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Abstract: The aim of the project is to develop a driver software for UJA1076A SBC in
embedded C using IAR Embedded Workbench and itegrate the driver software with
application software of Trailer module. Currently MC339083 system basis chip from Freescale 1s
used in Trailer Module. As an mitiative to reduce the material cost for the Traler module
product, a lower price SBC NXP UJA1076A has been used. Also due to the fact that the newly
proposed SBC has less number of operating modes and registers to configure, it helps in making
the driver software much more simpler, thus reducing the risk of hidden issues in the otherwise
complex design and code of the current SBC driver software.
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1. Introduction

In automotive electronics, ECU controls one or more of the electrical system or subsystems in
a vehicle. Currently, a commercial vehicle can have up to 40 ECUs, and a car up to 100.one of the ECU
is TRailer Module (TRM) that contains System Basis Chip (SBC) [1]. The trailer module controls and
monitors the current circuits of the trailer. It also separates the current circuits of the trailer from the
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vehicle network of the towing vehicle [2]. A SBC is an integrated circuit that includes various functions
of automotive ECU on a single die. SBCs integrate an energy management module to supply the system
Microcontroller [3]. Low-power modes for transceivers to link with in-vehicle networks and transceiver
interfaces for battery conservation.

2. Comparison Between MC33903 and UJA1076A

Currently MC33903 system basis chip from free scale 1s used in Trailer Module.
MC33903 has more number of operating modes and registers to configure [4]. Hence the driver
software design and code became complex and it lead to the increase of hidden design risk and
code 1ssues. The cost of the SBC 1s high. To overcome the above disadvantages, the SBC which
1s used 1n Traler module 1s changed from MC33903 to NXP UJA1076A but microcontroller
remains same. This new SBC’s cost 1s lesser than MC33903 which 1s also an added advantage.
Hence the software driver that handles MC33903 chip also has to be changed to a software driver
that can control the UJA1076A [5-7]. The difference between MC33903 and UJA1076A 1s
shown in TABLE 1

Table 1 Difference Between MC33903 and UJA1076A

Parameters MC33903 UJA1076A
Number of
Operating 9 4
modes
Number of
Registers 20 4
Hidden design High Low
1ssue
Code High Low
complexity
Cost High Low
Maximum baud 1.0MDb/s SMDb/s
rate for CAN
Sleep current 100 uA or few 87uA
consumption mA
Maximum DC 150mA 250mA
capability
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3. Hardware Architecture of UJA1076A

The UJA1076A SBC enables the use of a high-speed CAN as the primary network
mterface to support the networking applications used to regulate power and sensor peripherals
[8]. In a single, specialised chip, it combines the capabilities of a high-speed CAN transceiver,
two voltage regulators, and a watchdog. It manages the ECU's power-up and power-down
capabilities and makes sure the system is highly reliable. The following integrated devices are
found in the core SBC: a high-speed CAN transceiver, a 250 mA voltage regulator for powering
a microcontroller, Serial Peripheral Interface (SPI) full duplex, 2 local wake-up input ports,
another voltage regulator for powering the on-board CAN transceiver, and a imp-home output
connection are all included. The core SBC offers an intelligent combination of system-specific
functions, such as advanced low-power concept, Safe and controlled system start-up behavior,
and detailed status reporting on system and sub-system levels, in addition to the benefits of

combining these common ECU functions in a single package [9-11]. Fig.1. shows the block
diagram of UJA1076A

4. Modules In UJA1076A
A System Controller

The system controller oversees SBC internal operations and register configuration. The
microcontroller is given comprehensive device status information [12]. A state machine serves
as the system controller. The SBC operational modes and how mode changes are mitiated are
llustrated in Fig.2.

B. Operating Modes
. Oft Mode

Voltage regulators are disabled and the bus systems are in a high-resistance state while the system
1s in Off mode..

. Standby Mode

V1 is turned on and the CAN transceiver will be in low-power mode. The watchdog may be
operating in Off mode or Timeout mode.

. Normal Mode

V1 is operated and the CAN physical layer will be enabled or in a low-power state with bus wake-
up detection active.

. Sleep Mode

V1 and V2 are off in sleep mode, and the CAN transceiver will be turned off with bus wake-up
detection turned on. The reset pin is LOW and the watchdog 1s not running,.
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Figure.l Block Diagram of UJA1076A

. Overtemp Mode

When the chip temperature reaches the over-temperature protection ativation threshold,
Tth(act)otp, the SBC will enter this mode.

C. Serial Peripheral Interface

The communication channel with the microcontroller is provided wvia the Serial
Peripheral Interface which enables multi-slave operations. Since the SPI is set up for full duplex
data transfer, when fresh control data 1s shifted 1n, status information 1s returned [13]. On the
falling clock edge, bit sampling is carried out, and on the rising clock edge, data shifts. Four
mterface signals are utilised by the SPI for synchronisation and data transfer:

D. Watchdog Timer
The watch dog modes has operated in three modes: Window, Timeout and Off.
Window Mode

In Window mode, the watchdog keeps running continually. In watchdog Window
mode, an SBC reset 1s produced by a watchdog trigger event inside a closed watchdog window
[3]. The timer resets right away if the watchdog 1s triggered while the watchdog window 1s stll
open.
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Timeout Mode
In Timeout mode, the watchdog keeps running continually. A watchdog trigger allows it

to be reset at any time.
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Figure. 2 State diagram of Operating Modes

Oftf Mode
In this mode, watchdog is disabled. When the SBC is in Off, Over temp, or Sleep

modes, the watchdog is in Off mode.

E. Voltage Regulator VI
The voltage regulator V1 i1s used to power the microcontroller, as well as extra

transceivers and its peripherals. Up to 250 mA at 3.3 V or 5 V can be delivered by V1, which 1s

powered by pin BAT.
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F. Voltage Regulator V2

Voltage regulator V2, which supplies a 5 V supply, is set aside for the high-speed CAN
transceiver [14]. The MC bits in the Mode Control register allow for the activation and
deactivation of V2.

G. CAN transcerver

An interface between a Controller Area Network (CAN) protocol controller and the
actual two-wire CAN bus is provided by the TJA1042 high-speed CAN transceiver [4]. It operates
in two different ways: Active mode and Low power/off mode. The transceiver send and receive
data using the CANH and CANL pins during CAN Active mode. Digital data 1s output on pin
RXDC by the differential receiver, which transforms the analog data on the bus lines. The
transmitter transforms digital data input on pin TXDC from a CAN controller mto signals
appropriate for transmission over bus lines. In Off mode, the CAN transceiver 1s totally turned
off to reduce current consumption [12, 15].

H. Limp Output

In the case of an ECU failure, the LIMP pin can be utilized to activate the so-called "lmp
home" hardware.

The limp home warning control bit (LHWC) will be set after a reset. After each reset event, the
programme needs to delete LHWC to make sure the LIMP output 1sn't active during regular
operation.

I Registers for configuration

UJA1076A has four registers to configure the components with various modes [14]
Watchdog and status register
Mode control register
Interrupt control register

Interrupt status register

5. Proposed Algorithm for Driver Software Implementation

The algorithm and flowchart of driver software has been explained for different operating
modes of SBC. Figures 3, 4,5 and 6 shows for the flowchart for different modes.

A. Init_On_ Reset Algorithm

Step 1: Clear TX and RX Buffer
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Step 2: Set SBC_state=SBC_init
Step 3: Jump to Init_Config

Iit_Config (Register Settings for Normal Mode)

Step 1: Set Watch Dog Period and Mode in Wd_And_Status Register
Step 2: Set Normal Mode in Mode_Control Register

Step 3: Enable Can and Under_Vltg Warnings in Int_Control Register
Step 4: Set Required Interrupt Warnings in Int_Status Register

B. Power Down Algorithm

Step 1: Set SBC_state=SBC_standby
Step 2: if Supply Voltage 1s under voltage then
/*Disable the CAN and Wake up detection
Enable Standby Mode™/
else

/* Enable CAN Wake Up Detection and Standby Mode */
The flow of power down mode 1s shown 1n Fig.3
C. Wakeup Algorithm

Step 1: Clear TX and RX Buffer

Step 2: Set SBC_state=SBC_init

Step 3: Jump to Wakeup_Config

Wakeup_Conlig (Register Settings for Normal Mode)

Step 1: Set Watch Dog Period and Mode in

Wd_And_Status Register

Step 2: Set Normal Mode in Mode_Control Register

Step 3: Enable Can and Under_Vltg Warnings in Int_Control Register
Step 4: Set Required Interrupt Warnings in Int_Status Register

The flow of Wake up mode 1s shown in Fig.4
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Figure. 4 Flow chart for Wakeup Mode.

D.SBC_Run Algorithm
STEP 1: Check for SBC_State
STEP 2: if SBC_state==SBC_Normal then
STEP 3: Refresh the Watchdog status
STEP 4: if CAN_Disable && Standby == False then /* Enable CAN RX TX */
else
/* Read CAN RX_TX Reg */
STEP 5: if SBC not in Normal && Standby == False then /*Enable Normal Mode™/
else
/* Read MCR Register */
STEP 6: Check for LimpHomeMode
E. SBC Call_Back Algorithm

STEP 1: Check TX_bull if any more data stll to be transferred
STEP 2: Check if SBC_state==SBC_init then /* Move the SBC state to normal */
STEP 8: Check if SBC_state ==SBC_standby then /* SBC _standby_done=true */
STEP 4: Check if SBC_state=SBC_wakeup /*move SBC to normal mode*/
STEP 5: Check if SBC_state=SBC_normal if CAN_RX_TX _read then
check STBCC mask==CAN _disable if MCR_read then
check normal_mode_mask! =normal mode

STEP 6: Check for Limp Home mode
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Figure. 5 Flow chart for SBC_Run mode.

The flow of SBC_run mode is shown in Fig.6
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Figure .6. Flow chart for SBC_call back Mode.
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6. IAR Embedded Workbench Tool

Using assembly, C, and C++, the IAR Embedded Workbench is a set of development
tools for creating and debugging embedded applications [12]. A project manager, editor, build
tools, and debugger are all included in the fully integrated development environment offered by
IAR Embedded Workbench. One may create source files and projects, develop programmes,

and debug them in a simulator or on hardware all in one continuous workflow.
7. Result Analysis and Simulation

After developing driver software for new SBC, each of the SBC pins have to be tapped
and monitored using oscilloscope when the Trailer module i1s awake and asleep to verify the
correct working of the SBC. The pins to be monitored are V1, V2, TXDC, RXDC, INTN,
CANL, CANH and RSTN. Since Microcontroller communicates through Serial Peripheral
Interface(SPI),the MOSI,MISO,SCK and CS pins also needs to be monitored in order to check
whether proper communication has been established. SBC communicates with other ECUs in
the network through CAN. Hence to verify the correct working of the CAN transceiver in the
SBC, this communication channel needs to be verified using Canoe software. In normal mode,
TRM management signal value 1s 4 as shown in Fig.7 which depicts the CANoe CAN trace VDD
and CAN Transceiver’s supply should be 5v in normal mode. Fig 8 shows the value of VDD
and CAN Transceiver as viewed in the oscilloscope. In normal mode,if the communication
between SBC and micrcontroller 1s proper then MOSI,MISO and SCLK pins will have a valid
signals . Iig.9 shows the MOSI and MISO signal as viewed 1n the osilloscope. Fig.10 shows the
SCLK signal as viewed in the osilloscope. Fig.11 shows the TXD and RXD signal as viewed 1n
the osilloscope. CAN transceiver 1s active in normal mode hence CAN H and CAN L pins will
have the correct output voltage. Fig.12 shows the CAN H and CAN L signal as viewed in the
osilloscope. In sleep mode, TRM management signal value is 32 as shown in Fig.13 which depicts
the CANoe CAN trace. In sleep mode, V1=5V and V2 =0V as shown in Fig.14.

5
Bl e Yen St Cofiguation Took Window Hep
186 0 000 g B0, %343,
PALRBA XRILEF "84 05 BE Ao o
5
% TR Nebwork Mgat
TRM Network Moat 5630092769248 untess 5440000000000

Figure.7 CANoe Trace Window in Normal Mode.
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Figure 18 CANoe Trace Window in Figure 14 VDD and CAN Transceiver’

Sleep Mode Supply Voltage

Int. J. Comput. Commun. Inf., 12-25 / 23



Vol 4 Iss. 2 Year 2022 C. Sundar Ganesh et al.,/2022

5. Conclusion

Thus the driver software of SBC for trailer module has been implemented and each pins

have been tapped and monitored using oscilloscope for proper output voltage at different modes.

Before using the SBC in Trailer Module, all the above pins are checked to ensure that the SBC

1s working properly and the communication between SBC and Microcontroller 1s proper. After

ensuring the proper functioning of SBC, driver software will be integrated to the Application

software which controls the loads such as rear fog light, right turn lamp, left turn lamp, battery

charge, trailer connected, battery charge, reverse lamp and park position lamp of TRM.
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