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Executive Summary

General Motors is in need of Rapid Control Prototyping (RCP) Local Interconnect
Network (LIN) Driver libraries that are capable of measuring the vehicles environmental
characteristics from sensors and operating several actuators used to modulate the climate of the
vehicle interior compartment. These LIN drivers are to utilize the dSPACE RCP system which
can be used to conduct strain tests and simulations on the LIN based sensors and actuators. The
dSPACE system makes it possible to develop a reusable driver library that GM requires.

This design team has taken on the task of developing dSPACE libraries that are capable
of reading the temperature, ambient light, solar intensity, solar angles, and the humidity level of
the sensors surrounding environment. Also, a driver library was designed to control actuators
that are used to open and close vents in the climate control system. dSPACE provides
MATLAB/Simulink LIN block sets that were used to setup communication between the vehicles
Electrical Control Unit (ECU) and the sensors and actuators.

The impact of the Simulink and dSPACE driver libraries developed will set the
foundation for rapid control prototyping using LIN based sensors and actuators.
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Chapter 1: Introduction and Background

1.1: Introduction

With a constant need for new sophisticated technology to meet the consumer’s needs,
General Motors (GM) climate control systems must be modified in order to stay competitive.
GM’s climate control system is moving from analog interface actuators and sensors to devices
that use a Local Interconnect Network (LIN) serial protocol communication to communicate
between the Electrical Control Unit (ECU) and the sensors and actuators. The analog devices
used currently send signals through multiple wires, depending on the number of components, and
are processed by the ECU. The extra wires add additional cost, weight, and less precision for the
overall system due to the delay of ECU processing. With the use of LIN, single wire
communication to and from the actuators and sensors provide less cost, weight, and greater
accuracy due to intelligent schedules that are predefined in the LIN protocol. Due to these
qualities, LIN is being researched and introduced into RCP environments.

Designing and building an ECU is not a simple task. In control algorithm
implementation, register level programming for the ECU is required. This makes designing and
testing of control algorithm implementation extremely difficult and costly because of its
complexity. In order to reduce the level of difficulty and cost, GM is looking into Rapid Control
Prototyping (RCP) systems that have been developed over time which remove the need for
register level programming in the prototyping phase of an ECU [10]. The front-runner in RCP
development is dSPACE, and GM is working with them to use their latest control systems testing
hardware and software packages. dSPACE’s systems allow for MATLAB/Simulink controllers
to be created and downloaded into an ECU. dSPACE’s Control Desk software can then be used
to manually change parameters, such as temperature, solar intensity, or humidity to fully
simulate a climate control environment for a vehicle.

The design task for this team was to setup the foundation for a fully functional climate
control system in a vehicle. The foundation includes designing and developing multiple LIN
drivers to be able to transmit and receive signals, via a LIN bus, from the ECU to the actuators
and sensors. The team expected the cost of the project upon initial interpretation to be around
approximately $1000 which was $500 above the allotted budget. This was later determined
inaccurate when thoroughly researching and fully understanding each aspect of the team’s
project. The team must build the final design in such a way that allows for GM to modify the
driver design for reusability. A technical document must also be constructed for each driver to
fully detail the steps taken to create the driver. Two drivers will be designed for two LIN based
sensors including an Indicator Light and Solar Sensor (ILSS) and a Rain Light and Humidity
Sensor (RLHS). The LIN drivers are to be designed in Simulink and downloaded to Control
Desk to properly read environmental conditions such as ambient light, sensor cover temperature,
solar intensity, solar azimuth angle, solar elevation angle, and humidity. Also, a driver for LIN
based actuators must be designed to control the basic actuator functions such as speed and end-
stop learning functions. The RCP Control Desk software will then be used to conduct testing on
the devices to ensure proper communication and functionality. With this foundation set, in
perspective, the teams LIN drivers provides the creativity GM needs to utilize and design a fully
functional climate control system in a vehicle.



1.2: Background
1.2.1: Local Interconnect Network (LIN)

LIN is a serial network protocol that is used for communication between components in
vehicles. As the technology in the automotive industry grows, the necessity for a cheap serial
communication network is essential. To illustrate, the Controller Area Network (CAN) bus,
which was already in use by the automotive industry, became far too expensive to implement for
each component in the vehicle. In the late 1990s, the LIN developers, founded by five
automakers (BMW, Volkswagen Audi Group, Volvo Cars, Mercedes-Benz) [6], developed the
first fully implemented version of the new LIN 1.3 specification during November of 2002 [9]. A
full year later, the latest specification, LIN 2.0, was introduced to expand on LIN 1.3’s
capabilities and provisions. This was used for additional diagnostics features, such as the ability
to be used with the vehicle's battery by use of a Direct Current (DC) LIN transceiver. The
reasoning for GM’s effort to incorporate LIN 2.0 is caused by a conjunction of wires that is used
to connect their current vehicle’s analog components. GM’s intention is to use this intelligent
bus protocol system to create small networks which can all be integrated through the CAN
network in their vehicles.

The LIN hardware is a low-cost, single-wire bus network based on an ISO 9141 LIN
transceiver, which is an asynchronous serial data clock with a rate of 10.4kBaud. This provides
the system with a signal proposition speed and acts as a node in the LIN protocol. This
transceiver is based on a UART/SCI hardware interface that is common to most microcontrollers
[9]. The LIN hardware also acts as a single master/multiple slave (up to 16) bus network that
transmits and receives data in both directions, which can be seen in Figure 1 below. LIN
Application Programming Interface (API) provides a given set of C programming functional
calls that use a pre-defined set of driver routines which needs to be implemented with each LIN
software driver. The LIN software protocol, or API, specifies the nodes in the network, the
frames, signals, and schedule table which are all predefined in a LIN Description File (LDF).
Time synchronization, via the schedule table, permits the correct transmission and reception of
frames and data responses which is initially specified in the LDF. A LIN frame consists of a
header and a response segment. To initiate communication with a slave, the master sends the
header frame, which consists of a header signal (consisting of a wakeup signal and a node
identifier) and response from the LIN slave. If the master wants to send data to the slave, it goes
on the header as a Transmit Signal (or Tx Signal). If the master requires data from the slave, the
slave sends the response signal (or Rx Signal) [11]. This information is also predetermined in the
LDF, which were provided by GM.
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Figure I - Lin Network Overview

The LDF can be broken down into 5 different key parts that allow for proper signal
propagation to the desired component based on the LIN 2.0 specification [12].

* Master Node and Task - the LDF must specify the master node (e.g. ECU) which is
responsible for sending all the frame headers on the bus. This node also controls the
timing and schedule table for the bus.

* Slave Node and Task - the LDF must specify the slave node (e.g. actuators and sensors)
which are responsible for listening to all the frame headers on the bus and reacting
accordingly either by publishing a frame response or subscribing to it.

* Frames - frames are the entities that are transferred on the LIN bus from the master to the
slave and vice versa. The frame is constructed with a header, which is sent by the master
at the beginning of each new sequence. The frame has a header that carries between one
to eight bits of data that contains information such as a break, slave node identifier, sync

byte, and slave response delay.

* Signals - a signal is a value transported on the LIN cluster, or LIN bus wire plus all
nodes, within the data field of a signal-carrying frame. Several signals can be packaged
into one frame as long as they do not overlap in time. The signal response time is

arranged in the schedule table.

* Schedule Table - schedule tables are a key component in LIN protocol. A schedule table
makes it possible to assure that the bus will never be overloaded by assigning specific
and scheduled time delays thus guaranteeing the periodicity of Tx and Rx signals.

The LIN implementation hierarchy can be seen in Figure 2 below, which shows the
hardware and software integration in a LIN bus system.
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Figure 2 - LIN Implementation Hierarchy



1.2.2: dSPACE

Technology is growing and RCP solutions in all industries are determined to develop new
and innovative control systems. dSPACE solutions span into various fields such as automotive,
medical engineering industries, and aerospace. As an independent system partner, dSSPACE has
done pioneering work on tools such as ECU development in the automotive industry to medical
device design and testing. dSPACE applications support the complete development phase of
their customers, from architecture-based system design and block-diagram-based function
prototyping to ECU auto-coding and Hardware-in-the-Loop (HIL) testing. The advantages for
automotive customers are considerable savings in cost and time, greatly enhanced software
quality, and more efficient cooperation between manufacturers and suppliers.

1.2.3: HIL Simulation

As the number of mechatronic components increases, the complexity of electronic
vehicle systems, tools and technologies for developing and testing ECUs are needed for
optimizing RCP systems. For this reason an increasing number of HIL systems are being used in
the development process, by suppliers as well as automotive manufacturers. HIL involves
connecting the actual control inputs to the real-time simulation application, dSPACE Control
Desk software, for testing in a vehicle [10]. This makes it possible to perform organized,
automated testing of the ECU, sensors, and actuators that are integrated into a vehicle. The
advantage of HIL simulation in comparison with iterative ECU tests in prototype vehicles is that
the HIL simulation can be performed very early during the development process by use of
dSPACE testing software. This allows for errors to be detected and eliminated during the design
process, which reduces cost in the overall production of the system.

GM’s advancement in the spatial and functional integration of intelligent LIN based
sensors and actuators bring a particular challenge to HIL Simulation. With Intelligent sensors
and actuators, ECUs no longer have simple analog or digital interfaces, but communicate with
sensors and actuators through a standard bus protocol (e.g. LIN) [10]. This is the challenge that
this design team has been presented with and the solution will be exposed in the following
chapters.

dSPACE provides support of their basic tools, such as a MicroAutoBox and Control Desk
software, for developing, testing and calibrating the ECU. The MicroAutoBox used in this
project, shown in Figure 3, is the ECU hardware component that is installed in the vehicle. The
Control Desk software is the HIL simulation application that allows for the manipulation of
variables, such as the saturation limits of an actuator and testing boundary cases on vehicle
components. For this project, a LIN driver is to be constructed in Simulink and downloaded in
Control Desk through Real Time Workshop (RTW) and ran on the MicroAutoBox for testing of
vehicle components. This procedure is the definition of a HIL system. The Control Desk
application also supports full installation of a LIN driver in the MicroAutoBox. This provides
autonomous use in a vehicle without being tethered to a computer.

1.2.4: MicroAutoBox 1401/1501

The MicroAutoBox 1401/1501 used in this project, shown in Figure 3, has the ability to
handle one LIN channel that corresponds to the functionality of one sensor or actuator based on
the construction of the LDF. If the LDF is written only for a particular sensor or actuator, only
one component can be run on the MicroAutoBox. This constraint will limit the design of the



team’s product by not being able to produce a fully functional climate control system that can be
installed into a vehicle. This MicroAutoBox was used by GM because of its ability to handle
multiple analog input/output channels used in their current climate control systems. This
MicroAutoBox will be used as the ECU in this design and will be assigned as the master node in
the LDF. It will be connected to the team’s computer port via cable and a 34 mm Express Card
shown in Figure 4. The Express Card allows for the computer to send and receive the
information built in Control Desk and Simulink to the MicroAutoBox for the real-time
simulation of the sensors and actuators.

DS821-34mm Link Board

Figure 3 - MicroAutoBox 1401/1501 Figure 4 - DS821 34 mm Express Card

1.2.5: Sensors

Sensors are used in various control systems to gather real-time data for feedback to a
controller. An intelligent sensor processes the electrical values provided by the measuring device
and makes the technical information available to the control unit via the LIN bus [13]. In a
climate control system, it is necessary to have an ILSS and an RLHS sensor in order to provide
the control system with the numeric values of the environment inside and outside an automobile.
These real-time values can then be used to modulate the temperature output based on the user
input. The ILSS is a control unit that is located in the middle of a vehicle close to the windshield.
The ILSS, shown in Figure 5 below, has the ability to read the vehicle interior sensor
temperature, ambient light, solar intensity, and solar angles such as azimuth and elevation. The
ILSS also has two LEDs located just below the top cover which are used to show the charge
status and theft deterrent. This sensor uses the solar intensity and solar angles to monitor heat
from the sun on the vehicle exterior. The ILSS also monitors the temperature of a vehicle. These
two inputs are used as control inputs for climate control modulation given a specific user input. It
also reads the ambient light just above the top cover that is used to automatically turn on the
vehicle headlights when below a certain value. The ILSS was manufactured to have LIN

capability which means that it is able to send and receive signals from the master via a single
wire bus.



Figure 5 - ILSS Sensor

The RLHS, shown in Figure 6 below, has the ability to read relative humidity, vehicle
interior temperatures, and glass temperature. The RLHS shall be mechanically attached to the
front windshield through a windshield mounted attachment device, which is adhered to the glass
windshield with an adhesive film. The RLHS is able to recognize the humidity level on both the
windshield and inside the vehicle compartment, and be able to monitor the ambient lighting
conditions. These two conditions are to be used as the control inputs for climate modulation
within the vehicle interior compartment and for light on/off information. They are also used to
calculate the fog risk on the windshield as well as providing the ability to reduce fuel
consumption by decreasing the air conditioning output to its minimum without causing moisture
build upon the windshield. Like the ILSS, the RLHS was manufactured with LIN capability.

Figure 6 - RLHS Sensor

1.2.6: Actuators

Actuators are used in a climate control system in order to control the interior climate of
the vehicle. Intelligent actuators work contrary to sensors, in that they receive information from
the ECU and turn it into electrical values to control mechanical, hydraulic or electrical actuating
elements [13]. LIN based actuators are used to move the Air Inlet (recirculation), Air Delivery
(or mode), and Temperature Blend (mix) Flaps in an Heating Ventilation and Air Conditioning



(HVAC) case module, which is the part that contains the Blower Motor, Evaporator (cooling the
discharge air), and Heater Core (heating the air delivered to the vehicle interior). Integrated into
a complete system, the actuators described can modulate the climate based on a user set point.

For this design project, the team was given the Air Inlet and Air Delivery actuators from
GM with the purpose of establishing a LIN controller using Simulink to drive both actuators
simultaneously. These two actuators are used to open and close vents based on the user input.
These actuators can be seen in Figures 7-8. The other four actuators are not going to be tested in
this report due to the fact that they could not be provided by GM and were well over the budget
allotted to the team. However, the team was capable of programming the missing actuators in the
Simulink LIN Driver for GMs use.

Figure 7 - Air Inlet Actuator Figure 8 - Air Delivery Actuator

1.2.7: Integration in a Vehicle

When the full system is integrated in a vehicle, the previously stated actuators will be
controlled in the following manner. Figure 9 shows the new 2015 GM Z06 Corvette climate
control interface where the user can set their preferred settings. The user can choose to have the
air recirculated by pressing the Air Inlet button. The user can also adjust the delivery style by
choosing from several options and the speed by tuning a dial. The vehicle interior temperature
can also be altered setting a temperature on the temperature blend flaps dial. If the user sets the
temperature higher than the sensor reading values, the heater core actuator will initiate delivering
warmer air into the interior of the vehicle. If the user set point is lower the sensor readings, the
evaporator actuator will initiate delivering cool air into the vehicle interior. This design project
will establish a driver to control the air inlet and air delivery options shown below.



Figure 9 - GM Z06 Corvette Climate Control User Interface

Figure 10 shows a flow diagram of how the system is integrated together. The multiple
sensors and user settings are used as inputs to the climate controller. In this diagram, the user
settings are inputted into a controller and matched to the sensor readings. The controller then
produces an output value which is used to modulate the blower motor, evaporator, heater core,
and temperature blend flap actuator characteristics to achieve the user setting value for the
optimal climate and delivery method.
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Chapter 2: Solution Analysis and Approach
2.1: Fast Diagram

The Function Analysis System Technique (FAST) Diagram is used to show the functions
that the RCP system will implement, which is shown in Figure 11 below. This diagram moves
from left to right stating the main function then continuing to the primary function and finally the
secondary functions. The main function of this system is to create an RCP Environment, which is
shown in the first column of the FAST diagram. The next columns are three different primary
functions that are needed for the primary function to work. The next columns are secondary
functions that describe how the primary or secondary functions will be accomplished. This FAST
diagram is an easy way to visualize the basic functions of an RCP system and how they rely on
one another.

Team 4 - Fast Diagram

Transmit Signal Contigura .Setu.p
5 Correct —» Simulink
Via LIN Bus ;
Display Actuator Driver
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Readings Utilize Control
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Application
Receive Signal S Etu.p
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Control : RCP p| Read RLHS
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Values via LIN Bus 2
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Utilize Control
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Figure 11 - FAST Diagram of Proposed Climate Control Development

The FAST diagram above references the software and hardware components that are
needed to create the teams RCP environment. The LIN driver must be created in Simulink and
simulated on Control Desk. The hardware consists of the sensors and actuators connected to the
ECU via a LIN bus. The Simulink driver sets up signal transmission by utilizing the LDF. This
driver block structure is converted into C code and ran on the ECU which is the LIN master. The
master then delegates which signal can be propagated to each of the slaves based on a schedule
table. The slaves then send a response signal, which are transmitted through the same LIN wire
and read through Control Desk, thus creating an RCP environment through HIL theory.
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2.2: Critical Customer Requirements

The Critical Customer Requirements (CCRs) can be determined based on the House of
Quality technique. The customer laid out certain requirements that the team had to meet while
designing the LIN drivers which are bulleted below.

Requirements:
e Must use Simulink to design LIN driver

e Need to create a re-usable dSPACE driver library in Control Desk that can easily be
modified

e Must use LDF’s provided by GM

e Operating Voltage must be 12 V DC

e Data read by sensors through LIN bus must be within signal transmission tolerances
noted in specifications

e Data transmitted to actuators must be within signal transmission tolerances noted in the
specification

e Must provide a detailed technical report for each LIN driver created

After all the customer requirements were known, the team related these to the House of
Quality design. The House of Quality measures the critical customer requirements and ranks
them based on their importance to the customer. It is crucial to meet all the customer
specifications in order to produce a useful product that the customer can benefit from. These
customer requirements also affect the decisions designing each LIN driver and on what scale of
development which is discussed in the next section.

2.3: Conceptual Designs
Individual LIN Driver Design using GM LDFs

Currently, GM does not have a LIN driver to read the environmental conditions from
their sensors. They also do not have a LIN driver to properly send a signal to an actuator and
read the speed of the actuator through signal transmission via the LIN bus. Using the LDFs
provided by GM, the team is capable of simulating and testing one sensor or up to four actuators
at a time. This is due to the LDF having node identifiers, frame, and signal characteristics for
only one vehicle component. This design strategy would require the team to design three
different Simulink drivers: One for each of the sensors and one for the two actuators provided by
GM. These drivers will then be simulated individually in Control Desk to test signal propagation
from the LIN master to the single slave. This design establishes the foundation of LIN bus
communication but does not utilize the single master multiple slave performance benefit that the
LIN protocol was developed for. A flow chart of this design can be seen in Figure 12 below.

12
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Integrated LIN Driver Design Combining LDFs

GM provided the necessary signal and frame characteristics for each of the actuators and
sensors in the LDFs. Another conceptual design would be to create a single LDF file that
combines the three individual LDFs. This design will allow for more flexibility of our final
design because the team could create a single LIN driver for the three vehicle components and
simulate them all at once using Control Desk. This design truly utilizes LIN’s advantages of
being able to use a single wire to communicate with multiple slaves. The flow chart for this
design is the same as Figure 12.

Fully Integrated Climate Control System

For full scale implementation, the team would use the fundamental design concept of
either of the previous two conceptual designs and the integration of a feedback controller. The
two previous design concepts set up the drivers for the individual sensors and actuators. To
implement the idea of a full scale climate control system, the system should be able to adjust the
heater core, evaporator and blower motor actuators according to the difference between the user
input and the data from the environment. In order to control the functionality of the actuators and
sensors, a controller must be developed to achieve the desired outcome. The parameters of
Proportional-Integral (PI), Proportional-Derivative (PD), and Proportional-Integral-Derivative
(PID) controllers would be compared to see which controller will give the optimal results in the
testing of the complete system.

A PI closed loop controller can minimize the system response time and remove the steady
state error which could potentially be a good solution for controlling the actuators. PD
controllers, due to having a quick rise and transient response time [2], would be the best
controller to match the high speed feedback from the sensors to the LIN master. A PID controller
combines the benefits of the PI and PD controllers which will maximize the speed and accuracy
of the feedback signal from the actuators and sensors to the LIN master. These controllers could
be created in Simulink and be used in a similar way the previous two design concepts. The
difference in this full scale model is that the team would need to acquire the missing actuators
that were not provided such as the evaporator, heater core, and blower motor. This would greatly
increase the total cost of the design experiment and is beyond the scope of what GM requires
from the team. A flow chart of this design can be seen in Figure 13 below.

13
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Figure 13 - Fully Integrated Climate Control Flow Diagram

2.4: Ranking of Conceptual Designs

In order to see the best design solutions, the prior three designs were compared using a
feasibility matrix which is shown in Table 1 below. This matrix has three important details for
each of the designs which are cost feasibility, implementation complexity, and lead time. The
three designs are ranked on a scale from 1-5 in each category. A rating of 5 represents a great
feasibility option and a rating of 1 representing an infeasible option.

Table I - Prototype Conceptual Design Stages

Cost Implementation Lead

Description Feasibility Cor.nplexity Time (5- F‘:::;:ﬁ:y
(5-great 1- (5-simple 1- best 1- .
Ranking
poor) complex) worst)
Individual LIN
1 Driver Design 4 4 5 4.33
using GM LDFs
Integrated LIN
2 Driver Design 4 3 3 3.33
Combining LDFs
Fully Integrated
3 Climate Control 1 1 1 1
System

2.5: Final Design Decision

Design 3 was proven not to be possible in the time alloted for this project. The team was
not able to acquire the necessary components necessary to begin this design such as the
evaporator, heater core, and blower motor. To acquire these components with the budget allowed
was also out of the question.

Design 2, being integrated LDF design, was not able to be implemented in this project
due to the node addressing of the sensors conflicting in the LDF. The LDF’s specified address
nodes caused an error when inserted in the dSPACE Simulink block set. The assembly
programming within the sensors would need to be reprogrammed with non-conflicting node

14



addresses in order to be implemented in the same LDF. The lead time that was needed by GM to
reprogram the sensors was insufficient for the time alotted for this project.

Design 1 was the implemented design that the team used. The team was able to design an
individual Simulink LIN driver and dSPACE Control Desk setup for the sensors and actuators
which will be described in detatil in the next chapter.

2.6: Budget

The budget in Table 2 below shows how much it would cost if the team were to buy all of
the equipment. Some of the information in the table is GM confidential and cannot be
documented.These pieces of equipment are denoted with the symbol ** and are market at $1.
The actuators, sensors, LIN buses, and the ECU were provided by GM with no cost to the team.
The Dongle, which includes the RCP and RTI software, and the DS821 Express Card were
generously provided by dSPACE through a university loan which was no cost to the team if
returned in the proper condition. The MATLAB/Simulink 2010a license was provided by MSUs
Department of Computer Services (DECS) which was also no cost to the team. The total
preliminary cost, which can be seen in the Table below, to begin building was well over the
initial budget of $500 alloted to the team. The team spent a total of $0 out of the budget for the
preliminary design.

Table 2 - Preliminary Budget Estimate

Product ‘ Description Qty. Price/Per Total
DS821 Express 34mm DS821 Host Interface
Card (Express Card) SN#380475 ! Wl Syt
Includes the following
software: CDP(Control Desk,
Dongle RTIPlatform APT), CCPPPC, | | $500 $500
RTILINMM Blockset
MATLAB/Simulink | MATLAB/ Slmulmk 2010a | $299.95% $299.95%
2010a License
ECU MicroAutoBox 1401/1501 1 $10,000 $10,000
Air Inlet & Air Delivery % s
Actuators (Mode) 3 $1 $1
ILSS Sensor Indicator, Light, and Solar 1 § 1%+ § 1%
Sensor
RLHS Sensor Rain, Light, and Humidity | g % § 1%
Sensor
LIN bus LIN bus each sensor and 5 $20 $100
actuator
Total Cost= | $11,652.95

* Typical price of MATLAB 2010a off the internet

** Denotes GM confidential information that cannot be documented in this report. The
price is presented as one dollar
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2.7: Gantt Chart

The Gantt chart was a way for the group to stay organized and have an overview of the
different tasks that needed to complete this project. Identification of the team individual tasks,
deadlines, and categories helped to keep the team organized and on a schedule. The Gantt chart
also allowed the team to visualize the tasks that needed to be completed and to monitor the
progress. The Gantt chart started from the research aspect of the project to the final product
which will be displayed on design day. The Gantt chart can be seen in Appendix 3 Table 3 due to
it being very large in size.

Chapter 3: Technical Description of Work Performed

3.1: Hardware Implementation
3.1.1: Setting up the MicroAutoBox and dSPACE Software

The MicroAutoBox features an RCP system and an ECU in one package. This makes it a
suitable hardware for dSPACE prototyping in a vehicle. The MicroAutoBox used in this project
is the 1401/1501 variant. The package content for this variant includes three boards in a milled
aluminum box. One of those is the DS1401 baseboard and the other two are the DS1501 /O
boards. There is a 156-pin Zero Insertion Force (ZIF) connector for matching the corresponding
connector on the MicroAutoBox that needed to be configured for power, ground, and LIN. This
provides access to the input and output signals provided by the MicroAutoBox. The I/O
connecter pins are specially made to work with the ZIF connector. The image in Figure 14 below
shows the components necessary for configuring the MicroAutoBox.

Figure 14 - Parts Required

The dSPACE software was installed on the team’s personal computer (PC) before getting
started. The block sets that came with this software are not open sourced. The price can be found
in Table 2. The dSPACE software contains all the necessary Simulink block sets to establish a
LIN driver as well as the Control Desk Software. The team needed administrative rights on the
PC to install the dSPACE software.
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3.1.2: Switching on the MicroAutoBox

To turn on the MicroAutoBox when it is connected to a battery, the team connected a
wire from the Remote signal (pin M3) to pin V4 (power pin) on the ZIF connector as shown in
Figure 15 below. This allows the MicroAutoBox to turn on when power is introduced to the unit.
The direct connection method that the team used is not suitable for installation in a vehicle. This
is because the MicroAutoBox configured in the current setting, when connected to a battery or
power supply, will constantly be running and drawing power from the power source. This would
rapidly drain the battery in a vehicle when the vehicle is turned off. For the proper use of the
remote signal in a vehicle, it must use a KL15 switch that triggers through by the output of the
ignition/driving switch shown in Figure 16 below. This allows the MicroAutoBox to turn on
when the switch receives a signal that the car is trying to be started thus solving problem of
continuous operation and battery depletion.

An I/O pin was inserted to both ends of the wire. The yellow wire shows Remote signal
connected to the power input. The green wire shown below is used to connect the VDRIVE pin
to the VSENS pin on the ZIF connector. When the power and ground was connected to the
battery, the LED located in the top left corner rendered red. With a red LED, the MicroAutoBox
was in the reset state meaning the power supply is switched on but no application is downloaded
to the real-time processor. When the LED was green, the Simulink LIN driver application was
running through Control Desk.

icroAutoBox

T Bvks

17T .| T
p —-—| 1

-

P

[01010)

¢ ba ZY XWVUT A N M L J HGFEDCB A

01010

Figure 15 - Configuring Power, Ground, REMOTE Signal, and VSENS/VDRIVE Pins

To VBAT (+) or signal KL30 REMOTE to pin M3

T least two of th
Fuse (close to battery) o at least the
pins V3,V4, W3, W4,

WS, X3, and X4

To at least two of the pins F3, F4, G3, G4, G5, H3, and H4
Figure 16 - KL15 Switch and Fusing
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3.1.3: Power Supply Requirements

The MicroAutoBox requires a power supply in the range of 6-40 V (30 W witha 5 A
peak). Since the MicroAutoBox is to be powered by a vehicle, the team set a power supply,
shown in Figure 17 below, at an operating range of 12 V DC with a 5 A peak current. The 5 A
current was the current specification for the MicroAutoBox to turn on. The team also inserted a
10 A fuse to the positive terminal of the power supply in order to prevent a large current spike
produced by our system from damaging the MicroAutoBox and the sensors and actuators. When
the sensors and actuators were tested, they drew 1 A of current which was well below the startup
current level.

Figure 17 - Power Supply

3.1.4: Setting MicroAutoBox as the LIN Master

By default, the MicroAutoBox is configured as a LIN slave on the LIN network. To
configure it as the LIN master, a diode in series with a 1 KQ resistor was soldered together as
shown in Figure 14. The diode was used in order to prevent the DC power source from being
connected backwards and causing damage and the 1 KQ resistor was added to act as a pull up
resistor delivering the proper voltage to the LIN transceiver. The diode/resistor series connection
was then wired in parallel between the LIN transceiver pin (U3) and an empty VBAT (Power)
pin as shown in Figure 18 below. This ensured that the MicroAutoBox was configured as the
LIN master.

MicroAutoBox

VBat LIN

[ S— >
1kQ

Figure 18 - LIN Master Configuration

3.1.5: Connecting MicroAutoBox to PC

With the MicroAutoBox turned off (e.g. not connected to the battery) connect the pin end
of the crossed-over patch cable to the MicroAutoBox and the Ethernet end to one of the DS821
adapter cables shown in Figure 19 A-B that came with the dSPACE package. The Express Card
was inserted in the other end of the adapter cable and then connected to the team’s computer’s
PCI card slot. Figure 19 A shows a description of the indicator LED status on the 34 mm Express
Card. The PCI card slot looks similar to Figure 19 B.
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/—:‘_ DS821 - 34 mmm

Yellow LED A it yelow LED ndicates that the connection between

the host PC and the exparsion box 5 ready for communication

Green LED A 52 green LED indicates that data is being sent o Figure ]9 B - PCI Card SZOI
recerved

Figure 19 A - DS821 Adapter Cable

3.1.6: Connecting the ILSS to the MicroAutoBox via LIN

The ILSS has a pin assignment that is necessary when connecting to the MicroAutoBox.
It is required all variants are applied correctly to ensure proper functionality. Table 4 below
shows the pin assignment for the ILSS sensor. Pin 1 was not used in this application. Pin 2 was
connected to pin U3 on the MicroAutoBox to establish LIN serial data communication on an
external proto board. Pin 3 and Pin 4 were not used but can be used to externally drive the LEDs.
The design of the teams’ LIN driver controlled the LEDs. Pin 5 was connected to one of the
VBAT inputs on the ZIF connector. This design team used the power pin V3 connected to the
positive bus of an external proto board. Pin 6 was grounded to one of the GND pins of the ZIF
connector. This was connected from pin H4 on the MicroAutoBox to the negative bus of the
external proto board. The proto board was used to easily connect and disconnect each
components LIN wire for separate testing due to the fact that the MicroAutoBox only has one

LIN channel.
Table 4 - ILSS Pin Layout

1 Output - OBD LED GND | (if needed)

2 BiDir - Serial Data LIN Serial Data

3 Input - OBD LED HSD Charge Status LED (Green)
4 Input - OBD LED HSD Charge Status LED (Amber)
5 Input - Pwr 12V Battery (+)

6 Output - Pwr Common Ground (-)

It was critical to orient the ILSS sensor in the proper position in order to have the correct
pins of the ILSS housing connected to the LIN wire harness as shown in Figure 20 below.
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Figure 20 - ILSS Pin Orientation

3.1.7: Connecting the RLHS to the MicroAutoBox via LIN

The RLHS has a pin assignment that was necessary when being connecting to the
MicroAutoBox. Table 5 below shows the pin assignment for the ILSS sensor. Pin 1 was
connected to one of the VBAT inputs on the ZIF connector. This design team used the power pin
V3 connected to the positive bus of an external proto board. Pin 2 was connected to pin U3 on
the MicroAutoBox to establish LIN serial data communication on the external proto board. Pin 3
was grounded to one of the GND pins of the ZIF connector. Like the ILSS, this pin was

connected from H4 of the ZIF connector to the negative bus of the external proto board.
Table 5 - RLHS Pin Assignment

Pin . o

Number Pin Name Description Current Load
30mA (Nominal)

1 BAT Power (+) 600mA (peak)

o) DATA Bi-Directional 10mA
Interface

30mA (Nominal)

3 GND Ground (-) 600mA (peak)

It was critical to orient the RLHS sensor in the proper position in order to have the
correct pins connected to the housing of the RLHS as shown in Figure 21 below.

1 VCC
2 |LIN
3 |GND

Figure 21 - RLHS Pin Orientation

3.1.8: Connecting the Actuators to the MicroAutoBox via LIN

The actuator has a pin assignment that is necessary when connecting to the
MicroAutoBox. It is required that all variants are applied correctly to ensure proper functionality.
Table 6 below shows the pin assignment for all of the actuators provided. Pin 1 is to be grounded
to one of the GND pins of the ZIF connector. This design team used pin H4 connected to the
negative bus of an external proto board for ground. Pin 2 is to be connected from pin U3 on the
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MicroAutoBox to the external proto board to establish LIN serial data communication for the
actuators. Pin 3 was not used in this application. The purpose of Pin 3 is to give the actuator an
alternative address which can be used in a combined LDF (more than one device) if the
fundamental address is taken by another devices node. Pin 4 was connected to one of the VBAT
inputs on the ZIF connector. This design team used pin V3 for our VBAT input connected to the

positive bus of an external proto board.
Table 6 - Actuator Pin Assignment

Pin Number Pin Name ‘ Description
1 GND Ground (-)
) LIN Bi-Directional
Interface
3 Adress Pin | Alternative Address
4 Vact Power (+)

It is critical to orient the actuator in the proper position in order to have the correct pins of
the actuator housing connected to the LIN wire harness as shown in Figure 22 below.

Figure 22 - Actuator Pin Orientation

The final setup of the external proto board with the power and ground connections can be
seen below in Figure 23.

Figure 23 - Final Proto Board Layout
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3.2: Software Implementation
3.2.1: LDF Programming

Due to the LDF’s being GM proprietary information, their contents are prohibited from
being displayed in this report.

For the LDF’s to work with the DSPACE Real-Time Interface LIN Multi Message
(RTILINMM) Simulink block sets, they needed to be altered from the form that GM delivered
them in. The LDF’s were written with a J2602 protocol which is not supported with the teams
given version of Control Desk 6.6 or MicroAutoBox 1401/1501. J2602 is a protocol written over
the top of LIN 2.0 that allows for the reduced complexity of some software elements of the
specification in an effort to reduce the size and complexity of embedded software required in
LIN slave nodes [4]. Although J2602 is a great feature, it was unable to be used in this design
project. The team had to retailor each LDF in order to be written purely in the LIN 2.0
specification which allowed for the correct compilation in the Simulink Main Setup Block which
will be described in the next section.

The following changes needed to be done in all three of the LDF’s:
1) In the LIN version and node section, as shown in Figure 24 below, the following code
was changed and commented out because it is not used in the LIN 2.0 specification.

LIN description file:
>hi d to 2
LIN protocol version =|"2.0"; V/’(')‘”q‘ t0 2.0
LIN language version =|"2.0";
LIN_speed = 10.417 kbps: //baud rate
Commented Out

Nodes {

Master: B, 10 ms, 0.1 ma; //32602 protocol —l 34 bits, 1 &l

s1aves : N - //Vez: 5.1 Dace:

Figure 24 - LIN Version and Node Section

2) In the Node Attributes section of the LDF, the LIN protocol version was changed to
2.0 and the response tolerance was commented out because it is not used in the LIN
2.0 spec. These two changes have to be done for all of the nodes in each LDF. Figure
25 below is an example one node.

MMode _attributes

Changed o 2 .(
L L
- R0
x0049, Ox0031,
- LNS: DJIE60E

LIN protocol =
- ms 2
- »

nfigurable frame» |{
N - ox00:

VROVOZ
rror €

mmented ut
-~

[ response t lerance = 3 |~]

Figure 25 - Node Attributes Section
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3.2.2: ILSS LIN Driver
The final ILSS Simulink LIN driver designed by the team reads the temperature, ambient
light, solar intensity, solar angles, LIN signal propagation response time, and controls the theft

deterrent indicator (amber) LED and charge status indicator (green) LED is shown below in
Figure 26.

Ll Reading ILSS_Final *
Fie Edit VYiew Simulation Format Tools Help

D &d& B | = 1= | > = i [ Nomal B RnsE rEE®

i

RTI LN
RTioatay MultiMessage Tan

GeneralSetup

tor

3
3
o

i

RTILINMM Temninatort
GeneralSetup

RTI LN
[ 7 }—w|varation MultiMessage <IPSnarAmblght Lvl_56_5 =
Controller Setuy,
TfindFIR: Varlation @R TILINMbA p _ )_>-.
ControllerSetup IPSnseTpCvrTemp_60_5 Temminato3
THAnaFIRt RTILINMM IS5 Amb_Rep Sime>

ControllerSetup

<ILSS_Amb_Rzp_deha_tirt

Corsrolier!- DS1401_81_C1

TfindDty Cyc *Terminatord
ILSS_Amb_Rsp_status >
RTI LIN <ILSS_Amb_Rsp_
TfindDtyCyo Mapping ry x 2 x
to RTILINMM 125 Data “,:';’:s'::::' R&.Data TP Snar SOk BvinAngl 66 65T ermin ators
Ty <IPSnsrSokfemehAngl_00_5
RTILINMM
StusindFIRt MainSetup <IPSnarRwSolrint_66_5> | Teiminated
UN: Controfler)
<ILSS_Solar_Rzp_tene>
StusindDty Cyc Temminator?
StusindDtyCye <ILSS_Solar_Rsp_o=ka_tirhe>
<ILSS_Solar_Rsp_status>
Temmninatos
— (=]
Teminated
TaerminatoriO
Ready 100% lodel

Figure 26 - ILSS Simulink LIN Driver

The first block is the General Setup Block that allowed the team to specify a folder that
Simulink was used to store all the relevant files. This block is the same for all three LIN drivers

besides the folder where each driver is stored. The contents of the block can be seen below in
Figure 27.
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) RTILINMM GeneralSetup [Reading ILSS_Final]l  [=][51][B<]
Options
RTI LIH MultiMessage Setup

Purpose
To define the necessary folders for RTI LIN MultiMessage Blockset.
All paths are relative to the model root.

Model root
’7 ‘C:‘Documents and Settingsadminy DocumentsMATLABILSS Design ‘l

Destination folder for generated files:

[RTILINMM_FILES
Use relative path

k&

HI

£dd paths to MATLAB search path
Remove paths when model is closed

Add TRC exclusions to RTILINMM blocks

aspAcE .
Figure 27 - General Setup Block

The next block used was the Controller Setup Block shown in Figure 28 below. This
block specified the controller name, interface specifications, interface settings, and transceiver
settings. The baud rate was chosen the same as the value in the LDF. The break length and
delimiter have an industry standard setting of 13 bits and 1 bit respectively, which is detailed in
the LIN 2.0 specification [11]. This block creates S-Function API which is a dynamically linked
sub-routine that the MATLAB interpreter can use to automatically load and execute Simulink

code.
) RTILINMM ControllerSetup [Reading ILSS_Final] (3(=1].3]

RTI LIH MultiMessage Controller Setup

Controller ‘ Options ]

Purpose
’7 To specify basic settings of the LIN controller. ‘

Controller name
Controller1 ‘

[~ Controller interface specification

Moddetyps:  [canType1 |

Module number: 1 v
Channel number: 1 v l

[~ Controller interface settings

Baud rate (1000 ... 20000): 10417 | bitis
Break length (13 ... 27): 13| bit
Break delimiter (1 ... 15): 1| bit

[ Transceiver settings

Transceiver type: ISO9141 e

Termination resistance:
[[] Master termination (1kOhm)

dSPACE
Figure 28 - Controller Setup Block

The final RTILINMM block used was the Main Setup block which specified the LDF and
allowed for the selection the LIN nodes, frames, signals, etc. The following Figures show the
main items that needed to be populated in order for the ILSS LIN driver to function. The LDF
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was inserted into the main block as shown in Figure 29. Using the information in the LDF, the
main block uploaded all the information into a tabular hierarchy structure that allowed the team

to visualize the contents of the LDF.
RTILIN Multidossage Blocksot
Tree v = Gereral Setings

LN nerms ST e T
[-] Naming Optors
oy LN Cortrodert [DS1401_B1_C1) M
Namang Mageing
[ <] Network Nodes
Network Node Preselection Variston ndex
Master Sedaction
[-] Network Node Configur stion ' v
Network Node Selection
Network Node ertScation
Frome D Assigrment
[] Natwrk Node reerfaces
Network Node Enabie . -
Network Node Steep GULN Network BCMS New it
Network Node Wakeup [¥) Use relative peth
[] Frames
[-] Choose Frames Lﬁhow Chack quﬂj [ Update )
TX Frames
RX Frames
[+] Everttriggered Frames

N

Datobase

Figure 29 - LDF Specification

Figure 30 allowed the team to preselect which nodes were to be active in the LIN driver.
The ILSS node contains all the frames and signals necessary to read the desired environmental
characteristics that the ILSS is capable of reading. For this reason, the team chose this particular
node. The team also chose the Basic Control Module (BCM) node which is used as the LIN
master node. This node specifies the schedule table and sends the initial wake-up frame to the
ILSS node. The Control Desk software requires a .trc file which saves the LIN driver settings
and lays it out in Control Desk. This will be seen in the next chapter. Figure 31 below allowed
the team to specify the schedule table source as a .trc file for the reason stated previously. Due to
the limited design the team was able to complete in this project, the other nodes seen in the

figure below were not used.
Settings  Options
RTILIN MultiMessage Blockset

r 1 Network Node Preselection
Tree Views ~
General Settings Oam ® selected
L] N S
) e Ortion Network Nodes : Selected :
Naming Mopping ~ A
MTrre— | S e
LHSS P
Master Selection ocp
[+] Network Nods Configuration LHSS_LR
Network Node Selection LHSS_RR
Network Node ldantification LSS
Frame ID Assignment
[-] Network Node terfaces
Netwiork Node Enable
Network Node Sieep m
Network Node Wakeup
[-] Frames CZ ]
[-] Choose Frames

Figure 30 - Network Node Pre-selection
RTILIN MultiMessage Blockset

Tree Views ~
General Settings O No Master & Selected
[+] Naming Opticns
Naming BeMm v
Noming Mapping
[-] Network Nodes
Network Node Proselection Defoult schedule table Cy_MNormal_Cyclic v
= =
(] Network Node Configuration Schedule table sowrce TRC v
Network Node Selection
Network Node lentincation Schedule table stotus NONE v

Frame 1D Assigrmment
(-] Network Node Feertaces

Figure 31 - Master Selection
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The Tx Frame’s tab was used to specify what frames were to be transmitted by the BCM
node to the ILSS node. The frame selected in Figure 32 contains the address information for the
theft deterrent and charge status LEDs. The ILSS CTD_CSI_Cmd frame was sent by the BCM
node with the LED signal information that is predefined in the LDF. Using this frame, the ILSS
is capable operating the LEDs. The MasterReq and SlaveResp were also selected as Tx frames.
These two frames allow for the transmission of an 8 byte data sequence between the master and
slave nodes which contain diagnostics information that could be used to troubleshoot a problem
if a fault occurred. The frame would return an address corresponding to a particular fault address
that could be matched in the ILSS specification for isolating an issue.

RTI LIN MultiMessage Blockset

[~ Choose TX Frames
Trea Views ~

(Gl«ma Sestings Om O None © Setected
-] PM Oml! Select
Naming e o od:
MNaming Mapping ELWR HTR RCRC _CMD ~ I.SS CTD CSt Cmd
[-] Network Nodes LSS_Amb_Rsp MasterReq
Network Node Preselection LSS_CTD_CS1_Cmd SlaveResp
Master Selection LSS_Solar_Rsp
[-] Network Node Configuration INDICATOR_CMD
Network Node Selection LHSSDrvCrmed
Network Node identification LHSSDrvRsp
Frame ID Assignment LHSSLRCmd
[-] Network Node Fterfaces LHSSLRRsp
Network Node Enable LHSSPasCmd
Network Node Sieep LHSSPasRsp
Network Node Wakewp LHSSRRCmd b
[-] Frames LHSSRRRsp =]
” Chooss Frames MasterReq X
RECRC_ACTUATOR_STATUS
RX Frames SMTCH_KNOB_STATUS
[-] Eventtriggered Frames StaveResp

Event triggered TX

Figure 32 - Tx Frames

The Rx Frame’s tab shown in Figure 33 was used to specify what frames were to be
transmitted by the ILSS node to the BCM node. The frames selected (ILSS Amb_Rsp and
ILSS Solar Rsp) contain the raw data information collected from the ambient and the solar
detectors on the ILSS. The LDF specified a specific address for each of the two ILSS slave nodes
that the master requested in order to receive the raw data transmitted on the two Rx frames. The
rate at which the BCM node received the raw data was set according to the frame position in the
schedule table. The SlaveResp frame selected was used to provide diagnostics information as
explained earlier.

Settings Options
RTILIN MultiMessage Blockset
Choose RX Frames
Tree Views ~
General Settings Oa O None (ust opback) (& Selected
[-] Narming Options Select
Naming fasmee o
Naming ELVWR HTR_RCRC_CMD ~ LS LG -
[-] Network Nodes WLSS_amb_Rsp ILSS_Solar_Rsp
Network Node Preselection LSS _CTD_CS1_Cmod SlaveResp
Master Selection LSS_Solar_Rsp
[-] Network Nods Configuration INDICATOR_CMD
Network Node Selection LHSSOrvCmd
Network Node identification LHSSOrvRsp
Frame 1D Assigrament LHSSLRCmd
[-] Network Node Fterfaces LHSSLRRsp
:ﬂwaﬂ Node Enable LHSSPasCmd
work Node Sieep LHSSPasRs
Network Node Wakeup LNSSRRCm: )
[-] Fraemes LHSSRRR=p =]
[-] Choose Frames MasterReq =
TX Frames RECRC_ACTUATOR_STATUS
SWATCH_KNOB_STATUS
(-] Eventtriggered Frames StaveResp
Event triggered TX
Event triggered RX
Colisicn Resotver

Figure 33 - Rx Frames

The Tx signals selected in Figure 34 below contain the information for the theft deterrent
and charge status LED’s. This information was transmitted on the Tx frame to the ILSS node via
the LIN bus. The LDF predefined the flash rates and duty cycles of both LEDs.
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RYILIN MultiMossage Blocksot

RX Frames Length Ports

[ Signals from Model to TX

RX Frames Checksum Ports O O Noow
RX Frames Checksum Display ) i
(<] Rorew Dot Sionels ;

TX Raw Data

TX Raw Data Display

RX Raww Data Poets

RX Rovwy Data Displary
(-] Erroes

RX Error Ports

LSS _CTD_CS3_Crd ConTrindDtyCycl
LSS_CTD_CS1_Cmad Chr gStusinaishi
ILSS_CTD_CSI_Crewd Che gStusinaDtyC
MasterRoq MasterReqB0

LSS CTD CS1 Crd ConTirxiFiRy 66 BN

LSS CTD CS1 Cmd ConTiirniFit 68
LSS_CTD_CSI_Cmd ConTnindDetyCycl
LSS_CTD_CSi_Cmad CrwgStusinaFishi
LSS_CTD_CSI_Cmd CrgStusindDtyC
MasterReq MasterReqgB0

~|

MasterReog MasterRegB1 MasterReq MasterRegS1
RX Erroe Display MasterReq MasterReqli2 MasterReq MasterReqi2
[-] Frame Manipulation MasterReg MasterRegB3 MasterReog MasterRegS3
Frame length MasterReq MasterReqbd MasterReq MasterReqBa
[-] Checksum MasterReq MasterRegBS MasterReq MasterRegSS
User Checksum Defintion MasterReq MasterReqBs [ > l MasterReq MasterReqBs
User Checksum Frames MasterRog MastorRegS7 MastorRog MasterRegS7?
Oynamic LN Frame Checksum SlaveResp SlaveRespB0 [E
Custom Code StaveResp SlaveRespB1
(-] Signals SlaveResp SlaveRespB2
e — e
SlaveResp SlaveRespB4
Input Manipulation CiavaReen SlavaRenfS

Figure 34 - Tx Signals

The Rx signals, shown in Figure 35, contain the raw data environmental information that
was sent on the Rx frame from the ILSS node to the BCM. The LDF defined a specific range that
can be detected by these signals. In extreme cases, if the sensor detects a number out of the
predefined range, the sensor will enter a sleep mode in order to preserve the integrity of the
internal circuitry of the sensor.

RTILIN MultiMessage Blockseot
Signals from KX 1o Model
O a2

F VA e m————
Frome lenwgth
[-] Checksum
User Checksum Defintion
User Checksum Frames
Dynaric LIN Frame Checksum
Custom Code
[-] Signais
-1 T
Model Signals (TX)

O None

|

WSS_samb_Rsp PSnsrAmblLahtLviFte & LSS _Amb Rsp PSnsrAmbl ol vt dadl
LSS_Amb_Rsp PSnsrTpCvrTempfrd LSS_Amb_Rsp PSnsrTpCvrTergfFrd
LSS_amb_Rsp CSICHwgCmpRindFRd_ RSS_Amb_Rsp CSICHrgOmptinadFRd_
LSS_Amb_Rsp ConTrindgFrd_66_S RLSS_Amb_Rsp ConTrindFrd_S6_5
ALSS_Amb_Rsp ASSCommErr_65_5 RLSS_Amb_Rap ASSCommEnr_65_S

nput Maripulation LSS_Ami_Rsp PSnsrAmblLghtlLvi_S LSS_Amb_Rsp PSnsrAmblLonLV_St
{-] Saturation Options LSS_Amb_Rsp PSnsrTpCvrTemp_6E LSS_Amb_Rsp PSnsrTpCvrTemp_65
Saturation LSS_Solar_Rsp PSnsrSor AngFRd_E LSS_Solar_Rsp PSnsrSor AngiFRA_E
Signol Detauts LSS_Solar_Rsp PSnsrRwSokintFtd_ LSS_Solar_Rsp PSnsrRwSokintFid_
Sagnal Ronges LSS_Solar_Rsp LSSCommErT_66_5 ILSS_Solar_Rsp LSSCommErn_665_5
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Figure 35 - Rx Signals

Once the Rx signals were specified in the main setup block, the team then chose which
signals were to be viewed by Control Desk. The Rx signals chosen were the ones coming out of
the Simulink bus selector block to the right side of Figure 26. These signals consist of the
ambient light, top cover temperature, solar intensity, LIN propagation speed of both the ambient
and solar frames, and the total run time. These signals were attached to a terminator block which
allowed the real values of the output signals to be terminated to prevent Simulink warning issues.
Any signals not chosen here would be unable to be viewed in Control Desk.

The four constant blocks to the left side of Figure 26 are external inputs to the LIN
controller. These are used to either increase or decrease, through Control Desk manipulation, the
flash rate and duty cycle of the theft deterrent and charge status LEDs. In order for these external
inputs to alter the desired signals, they had to be mapped to the Tx signals pre-defined in the
LDF which can be seen in Figure 36 below. This was done by selecting the required Tx signal
from a Simulink bus selector block. Once mapped, the external inputs can be altered in Control
Desk to verify the proper functionality of the LED of the ILSS.
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Figure 36 - Tx Signal Mapping

3.2.3: RLHS LIN Driver

The RLHS LIN driver’s design is very similar to the ILSS design. The difference is that
the RLHS does not need an external input to control an LED since it does not have any external
indicators. For this reason, the RLHS was a simpler design which can be seen in Figure 37
below. This LIN driver has the ability to read the relative humidity level, relative humidity
temperature, ambient light level, forward looking light level, sensor glass temperature, and signal
propagation speed from the master to each slave node.
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Figure 37 - RLHS Simulink LIN Driver

In a similar manner than the ILSS in Figure 31, the team chose the LDF written for the

RLHS. Inserting this LDF in main setup block uploaded all the information into a tabular

hierarchy structure that allowed the team to visualize the contents of the LDF for the RLHS.

Figure 38 allowed the team to preselect which nodes were to be in communication in the
LIN driver. The Rain Sensing Module (RSM) node contained all the frames and signals
necessary to read the desired environmental characteristics that the RLHS is capable of reading.

For this reason, the team chose this particular node. The team also chose the BCM node which
was used as the LIN master node. This node specifies the schedule table and sends the initial

wake-up frame to the RSM node which can be seen in Figure 39. Like before, the schedule table
source was set to be included in the .trc file generated. Once again, due to the limited design the
team was able to complete in this project, the other nodes seen in the figure below were not used.
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Figure 38 - RLHS Network Node Preselection
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Figure 39 - RLHS Master Selection

The Tx Frame’s tab was used to specify what frames were to be transmitted by the BCM
node to the RSM node. The RSMCmd frame selected in Figure 40 contains the address
information for three slave nodes that contain the desired environmental signals the RLHS is
capable of reading. The MasterReq and SlaveResp were also selected as Tx frames for the same
reason as the ILSS Tx frames stated in the previous section 3.2.1.
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Figure 40 - Tx Frames

The Rx Frame’s tab shown in Figure 41 was used to specify what frames were to be
transmitted by the RSM node to the BCM node. The frames selected (RSMRsp, RSMRsp1, and
RSMRsp2) contain different raw data information collected from the ambient and humidity
detectors on the RLHS. The LDF specified specific addresses for each of the three RSM slave
nodes. The master can then request this information through the RSMCmd Tx Frame.With this
frame enabled, the RSMRsp’s frames were then able to transmit the raw data signals from each
node on the Rx frames. The rate at which the BCM node received the raw data signals was also
set according to the frame position in the schedule table. The SlaveResp frame selected was used
to provide diagnostics information as explained earlier.
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The Tx signals selected in Figure 42 below contain information that the BCM node
transmitted to the RSM nodes. This information was transmitted on the Tx frame to the RSM
nodes via the LIN bus.
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The Rx signals shown in Figures 43A-B contain the environmental raw data information
that was sent on the Rx frame from the RSM node to the BCM. Like the ILSS, the LDF defined a
specific range that can be detected by these signals. In extreme cases, if the sensor detects a
number out of the predefined range, the sensor will enter a sleep mode in order to preserve the
integrity the internal circuitry of the sensor.
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Figure 43 A - Rx Signals
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Figure 43 B - Rx Signals

Once the Rx signals were specified in the main setup block, the team then chose which
signals were to be viewed by Control Desk. The Rx signals chosen were the ones coming out of
the Simulink bus selector block to the right side of Figure 37. The signals consist of the ambient
light level, forward looking light level, sensor temperature, relative humidity, and the windshield
glass temperature, LIN propagation speed of each RSM slave node, and the total run time. These
signals were attached to a terminator block which allowed the real values of the output signals to
be terminated to prevent Simulink warning issues. Any signals not chosen here would be unable
to be viewed in Control Desk.
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3.2.4: Actuator LIN Driver

The actuator LIN driver works similar to the ILSS driver LEDs in that it needed an
external input in order to respond and be manipulated. The external inputs to the left side of
Figure 44 were used to initiate and set the current position, future position, speed, and direction.
The LIN actuator works by having its current position (CPOS) stored in Random Access
Memory (RAM). Based on the user set point, it will be told a future position (FPOS) and count
up until it reaches the future position. The opposite will happen if the FPOS is set to a lower
address than the CPOS. For the Air Inlet and Air Delivery actuators, the speed can change
between 3, 4 and 5 rotations per minute (rpm). These actuators are also allowed to rotate
clockwise or counter clockwise by setting the direction register to a 0 or a 1 respectively.
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Figure 44 - Actuator Simulink LIN Driver

In a similar manner than the ILSS and RLHS LIN Simulink drivers, the team chose the
LDF written for the actuators. This LDF has the capability of driving up to four actuators but can
be expanded for full scale implementation. The team only needed to use the nodes for the two
actuators received by GM from this LDF. To program the actuators not received in this project,
GM must simply select all the other nodes not selected in Figure 45, which correspond to the
blower motor, evaporator, heater core, and temperature blend flaps. Inserting this LDF in main
setup block uploaded all the information into a tabular hierarchy structure that allowed the team
to visualize the contents of the LDF for the actuators. As in the previous LIN drivers, the master
node, schedule table, and schedule table source were set as shown in Figure 46 below.
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Figure 46 - Master Selection

The Tx frames, shown in Figure 47, are frames sent by the master HVAC node to the
actuator slave nodes. These frames carry the initiation and set signals that are used for enabling
the slave nodes and setting the actuators FPOS, speed, direction, and other settings that were to
be used when integrated with the sensors. The HDA22 and HDA24 nodes, as seen below, are
available by grounding the address pin 3 on the LIN actuator in order to resolve a node address
confliction in the LDF. Because the team was unable to combine the LDFs, the HDA21 and
HDAZ23 ungrounded address pin nodes were sufficient.
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Figure 47 - Tx Frames

The Rx frames, shown in Figure 48, are frames sent by the actuator slave nodes to the
master HVAC node. These frames were used to carry the actual position of the user set CPOS,
speed, and direction that the actuator is at in real-time.
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Figure 48 - Rx Frames
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The options in Figure 49 below were very important in specifying how the Tx frames
would controlled. By setting the Ini and Set frames to signals as seen below, the team was able to
manipulate the signals through the external inputs via Control Desk. The external input blocks to
the LIN driver would not be able to be manipulated if the Ini and Set frames were set as a raw

data input. A description of what happened when set to raw data will be explained in Chapter 4.
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Figure 49 - Tx Raw Data

K3

Activate raw data option: ‘Acﬁvg v

The Tx signals selected in Figure 50 below contain information that the HVAC node
transmitted to the actuator HDA slave nodes. This information was transmitted on the Tx frame
to the HDA nodes via the LIN bus. These signals contain information for both the Air Inlet and
Air Delivery actuators such as if the node is enabled, the desired FPOS, speed, and direction.
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Figure 50 - Tx Signals

In order for the actuator to saturate at a specific value, the address signal ranges were set
according to the predefined ranges in the LDF. This can be seen in Figure 51.

— [ Signal Ranges
User Checksum Definition e
User Checksum Frames O Ranges from database
Dynamic LIN Frame Checksum
Custom Code (& User-defined ranges:
[-] Signals
[QRES
Model Signals (TX) HDAZ1_Ini_0x20 | CAOlInikctPosSet_68_2 1o | 65538
Input Manipulation HDAZ1 Ini_0x20 | CAOlEmrgRunFnPosCmd _638_2 | O 11
[-] Saturation Options HDAZ1 Ini_0x20 | CAOlEmrgPunEnbleCmd_63_2 | O 11
Saturation HDAZ1_Ini_0x20 | CAOlShftCmdDrctn 68_2 1o 11
Signal Defaults HDAZ1 Ini_0x20 | ChOlInikctPosSecEnbl 68 2 | 0 11
Signal Ranges HDAZ1_Ini_0x20 | CAOlIniCnfgSetEnbl_68_2 1o 11
Signal Errors HDAZ1_ Set_0x2l | CAOlFtrPosCmd_68_2 1o | 65535
X . . HDAZ1_Set_0x2l | CAOlRotSpdCmd_68_2 1o 13
[-] Signal Manipulation HDAZ1 Set_0x21 | CAOlEngzClAftMovAlw 68 2 | O 11
[-] Dynamic Signal HDAZ1_Set_0x2l | CAOlStpMowCmd _68_2 1o 11
Dynamic Signal Values HDAZ1_Set_0xZl | CAOlStllDetEnbl_68_2 1o 11
Dynamic Signal Defaults HDAZ3_Ini_0x28 | CAO3InilictPosSet_6a_2 1 0 | 65535
Counter HDAZ3_Ini_0x28 | CAO3EmrgRunFnPosCmd 64 2 | O 11
Signal Default Manipulation HDAZS_Ini_0x28 | CAO3EmrgRunEnbleCmd 64 2 | O 11
Madel Sianals (RYY HDAZR Trni Nx?8 | CANRShFrCmdDyern G2 2 1N [

Figure 51 - Signal Ranges

Figures 52 A-B were used by the team to choose the desired Rx signals. The main Rx
signal of interest to the team was the ActPos signal which is user to see the actual position of the
actuator as it is trying to reach the FPOS. The rest of the signals were used for diagnostics such
as the rate of signal propagation and error analysis if a fault occurred. The salve response bits 0-7
were also chosen for diagnostics as explained earlier.
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Figure 52 A - RX Signals

36



RTI LIN MultiMessage Blockset

=
User Checksum Definition
User Checksum Frames
Dynamic LIN Frame Checksum
Custom Code
[-] Signals
[QRES
Model Signals (T3
Input Manipulation
[-] Saturation Options
Saturation
Signal Defaults
Signal Ranges
Signal Errors
[-] Signal Manipulation
[-] Dynamic Signal
Dynamic Signal Values
Dynamic Signal Defaults
Courter

Signal Default Manipulation
Layouter Options
[-] General Options
-1 TRC
TRC Options
TRC Extras
Periphery Options
Mapping

|<

[~ Signals from RX to Model

O an O None
Signals :

HDAZ21_Stat_0x22 CADTSHIDet_668_2 A
HDA21_Stat_0x22.CA01EmrgRuninPr
HDA21_Stat_0x22.CAOD1 ActPos_68_
HDA23_Stat_0x24 CAOSAPINFOD_64
HDA23_Stat_0x2A . CADSAPINFO1_6£
HDA23_Stat_0x24 CAOSAPINFO2_64
HDA23_Stat_0x2A . CAD3APINFO3_6£
HDA23_Stat_0x24 CADSAPINFO4_64
HDA23_Stat_0x2A .CAD3J2602Error_
HDA23_Stat_0x24 CAD3PwrSpIOUtR
HDA23_Stat_0x2A .CAD3TmpOUtRNg_
HDA23_Stat_0x24 CAOSCIFtd_6A_2

HDA23_Stat_0x24 CAOZEmrgRuUninPr
HDA23_Stat_0x2A . CAD3ACtPOS_BA_
SlaveResp SlaveRespB0
SlaveResp.SlaveRespB1

SlaveResp SlaveRespB2
SlaveResp.SlaveRespB3

SlaveResp SlaveRespB4
SlaveResp.SlaveRespB5

SlaveResp SlaveRespB6
SlaveResp.SlaveRespB7 o
< >

Figure 52 B - RX Signals
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Once the Rx signals were specified in the main setup block, the team then chose which
signals were to be viewed by Control Desk. The Rx signals chosen were the ones coming out of
the Simulink bus selector block to the right side of Figure 44. The signals consist of the actual
position for each actuator, LIN propagation speed of both actuators, the total run time, and signal
diagnostics for fault analysis. These signals were attached to a terminator block which allowed the
real values of the output signals to be terminated to prevent Simulink warning issues.
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Figure 53 - Signal Mapping

The constant blocks to the left side of Figure 44 are external inputs to the LIN controller.
These are used to either increase or decrease, through Control Desk manipulation, the CPOS,
FPOS, speed, direction, and enabling of the actuator. In order for these external inputs to alter the
desired signals, they had to be mapped to the Tx signals pre-defined in the LDF which can be
seen in Figure 53 below. This was done by entering selecting the required Tx signal from a
Simulink bus selector block. Once mapped, the external inputs were altered in Control Desk to
verify the proper functionality of the actuator.
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Chapter 4: Test Data

The teams design for the RCP climate control system is built virtually. This approach
allows for the simulation and manipulation of different LIN drivers very easily. This increases
the efficiency of the team while testing our automating system design. Before the design of the
fully integrated system can be completed, it is critical for the team to test individual sections of
the system. Ensuring each segment is working properly is vital before any assembly takes place.
The three main sections tested in this chapter were the ILSS, and RLHS, and the actuators. Each
individual section was tested separately in order to allow for quick trouble shooting as well as
giving the team the ability to spread the work among individuals. All data that was collected was
condensed for analysis, interpretation, and to allow changes to reconfiguration of the LIN driver
for better yields. The following sections include the component testing through Control Desk.

4.1: Testing of the ILSS

When testing the ILSS, the team considered all possible cases. The team noted the
difference in solar azimuth and elevation angles, ambient light levels, temperature, solar
intensity, and LED operation. The following cases show the operation of the ILSS through
Control Desk. Figure 54 below shows the ILSS in its equilibrium state which is nothing
interfering with the sensor.
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Figure 54 - ILSS in Equilibrium

Table 7 below makes it easy to see the data collected in the figure above in the

equilibrium state.
Table 7 - ILSS Test Values

Top Cover
Temperature
(C)

0 25.877 -98 23 C 820

Solar Intensity Solar Elevation Solar Azimuth Ambient Light

(LUX)

(W/m*2) (Deg.) Angle (Deg.)
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At equilibrium the sensor reads the current values with no user interference. An example
of no user interference could be at startup in a vehicle or while the vehicle is stationary. Also,
one of the requirements for this design project was to verify that signal propagation delay speeds
for the ILSS nodes were within tolerance as defined in the specification. The LIN signal
propagation speed, as seen above in Figure 54, is 150 milliseconds. The ILSS specification
defines a total of 120 milliseconds for the startup and continuous time averaged signal response
delay. The simulated values have a 30 millisecond slower response time which corresponds to a

25% error. The error calculation was done with the following calculation in Equation 1:
Error = Mesured Valu.es'— S;laeaflcatlon Values «100% (1)
Specifications Values
This large error could be due to the 8 ft. long LIN wire harness that was used for this

sensor or the team simply using the larger schedule table that includes information not used in
this project.

The next test, shown in Figure 55, was to cover the top cover of the sensor to decrease the
ambient light. It can be seen by comparison with Figure 56 that the ambient light level has been

greatly reduced.
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Figure 55 - ILSS Ambient Response

Trerreer ) File Selector

Table 8 below makes it easy to see the data collected in the figure above for the covering
test.
Table 8 - Covered Sensor Values
Top Cover

Temperature Ambient nght

Solar Intensity Solar Elevation Solar Azimuth

(W/m*2) (Deg) Angle (Deg) (©) (Lux)
0 0 -180 23 80

Covering the top cover reduces the ambient light of the sensor. This test also ensured that
the ILSS top cover temperature Tx signal in the LIN driver is working properly.
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The next test, shown in Figure 56, was to shine a flashlight on the top cover of the sensor
to mimic the solar intensity and solar angles. It can be seen by comparison with Figure 55 that
the solar intensity level was increased and the solar angles changed when changing the position
of the light source.
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Figure 56 - ILSS Flash Light Test

Table 9 below makes it easy to see the data collected in the figure above for the flash

light test.
Table 9 - Flashlight Test Values

Top Cover
Temperature
(9)

333 57 10 24 3500

Ambient Light
(Lux)

Solar Intensity Solar Elevation Solar Azimuth

(W/m"2) (Deg) Angle (Deg)

To account for the different intensities of the sun, the team used a flashlight in
comparison to measure possible solar elevation and intensity readings. This proves the solar node
in the LIN driver is functioning properly.

The next test, shown in Figure 57, was to verify the working functionality of the theft
deterrent and charge status LEDs. The highlighted section includes the duty cycle and flash rates
for the charge status and theft deterrent of LEDs. When both parameters were set to zero for the
charge status indicator, the red theft deterrent LED would only flash, as shown in Figure 58.
When both parameters of the theft deterrent LED were set to zero and the charge status
parameters were set to values greater than or equal to one, the green LED would only flash, as
shown in Figure 59. The values of the numeric inputs Control Desk blocks needed to be set to a
high number in order to record the LEDs being on. The default operating speed is 1 Hz but it was
too difficult to record the LEDs being on at this frequency.

40



f indcor Dty Cycle (3)'

Solar Elevation Angle (Deg)

Solar Azimuth Angle (Deg) il Solar Intensity (W/m#2)

|
Figure 58 - Theft Indicator LED Figure 59 - Charge Status LED

As the figures progressed through this ILSS testing section, it could be seen that the top
cover temperature increases with time. Due to the fact that sensing mechanism is deep within the
sensor, it is not easily manipulated by physically covering or touching the sensor. To prove this
aspect of the sensor was functioning correctly, the team let the system run for a long time to heat
up the internal components of the sensor thus increasing the temperature. This testing of the
ILSS proves the functionality of the teams LIN driver with respect to real-time recognition of
signals.

4.2: Testing of the RLHS

When testing for the RLHS, the team tested for several variables. These included the
humidity settings (moisture levels), ambient light conditions, temperature, and temperature of a
windshield. Figure 60 below shows the RLHS in its equilibrium state, which is nothing
interfering with the sensor.
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£ RLHS_FINAL - ControlDesk Developer Version - [rlhs_final]
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Figure 60 - RLHS in Equilibrium

Table 10 below makes it easy to see the data collected in the figure above for the
equilibrium test.
Table 10 - RLHS Test Values

Glass Forward Relative
Temperature

Ambient Light
(Lux)

Looking Light ~ Humidity Temperature

(©) (Lux) (%) ©)
24 412 1200 140 33.333 24 412

The test above provides the environmental values of the natural state of the sensor
without interference. An example of no user interference could be at startup in a vehicle or while
the vehicle is stationary. The LIN signal propagation speed, as seen above in Figure 60, is 150
milliseconds for the ambient response and 552 milliseconds for the temperature and humidity
responses. The RLHS specification specifies a minimum of 10 milliseconds and a maximum of
500 milliseconds for the startup and continuous time averaged signal response delay for the
RLHS signals. However; it is understood that the interval of this message will need to have a
minimum update rate of 200 milliseconds to meet system performance requirements. The
simulated ambient response signal delay is faster than the specification delay minimum tolerance
by 61 milliseconds, which is well below the delay tolerance. The temperature and humidity
response delays are simulated at 552 milliseconds which is slower than the maximum signal
response tolerance by 52 milliseconds which correspond to a 10.4% error. This was also
calculated by using Equation 1. This large error could be due to the team using the larger
schedule table that includes information not used in this project.
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The next test, shown in Figure 61, was to cover the top cover of the sensor to decrease the
ambient light and forward looking light level. It can be seen by comparison with the equilibrium
state that the ambient light level and forward looking light level have been greatly reduced.
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Table 11 below makes it easy to see the data collected in the figure above for the
covering test.

Table 11 - Sensor Covered Results

Glass Ambient Light Forward Relative

Temperature (Lux) Looking Light Humidity Tem[zecr)ature
(©) (Lux) A
23.826 0 40

35.924 23.826

When conducting this test, the team tried to simulate environmental settings in dusk/night
scenario when there is little to no light available. The team covered the sensor with our hands
which results in a zero ambient light response and a very low forward looking light level.

The next test, shown in Figure 62, was to touch the bronze strip of the RLHS which
contains the sensing mechanism to read the temperature. It can be seen by comparison with
equilibrium state that the temperature has increased.
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Table 12 below makes it easy to see the data collected in the figure above for the
temperature increase test.

Table 12 - Bronze Strip Sensor Results

Glass Ambient Light Fo.r warq Rela-t 1ve Temperature
Temperature (Lux) Looking Light Humidity (©)
(©) (Lux) (%)
25.877 900 60 47.450 25.877

This test determined the team’s body temperature was reasonable to alter the sensor
readings.

The next test, shown in Figure 63, was to blow on the bronze strip of the RLHS which
also contains the sensing mechanism to read the humidity. It can be seen by comparison with

equilibrium state that the humidity was greatly increased when applying a source of moisture.

44



£ RLHS_FINAL - ControlDesk Developer Version - [rlhs_final]

B Fie Edt View Took Experiment Instrumentation Platform Parameter Edtor Bus Window Hep

M LR BN Ds%% uik | ahE B @ EEE 40 X
o X5 B
]
& RLHS_FINAL Total Run Time (s)
RLHS_FINAL.cdd
) RUHS_Final.xml

[ hs finalay
= [ reading_rhs.sdf

[ reading_ths.trc

s Temperaturs °C
Forward Looking Light Level

0

Ambient Light Level (Lux)

. L Sensor Glass Temperature (C)
Relative Humidity (C) M Temperature of Sensor (C) B O

. Sensor Glass Temp LIN Rsp Time(s)
Ambient Light LIN Rsp Time (s)

& = = 0

X BRI A [ variable | siee | Type [ orign [ Description | Flags [ ~
il =@ finalTine 1 Foatleee... Sination .. Read-only... #

* ) RsMCmd currentTime ixI Floatleee... Curentsi... Read-only...

[ Rsvrsp modelstepSize Ixt Floatleeesd Fixedstep... Read-only
B re simState Xt It Simulation ...
; :E EMRSF: v | erorhumber fxt Utz Errornum...  Read-only v
T To TN Log Viewer ) Irerpreter  Fie Selectr }, i i igniveading_hs.sdf /

For Help, press F1. RUN 4/18/2014 [14:06
(e WM. Dl o . T s T Y - 0 5
i start. East Lansing, MI {7 RUHS_FINAL - Contro... | - ) MATLAB 7.10.0(R20... | /¥ RLHS Design [ CiiDocuments and Se... | B Document1 - Microso .. s mE SR B M 2:06pM

Figure 63 - Blowing on the RLHS

Table 13 below makes it easy to see the data collected in the figure above for the
humidity increase test.
Table 13 - Relative Humidity Testing Values
Glass ) Ambient Light Fo'rwau'i Rela"m'/e Temperature
Temperature (Lux) Lookmg Light Humidity (©)
(Lux) (%)

33.640 0 0 87.704 33.640

(C)

As seen above, the teams testing values for relative humidity change drastically when
moisture was applied to the sensing mechanism on the RLHS. These test cases for the RLHS
prove the functionality of the teams LIN driver with respect to real-time recognition of signals.

4.3: Actuator Testing
Initial Actuator Testing

Before the Tx raw data tab in the Simulink LIN driver was changed to read Signals as
shown in Figure 49, the actuators behaved in completely different manner than the final design.
In this design, the actuators only responded to raw data and not to the external input signals.
Because there was no raw data being supplied to the actuator, the actuators FPOS address was
set to its default address of Ox7FFF corresponding to 32767 counts and proceeded to count down
at 3 rpm to the address 0x0000 which corresponds to 0 counts (also the default value for CPOS
in this case). After this process concluded and the FPOS address was equal to the CPOS address,
the actuator needed a power on reset to repeat that process. A screen shot of the simulation can
be seen below in Figure 64 below. For this figure, the Air Delivery actuator was allowed to run
all the way down and the Air Inlet actuator was connected immediately when the Air Delivery
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actuator was finished to show the start and end positions. The LIN signal propagation speed, as
seen below in Figure 64, is about 600 milliseconds for both actuators. The actuator specification
defines a 1 second delay time for the startup and continuous time averaged signal response delay.
The simulated time delays are below the specification tolerance by about 400 milliseconds.
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Figure 64 - Actuator Initial Testing

The team experienced some faults in the actuators due to connecting the power and
ground pins backward while connected to power. This rewrote the internal assembly
programming within the actuators writing the addresses initially programmed by the team to a
different fault address. In order to correct this problem, the team had to visit GM and have an
engineer re-download the assembly programming. Only then would the actuators be able to
properly work again.

Final Actuator Testing

When performing the final tests on the actuators, the team conducted several tests. With
the use of Control Desk, the team was able to implement user settings that would be in an
automobile.

Enabling signal manipulation allowed the team to send signals to the actuators which
modified the actuators response and allowed for testing to occur. The tests performed on the
actuators are as follows:

* The first test was controlling the current and future positions of the actuators which
allows for the motor to rotate. This was done by either increasing or decreasing the
numeric input dSPACE block that was mapped to the external input of the LIN
Simulink driver.

* The second test was manipulating the shaft direction by changing the address to 0 or
1 through the numeric input block corresponding to counter and clockwise rotations.
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* The third test was to manipulate the speed of the actuator. This was achieved by
changing the numeric input block to a 0, 1, 2, or 3 corresponding to 3, 3, 4, or 5 rpm
respectively. Address 0 is the default speed of the actuator.

Figure 65 below shows an example test for both actuators with the initial position set to
0, the future position set to a higher address than the current position, the shaft direction set to
counter clockwise, and the speed set to 3 rpm with a numeric input of 1.
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Figure 65 - Actuator Test

Table 14 below makes it easy to see the data collected in the figure above for the actuator
test.
Table 14 - Actuator Test Values

Actuator Tvoe Speed Set Direction Actual Position Future Position
yp (RPM) (Count) (Count)
Air Inlet 5 c(fgrl?vtflrse 7195 8000
Air Delivery 5 c(l:(c))::ll?vtsfse 7195 10000

When conducting this test, the team tried to simulate the user input of air recirculation by
enabling the Air Inlet actuator and the setting (e.g. blowing air to windshield, feet, or face) by
enabling the Air Delivery actuator. This test proved that the team was able to simulate a user
input through manipulation of the LIN driver.

47



Chapter 5: Summary
5.1: Summary

The project was a success in the fact that the team was able to create a LIN driver for
each of the sensors and the actuators. The team was also able to create individual Control Desk
re-usable libraries for each of the LIN drivers. The libraries created were able to read the desired
climate characteristics from the sensors and had the ability to drive the actuators. The team was
also able to write a technical document that describes the associated functionality and
implementation which was an expected deliverable by GM. The greatest success of this design
team was the knowledge taken away on the benefits of using an RCP system when designing a
vehicle. Also, the team gained knowledge on the use of LIN protocol which is being
implemented in the automotive industry today.

The final cost paid out by the team was significantly less than the allotted budget.
Unfortunately, the total cost of implementing the RCP system in this project is substantial
because of the cost of the ECU and dSPACE software. The final budget can be seen at the end of
this chapter in Table 15.

5.2: Successes and Failures

The greatest success for this project was actually being able to design a reusable and
updatable LIN driver and dSPACE Control Desk library for the sensors and actuators. This is a
positive demonstration that the team could implement what was researched for this project such
as LIN protocol, HIL simulation, Simulink block structure programming, and hardware and
software integration. GM will be able to use this team’s designs and build of them to prototype
their future climate control system in their vehicles. The fact that this design team played a part
in making the foundation for this system work is an extraordinary accomplishment that can be
used to benefit vehicles, which play a major role in the economy.

The greatest failure in this project was that the team was not able to design a LIN driver
that allowed for the simulation of both sensors and the actuators at the same time. Although this
was beyond the scope of the deliverables that GM required from this design team, it would have
been a great accomplishment that would have allowed the team to utilize the full power of the
LIN bus system.

5.3: Suggestions for Future Improvement

A suggested future improvement to this project could be to both sensors and all the
actuators integrated into a single LDF. This would allow for the simulation of the multiple
devices at once. This would also allow for the sensors to be able to drive the actuators
autonomously instead of setting an external constant input for solely testing purposes. This
improvement would bring a future design team closer to installing their climate control prototype
into a vehicle.

Another suggested improvement would be to acquire the additional actuators that were
missing from this project in order to test for the proper functionality of the actuator LIN
Simulink driver created by the team. Acquiring these components, such as the temperature blend
flaps, blower motor, heater core, and evaporator actuators would ensure that the LIN drivers
designed by the team have been developed correctly.
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: Final Budget

Table 15 - Final Budget

Product Description y. Price/Per
DS821 Express 34mm DS821 Host Interface
Card (Express Card) SN#380475 ! Wl Syt
Includes the following software:
CDP(Control Desk,
Dongle RTI,Platform_API), CCPPPC, ! $500 $500
RTILINMM Blockset
MATLAB/Simulink MATLAB/Simulink License * «
2010a supplied by MSU Engineering ! WARDLS DS
ECU MicroAutoBox 1401/1501 1 $10,000 $10,000
Air Inlet, Air Delivery, & % 5
Actuator Temperature Blend Flaps 3 $1 ol
ILSS Sensor Indicator, Light, and Solar 1 § 1%+ g 1%
Sensor
RLHS Sensor Rain, Light, and Humidity | § 1%+ § 1%
Sensor
LIN bus LIN bus for each sensor and 5 $20 $100
actuator
Power Supply 40 VDC 10 A Power Supply 1 $270 $270
10 A Fuse 10A fuse for component i $0.39 $0.39
protection
Proto Board Proto Board for external wiring 1 $3.59 $3.59
2 in. x 4 in. x 8 ft. #2 Pressure-
2x4 Treated Lumber for final display ! $2.97 $2.97
Project Panels 1/4 in. x 24 in. x
Plywood 24 in. Pine Plywood for final 1 $13.60 $13.60
display
Plaskolite 8 in. x 10 in.
Plexy Glass Polystyrene Sheet final display ! $2.48 $2.48
Total Cost= | $11,945.98

* Typical price of MATLAB 2010a off the internet

** Denotes GM confidential information that cannot be distributed in this report. The price is
presented as one dollar

Table 16 - Budget Spent by the Team
Final Budget the Team Spent

Hard ware Purchased  $23.03




Appendix 1: Team Technical Roles

Guiseppe Ferro: Team Manager

My technical roles in this project were the main programming
of the ILSS, RLHS, and actuator LIN drivers through Simulink,
establishing the hardware connections between the MicroAutoBox
and the sensing and actuating components via LIN, and verifying
the proper functionality of the drivers by conducting component
simulation testing through Control Desk. The software design
consisted of configuring the LIN drivers individually for each
sensor and actuator. This design strategy was heavily constrained
due to the way in which GM gave the team the supporting LDF
files, which describe all the aspects of signal transmission for a
single sensor or actuator individually. The process of
programming each LIN driver was crucial because it laid out the
foundation for communication between the ECU and the sensors and actuators. I did this by
manually selecting the information from the LDF using the dSPACE Simulink RTILINMM
block sets.

For establishing the hardware connections, I wired the MicroAutoBox with power, ground
and the LIN channel within the ZIF connector by referring to the dSPACE MicroAutoBox
Configuration specification. Using the pins in the ZIF connector, I then connected the sensors
and actuators with the correct pin assignments to configure the LIN bus system.

The work I completed in this project took a considerable amount of research. In order to
design each LIN driver, I had to thoroughly read through sensor, actuator, and MicroAutoBox
specifications to identify which information was necessary. I also had to read through dSPACE
Simulink tutorials to learn how to use the RTILINMM block sets worked. I was assisted in the
initial setup of the RTLINMM block sets by dSPACE engineers over the phone and in person.
The engineers familiarized me with the steep learning curve of the system in order to quickly
begin the development of the LIN drivers. The research and supplier interfacing I did played an
important role in designing the LIN drivers.

For simulating and testing the responses of the sensors and actuators, I had to learn how to
use the dSPACE Control Desk software which was the RCP software that integrates the
Simulink LIN driver code with the MicroAutoBox 1401 processor board. This simulation
software made it possible for me to the test the sensor/actuator responses and conclude that the
LIN drivers designed were capable of producing responses that were within the signal tolerance
specifications written by GM. In order to make this process easy reusable by GM, I used the
Control Desk library feature to save the final layouts created for each component.
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Omar Ali: Web-Master

My technical role in the overall design of the project was
to create the driver for the RLHS. In order to accomplish this I
commenced research on the LIN protocol to understand how
nodes are transmitted and received between the master
(MicroAutoBox) and slave (RLHS). With the background about
the LIN protocol, I was able to go through the LDF that was
provided by GM and select the frames that were required in order
to send and receive the desired signals for the RLHS. There was,
however, a problem with, not only the RLH sensor LDF, but also
with the LDF’s for the other sensor and actuators while I was
working to configure the RLH sensor. After speaking with GM 1
understood that the LDF’s needed to be configured for LIN 2.0. I
figured out how to configure the LDF’s for LIN 2.0 by
researching about the structure of LDF’s. From this I was able to understand that the LIN
protocol version and language version needed to be changed from the original “j2606” to “2.0”.
This configured the LDF for LIN 2.0. Along with this I needed to comment out the j2606
protocol in the master node that was configuring the master for 32 bits at 1% tolerance. The last
thing I needed to do was to configure each LIN protocol version for the node attributes to 2.0 and
then comment out the response tolerance. This configured the node attributes to be recognized
for LIN 2.0. With the LDF configured for LIN 2.0 I was then able to use Simulink to assist in
building the driver for the RLHS. In Simulink I needed to use the RTI LIN MultiMessage
GeneralSetup, ControllerSetup, and MainSetup blocks that were provided by dSPACE as the
base for assisting in setting up the driver for the RLHS. I then configured the blocks by
referencing the RLHS LDF that was provided. With the correct nodes configured I was then able
to load the LDF in Control Desk and display the required data such as the relative humidity level,
relative humidity temperature, ambient light level, forward looking light level, sensor glass
temperature, and signal propagation speed using display tools in Control Desk. This satistied the
requirement that was asked for by General Motor’s for the RLHS.

Weihan Yan: Webmaster

My portion, as defined in proposal, is actuator interfacing.
The first thing is to understand what the sponsor wants:
demonstrated dSPACE set-up that drives multiple LIN actuators
with associated required diagnostics and actuator with end-stop
learning functions. There is no specific constraint except the LIN
itself, which means there is only one wire used to transmit data so
we cannot use any other protocol, such as CAN. The only criterion
is making the stuff I did reliable. Because we only have one
authorized computer, we always worked together. We firstly
finished the setup of sensors and then turned to the actuators.
Specifically, the works on actuators are kind of similar with those
on sensors. There are multiple things that needed to be shown in
the interface of the Control Desk. I assisted in selecting input windows to type in the rotation
speed for actuators. I assisted in inputting integers here to control the rotation speed at 3, 4 and 5
rotations per minute. Then I assisted in inserting display windows into the interface for
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monitoring certain data from actuators such as Air Inlet actual Position, Air Delivery actual
position and response time. After finishing the interface of the Control Desk for actuator, I
assisted in reloading the LDF file so that we can drag the signals we need into the display and
input windows. According to the LDF file the sponsor provided, it was known what types of
frame are needed for actuator setup and what nodes are respectively belong to TX and RX. After
finishing the Simulink setup, we build the interface in dSPACE Control Desk. By opening
Simulink blocks, loading LDF file, drawing display windows and selecting signals, I assisted in
being able to read those specific numbers we prefer on the screen and change the rotation speed
of actuators by adjusting the constants of Control Desk.

Sitong Ge: Document Preparation

Sitong Ge was the document preparation of Team 4. My
role included but was not limited to provide support for
professional written communication in the team’s engineering
climate control setup design process, coordinate the preparation of
written reports of, coordinate peer-editing of documents and
maintain documentation portfolio.

For the technical role, I researched different type of
controller. Because of the scale of our project, we used open-loop
control. The two main difficulties for the sensors’ setup were the
understanding of LIN and the setup of dSPACE. I helped in
setting up the ILSS and RLHS drivers. LIN is single master
multiple slaves’ communication, so we needed set up both the
master and slaves as the LDF file defined. I helped with
converting LIN J2602 to LIN 2.0 in the LDF file. I read the LDF file to assist in determining the
Tx and Rx frames and nodes respectively to the frames used for the sensors’ setup block. For the
setup of ILSS and RLHS sensors, I investigated the characteristic of LIN, the Tx and Rx frames.
The LDF file was important to this project, so reading it and understanding the characteristics of
LIN communication were crucial. After the setup blocks were done, the control desk was used to
do the testing. The setup of Control Desk was difficult to us, because all of us were new to
dSPACE. I helped with the setup of Control Desk. After talking with dSPACE specialists, we
had a more clear idea about how to set up dSPACE Control Desk. We also investigated the demo
to do the setup. The Setup model needed to be built, and the Control Desk need load the right
SDF file. The signals were shown at the bottom of the Control Desk. The signals needed which
were preselected by the bus selector needed to be pulled up to the displays on the Control Desk.
Then, it should be changed to Animation mode, so we could see the changing of the parameters
which were needed. We could also use the Control Desk to control the direction and the speed of
the actuators. I also helped with the testing of ILSS sensor, RLHS sensors and the actuators.
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Ricardo Johnson: Presentation Preparation

Technical/Non-Technical Roles - I had an active role
throughout our entire designing process of our climate-control
system. My non-technical role assigned to me was lead in
preparing for all presentations conducted during our group project.
Comprehending appropriate content and style of oral presentations
to relevant standards to explain objectives was my main focus
when presenting to our audience. Understanding critical points in
our project enabled me to assist my team to illustrate targets from
our information and data. Accomplishing this leads to my
technical roles in our climate control system which concludes
understanding each step of our design. Working with a
MicroAutoBox, Simulink, dSPACE and knowing how to
constructively connect our MicroAutoBox to a computer was the
first step. Second is the ability to understand how the MicroAutoBox’s LIN network
communication system communicates to the actuators and sensors which were used to read and
determine climate air conditioning control in an automobile. One of my roles during our design
process was working with the actuators, helping set up its LIN communication driver and
understanding all limitations especially when concluding for our application note. Once our
design was complete I had the opportunity of testing which enabled me to understand in full
detail the capabilities and limitations of the actuator design. This ensures a well maintained
product that yields to any potential failures that could occur. The challenge in evaluating these
limitations gives an effective approach ensuring efficiency throughout the lifecycle of the teams
design. Once all tests were conducted, comprehending the signals needed to send to the actuator
was vital. The actuator undergoes signals sent through user input which could be manipulated
and displayed through Control Desk software. Once the signals are received from the Control
Desk Software we have full control of the actuators. Control Desk gives the ability to interface as
if it was actual user input in an automobile. This is important to ensure all functions of the
actuator work appropriately. The Control Desk Software allowed signals sent to determine future
position, mode of direction, and speed of rotation of each actuator.

Yingshuyu Li: Lab-Coordinator

Yingshuyu’s main technical role in the project was doing
research about dSPACE Control Desk Software, LIN, and
actuators. With the use of dSPACE, this tool provides for
developing, testing and calibrating ECU’s in the automotive field.
For this project she helped overlook the simulation part of the
project, which tied to dSPACE. She looked through dSPACE
source code, helped with the Simulink file and made sure that each
part works. She also did research about LIN, which includes the
function of the transmission carrier frame, and functions as part of
the header. LIN allows for the communication between a single
master, which is the 1401/1501MicroAutoBox, and up to sixteen
slaves, which could be various different sensors or actuators, on a
single bus system. Based on her research, she figured out the
identifiers were split in four categories: values 0 to 59 (0x3b) were used for signal-carrying
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frames, 60 (0x3c) and 61 (0x3d) were used to carry diagnostic data, 62 (0x3e) was reserved for
user-defined extensions, and 63 (0x3f) was reserved for future protocol enhancements. She also
helped to overlook the actuators, which are LIN based that provides the air inlet, delivery, and
mode in a vehicle-air-conditioner. The transmission is bi-directional and unsynchronized
communication that is set up as a slave receiving and responding to a command. In this case, it is
important to ensure the actuators interfacing to avoid damage. Also, The MicroAutoBox requires
a power supply in the range of 6-40 V (30 V with a 5 AMP peak). The power supply should
operate at 12 V and deliver 5 AMP peak current. To achieve this task, she assisted in wiring and
inserting a fuse within the range of 8 to 10 AMP into the power supply to protect the
MicroAutoBox.

54



Appendix 2: References
[1] Anders Rylander & Erik Wallin. “LIN - Local Interconnect Network - for use as sub-bus inVolvo
trucks’”. 2003. Available online: http://www.mrtc.mdh.se/rtis/contrib/Exjobb/03.PDF

[2] Anti-Windup Control Using a PID Controller. February 19, 2014 Available online:
http://www.ni.com/white-paper/9733/en/

[3] Automotive HVAC Market by Vehicle Type (Passenger Cars, LCVs & HCVs), Technology (Manual
& Automatic), Components & Cabin Comfort Market by Type (Power Seats, Power Windows,
Heated Seats & Sunroofs) - Global Trends & Forecast to 2018. February 01, 2014. Available online:
http://www.marketresearch.com/MarketsandMarkets-v3719/Automotive-HVAC-Vehicle-Type-
Passenger-7750028/

[4] STMicroelectronics. “J2602 Software Package”. November 2012. Available online:
http://www.st.com/st-web-
ui/static/active/en/resource/technical/document/user manual/DM00068799.pdf

[5] Gilles Delorme, Phillip Jacquet. “GM LIN Actuator” General Motors. 15 Mar. 2012

[6] dSPACE Application fields in the automotive industry available online 2014
https://www.dspace.com/en/ltd/home/applicationfields/automotive.cfm

[7] Gilles Delorme. “Solar/Ambient Light/Temperature Sensor With Indicators.” General Motors. 15
Jan. 2013

[8] K.J. Astrom and B. Wittenmark, Computer-Controlled Systems, 3rd Ed, Prentice Hall, 199

[9] "Local Interconnect Network." Wikipedia. Wikimedia Foundation, 29 Jan. 2014. Web. 01 Feb. 2014.
Available online: http://en.wikipedia.org/wiki/Local Interconnect Network

[10] M. Honek, J. Csamb’al, S. Wojnar, M. Kopa“cka, P. Simon~ci”, and M. Lauko. "RAPID CONTROL
PROTOTYPING SYSTEM DSPACE USED FOR CONTROL OF COMBUSTION ENGINE
PROCESSES." Slovak University of Technology. N.p., n.d. PDF
Available Online: http://dsp.vscht.cz/konference matlab/MATLAB10/full text/039 Honek.pdf

[11] Natalie A. Wienckowski, Merv Rose Jr. “J2602/LIN 2.0 Seminar CTIS # 28302.” General Motors. 19
May, 2010

[12] National Instruments. “Introduction to the Local Interconnect Network (LIN) Bus”.
February 01, 2014 Available online: http://www.ni.com/white-paper/9733/en/

[13] Klaus Lamberg, Peter Wiltermann,*“Using HIL Simulation to Test Mechatronic Components in
Automotive Engineering”. dSSPACE GmbH, Paderborn. 16 November, 2000. Available Online:
http://www.dspaceinc.com/ftp/papers/hdt00 e.pdf

[14] Gilles Delorme. “Rain Light Tunnel Sensor with Humidity Sensor” General Motors. 30 Nov. 2009

55



Appendix 3: Running Charts, Gantt Chart and Beyond
Table 3 - Gantt Chart

Task Name Duration Start Finish
Project Definition and Objectives 16 days Fri 1/10/2014 | Fri 1/31/2014
First Meeting with Team 4 1 days Mon 1/14/14 Tue 1/14/14
First Contact with GM Sponsor 1 days Wed 1/15/14 Thu 1/15/14
Research dSPACE/Lin Operating System 3 day Fri 1/15/14 Fri 1/17/14
Meet with GM Sponsors via Teleconference 7 days Mon 1/20/14 Tue 1/28/14
Acquire multiple licenses 7 days Mon 1/20/14 Tue 1/28/14

Review meeting notes to discuss with facilitator 2 days Tue 1/21/14 Wed 1/22/14
First Meeting with Facilitator 8 days Wed 1/22/14 Fri 1/31/14
Start Pre-Proposal and Gantt Chart 7 days Thu 1/23/14 Fri 1/31/14
Divide sections to equalize writing load 7 days Thu 1/23/14 Fri 1/31/14
Research on past projects that are similar 5 days Thu 1/23/14 Wed 1/29/14
Find out if any like systems are available 5 days Thu 1/23/14 Wed 1/29/14
Preliminary research on LIN/dSPACE found 5 days Thu 1/23/14 Wed 1/29/14
Overview of the problem 5 days Thu 1/23/14 Wed 1/29/14
Executive Summary 5 days Thu 1/23/14 Wed 1/29/14
Risk Analysis/Objective and Design Specs 5 days Thu 1/23/14 Wed 1/29/14
Conceptual Design Development 5 days Thu 1/23/14 Wed 1/29/14
Start web page design with GM logo 5 days Thu 1/23/14 Wed 1/29/14
Find out how to display for Design Day 5 days Thu 1/23/14 Wed 1/29/14
Second meeting with GM and deliverables 5 days Tue 1/28/14 Sat 2/1/14
Start creating a logic flow/diagram for LIN driver 4 days Tue 1/28/14 Fri 1/31/14
Determine systems input/output parameters 4 days Tue 1/28/14 Fri 1/31/14
Second meeting with Facilitator 1 day Wed 1/29/14 Wed 1/29/14
Pre-proposal Due 0 days Mon 2/3/14 Mon 2/3/14
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Acquire Material to Begin Design 5 days Mon 2/3/14 Fri 2/7/14
Pre-trial software/understanding/learnings 5 days Mon 2/3/14 Fri 2/7/14
Pre-trial actuators/understanding/learnings 5 days Mon 2/3/14 Fri 2/7/14

Begin Programming/Virtual Design 9 days Mon 2/10/14 Thu 2/20/14
Program Simulink to dSPACE 2 days Mon 2/10/14 Wed 2/12/14
Utilize LIN to actuators and sensor 9 days Mon 2/10/14 Thu 2/20/14
Connect entire system 9 days Mon 2/10/14 Thu 2/20/14
Begin testing parameters of virtual design 9 days Mon 2/10/14 Thu 2/20/14

Begin Building Prototype for Display 20 days Mon 3/1/4 Thu 3/20/14
Brainstorm Ideas 20 days Mon 3/1/4 Thu 3/20/14
Start prototyping 20 days Mon 3/1/4 Thu 3/20/14
Testing prototypes 20 days Mon 3/1/4 Thu 3/20/14
Determine test edge cases 20 days Mon 3/1/4 Thu 3/20/14
Collaborate on errors for final design 28 days Mon 3/1/4 Thu 3/28/14

Final display prototype design 15 days Tue 4/1/14 Tue 4/15/14
Repair/Finalize Design Specs 15 days Tue 4/1/14 Tue 4/15/14

Due Dates 86 days Fri 1/10/14 Tue 4/15/14
Proposal Presentation 1 day Fri 2/14/14 Fri 2/14/14
Final Proposal Due 1 day Mon 2/21/14 Mon 2/21/14
Site Visit to GM for Testing 1 day Mon 2/24/14 Mon 2/24/14
Team Technical Lectures 1 day Mon 3/24/14 Mon 3/24/14
Design Issues Paper 1 day Fri 4/11/14 Fri 4/11/14
Professional Self-Assessment Paper 4 days Wed 4/16/14 Wed 4/16/14
Final Report Due 1 day Wed 4/23/14 Wed 4/23/14

Design Day 1 day Fri 4/25/14 Fri 4/25/14
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MicroAutoBox Configuation:

Requirements for 1501 Board

Ideal grounding

Ideal grounding as shown in the illustration below is strongly

recommended if there are high load currents in your application and if

you want to measure highly accurate values.

VSENS

ADC

MicroAutoBox
/O connector

Sensor ground line

Sensor

Car battery
[ A—

GND

Ideal Grounding

=—

+=
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1 2 3 4 5 6
7 DACS out |Group Tch1 out |Group1ch2 out |Group1¢ch3 out |Group1ch4 out [A
DACS ouf | DACE out [Group 1ch5 out [Group1ch6 out [Group1¢ch7 out [CTMch1 out |8
oufl [ DAC 4 out [CTMch 2 out |[CTMch5 out [CTMch 6 out [CTMch 7 out |C
Main power supply return and reference for all inpu Ground oufl [ DAC2 out [CTMch8  out [CTMch3  out [CTMch4  out |Group6ch1 out [D
and output signals. Connect at least 2 pins to the in [ vsENS OU Group6¢ch 4 out [Group6chS out [£
minus of your car battery. Use unused pins to Group 6 ¢ GND in [ GND in TPUch 1 out [F
reference your signals. This signal is also connected to TPUh 2 oufl [ TPUch 3 ufll | GND in |GND in [l GND in JTPUch4 out |G
the case of MicroAutoBox. TPUChS oufl [TPUch 6 oulf [ GND in [ GND in 7 out [TPUch8 out [H
E1 VDRIVE This input supplies all digital input and output TPuchs oufl |TPUCh1D  ou [PUch13  out |TPUch1d  out |J
circuits. TPUch 15 oufl | TPU ¢ch 16 out [Group2ch1 out [Group2ch2 out [Group2ch3 out [Group2ch4 out |K
= Connect this input to VSENS to get TTL~compatible Group2c¢ch5 oufl |Group2ch6 out |Group2ch7 out |Group2ch8 out |Group3ch1 out |Group3ch2 out |L
logic levels to your inputs/outputs. Group3ch3 ouff [CTMch1 in | REMOTE in | CTMch2 in |CTMch3 in |CTMch4a in |M
= Connect this input to VBATprot to get automotive- Group6ch1 in f[Group6ch2 in |Group6ch3 in |Group6chd in |Groupbch5 in [Group6ch6 in [N
compatible logic levels to your inputs/outputs.
= Do not connect this pin directly to VBAT, because LIN Power
the input and output circuits are not load dump or
Li\;‘e'lrseMv.oltaze prBotec'tes ,at this SIQHE(;'d h Group6ch7 in Group6ch 8 in T2U ch 1 in TPU ch 2 in TPUch 3 in TPUch 4 in P
" OU'.:)it sg;’es“r::ve":L'f"_:;”gezgrn‘.’s:em V%";R}E‘ ;o TPUChS in |[TPUch6  in |TPUch7 _ in |[TPUch8  in |TPUchS  in [1PUch10 _ in |R
the outputs may reach the level of VDRIVE. If this TPUCh 11 in § | TPUch 12 in |TPUch 13 !r TPU ch 14 in | TPUch 15 in |TPUch16 in |S
behavior is critical in your application, you have to Group2ch1 in §|Group2ch2 in roup2ch3 in | Group2ch4 in  [Group2ch5 in |Group2ch6 in | T
power down your external devices or VDRIVE \ G 2 ch 7 BLADRC Serial 2K/ Vo |f| Serial 2L in |Serial 1TXD out |Serial 1RXC in |U
before MicroAutoBox is powered down. You can Con4ch4 LIN
also use the REMOTE signal (KI.15) with the power ADCType1 in f[ADC Type 1 in CAN1low o [CANThigh Vo [V
control software functionality to first switch off Con2¢Cha Con3Cha
VDRIVE via a relay. ADCType 1 in [A! el VBAT in | VBAT in WVBAT in |Group2ch8 in W
2 VSENS 3 S Con1Ch4 Con4Ch3
ensor. upply output. ADCType1 in [ADCType! in I VBAT in | VBAT in CAN 2 low o [CANZhigh Vo [X
Use this output to supply your sensors and/or Con2Ch3 Con3Ch3
VORIVE. ADCType1 in |ADCType! in [Groupdch1 in |Group4ch2 in [ECU/IFRX+ in |Group4ch3 in |VY
2 VBAT prot | Protected VBAT output. Con1¢Ch3 Con4cCh2
Use this output to supply VDRIVE when automotive ADCType1 in |ADCType! in [Groupdch4 in |Group4chS in [ECU/IFRX- in |Group4ch6 in [Z
logic levels are needed. Con2Ch2 Con3Ch2
ADCType1 in [ADCType! in |Groupdch?7 in Group4ch8 in ECU/IFTX- out [GroupSch1 in |a
Con1Ch2 Con4 Ch1
ADCType1 in |ADCTypel in [GroupS5ch2 in Group Sch3 in ECU/IFTX+ out |GroupSch4 in |b
Con2Ch1 Con3Ch1
ADC Type 1 in | VBAT prot out [GroupS5ch5 in Group 5¢hé in GroupS¢ch7 in Group5¢h8 in |¢
Con1Ch1
1 2 3 4 5 6
ZIF Connector Pin Description
Date Revision | Features Boot Firmware dSPACE Release
Version
DS1501
Q2/2002 07 Multi-channel PWM not relevant 34
added
Q3/2003 09 LIN support added not relevant Using the LIN
support requires
at least Release
4.0.
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Running Charts:
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