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Abstract. In order to improve the performance of vehicle communication system and reduce the cost
of testing, a LIN bus converter has been designed. This paper discusses the basic structure of LIN bus
converter and the realization method of hardware and software. The design has been applied in
testing of BCM. The test shows that the LIN bus converter not only provides a rich human-machine
interface and intelligent testing management means, but also it can greatly reduce the cost of testing.

1. Introduction

The LIN bus is widely used in the control of car door, steering wheel, seat, temperature control and
engine cooling fan [1]. At present, the engineer mostly use special testing equipment to test the BCM
(body control module) with LIN bus. But this kind of equipment have simple function, low efficiency
and high cost. The USB interface has been used in most of computers. If the LIN bus and USB bus
interconnection interface are designed, and the information in the BCM module is directly sent to the
computer through the USB interface, then BCM can be tested with the help of computer’s resources.

The LIN bus is based on a general UART/SCI interface which is easy to implement on both
hardware and software [2]. Its low cost advantage makes some advanced mechanical electronic
devices can be applied to the vehicle system. PIC18F2550 MCU is embedded with USB interface and
the USART interface with LIN protocol. In this paper, a LIN and USB interface converter is designed
with the MCU.

2. Overall Design of the USB-LIN Converter

The USB-LIN converter is consists of three major parts: the USB interface part of the
microcontroller, the interface part of the LIN bus and the power isolation, as shown in Figure 1. The
5V power supply of the MCU comes from the computer’s USB interface, and the power of the LIN
transceiver comes from the 12V battery of the car. The optocoupler PS9701 can realize the isolation
of two power systems. It effectively protects the USB interface and BCM module of the computer.
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Fig.1 Overall design of USB-LIN conversion interface

3. Hardware Design of USB-LIN Conversion Interface

3.1 Hardware Design of USB Interface
PIC18F2550 is an USB Microcontroller with 24k bytes enhanced flash memory. The MCU is
embedded with the enhanced USART module to support the LIN bus protocol.
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Fig.2 Circuit of the USB interface with computer

In Figure 2, USBH is a USB interface, and the voltage of the USB port of the computer is 5V + 5%.
In actual testing, the current consumed by this circuit is only 50mA. Therefore, the power supply
provided by the USB port can guarantee the normal operation of the circuit.

In this figure, these signals are connected to optical isolation circuit, such as RC1/FT, RCO/CS,
RC6/TX and RC7/RX. The power supply is isolated from the USB port of computer and the LIN bus.
RC1/FT is the LIN bus fault detection port, through which the ATA6625 (LIN interface chip)
transfers the state of the LIN bus to PIC18F2550. RCO/CS is the chip selection signal of the LIN bus
transceiver. RC6/TX is the sending signal of the LIN bus transceiver. RC7/RX is the receiving signal
of the LIN bus transceiver. To improve the coupling waveform of the optical septum, the pull up
resistance of 1K is added to both the RC1/FT signal and the RC7/RX signal.

3.2 Hardware Design of LIN Bus Interface
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Fig.3 Circuit of LIN bus interface

In figure 3, ATA6625 is a LIN transceiver[3], and this chip is designed in accordance with the LIN
specification and the SAEJ2602 standard. The ESD stability of the chip is higher than 6Kv. ATA6625
includes a step-down regulator which can provide power for the MCU and other chips in the
application.

The LINH is the LIN bus interface in the figure, and Vbat is powered by 12V battery. D3 and D4
prevent battery overload. The power of the LIN bus terminal is isolated from the USB port of
computer. Data is exchanged between LIN bus transceiver and MCU through a photoelectric
isolation chip of PS9701.

3.3 Hardware Design of Power System Isolation

In order to prevent the damage of the USB interface of computer, the photoelectric isolation is
added between the 5V power supply of the PC machine and the battery of the car. Considering that
the baud rate upper limit of the LIN bus is 20Kbps[4], ps9701 with higher speed optical isolation is
used in the circuit. This photoelectric isolation rising delay is only 50ns.
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Fig.4 Isolation circuit of power supply

4. Software Design of LIN Bus and USB Bus Communication Conversion.

The overall program block diagram of USB-LIN interface is shown in Figure 5. The whole
program is divided into two parts, one is main program and the other is interrupt service program. The
main task state machine of LIN bus is implemented in the timer interrupt service program, and is
implemented from the task state machine on the LIN bus's rising edge interrupt service program. The
slave state machine is implemented on the LIN bus in the rising edge interrupt service program.
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Fig.5 Overall program flow chart of USB-LIN interface
The design of data buffer for USB-LIN interface is illustrated in Figure 6. It includes data exchange
on LIN node, data exchange on USB side, and data parsing and exchanging between LIN bus buffer

and USB end bhuffer.
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Fig.6 Data exchange schematic of USB-LIN interface

4.1 Software Implementation of LIN Bus

The software part of the LIN bus includes the implementation of network management, realization
of master and slave state machine, and the update of scheduling table and information binding table.
The LIN protocol specifies the state transfer diagram of the master and slave task[5]. The core task of
the main task is to produce the right message head. The mechanism of message header transmission is
based on the time scheduling table. The scheduling principle of the LIN bus task is shown in Figure 7.
In this figure, Timer 1 is the slice timer setting as 1ms for scheduling, timer 0 is timer for frame
timeout, and its setting depends on the clock frequency of the node and the baud rate of the
communication.
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Fig.7 Scheduling schematic diagram of LIN bus

A scheduler table gives the time slice for each frame, and the main task starts the transmission of
the frame based on this table. The scheduling table consists of three items: the processing handle of
the frame, the frame’s protected identifier (PID) and the time slice for the frame.

A information binding table defines a node's response to a received frame with a particular
protected identifier (PID). The master node can operate the data buffer of slave node, this means that
the physics parameter from the node can be operated directly by master node.

The scheduler table and the information binding table are stored in the EEPROM of the
PIC18F2550, and this two tables can be updated through USB of computer.

4.2 Software Implementation of USB Bus

The USB interface of PIC18F2550 can be used in general mode or CDC [6] mode to exchange data
with computer. Because the USB-LIN interface just handles low-speed LIN communication, the
CDC mode is used in the USB interface of PIC18F2550.

In the CDC mode [7], the CDC subclass implements the protocol for virtual serial communication.
Most operating systems have device drivers that support the CDC class, and can identify the CDC
class devices, therefore it is only necessary to view the interface as a virtual serial port in computer.
When the USB port of the PIC18F2550 works in the CDC mode, the highest communication rate is
1Mbps. This MCU fully meets the requirements of LIN bus data exchange.

5. Conclusion

In this paper, the design methods of LIN bus and USB bus interface are discussed from the aspects
of the overall system structure, hardware, and software design. The interface is used to connect the
LIN bus interface with the auto body control module and the USB of computer. This design has been
used in the testing of the BCM module and in the teaching and training of the LIN network protocol.
Practice has proved that it is valuable.
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