (RTI) 

The Real Time Interface transforms the Simulink model to C code appropriate for the 

selected dSPACE board and compiles it. These C coding features are customizable and 

the generated code can be edited by hand edited. In this project no changes to the 

predefined features have been necessary.  
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4.2.3 ControlDesk 

ControlDesk is the central tool for experimenting with dSPACE systems. It can be used for 

register and setup dSPACE boards, download applications and update firmware, control 

experiments, log and monitor data among other things. With ControlDesk variables in the 

Simulink model can be analyzed or set just linking them to virtual instruments.  

In this project dSPACE software has been installed in a Car-PC to be able to run 

ControlDesk while testing the car with a touch screen on the passenger seat. A 

ControlDesk experiment has been created to control and test the system. In the scope of 

CAN communications, messages in Drive CAN and Energy CAN can be generated using 

the main ECU, and even the data content edited. Moreover, ControlDesk is also used to 

monitor and log CAN and serial communications and message data content. 

4.3 Software Vector  

4.3.1 CANdb++ 

When large scale studies are carried on the CAN bus, it is helpful if, in addition to the bus 

raw data, a symbolic interpretation of the messages is provided. CANoe and dSPACE 

support the use of symbolic databases by assigning them to an active CAN simulation.   

CANdb++ is a program included in the CANoe package to create or modify those 

databases (*.DBC files), which contain the symbolic information of CAN network 

messages. In a database, names are assigned to CAN messages, and signals are 

defined in the database. A signal is a symbolic description of a data segment within a 

message. These signal definitions not only identifies the data segment, but also 

incorporate characteristics such as format, sign handling, conversion formula and physical 

units of measurement.  

4.3.2 CANoe 7.6 

Vector CANoe is a universal development, test and analysis environment for CAN bus 

systems. This software offers a simulator for estimate bus behavior in totally virtual 

networks, or real networks with simulation of the unavailable nodes or parts.  The analysis 

tool allows the analysis of Message traffic in the network, from message content data to 

bus statistics. 
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CANoe has various evaluation windows (Trace, Data, Graphics, Statistics and Bus 

Statistics windows) as well as a measurement setup window and a simulation setup 

window which shows the data flow and simultaneously allows you to configure CANoe.  

In the simulation setup window the overall system is shown graphically with the CANbus 

and all network nodes. 

This software allows the creation of virtual nodes that can be connected to the real bus 

and place information cyclically or on events. 

4.4 Gateways Software 

4.4.1 Compositor SW67221 (CAN2CAN) 

To configure the gateways, the bundled software from ADFweb.com S.r.l. manufacturer 

must be installed in the computer and launched. 

The main window, Figure 4.1, shows the main functions of the software:  

• definition of different projects 

• Set the properties of both networks 

• Configure message filters  

• Update the device configuration 

 

 
Figure 4.1 SW67221 Main window 

In the Step 1 of the main window a current project can be loaded or a new one created. 

Configurations can be cloned by duplicating the original project folder with all its content 

with another name. 

Clicking on the Set Communication button the “Set Communication” window appears, 

Figure 4.2. The window is divided in two parts that configure respectively each of the two 

CAN channels.  

• Baud rate can be set by software selecting the desired baud rate on the window (in 

kbps) or physically with the Dip switches in the case, by checking the box “Baud 

rate set in Dip Switch”.  

• For each CAN one of the two possible frame formats, 2.0 A (standard 11 bit 

identifier) or 2.0 B (extended 29 bit identifier) must be selected.  
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• Positive implementation parameter defines if only the CobID written in the “Set 

CobID Access” table is passed in the other CAN bus (positive implementation 

checked) or if all the CobID written in the table are the ones that will be blocked 

(positive implementation not checked). 

 

BMS_GW  
(Energy CAN – BMS CAN) 

SMART_GW  
(Drive CAN – Smart CAN) 

CAN 0 (Energy CAN) CAN 0 (Drive CAN) 

� Baud rate set in Dip switch 

Baud rate: 500 kbps 

� CAN 2.0 A (standard) 

� Baud rate set in Dip switch 

Baud rate: 500 kbps 

� CAN 2.0 A (standard) 

CAN 1 (BMS CAN) CAN 1 (Smart CAN) 

� Baud rate set in Dip switch 

Baud rate: 250 kbps 

� CAN 2.0 B (extended) 

� Baud rate set in Dip switch 

Baud rate: 500 kbps 

� CAN 2.0 A (standard) 

� Positive Implementation � Positive Implementation 

Figure 4.2 “Set Communication” window (left) and configuration of the BMS_GW and SMART_GW 
(right) 

On “Set CobID Access” window the frames of one CAN that pass into the other can be 

defined. Only when positive Implementation is selected, it is possible to change the CobID 

of the frame when passes from one bus to the other. This has been done in the BMS_GW 

where the frame format changes from standard to extended as it is shown in figure 4.3. 

 
Figure 4.3 Set CobID Access window (top)  

BMS_GW (Energy CAN – BMS CAN) 
CAN0 to CAN1   

Nº Original CobID Modify CobID Description 
0 0x100 0x18FF50E5 CHARGER_2_BMS_1 
1 0x120 0x18FF51E5 CHARGER_2_BMS_2 

CAN 1 to CAN 0   
Nº Original CobID Modify CobID Description 
0 0x1806E5F4 0x10 BMS_2_CHARGER_1 
1 0x1806E6F4 0x11 BMS_2_CHARGER_2 
2 0x18C0EFF4 0x20 BMS_BROADCAST1 
3 0x18C1F3F4 0x21 BMS_BROADCAST2 
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4 0x18FF50E5 0x22 BMS_BROADCAST3 
SMART_GW (Drive CAN – SMART CAN) 

CAN0 to CAN1   
Nº Original CobID Modify CobID Description 
0 0x300 0x210 ECU_MSG_210 
1 0x310 0x190 ECU_GEARBOX 
2 0x320 0x300 ECU_CLUTCH 
3 0x330 0x310 ECU_ENGINE 
4 0x340 0x110 ECU_MSG_110 

CAN1 to CAN0   
Nº Original CobID Modify CobID Description 
0 0x80 0x350 SMART_WHEEL_SPEEDS 
1 0x90 0x355 SMART_ESP_BRAKE 
2 0xC2 0x360 SMART_STERING_ANGLE 
3 0x208 0x365 SMART_ESP_LATERAL_ACC 
4 0x220 0x370 SMART_LIGHTS 
5 0x515 0x380 SMART_INSTRUMENTS_CLUS 
6 0x23A 0x390 SMART_KI_SHIFTPADDLE 

Table 4.1 Set CobID Access data configuration for BMS_GW and SMART_GW.  

Once everything is set in previous steps, the button “Update Device” opens a new window 

to connect the PC to the Gateway device and load the parameters. The following 

procedure must be followed to set be able to load the data in the gateway: 

1. Turn OFF the device (disconnect power plug) 

2. Connect the Null Modem Cable form the PC to the Gateway 

3. Insert the boot jumper 

4. Turn ON the device (“Boot LED” must blink quickly) 

5. Select the COM port of the PC and press “execute update firmware Button” 

6. When the load is finished, turn OFF the device  

7. Disconnect the boot jumper 

8. Turn ON the device 

To configure the Gateways a Null Modem Female/Female Dsub 9 Pin Cable is necessary.   

4.4.2 Compositor  SW67042 (CAN2CANopen) 

A CAN to CANopen Gateway was available in the institute and it has been programmed to 

work as a CAN to CAN gateway instead of buying a new one. The properties are quite 

similar but the software slightly different. The information is sent cyclically every 25 ms as 

a TPDO with all the 8 data bytes of each message.  But the proper solution would be use 

another SW67221.   
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5 INFORMATION MANAGEMENT  

5.1 The communication Network 

The following schematic shows the distribution of the networks and the devices connected 

to each branch.  

 
Figure 5.1: Communication network schematic 

There are two main CAN channels with a high network load, Drive CAN and Energy CAN, 

and four other subnetworks: Smart CAN, Inverter CAN, BMS CAN and ONBC CAN. 

5.1.1 Drive CAN 

The Drive CAN communicates the devices related to the dynamics of the vehicle. As it is 

shown in the Figure 5.1 it is connected with the Smart CAN and the Inverter CAN through 
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two gateways.  Network properties are standard CAN frame format (11 bit ID’s) with a 500 

kbps data transfer rate. 

5.1.2 Energy CAN 

The Energy CAN Network Communicates all the devices related with the car’s energy 

storage. It is one of the two main networks. It connects all the power electric devices and 

its monitoring sensors as well as the charging devices and the communication with the 

charging stations. There are two subnetworks connected to this network: the BMS CAN 

and the ONBC CAN. Network properties are standard CAN frame format (11 bit ID’s) with 

a 500 kbps data transfer rate.  

5.1.3 SMART CAN 

This is the original network built in the car. It communicates the OEM Smart car ECUs. It 

is a subnetwork of the Drive CAN. 

5.1.4 BMS CAN 

Originally battery management system (BMS) and onboard charger were connected in the 

same network. However new off-board charger techniques have been implemented. 

Therefore, messages from the BMS should reach the other chargers via the Energy CAN. 

Additionally custom BMS is to be implemented on the dSPACE board so it is necessary 

the filtering of the messages between the onboard charger and the BMS to allow the 

interaction with other devices without disturbance. 

Due to the especial communication needs of the BMS, different baud rate and protocol 

than the main network, a Gateway is necessary. The BMS device can only communicate 

at 250kbps baud rate and uses extended CAN identifiers, (CAN protocol 2.0B), whereas 

the Energy network speed is higher, 500 kbps, and uses standard identifiers (CAN 

Protocol 2.0A).  Gateway and BMS are the only devices in this network, where the 

Gateway translates messages ID, adapts communication baud rates and blocks 

unnecessary traffic in the BMS network. 

5.1.5 Inverter CAN 

The inverter works in the high voltage side of the electric circuit whereas the network uses 

the low voltage source. For this reason a galvanic isolation between the inverter and the 

remaining car network is necessary. In this case, although both networks use the same 

protocol and baud rate, a Gateway should be used to guarantee the electrical isolation of 
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the inverter. In addition, the Gateway is set to avoid unnecessary traffic in the Inverter 

network. An alternative solution would be the use of an isolated transceiver. 

5.1.6 The RS232 Communication 

A RS232 communication has been set to be able to communicate the Garmin GPS with 

the main ECU using one of the serial inputs available in the MicroAutoBox II. The GPS 

transmits GPS messages according to the NMEA 183 protocol, sending characters 

through the Serial connection. 

5.2 Network Messages 

Currently almost ninety different messages are used throughout the whole CAN network 

on the E-Smart project. This chapter explains briefly how the information is transmitted 

from sending device to receiving devices including all the subnetworks and messages 

format or ID modifications. Extended information about each message like layouts, bit 

extension, factors applied or measuring units can be consulted in detail in the Annex A.  

5.2.1 BMS Messages 

The BMS Exchanges two messages, BMS_2_ONBC_#, were the # symbol is a number 

between 1 and 2, with the onboard charger and broadcasts other three messages with 

battery status data, BMS_BROADCAST_# (with # between 1 and 3).  These messages 

contain relevant information about the battery status and every message is sent every 

1000ms. The information layout and the properties of the messages are defined by the 

manufacturer of the BMS. These two messages were originally sent from the BMS to the 

Charger. In the project it is redirected to the DS1 ECU to obtain the battery status data.  

These messages use a slower baud rate (250 kbps) and a different frame format (2.0B or 

extended format) than the Energy CAN network and cannot be modified. For this reason 

the device cannot be connected directly to the Energy CAN network, and a subnetwork 

with a Gateway is necessary to communicate both networks. In the Energy CAN, BMS 

messages have the highest priority with the 0x10 and 0x11 hexadecimal ID values 

respectively.   

The BMS is set to accept two messages, ONBC_2_BMS_#, that are generated from the 

car onboard charger and sent through the Energy CAN and the BMS CAN to the BMS. 
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Message Name (Network Name) ID (hex)  Transmitter Receiver 

BMS_2_ONBC_1 (BMS CAN) 
BMS_2_CHARGER_OVER_DS1_1 (Energy CAN) 

0x1806E5F4 
0x10 

BMS 
BMS_GW 

BMS_GW 
DS1 

BMS_2_ONBC_2 (BMS CAN) 
BMS_2_CHARGER_OVER_DS1_2 (Energy CAN) 

0x1806E6F4
0x11 

BMS 
BMS_GW 

BMS_GW 
DS1 

BMS_BROADCAST1  (BMS CAN) 
BMS_BROADCAST1  (Energy CAN) 

0x18C0EFF4
0x20 

BMS 
BMS_GW 

BMS_GW 
DS1 

BMS_BROADCAST2  (BMS CAN) 
BMS_BROADCAST2  (Energy CAN) 

0x18C1F3F4 
0x21 

BMS 
BMS_GW 

BMS_GW 
DS1 

BMS_BROADCAST3  (BMS CAN) 
BMS_BROADCAST3  (Energy CAN) 

0x18C2F3F4
0x22 

BMS 
BMS_GW 

BMS_GW 
DS1 

CHARGER_2_BMS_OVER_DS1  (Energy CAN) 
ONBC_2_BMS_1 (BMS CAN) 

0x120 
0x18FF50E5 

DS1 
BMS_GW 

BMS_GW 
BMS 

Table 5.1: Messages from and to the BMS. These messages go across two networks with name 
and ID change as it is pointed out in this table. 

5.2.2 Onboard charger (ONBC) Messages 

The ONBC exchanges two messages with the DS1 ECU, through the DS2 

(MicroAutoBox) that acts as a gateway between the Energy CAN and the ONBC CAN. 

Like the BMS, the onboard charger message properties are set by the manufacturer 

NAME and cannot be configured to connect the device directly to the Energy CAN 

network. Therefore, a subnetwork that fits the device network properties with a Gateway is 

necessary to communicate onboard charger with the main networks. 

Instead of use a normal Gateway, the MicroAutoBox (DS2) has been configured to 

connect these networks. The MicroAutoBox has two CAN channels and with the dSPACE 

Simulink add-on CAN libraries it can be configured to behave as a Gateway. 

Message Name (Network Name) ID (hex)  Transmitter Receiver 

DS1_2_CHARGER  (Energy CAN) 
ONBC_IN_1  (ONBC CAN) 

0x100 
0x1806E5F4 

DS1 
DS2 

DS2 
ONBC 

ONBC_OUT_1  (ONBC CAN) 
CHARGER_2_DS1_1  (Energy CAN) 

0x1806E6F4 
0x110 

ONBC 
DS2 

DS2 
DS1 

 Table 5.2: Messages exchanged between the onboard charger and the DS1. These messages go 
across two networks with name and ID change as it is pointed out in this table. 

5.2.3 Off-board charging stations / Bluetooth CANli nk Messages 

As it is described in chapter 2, the study of charging systems is one of the goals of the IVK 

E-mobility Project. For this purpose different charging systems have been implemented in 

the vehicle. To communicate the vehicle with the DC or AC charging station and the 

Inductive charging station a wireless communication with a Bluetooth module is used. The 

reason of using wireless communication is that the inductive and some of the electric 

plugs are not compatible with wired communication.  
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Eleven messages have been custom designed to communicate the vehicle and the 

charging station. These messages contain the following information: 

• Charger configuration data like selected charger mode, maximum allowed current 

and voltage, flags, desired level of charge among other services. 

• User data like User ID, Password, Credits, Electric Tariff or SMS notifications.   

• Session control data like the counter that tests the communication is working, 

detection of the vehicle and timeouts 

Message Name ID (hex)  Transmitter Receiver 

DS1_2_CS_SESSION_CTRL 0x250 DS1 BT_CANLINK 

CS_2_DS1_SESSION_CTRL 0x251 BT_CANLINK DS1 

DS1_2_CS_SETUP_CTRL 0x260 DS1 BT_CANLINK 

CS_2_DS1_SETUP_CTRL 0x261 BT_CANLINK DS1 

DS1_2_CS_ACTUAL_BROADCAST 0x600 DS1 BT_CANLINK 

DS1_2_CS_TARGET_BROADCAST 0x601 DS1 BT_CANLINK 

CS_2_DS1_ACTUAL_BROADCAST 0x610 BT_CANLINK DS1 

CS_AC_BROADCAST 0x611 BT_CANLINK DS1 

CS_DC_BROADCAST 0x612 BT_CANLINK DS1 

CS_INDUCTIVE_BROADCAST 0x613 BT_CANLINK DS1 

CS_TARIFF_BROADCAST 0x614 BT_CANLINK DS1 
Table 5.3: Messages exchanged with the charging station (Energy CAN). 

5.2.4 CANSAS modules Messages 

Three CANSAS modules are installed in the car, CANSAS1 operates on the Drive CAN 

and the other two, CANSAS2 and CANSAS3, on the Energy CAN.   

• The CANSAS1 module measures the currents of the Heater, vacuum pump, 

DC/DC converter, Battery, measurement equipment and also the AC line. 

• The CANSAS 2 module monitor pedals positions, devices temperatures, and 

Battery and AC voltages. 

• The CANSAS 3 module monitors battery cells temperatures. 

Message Name (Network Name) ID (hex)  Transmitter Receiver 

CANSAS1_1  (Energy_CAN) 0x250 CANSAS1 DS1 

CANSAS1_1  (Energy_CAN) 0x251 CANSAS1 DS1 

CANSAS2_1  (Drive_CAN) 0x260 CANSAS2 DS1 

CANSAS2_2  (Drive_CAN) 0x261 CANSAS2 DS1 

CANSAS3_1  (Energy_CAN) 0x500 CANSAS3 DS1 
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CANSAS3_2  (Energy_CAN) 0x510 CANSAS3 DS1 

CANSAS3_3  (Energy_CAN) 0x520 CANSAS3 DS1 
Table 5.4: Messages sent from CANSAS modules. 

5.2.5 MicroAutoBox DS2 Messages 

This device has two different functions, on the one hand it acts as a gateway between the 

Energy CAN and the ONBC_CAN networks transmitting messages to and from the 

onboard charger. 

The other main function is the measurement of analog data from the battery pack, cells 

voltage, current and temperatures, and generate custom messages to send this 

information in the Energy CAN network.  

Seven messages are exchanged by the DS2 ECU, the two corresponding to the onboard 

charger and the five from the cells measurements. As device the DS2 sends the following 

messages: 

Message Name ID (hex)  Transmitter Receiver 

DS2_1   0x400 DS2 DS1 

DS2_2  0x410 DS2 DS1 

DS2_3  0x420 DS2 DS1 

DS2_4  0x430 DS2 DS1 

DS2_5  0x440 DS2 DS1 
Note: messages retransmitted to and from the ONBC are shown in Table 5.2. 

Table 5.5: Messages sent from DS2 electronic control unit. 

As Gateway the messages from and to ONBC go through the DS2, as it is shown in Table 

5.2.  

5.2.6 ILEA  Messages 

ILEA institute is developing the inductive charging system. The content of the messages is 

not yet defined. However, two messages IDs have been reserved. The messages are 

transmitted and received in the MicroAutoBox board named DS_ILEA which is connected 

in to the Energy CAN.  

Message Name ID (hex)  Transmitter Receiver 

ILEA_ONBOARD_2_ILEA_OFFBOARD  0x200 DS_ILEA BT_CANLINK 

ILEA_OFFBOARD_2_ILEA_ONBOARD 0x210 BT_CANLINK DS_ILEA 
Table 5.6: ILEA reserved messages. 
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5.2.7 SMART CAN Messages 

The SMART CAN is the network that was built in the original car, before the electrification 

kit was installed. It communicates the original control units, with exception of the 

powertrain Control Unit that has been removed. However this control unit is simulated in 

the network to allow the proper work of this CAN that is connected to the Drive CAN via a 

Gateway. 

The content of the messages are typical automotive values like wheel speeds, torque, 

temperatures, engaged gears, steering angle, and throttle and brake pedal position; but 

also control units flags, dashboard LEDs and data, car lights, car speed, or tank level. 

Message Name (Network Name) ID (hex)  Transmitter Receiver 

RADDREHZAHL (Smart_CAN) 
SMART_WHEEL_SPEEDS  (Drive_CAN) 

0x80 
0x300 

ABS_ESP 
SMART_GW 

KOMBI, EDG, 
DS1 

BREMSE (Smart_CAN) 
SMART_ESP_BRAKE  (Drive_CAN) 

0x90 
0x301 

ABS_ESP 
SMART_GW 

KOMBI, EDG, 
DS1 

LENKUNG  (Smart_CAN) 
SMART_STEERING_ANGLE  (Drive_CAN) 

0xC2 
0x302 

ABS_ESP 
SMART_GW 

other ECUs 
DS1 

EDG_110  (Smart_CAN) 
ECU_MSG_110  (Drive_CAN) 

0x110 
0x310 

EDG 
SMART_GW 

other ECUs 
DS1 

EDG_GEARBOX  (Smart_CAN) 
ECU_GEARBOX  (Drive_CAN) 

0x190 
0x311 

EDG 
SMART_GW 

Kombi,  
DS1 

ESP_BESCHLEUNIGUNG  (Smart_CAN) 
SMART_ESP_LATERAL_ACC  (Drive_CAN) 

0x208 
0x320 

ABS_ESP 
SMART_GW 

EDG,  
DS1 

EDG_210  (Smart_CAN) 
ECU_MSG_210  (Drive_CAN) 

0x210 
0x330 

EDG 
SMART_GW 

other ECUs 
DS1 

LICHT  (Smart_CAN) 
SMART_LIGHTS  (Drive_CAN) 

0x220 
0x340 

SAM 
SMART_GW 

EDG, Kombi, 
DS1 

KI_LENKRADSCHALTUNG  (Smart_CAN) 
SMART_KI_SHIFTPADDLE  (Drive_CAN) 

0x23A 
0x341 

EDG 
SMART_GW 

other ECUs 
DS1 

EDG_DREHZAHL  (Smart_CAN) 
ECU_CLUTCH  (Drive_CAN) 

0x300 
0x350 

EDG 
SMART_GW 

ABS_ESP, 
DS1 

EDG_MOTOR  (Smart_CAN) 
ECU_ENGINE  (Drive_CAN) 

0x310 
0x351 

EDG 
SMART_GW 

ABS_ESP, 
DS1 

KI_510 (Smart_CAN) 0x510 Kombi other ECUs 
KI_KOMBIINSTRUMENT (Smart_CAN) 
SMART_INSTRUMENT_CLUSTER (Drive_CAN) 

0x515 
0x360 

Kombi 
SMART_GW 

EDG, 
DS1 

Table 5.7: Messages exchanged in the Smart CAN and transmitted in the Energy CAN. The name 
and ID in the Drive CAN is written in italics. All messages and data are monitored with the DS1. 

More details about this work are being documented by Tobias Kreppel. 

5.2.8 Inverter CAN Messages 

The messages from the Curtis motor controller are specified by the E-Car-tech company. 

However they have been modified to match the Institute testing needs. Three messages 

have been configured with the following information: 

• Motor torque and speed. 
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• Throttle and brake command. 

• Motor and controller temperatures. 

• Controller and motor electrical data. 

Message Name ID (hex)  Transmitter Receiver 

DS1_2_INVERTER_1 0x100 DS1 INVERTER 

INVERTER_2_DS1_1 0x110 INVERTER DS1 

INVERTER_2_DS1_2 0x111 INVERTER DS1 

INVERTER_2_DS1_3 0x112 INVERTER DS1 
Table 5.8: Messages exchanged between DS1 and the Inverter over Inverter_GW. 

5.3 Gateways configuration 

5.3.1 BMS CAN – Energy CAN Gateway (BMS_GW) 

 

BMS CAN: 

Frame Format:  CAN 2.0B (21 bits ID’s) 

CAN baud rate:  250 kbps 

Gateway ID modification: 

from BMS CAN to ENERGY CAN from Energy CAN to BMS CAN 

Original ID Modified ID Original ID Modified ID 

0x1806E5F4 0x10 0x100 0x18FF50E5 

ENERGY CAN: 

Frame Format:  CAN 2.0A (11 bits ID’s) 

CAN baud rate:  500 kbps 

0x1806E6F4 0x11 0x120 0x18FF51E5 

0x18C0EFF4 0x20   

0x18C1F3F4 0x21   

0x18FF50E5 0x22   

 Figure 5.2: BMS_GW properties and connecting networks schematic. 

The BMS CAN uses extended frame format and a 250 kbps baud rate, whereas the 

Energy CAN speed is 500 kbps and standard frame format. The Gateway between these 

two networks filters the messages between the two networks and modifies the message 

ID according to a specified table.  
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5.3.2 SMART CAN – DRIVE CAN Gateway (SMART_GW) 

 

DRIVE CAN: 

Frame Format:  CAN 2.0A (11 bits ID’s) 

CAN baud rate:  500 kbps 

Gateway ID modification: 
from SMART CAN to DRIVE 

CAN 
from DRIVE CAN to SMART 

CAN 
Original ID Modified ID Original ID Modified ID 

0x80 0x350 0x300 0x210 

0x90 0x355 0x310 0x190 

SMART CAN: 

Frame Format: CAN 2.0A (11 bits ID’s) 

CAN baud rate:  500 kbps 

0xC2 0x360 0x320 0x300 

0x208 0x365 0x330 0x310 

0x220 0x370 0x340 0x110 

0x515 0x380   

0x23A 0x390   

Figure 5.3: SMART_GW and connecting networks properties and schematic. 

This gateway connects the smart OEM network, with the Drive network through the 

SMART_GW. The network properties are the same at both sides of the gateway but the 

gateway filters and modifies messages ID’s from one side to the other. It also blocks 

undesired messages between networks to reduce traffic load.  

5.3.3 Inverter CAN –Drive CAN Gateway (Inverter_GW)  

The network properties at both sides of this gateway are the same, but it is still necessary 

to isolate electrically the inverter from the remaining devices. No changes are done in 

message ID’s and properties. 
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5.3.4 ONBC CAN - Energy CAN Gateway (ONBC_GW) 

 

ONBC CAN: 

Frame Format:  CAN 2.0B (21 bits ID’s) 

CAN baud rate:  250 kbps 

Gateway ID modification: 
from ONBC CAN  
to ENERGY CAN 

from Energy CAN  
to ONBC CAN 

Original ID Modified ID Original ID Modified ID 

ENERGY CAN: 

Frame Format:  CAN 2.0A (11 bits ID’s) 

CAN baud rate:  500 kbps 
0x1806E6F4 0x110 0x100 0x1806E5F4 

Figure 5.4: DS2 and connecting networks properties and schematic. 

This gateway function is done with a MicroAutoBox device. The networks properties are 

different between both networks and ID change is necessary.  

5.4 Network load 

CAN protocol is a non return to zero protocol, and it uses bit change of state to 

synchronize. However, although this feature simplifies transmission and improves speed, 

there is a risk of bit slip when many bits on the same state are transmitted. To avoid this, 

the protocol adds extra bits with a change of state when 5 consecutive bits with the same 

state are detected.  

Overhead in a CAN message are all those extra bits added to the message together with 

message frame information like the ID information, control bits, checksum and other frame 

fields. According to [Pfeiffer, Ayre and Keydel 2008, page 177], overhead factor of a CAN 

message can be estimated between 2 and 6 times the amount of data bytes transmitted. 

5.4.1 Drive CAN estimated bandwidth use 

In this network 23 different messages are sent. Almost all of them contain 8 bytes of data, 

except two of 6 and 7 bytes respectively. The cycle time of each message is between 4 

ms and 500 ms.  
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With the message data length and cycle time of each message, available on annex B.2, 

the amount of data that is to be transmitted per second can be calculated: 

Data rate transmission in Drive CAN:  13726 Bytes/s  

Converting from Bytes to Bits per second: 109,8 kbits/s 

Estimated bus loads including overhead bits: 

Minimum estimated bus load: 2 * 109,8
kbits

s
 = 219,6

kbits

s
	=	219,6 kbps  

Maximum estimated bus load: 6 * 109,8
kbits

s
 = 658,8

kbits

s
	=	658,8 kbps  

Using a network bit rate of 500 kbps the estimation above would result in a bandwidth use 

between: 

Minimum bandwidth use:  
219,6 kbps

500 kbps
·100	=  43,9	%  

Maximum bandwidth use:  
658,8 kbps

500 kbps
·100	=  131,8	%  

Therefore, in the worse case the bandwidth use can be over 100%. Under this situation 

lower priority messages could not be sent. However this is a worst case scenario, where 

data contained in the messages is formatted in a way that raises the overhead of 

messages. Network analysis software can be used to evaluate network bus load. If this 

worse case is detected, possible solutions are the modification of messages cycle times to 

reduce busload or raise the network speed to 1000kbps. 

5.4.2 Energy CAN estimated bandwidth use 

In this network 32 different messages are sent. Almost all of them contain 8 bytes of data. 

The cycle time of each message is between 10 ms and 1000 ms.  

With the message data length and cycle time of each message, available on annex B.3, 

the amount of data that is to be transmitted per second can be calculated: 

Data rate transmission in Drive CAN:  7744 Bytes/s  

Converting from Bytes to Bits per second: 61,9 kbits/s 

Estimated bus loads including overhead bits: 
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Minimum estimated bus load:  2 * 61,9
kbits

s
 = 123,9

kbits

s
	=	123,9 kbps  

Maximum estimated bus load: 6 * 61,9
kbits

s
 = 371,7

kbits

s
	=	371,7 kbps  

Using a network bit rate of 500 kbps the estimation above would result in a bandwidth use 

between: 

Minimum bandwidth use:  
123,9 kbps

500 kbps
·100	=  24,8	%  

Maximum bandwidth use:  
371,7 kbps

500 kbps
·100	=  74,3 %  

Even with worse case overhead the bandwidth is below the limit. There is still room for 

more messages or an increase of message cycle time. 

5.4.3 Smart CAN estimated bandwidth use 

In Smart CAN 14 different messages of 8 bytes of data are transmitted. Cycle times of 

each message are between 10 ms and 1000 ms.  

With the message data length and cycle time of each message, available on annex B.6, 

the amount of data that is to be transmitted per second can be calculated: 

Data rate transmission in Drive CAN:  5064 Bytes/s  

Converting from Bytes to Bits per second: 40,5 kbits/s 

Estimated bus loads including overhead bits: 

Minimum estimated bus load:  2 * 40,5
kbits

s
 = 81,02

kbits

s
	=	81,02 kbps  

Maximum estimated bus load: 6 * 40,5
kbits

s
 = 243,1

kbits

s
	=	243,1 kbps  

Using a network bit rate of 500 kbps the estimation above would result in a bandwidth use 

between: 

Minimum bandwidth use:  
81,02 kbps

500 kbps
·100	=  16,2	%  

Maximum bandwidth use:  
243,1 kbps

500 kbps
·100	=  48,6 %  
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No problems are observed in this network. Even with worse case of overhead the 

bandwidth is below the limit.  

5.4.4 Inverter CAN estimated bandwidth use 

The inverter CAN contain only messages from and to the inverter. All of them with a 50 

ms cycle time and 8 bytes of data. All message information is available in annex B.4. The 

amount of data that is to be transmitted per second is: 

Data rate transmission in Inverter CAN:  640 Bytes/s  

Converting from Bytes to Bits per second: 5,12 kbits/s 

Estimated bus loads including overhead bits: 

Minimum estimated bus load:  2 * 5,12
kbits

s
 = 10,24

kbits

s
	=	10,24 kbps  

Maximum estimated bus load: 6 * 5,12
kbits

s
 = 30,72

kbits

s
	=	30,72 kbps  

Using a network bit rate of 500 kbps the estimation above would result in a bandwidth use 

between: 

Minimum bandwidth use:  
10,24 kbps

500 kbps
·100	=  2,1	%  

Maximum bandwidth use:  
30,72 kbps

500 kbps
·100	=  5,1 %  

The use of this network is very low, and the network properties the same of the Energy 

CAN. However this device cannot be connected to that network because it is necessary 

an electrical isolation between the Energy CAN and the inverter. 

5.4.5 BMS CAN estimated bandwidth use 

In BMS CAN seven different messages of 8 bytes of data are transmitted. The cycle time 

of each message is 1000 ms.  

With the message data length and cycle time of each message, available on annex B.1, 

the amount of data that is to be transmitted per second can be calculated: 

Data rate transmission in BMS CAN:  56 Bytes/s  
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Converting from Bytes to Bits per second: 0,45 kbits/s 

Estimated bus loads including overhead bits: 

Minimum estimated bus load:  2 * 0,45
kbits

s
 = 0,9

kbits

s
	=	0,9 kbps  

Maximum estimated bus load: 6 * 0,45
kbits

s
 = 2,7

kbits

s
	=	2,7 kbps  

Using a network bit rate of 250 kbps the estimation above would result in a bandwidth use 

between: 

Minimum bandwidth use:  
0,9 kbps

250 kbps
·100	=  0,36	%  

Maximum bandwidth use:  
2,7 kbps

250 kbps
·100	=  1,08 %  

Although this network speed is slower than the others, the few messages, seven, and 

their long cycle times of 1000 ms result in a very low bandwidth use.   

5.4.6 ONBC CAN estimated bandwidth use 

In the ONBC CAN only two different messages of 8 bytes of data and 1000 ms cycle time 

are transmitted. Those messages information is available in annex B.5. 

Data rate transmission in ONBC CAN:  16 Bytes/s  

Converting from Bytes to Bits per second: 0,13 kbits/s 

Estimated bus loads including overhead bits: 

Minimum estimated bus load:  2 * 0,13
kbits

s
 = 0,26

kbits

s
	=	0,26 kbps  

Maximum estimated bus load: 6 * 0,13
kbits

s
 = 0,77

kbits

s
	=	0,77 kbps  

Using a network bit rate of 250 kbps the estimation above would result in a bandwidth use 

between: 

Minimum bandwidth use:  
0,26 kbps

250 kbps
·100	=  0,05	%  
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Maximum bandwidth use:  
0,77 kbps

250 kbps
·100	=  0,15 %  

The network properties are the same than the BMS CAN but, again, for design reasons 

these devices cannot be in the same network. In this case the reason is that the onboard 

charger and the BMS are designed to communicate directly, however, new charging 

methods have been implemented and they should interact with the BMS without the 

disturbance of the onboard charger. The solution has been the implementation of 

separate networks to be able to filter messages between these two devices using 

gateways that modify the messages ID’s.  
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6 CONTROL MODELS 

Diverse software has been used in the development of this Master Thesis. In first place, 

there are two dSPACE MicroAutoBox Boards, which have been programmed using 

Mathworks Simulink, with the required dSPACE software installation and add-ons block 

libraries to be able to use and configure the dSPACE hardware features.  

6.1 DS1 Simulink model 

The DS1 Electronic Control Unit is a MicroAutoBox II board from dSPACE Company. The 

DS1 is the main control unit of the electric vehicle. This model has been structured in the 

following five subsystems: 

 
Figure 6.1: Main ECU (DS1) Simulink Layout  

Blocks description:  

• dSPACE_board_input:  contain all the input connection blocks and communicates 

the data introduced through bus connections, analog and digital inputs. 

• Scale_input:  scales the input data from the input format to the control format and 

units. 

• Smart_DS1_control:  In this block all the control operations are executed 

• Scale_output:  scale the outputs from control block to the format and units that are  

required in the outputs 
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• dSPACE_Board_output:  contain all the necessary blocks for the transmission of 

the output signals through the connections in the system. 

6.1.1 dSPACE_board_input block 

 
Figure 6.2: dSPACE_board_input block content (left). Can_input and serial_input subsystems (right) 

The inputs to the system are grouped by its data type:  

• user_input: contain all the inputs that can be set using the CarPC and ControlDesk 

software.  

• analog_input:  contain signals that are acquired through an ADC converter like gas 

pedal, brake pedal, battery current and voltage, resistance of the Mennekes and 

Phoenix plug that allow calculation of the amount of current the cable is capable. 

• digital_input: digital signals from switches like for example gas or brake pedal 

activated, modes or systems on/off or devices on/off. 
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• can_input: CAN bus data is acquired through a can_input block that contains the 

CAN setup controller block for each CAN Channel and the reception blocks of 

each CAN message, grouped by sending devices. 

• serial_input:  data is acquired using the Serial Controller block, the serial 

interruption block and the Serial reception block  

• Non-volatile_RAM_input: are inputs of these system values that should be stored 

in non-volatile memory to be used next time the car is turned on.   

• dio_type1_remote_in_mt:  is for the board internal use. 

CAN_input Block 

 
Figure 6.3: CAN input block content, with details of the CAN CONTROLLER SETUP window (left) 

and ENERGY_CAN input messages (right). 

The CAN_input block, shown in figure 6.3, configures the two CAN controllers of the 

MicroAutoBox board. On the left side of the image, the CAN Controller setup  blocks 

configure network properties, whereas on the right side there is a subsystem that contains 

all the input messages of each CAN input. 

CAN Controller setup 

The “dSPACE RTI CAN Block set” add-on library has been used to configure the CAN 

communication of the two available CAN controllers built in the MicroAutoBox board. 

These controllers’ global settings are defined with the “RTICAN CONTROLLER SETUP” 

block. On the left side of the Table 6.1 there are the four configuration tabs for the first 

CAN controller, corresponding to the Drive CAN network. On the right side of that Figure 

there are the configuration data corresponding to each CAN controller. 
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 CAN Controllers Settings  
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Unit tab  

CAN Controller specification: 
Module Type:  CAN Type 1 
Module number:   1 
Controller number:   1  

� (select) Standard configuration 
Baud rate:  500 kbits/s 

Data file support tab  

Data file support group: 
� (check) Use data file(s)  
Add data file: drive_can.dbc 

Interface file: (default) rtican_dbc_file_parser 

E
ne

rg
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C
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N
 

Unit tab  

CAN Controller specification: 
Module Type:  CAN Type 1 
Module number:   1 
Controller number:   2 

� (select) Standard configuration 
Baud rate:  500 kbits/s 

Data file support tab  

Data file support group: 
� (check) Use data file(s)  
Add data file: energy_can.dbc 

Interface file: (default) rtican_dbc_file_parser 

 

  

D
riv

e 
C

A
N

 

Options tab  

CAN signal data typing: 
� (select) Data type is always ‘double’  

Extended model option group: 
� (check) use of multiple message access mode. 

Acceptance mask settings group: 
� (uncheck) Use acceptance mask for… 

RX service tab  (use defaults) 

STD Messages: 
� (uncheck) Enable RX Service for CAN STD 
Messages 

XTD Messages: 
� (uncheck) Enable RX Service for CAN XTD 
Messages 
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Options tab  

CAN signal data typing: 
� (select) Data type is always ‘double’  

Extended model option group: 
� (check) use of multiple message access mode. 

Acceptance mask settings group: 
� (uncheck) Use acceptance mask for… 

RX service tab  (use defaults) 

STD Messages: 
� (uncheck) Enable RX Service for CAN STD 
Messages 

XTD Messages: 
� (uncheck) Enable RX Service for CAN XTD 
Messages 

Table 6.1: CAN CONTROLLER SETUP block settings for the MicroAutoBox CAN controllers. 
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The controller block allows the use of CAN database files, .dbc files, for message data 

content. In CAN protocol, information can be distributed in messages of up to 8 bytes in 

the desired way. Each piece of information, called signal, can use from one to 64 bits 

length, and be placed in any desired position on the message, without overlap other 

signals. Little endian or big endian byte arrangements can be used.  

The .dbc file contains the information of the message (ID, message length, frame format) 

and the specification of the signals contained in the message bytes. The data base is just 

a map of the information contained in a message. For each signal contains the data length 

in bits, byte order, if it is a signed or unsigned value, but also allows the interpretation of 

this information applying a factor or an offset and assign data units.  

In this project those .dbc files, energy_can.dbc drive_can.dbc, have been made using the 

software Vector CANdb++. This software allows the easy elaboration and edition of those 

database files defining the messages in one hand and identifying the data content or 

“signals” on the other.  

 

 
Figure 6.4: Content of RX_DRIVE_CAN (left) and RX_ENERGY_CAN (right) blocks  

On the left side of the Figure 6.4 there is the RX_DRIVE_CAN block content and on the 

right side the content RX_ENERGY_CAN block. Each of those blocks, contain each of the 

CAN messages that are monitored. The message block is a special block from the 

dSPACE proprietary library in Simulink that allows the interpretation of data content in 

CAN messages.  
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Thanks to this database the information in a message can be read and assigned 

automatically to variables in Simulink using the “RTI CAN Receive message” block from 

the dSPACE library. The properties of a message block can be edited as it is shown in the 

Figure 6.5. 

The second tab of the RX message block, Message Composition, configuration shows the 

layout of the selected message. The information of every signal is extracted from the .dbc 

file and shown on the screen: Start Bit (SB), signal Length (SL), Signal Type (ST), Data 

type (DT), Module Value (MV), Byte Layout (BL), Factor, offset and Physical Units.   

 
 Figure 6.5: dSPACE RTI CAN Receive Message block properties, “Message” tab.   

On the third tab, Options, block options can be configured. Using signal names in outputs 

gives the names assigned to the signals in the .dbc file to the block outputs and thus this 

is the name these variables have in the model. The following three signals are used to 

monitor the block giving information about the current status of the block (receiving or not 

receiving), the time output give global time value when message arrives, and the delta 

time, that informs about the time gap between two consecutive messages. Finally the last 

tab, custom decoding, is set as default and no custom message decoding is done. 
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Figure 6.6: dSPACE RTI CAN Receive Message block properties, Message 

Through the .dbc file loaded Th

in the CAN message and assigns it to a Simulink variable, whose name is the name given 

in the .dbc file corresponding signal, and is shown in the label on each of the block 

outputs.  

The signals obtained are placed in a bus with a bus creator block, gathering all the 

message signals in a single bu

signal obtaining the RX_DRIVE_CAN bus and the RX_ENERGY_CAN bus respectively.

Figure 6.7

The reason to use the buses in this way instead of using a single Bus for all messages 

signals is for having the information structured, what will allow better handling.
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: dSPACE RTI CAN Receive Message block properties, Message composition
Options tab (right).   

Through the .dbc file loaded The CAN Message block extracts the information contained 

in the CAN message and assigns it to a Simulink variable, whose name is the name given 

in the .dbc file corresponding signal, and is shown in the label on each of the block 

ed are placed in a bus with a bus creator block, gathering all the 

message signals in a single bus, and following the same is done with each message bus 

signal obtaining the RX_DRIVE_CAN bus and the RX_ENERGY_CAN bus respectively.

 
Figure 6.7: Simulink Bus selector properties. 

The reason to use the buses in this way instead of using a single Bus for all messages 

signals is for having the information structured, what will allow better handling.

All the messages contained in both CAN networks, are monitored by the main ECU using 

a “RTI CAN receive message” for each of them, as it is show in the Figure 6.4
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e CAN Message block extracts the information contained 

in the CAN message and assigns it to a Simulink variable, whose name is the name given 

in the .dbc file corresponding signal, and is shown in the label on each of the block 

ed are placed in a bus with a bus creator block, gathering all the 

ne with each message bus 

signal obtaining the RX_DRIVE_CAN bus and the RX_ENERGY_CAN bus respectively.   

The reason to use the buses in this way instead of using a single Bus for all messages 

signals is for having the information structured, what will allow better handling. 
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each time a new message is read on the network the variables of the model are updated 

with the new values and sent through the buses in the model. 

Serial_input Block 

 
Figure 6.8: Serial input block content. 

The Serial_input block contains the configuration and data input from the GPS. The GPS 

data in the NMEA-0183 protocol is received in serial interface of the MicroAutoBox. This 

connection is configured using the Serial Setup block, where baud rate, data bits, Stop 

bits and parity must match that RS232 configuration of the GPS receiver.  

Serial Setup configuration properties 

Unit tab  

Unit Specification:  
Module number:  1 
Channel number:  1 

UART tab  

Channel  (1) 

General configuration:  
Transceiver:  RS232 
Baud rate:  9600 Baud 
Data bits:  8 Bit 
Stop bits: 1 Bit 
Parity: No 
Copy data to RX SW FIFO after reception of 8 bytes at 
least. 

FIFO tab 

Channel  (1) 

SW FIFO configuration (RX, TX):  
SW FIFO size:  64 bytes 

RW SW FIFO:   
Overwrite mode: Discard new data 
 

Advanced  tab 

Channel  (1) 

Termination mode:  
� (check) Disable UART on termination. 

Figure 6.9: Serial Setup configuration properties. 
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The figure 6.10 shows the content inside the RX_GPS_SIGNAL block. On the left side 

there is a CAN_TYPE_SER_Interrupt block that activates an interrupt driven subsystem.  

 

 
Figure 6.10: CAN TYPE 1 SER Interrupt block Interruption block and Interrupt-Driven reception 

block. 

The GPS sends sentences of characters through the serial input of the MicroAutoBox 

DS1. The data transfer uses a queue of 8 bytes, and an interrupt is raised every 8 bytes 

reception. With each interrupt the interrupt-Driven Reception block is executed. On Figure 

6.11 there are the configuration properties of the CAN TYPE 1 SER Interrupt block. 

Although in the name it says “CAN” it is not related with the CAN interfaces. 

Serial Interrupt configuration properties 

Unit tab  

Unit Specification:  
Module number:  1 
Channel number:  1 

Interrupt tab  

Channel:  (1) 

Interrupt Specification:  
Interrupt source:  RX SW FIFO interrupt 
Initial RX SW FIFO threshold  
(max. <SW FIFO size - 1>   8 Bytes 

Figure 6.11 Serial Interrupt block configuration properties. 

On the right side of Figure 6.10 a “rate transition” block should be placed. This block is 

necessary to connect the serial inputs to the model. The serial input is driven by 

interruptions with an asynchronous behavior, whereas the other parts of the model work in 

a synchronous way. The Rate transition block properties, see figure 6.12, are configured 

to use the same output port sample time than the other model parts.  
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Rate Transition block parameters 

 

Parameters: 

� (check) Enable data integrity during data 
transfer 

� (uncheck) Ensure deterministic data transfer 
[maximum delay] 

Initial condition:   
 0 

Output port sample time: 
 dspace.control_sampletime 

Figure 6.12: Rate transition block configuration 

Inside the “Interrupt-Driven Reception” block, see Figure 6.13, each time the block is 

executed, the Serial Reception block transfers a maximum of 8 bytes of the information 

received via serial input to the S-function block.  

 
 Figure 6.13: Interrupt-Driven Reception block.  

In this block, information is buffered and the S-function code, search for valid GPS data 

frames. The S-function GPS_buffer_decode_sfcn.c can decode the following NMEA-0183 

data sentences from the RS232 data stream: GPRMC, GPGGA, GPGSA and GPVTG.   

The S-function extract the information of each data field in the sentence and assigns 

these values to Simulink variables as it is shown in figure 6.13. After that they are grouped 

in bus signals and made available to the model. 
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6.1.2 scale_input block 

Scale input block has two main functions. On the one hand to scale variables that are 

read form the inputs with different units than expected in the control block. On the other 

hand to be able to easily calibrate some custom measuring equipment using ControlDesk 

software. 

Many sensor equipment use small embedded microcontrollers to digitalize and send 

measurements to logging equipment. For microcontroller limited processing capability 

reasons usually float point data is avoided as far as it is possible, therefore information is 

sent applying multipliers factors that allow the use of integer data formats. However, when 

the control model is designed in Simulink, it is preferable to work with international units, 

as makes the model design more understandable and minimizes the sources of errors.  

 
Figure 6.14: Scale_input block subsystem 

The ECU that will run this model, with a much powerful processor and higher memory 

space, can cope with float point variables without weakening performance. In the cases 
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were no changes are needed, a gain of 1 is used to be able to change the variable names 

to include the variable unit information. 

The scale block task is to adapt read variables from inputs to the proper format for the 

control blocks. To keep trace of changes variable units, variable names are modified 

including the units with which the variable is used as it is shown in the Figure 6.15.   

 
Figure 6.15: Scale_rx_dirve_CAN block contains the scaling of each message in this CAN. 

In some cases, like it is shown with the THROTTLE_PEDAL_POSTION and 

BRAKE_PEDAL_POSITION variables in CANSAS_1 message, see Figure 6.16, a 

calibration is necessary. In this case calibrating factors have been added to the model. 

This sensor measures brake and throttle pedals position and the information is obtained 

using the CANSAS box 1. With the scale input, values read by the sensor can be 

calibrated immediately with ControlDesk without the need of running CANSAS software.  

 
Figure 6.16: Calibration of THROTTLE_PEDAL_POSTION and BRAKE_PEDAL_POSITION 

signals.  
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Input parameters are Simulink source blocks that are set using an m-file script, figure 

6.17. These variables can be set also with ControlDesk experimenting software. 

 
Figure 6.17: Parameters initialization script: load_Control_param.m 

The following list, table 6.2, shows the calibrated signals in the model. After information is 

scaled it is sent to the control block in the proper units. 

Signals calibrated using the “scale_input“ block 

Analog inputs 

DS1_ANA_THROTTLE_SENS [V] 
Analog throttle pedal input from potentiometer (input 
signal in volts) 

DS1_ANA_BRAKE_SENS [V] 
Analog brake pedal input from potentiometer (input 
signal in volts) 

DS1_ANA_I_BAT_HV_SENS [V] Battery high voltage side current (input signal in volts) 

DS1_ANA_U_BAT_HV_SENS [V] Battery high voltage side voltage (input signal in volts) 
DS1_ANA_PROX_B_SENS [V] 
DS1_ANA_PROX_C_SENS [V] 

Internal resistor value (input signals in volts) 

Digital inputs 

DS1_CMT_PWM_CP_B_SENS [s] AC mennekes duty cycle 

DS1_CMT_PWM_CP_C_SENS [s] AC phoenix duty cycle 

CAN inputs 
BRAKE_COMMAND Inverter;  brake command signal  

THROTTLE_COMMAND Inverter;  throttle command signal 

CANSAS_THROTTLE_SENS CANSAS1; throttle pedal values  

CANSAS_BRAKE_SENS CANSAS1; brake pedal values 

DISTANCE_SF2 Correvit SF2 Sensor; Travelled distance 

LVL_SF2 Correvit SF2 Sensor; Speed module 
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TIMESTAMP_SF2 Correvit SF2 Sensor; Sensor timestamp 

ANGLE_SF2 Correvit SF2 Sensor; Slip angle 

LATERAL_SPEED_SF2 Correvit SF2 Sensor; Lateral speed 

LONGITUDINAL_SPEED_SF2 Correvit SF2 Sensor; Longitudinal speed 

LED_CURRENT_SF2 Correvit SF2 Sensor; LED current 

PSIP1 Accelerometer 

AY1 Accelerometer 

STEERING_ANGLE Smart CAN; SMART_STEERING_ANGLE message 

STEERING_ANGLE_RATE Smart CAN; SMART_STEERING_ANGLE message 

AY_mess Smart CAN; SMART_ESP_LATERAL_ACC message 

VELOCITY_2 Smart CAN; SMART_KI_SHIFTPADDLE message 

ABWF_VR Smart CAN; SMART_ESP_BRAKE message 

ABWF_HL Smart CAN; SMART_ESP_BRAKE message 

ABWF_HR Smart CAN; SMART_ESP_BRAKE message 

VELOCITY_1 Smart CAN; SMART_ESP_BRAKE message 
Table 6.2: List of signals that have been calibrated in the scale_input block. 

6.1.3 smart_DS1_control block 

The smart_control block is used for closed loop control of car devices. Although the scope 

of this block is off limits of this thesis a brief description is offered for better understanding 

of the model. As it is shown in Figure 6.18 Smart_DS1_control contains four blocks: 

“sicherheitlogik”, “smart_control”, “sicherheitsschaltung” and “control or manual”. 

 
Figure 6.18: Control block with the closed loop control and main subsystems (from the left to the 

right): “sicherheitlogik”, “smart_control”, “sicherheitsschaltung” and “control or manual”. 

Sicherheit logik (security logic) and sicherheitssc haltung (safetycircuit) blocks 

The sicherheitlogik block monitors the system values to detect errors and faults. When 

this happens, a signal is sent to the sicherheitschaltung block. This block takes control of 

the vehicle devices, superseding the control_block, and a procedure is followed to put the 

vehicle in a safe status.  
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Smart _control 

This block uses a closed loop control system to set output signals by using the inputs 

measured. Different working modes have been implemented to control the vehicle under 

different situations like the power up, driving, charging/discharging and power down.  

One of the goals of this project is improve driving performance to enhance vehicle range 

and implement energy recovery in the powertrain. For this purpose driving pedal positions, 

steering angle, dynamic sensor inputs and inverter torque efficiency are controlled to filter 

driver orders in a way that optimizes energy use. While driving an estimation of range is 

done through battery monitoring to calculate the state of charge (SOC). 

In charging/discharging operations the different charging strategies are applied depending 

on which charger is in use. An adapted control of current and diagnosis is performed, and 

even it is possible to choose the SOC level the user wants to charge. This is done by the 

DS1 by continuous monitoring of the battery status. 

Future development areas are the implementation of another closed loop control to 

optimize energy recuperation and the use of digital maps to obtain route information that 

improve driving control and allow a better estimation of vehicle range.  

The CAN blocks play an important role in this control as many of the necessary inputs are 

provided via CAN input blocks. In the same way many of the outputs of the Control 

system are sent to the proper devices via the CAN output blocks. 

Control_or_manual block 

This block allows the manually setting of output values in the MicroAutoBox DS1 board, 

substituting the smart_control block outputs. In this moment the manual mode is used to 

set outputs until the close loop control is done. Another purpose of this block is to run 

tests on the system. Signal values can be simulated and devices response can be 

monitored.  

6.1.4 Scale_output block 

This subsystem scales the model variables or signals from the control subsystem to a 

proper way to be sent using the digital and CAN outputs.  

In most of the CAN outputs no further changes are necessary, because the factor and 

offsets are defined in the .dbc file. The output message block will automatically apply 
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those modifications to the values supplied in international units from the control model, 

and attach them to the message so they can be represented in the bit length associated to 

the signal. When the message is read by the destination Unit .dbc should be used to 

convert the data in the message to the proper units.  

However in some cases model variables should be scaled in a way the dSPACE board 

can set the outputs to a range that is appropriate, in the case of digital and analog 

outputs, for the data conversion into physical output signals.  In the case of CAN 

messages some of those variables in the model use a different scale than the devices 

connected to the bus. Therefore, those variables must be scaled before use them in the 

messages. 

The following table 6.3, lists the messages and signals that have been scaled in this 

output_scale block. 

Signals calibrated using the “scale_output“ block 

Analog outputs 
SMART_THROTTLE_CONTROL [-] Analog throttle output to the inverter 

SMART_BRAKE_CONTROL [-] Analog brake output to the inverter 

DS1_ANA_I_BAT_HV_SENS [V] Battery high voltage side current (input signal in volts) 

DS1_ANA_U_BAT_HV_SENS [V] Battery high voltage side voltage (input signal in volts) 
DS1_ANA_PROX_B_SENS [V] 
DS1_ANA_PROX_C_SENS [V] 

Internal resistor value (input signals in volts) 

Digital outputs 
SIGNAL_INSIDE_PERIOD [s] DS1 CMT signal period 

SIGNAL_INSIDE [-] DS1 CMT signal duty cycle 

SIGNAL_OUTSIDE_PERIOD [s] DS1 CMT signal period 

SIGNAL_OUTSIDE [-] DS1 CMT signal duty cycle 

BALANCING_CONTROL_PERIOD [s] DS1 CMT balancing driver period 

LOCK_MENNEKES_PLUG [-] Mennekes plug lock 

UNLOCK_AC_ MENNEKES _PLUG [-] Mennekes plug lock 

LOCK_ AC_PHOENIX_PLUG [-] Phoenix plug lock 

UNLOCK_AC_PHOENIX_PLUG [-] Phoenix plug lock 

CAN outputs 
ACTUAL_TRANSFERED_ENERGY_EV [Ws] DS1_2_CS_ACTUAL_BROADCAST message 

ACTUAL_ENERGY_EV [Ws] DS1_2_CS_ACTUAL_BROADCAST message 

ACTUAL_SOC_EV [-] DS1_2_CS_ACTUAL_BROADCAST message 

ACTUAL_RANGE_EV [m] DS1_2_CS_ACTUAL_BROADCAST message 

TARGET_ENERGY_EV [Ws] DS1_2_CS_TARGET_BROADCAST message 

TARGET_SOC_EV [-] DS1_2_CS_TARGET_BROADCAST message 

TARGET_RANGE_EV [m] DS1_2_CS_TARGET_BROADCAST message 
Table 6.3: List of signals that have been calibrated in the scale_output block. 
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6.1.5 dSPACE_board_output block 

This subsystem prepares the data to be sent using the output features in the 

MicroAutoBox board using the output blocks for digital, analog and CAN transmission 

messages from the dSPACE Simulink library. 

The digital output block controls switches to contactors and relays for plugs, sensors, 

inverter, ONBC among other devices.  

The analog output block generates an analog voltage level that gives the inverter the 

signal of torque request. This positive or negative torque signal goes through an isolated 

circuit to the inverter. In normal mode input to inverter is done from gas pedal. But to 

improve drive performance and better energy use command signal can be processed and 

sent from the MicroAutoBox itself. 

CAN output messages 

The CAN TX message block from the dSPACE CAN library is used for outgoing 

messages. Message content can be configured editing the properties of this block in a 

similar way as it was done with message input blocks.  

A manual mode for device testing purpose has been designed in the Simulink model. This 

manual mode can be activated via ControlDesk. Among other options it can be used to 

test the CAN network generating CAN messages in both CAN network. Via the 

ControlDesk experiment software not only the message sending can be activated but also 

the message content edited. When this occurs the activated message is sent in a cyclic 

time way.  

  
Figure 6.19: Message block and ControlDesk manual message management.  
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To allow the activation of output messages the activation input option has been checked 

in the message configuration to be able to rule it with a Simulink variable. On the left side 

of Figure 6.19 it is shown the message block with its activation flag at the top, and on the 

right side there is a screen shot of the ControlDesk experiment with the message 

activation option highlighted. 

6.2 DS2 Simulink model 

The second DS2 is another dSPACE MicroAutoBox board. Models can be executed from 

the PC using the ControlDesk software, or compiled and loaded to the dSPACE board 

flash memory that can run the model autonomously. The model in this board is executed 

in this second way. This unit has different functionalities than the Main ECU, but the 

model has been designed following the same structure. Five subsystems have been 

created with the same goals as described in the DS1: dSPACE_board_input, Scale_input, 

Smart_DS2_control, Scale_output and dSPACE_Board_output. 

 
Figure 6.20: DS2 main subsystems 

This ECU has two main functions:  

• Monitor voltages of each pair of cells in the battery pack. 

• Use the can controllers to communicate the Energy CAN and ONBC_CAN 

networks like a gateway. 
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6.2.1 dSPACE_board_input block 

As described in the DS1, this block contains all the inputs in the dSPACE board. In this 

case only CAN and analog inputs are used. 

 
Figure 6.21: DS2 dSPACE_board_input block content. 

This board is connected to the Energy CAN and the ONBC CAN.  In this case both CAN 

controllers use different configuration options, with different bus speed, frame format and 

message ID’s. Using the block properties for configuring the network channels and the 

Simulink model, the information is transferred from one network to the other, doing a 

gateway function. However, this board also monitors values in the battery pack via analog 

inputs. Using the dSPACE Simulink blocks, CAN messages can be created and sent in 

the Energy CAN network as it is described in the section 5.2.3 y 5.2.4 of this chapter.  

CAN_input_block 

The two CAN controllers that are available in the board have been configured following 

the same steps described in the chapter 5.1.1. In this case the following table, table 6.4, 

contains the configuration data of each CAN controller. 

 CAN Controllers Settings  

E
ne

rg
y 

C
A

N
 Unit tab  

CAN Controller specification: 
Module Type:  CAN Type 1 
Module number:   1 
Controller number:   1  

� (select) Standard configuration 
Baud rate:  500 kbits/s 

Data file support tab  

Data file support group: 
� (check) Use data file(s)  
Add data file: energy_can.dbc 

Interface file: (default) rtican_dbc_file_parser 
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E
ne

rg
y 

C
A

N
 

Options tab  

CAN signal data typing: 
� (select) Data type is always ‘double’  

Extended model option group: 
� (check) use of multiple message access mode. 

Acceptance mask settings group: 
� (uncheck) Use acceptance mask for… 

RX service tab  (use defaults) 

STD Messages: 
� (uncheck) Enable RX Service for CAN STD 
Messages 

XTD Messages: 
� (uncheck) Enable RX Service for CAN XTD 
Messages 

O
N

B
C

 C
A

N
 Unit tab  

CAN Controller specification: 
Module Type:  CAN Type 1 
Module number:   1 
Controller number:   2 

� (select) Standard configuration 
Baud rate:  250 kbits/s 

Data file support tab  

Data file support group: 
� (check) Use data file(s)  
Add data file: onbc_can.dbc 

Interface file: (default) rtican_dbc_file_parser 

O
N

B
C

 C
A

N
 

Options tab  

CAN signal data typing: 
� (select) Data type is always ‘double’  

Extended model option group: 
� (check) use of multiple message access mode. 

Acceptance mask settings group: 
� (uncheck) Use acceptance mask for… 

RX service tab  (use defaults) 

STD Messages: 
� (uncheck) Enable RX Service for CAN STD 
Messages 

XTD Messages: 
� (uncheck) Enable RX Service for CAN XTD 
Messages 

Table 6.4: DS2 CAN input configuration data. 

6.2.2 scale_input_block 

The scale input block is used only to calibrate the analog voltage sensors that measure 

cell voltages in the battery pack, applying a scale factor and an offset to measured values. 

The reason to do it through the model instead of modify database factor or use the 

CANSAS software to calibrate the measures is that it is easier to do the calibration of all 

the systems through the Simulink model and ControlDesk than use each device specific 

software. A frequency factor is added to the sample time to reduce signals noise with a 

low pass filter. This calibration does not modify any CAN messages variables in this step. 

 
Figure 6.22: Scale factors applied to analog inputs. 
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6.2.3 smart_DS2_control block 

In the control block additional variables like maximum cell voltage, minimum cell voltage 

and delta voltage are calculated from the input data. Status flag and number of cells with 

max and minimum cell voltage values or board temperature is also calculated in this 

block.  

Moreover, some new variables for user control with ControlDesk have been added for 

testing purposes, like CAN messages transmissions from DS2 to DS1 that can be enabled 

or disabled. 

 
Figure 6.23: DS2 control block. 

6.2.4 scale_output_block 

In the DS2 no analog or digital outputs are used. The only outputs are the CAN messages 

that are transmitted to the Energy CAN or the ONBC CAN. No modification or scaling of 

any variable is applied in this block. 

6.2.5 dSPACE_board_output block 

The only outputs of the DS2 are the CAN messages that are sent using the two CAN 

controllers. There is also a block that enables the power down of the board when 

requested by the switch_off flag. 

One of the DS2 duties is to be a gateway between the Energy CAN and the ONBC CAN. 

For this purpose messages from Energy CAN to ONBC and vice versa are retransmitted.   

The other duty is to transmit via CAN messages on the Energy CAN the values measured 

on the cells via analog inputs or calculated. Five messages are sent for this purpose, 

DS2_1, DS2_2, DS2_3, DS2_4 and DS2_5. 
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Figure 6.24: dSPACE_board_output block (left) and a pair of output CAN messages (right)  
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7 SYSTEM TESTING 

Two software programs have been use to test the system. Vector Software has been used 

to analyze and test the different CAN networks whereas dSPACE ControlDesk has been 

used not only to test and analyze the MicroAutoBox control unit but also to check the 

overall system functionality. Additionally Matlab software has been used for logged data 

analysis. 

7.1 Network testing 

CANoe has various evaluation windows (trace, Data, Graphics, Statistics and Bus 

statistics windows) as well as a measurement setup window and a simulation setup 

window which shows the data flow and allows the configuration of the CANoe. The 

simulation setup window shows graphically a virtual system with its nodes and the CAN 

bus network.  

In this project the network was partially made, for example the Smart OEM or the BMS 

CAN network did not admit configuration changes. Due to estimated busload, the two 

main network lines were already set to 500 kbps and standard frame format, like it was in 

the Smart OEM network, with some subnetworks like the BMS and the onboard charger 

networks working in different configuration. This software allows the simulation of entire 

networks with their nodes, but as the devices (nodes) and network properties were 

already chosen, the simulation capabilities of this software were used only for small tests 

using message generators.  

Before connecting any of the CANcaseXL, one or both depending on the kind of test, 

these devices must be configured with the network properties, and message filters as is 

shown in figure 7.1.  

  

Figure 7.1: Network hardware configuration (left), and configuration of acceptance filter (right)  
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A configuration file was generated for each kind of test. This file contains number of 

Channels connected (1 or 2), CAN 

and databases used in each channel.

Testing the network wiring installation and device connections

For connecting all the devices to the C

built. These box connections

mislead connections.    

For testing the proper wiring installation a simulated node 

generator for the network. Both CANcaseXL were connected to 

connections box, one behaved as message generator using the simulated node, whereas 

the other listened to the real network. Figure 7.3 shows 

Figure 7.3: Sketch of the C
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A configuration file was generated for each kind of test. This file contains number of 

s connected (1 or 2), CAN baud rate setup, filters setup, virtual nodes connected 

and databases used in each channel. 

Testing the network wiring installation and device connections  

For connecting all the devices to the CAN network a connection box, figure 

These box connections were welded by hand, and CANoe was used to find faulty 

Figure 7.2: Car CAN connections box.  

For testing the proper wiring installation a simulated node was used as a message 

the network. Both CANcaseXL were connected to 

, one behaved as message generator using the simulated node, whereas 

the real network. Figure 7.3 shows a sketch of the connections.

tch of the Computer and CANcaseXL boxes connection to the network
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A configuration file was generated for each kind of test. This file contains number of 

setup, filters setup, virtual nodes connected 

, figure 7.2, has been 

were welded by hand, and CANoe was used to find faulty or 

 

was used as a message 

the network. Both CANcaseXL were connected to each side of the 

, one behaved as message generator using the simulated node, whereas 

sketch of the connections. 

 
omputer and CANcaseXL boxes connection to the network. 
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1. A generator block was placed in the virtual network. This generator block was set 

up to send messages using the Generator send list, and to send these messages 

cyclically or triggered by pressing certain key in the keyboard. 

  
Figure 7.4: CANoe generator block (right), message trigger configuration window (middle) and 

send list configuration window (right). 

2. The two CANcaseXL are connected to the PC via USB ports, and properly 

configured with the network and filters properties, see Figure 7.1. Configuration of 

each channel depends on the network that is being tested. 

3. Finally the two CANcaseXL CAN channel are connected to the connections box, 

using termination resistors (a 120 Ω resistor between the two CAN wires) if they 

are not implemented in the network. Then the measurement can be started 

pressing the (lightning symbol) on the toolbar.  

4. When the network was properly set, messages sent from the first CANcaseXL 

could be listened with the other CANcaseXL. Figure 7.5 shows the CANoe trace 

window with Reception messages. 

 
Figure 7.5: Trace window showing the outgoing transmissions from the first CANcaseXL (channel 1) 

and the reception via the second CANcaseXL (channel 2). 
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7.2 Gateways testing

Gateways have been tested using two CANCaseXL devices and CANoe software. Each 

of the CANcasesXL is configured to the network properties of the corresponding channel 

of the gateway including the signal database of that channel, using the .dbc fi

file has been previously created with Vector CANdb++ tool and contains the information of 

the signals and messages in the network. M

converted with proper units and values.

Figure 7.6: 

The first CANCaseXL is set to the configuration properties of the CANbus Channel 0 in 

the Gateway. With CANoe a message generator is included in this CANcaseXL. With this 

message generator all the messages that are suppose t

generated at desired frequency

The second CANcaseXL is set to the communication properties (

of the other channel f the Gateway, channel 1. Then it is set to listen 

When Gateways are properly set, allowed messages go through the two isolated CAN

networks, with the desired ID or

7.3 DBC files testing

This test was made to check if signals in databases are correctly formatted and 

conversion formulas are right. To do 

used. Values were given to the signals in ControlDesk and then listened in the network 

with CANoe. In CANoe Trace window the value of the signal is displayed with the signal 

value and units and they can be com

factor conversion mistakes were found. 
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ys testing  

ed using two CANCaseXL devices and CANoe software. Each 

of the CANcasesXL is configured to the network properties of the corresponding channel 

of the gateway including the signal database of that channel, using the .dbc fi

file has been previously created with Vector CANdb++ tool and contains the information of 

the signals and messages in the network. Message data can then 

with proper units and values. 

Gateway and testing devices connection schematic

XL is set to the configuration properties of the CANbus Channel 0 in 

the Gateway. With CANoe a message generator is included in this CANcaseXL. With this 

message generator all the messages that are suppose to travel in this CAN branch can be 

frequency.  

XL is set to the communication properties (baud rate

of the other channel f the Gateway, channel 1. Then it is set to listen to 

s are properly set, allowed messages go through the two isolated CAN

networks, with the desired ID or protocol changes.  

DBC files testing  

This test was made to check if signals in databases are correctly formatted and 

conversion formulas are right. To do this operation the ControlDesk manual mode was 

used. Values were given to the signals in ControlDesk and then listened in the network 

with CANoe. In CANoe Trace window the value of the signal is displayed with the signal 

value and units and they can be compared to the values in ControlDesk. With this test 

factor conversion mistakes were found.  
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of the CANcasesXL is configured to the network properties of the corresponding channel 

of the gateway including the signal database of that channel, using the .dbc file. This .dbc 
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s are properly set, allowed messages go through the two isolated CAN 

This test was made to check if signals in databases are correctly formatted and 

this operation the ControlDesk manual mode was 

used. Values were given to the signals in ControlDesk and then listened in the network 

with CANoe. In CANoe Trace window the value of the signal is displayed with the signal 

pared to the values in ControlDesk. With this test 
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The BMS and battery pack have 

case, the database files could be tested comparing the values in CANoe with the o

the onboard screen. 

 
Figure 7.7: BMS onboard screen

7.4 General s ystem 

Once the system connections have been verified

devices plugged can be done.

7.4.1 Analysis with CANcaseXL interface and CANoe softwar e

The connection box, see figure 7.2,

CANoe and CANcaseXL via DB9 plugs on the connection box.

Figure 7.8: Connection box D
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The BMS and battery pack have a small screen that shows data measurements. I

could be tested comparing the values in CANoe with the o

 

: BMS onboard screen (left) and two examples of information screens: SOC (top right) 
and Battery Manager (bottom right). 

ystem analysis 

connections have been verified, a test with part or the total real network 

devices plugged can be done.  

Analysis with CANcaseXL interface and CANoe softwar e

, see figure 7.2, allows the monitoring of every single subnetwork with 

CANoe and CANcaseXL via DB9 plugs on the connection box.  

onnection box D-Sub 9 Female plugs (right) and the corresponding necessary male 
plug right with the pins detail left. 
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or the total real network 

Analysis with CANcaseXL interface and CANoe softwar e 

of every single subnetwork with 
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The connection box has been designed in a way that there is a Female D-Sub port 

connection on each subnetwork for monitoring purposes. Using a CANcaseXL interface 

and CANoe software, network traffic can be watched using the trace window of CANoe 

while devices are running. 

7.4.2 Analysis with ControlDesk 

With ControlDesk software it is possible to access to the variables in the MicroAutoBox. 

They can be real time read and displayed, and even modified through ControlDesk 

experiments. Layouts can be created to display variable values using numerical display, 

lights, bar and needle displays or plots. But also variables values can also be set in real 

time, using input tools like sliders, chick boxes or buttons.  

In this project a manual mode has been designed to test the system. In this mode 

switches can be activated or deactivated and digital and analog outputs can be set it is 

also possible to test CAN messages transmission in the Energy CAN and Drive CAN 

networks. Messages not only can be enabled or disabled, but also data content edited. 

Figure 7.9    

 
Figure 7.9: ControlDesk manual output layout. Drive CAN and Energy CAN messages can be 

enabled and signal values set. 
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The messages and signals in the Energy CAN and the Drive CAN, which go through the 

DS1 control unit, and the serial input from the GPS can be monitored in real time with 

ControlDesk software, Figure 7.10.  

 
Figure 7.10: ControlDesk network monitoring window 

7.4.3 Logged data analysis with Matlab 

On the other hand, there is a special tool in Matlab to visualize and plot logged data for 

analysis and evaluation of different parameters. With this tool, called “signale_ploten.m”, 

log files recorded with ControlDesk can be open and logged signals plotted.  Figure 7.11 

shows an example of this tool. 
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Figure 7.11: Matlab “signale_plotten” tool with edition of “brake and throttle command” signals.  

7.5 RS232 Testing / GPS testing 

The GPS sensor uses a serial connection with RS232 protocol. The testing of this 

communication has been done in three steps:  

• In first place, the GPS sensor has been set and tested using a computer. 

• In second place, the RS232 communication controller of the MicroAutoBox has 

been set and tested.  

7.5.1 PC GPS testing 

The GPS sensor communication has been set and tested using a computer and the 

legacy software from Garmin, “SNSRXCFG_270.exe”.  
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Figure 7.12: SNSRXCFG_270 

With this program the GPS sensor sentences can be tested, and the GPS properties set. 

Some examples of properties are the NMEA protocol version, selection of NMEA GPS 

sentences to be transmitted, transceiver baud rate, among other features. Although baud 

rate can be increased this GPS sensor, Garmin 18 LVC, only updates data once per 

second. However, increasing baud rate more GPS sentences can be send, as more bit 

per second can be transmitted.     

7.5.2 PC RS232 Testing 

To test the RS232 communication controller of the Micr

the model using the Simulink

2006] software has been used. This program allows the test of serial

ASCII, hexadecimal, binary and decimal outputs and in

among other features.   

- 73 -

Institut für Verbrennungsmotoren

und Kraftfahrwesen 

: SNSRXCFG_270 GPS configuration program from Garmin.

ram the GPS sensor sentences can be tested, and the GPS properties set. 

Some examples of properties are the NMEA protocol version, selection of NMEA GPS 

sentences to be transmitted, transceiver baud rate, among other features. Although baud 

reased this GPS sensor, Garmin 18 LVC, only updates data once per 

second. However, increasing baud rate more GPS sentences can be send, as more bit 

per second can be transmitted.      

PC RS232 Testing  

To test the RS232 communication controller of the MicroAutoBox, which has been set in 

the model using the Simulink’s dSPACE library, the HTERM program from [Hammer, T., 

2006] software has been used. This program allows the test of serial

ASCII, hexadecimal, binary and decimal outputs and inputs, test different 
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Figure 7.13: HTERM program for RS232 

7.5.3 Control Desk GPS testing

Finally, once the GPS sensor is connected to the MicroAutoBox, sensor information and 

execution variables from the modeled decoding subsystem can be monitored with a 

ControlDesk experiment. Figure 7.14

layout. 

Figure 7.14: GPS values 
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: HTERM program for RS232 – serial communication testing.

Control Desk GPS testing  

Finally, once the GPS sensor is connected to the MicroAutoBox, sensor information and 

es from the modeled decoding subsystem can be monitored with a 

trolDesk experiment. Figure 7.14 shows the GPS monitored values in the ControlDesk 

: GPS values monitored with ControlDesk experiment.
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8 CONCLUSIONS  

The first goal of this project is the design of a network to communicate all the devices that 

have been installed in this car. This goal has been achieved creating a CAN network with 

two main lines, Drive CAN and Energy CAN, and four pending subnetworks to fulfill some 

special devices requirements. After studying the approximate bus load, only the Drive and 

Energy CAN have a high bandwidth use. However devices like the BMS and the onboard 

charger, which use different network configurations that cannot be modified, or the 

inverter, that must be isolated, need to communicate through gateways.  

A second goal is to integrate all measuring devices in a control system that allows real 

time data analysis and logging. This task has been achieved with the installation of the 

dSPACE MicroAutoBox II control unit and a Car PC on the Smart. This unit could be 

programmed with a Simulink model that has allowed not only the data analysis and 

logging through ControlDesk and but also the real time control of car devices like the 

electric power train, charging systems among others.  

The GPS is a standard version that updates satellite data only once per second. A fastest 

GPS receiver should be considered. The serial communication is very slow, 4800 bps, 

and limits the amount of information that can be processed. Moreover the S-function has 

caused compiling problems. A GPS with 5 Hz data update rate with CAN transceiver 

connected to the Energy CAN would reduce failure sources and improve data transfer.  

The smart_control Simulink model S-function has been programmed to decode only four 

NMEA 0183 GPS sentences. An extension of this program can be done to be able to use 

proprietary Garmin sentences or other NMEA 0183 protocol sentences. 

At the moment this Thesis has been written the E-Smart project was focused on the 

installation of the electric power train and the implementation of the hardware in the 

vehicle. These devices will provide the frame to develop the software that allows the 

achievement of the institute research goals.  

Further work can be done in the design of software for improving drive strategies, like 

integrate 3D maps that complement the inputs of the GPS. Also new charging techniques 

services can be implemented in the MicroAutoBox to control the charging instead of the 

BMS. Or even design a custom battery management system on the MicroAutoBox to 

substitute the original BMS and try new energy management strategies that improve 

vehicle range.   





Universität Stuttgart
   

 - 77 -

Institut für Verbrennungsmotoren 

und Kraftfahrwesen 

9 REFERENCES 

Bibliographic References 

Pfeiffer, O., Ayre, A., Keydel, C. Embedded Networking with CAN and CANopen 

Copperhill Technologies Corporation, 2008, p. 203 – 229 

Dressler C., Fischer, O., et al. CAN Dictionary CAN in Automation e. V., 2008 

Pachur, J. Constructive and technical preparation and execution of electrifying a smart by 

conversion kit. Stuttgart Universität, August 2011 

Hammer, T., HTERM Software http://www.der-hammer.info/terminal/, 21.10.2011 

Complementary Bibliography 

Trzesniowski, M. Rennwagentechnik vieweg+ Teubner 2010 

 

 


