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1 INTRODUCTION

This document is the user manual for the project Machine Learning and Adaptive Control for Improving Servo
Performance within the project course Automatic Control, TSRT10. The main purpose of this document is to present

information on how to operate the test rig used in the project.
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2 HARDWARE

A couple of different hardware components work together to be able to control the throttle, mainly: a Raspberry Pi 3b+
and a windows PC. The Raspberry Pi could be described as the interpreter between the throttle and the PC. It receives
the reference angle from the PC and the actual angle from the throttle. In this project the PC was used to simulate the
vehicle model to limit the computational load on the Raspberry Pi. It should be possible to run the engine simulation
directly on the Raspberry Pi as well but this has not been verified during this project.

2.1 Wiring scheme
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Figure 1: A picture showing the wiring scheme for the test setup.

2.2 Raspberry Pi

The Raspberry Pi utilizes the GPIO pins to communicate with the throttle, these connections can be seen in Figure
2 and Figure 3. Note that the green wire is not connected. The Raspberry Pi is powered by a power adapter and
connected to the screen through a HDMI-cable. A keyboard and mouse can be connected through the USB-ports on
the Raspberry Pi.
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Figure 3: A picture showing how to connect the GPIO pins (2/2).
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23 PC

The PC is connected to the Raspberry Pi via USB. See Figure 4. This allows serial communication (UART) between
the computer and the Raspberry Pi.

Figure 4: A picture showing how to connect the wires to the USB connection.

2.4 H-bridge

To transform the PWM signals from the Raspberry Pi to a motor current a H-bridge of model AEK-MOT-2DC70S1
is used. To work properly it will need three signals; motor clockwise, motor anticlockwise and PWM. The two first
must be set opposite to each other for the motor to work.
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Figure 5: A picture showing how to connect the H-bridge.

2.5 Throttle
The throttle is connected with six cables, see Figure 6. The function of each pin is described in Table | below:
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Table 1: 12C connections on Raspberry Pi.

| Pin |  Description
6 Position sensor 1
5 Position sensor S5v
4 Position sensor 2
3 Ground
2 Motor -
1 Motor +

December 12, 2022

Figure 6: A picture showing how to connect the throttle.
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3 SOFTWARE

A number of programs are used to actuate the throttle, both on the PC and on the Raspberry Pi. Note that some of the
toolboxes in Matlab have limited compatibility with Mac OS and Linux. In other words, if possible, use a PC with
windows.

3.1 Matlab / Simulink

Matlab and Simulink are used extensively on the PC. To be able to run the throttle a Matlab version of 2020b or newer
is required, also a number of different toolboxes should be installed.

Toolboxes:
e Real time desktop.
e Control system toolbox.
o Statistics and Machine learning toolbox.

e Mapping toolbox.

3.2 Python

Python is used on the Raspberry Pi. The Thonny IDE is used for this and is an already installed IDE on the Raspberry
Pi.

TSRT10  Automatic Control, Project course 7
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4 START-UP

To get up and running with the setup, follow the steps below.

4.1 Start the Raspberry Pi

Before starting the Raspberry make sure that the USB connector is not connected to the PC. If it is, the Raspberry might
not boot properly. Plug in the Raspberry Pi to a 230V outlet using the connector. It should then boot automatically.
Also make sure that the power supply is turned on, otherwise the throttle can not be actuated.

Once the booting procedure has finished, open up the terminal and run sudo pigpiod. This launches the pigpio daemon
which allows control of the GPIO pins, see Figure 7.

File Edit Tabs Help

pli@raspberrypi: sudo pigpiod
pli@raspberrypi:

Figure 7: Running the pigpio daemon from the terminal.

If the pigpio deamon is not launched the Raspberry Pi cannot receive or send data using the GPIO pins. The next step
is to launch the Thonny IDE and run the main.py script, see Figure 8.
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Thonny - /home/pi/... = 1153
B 75 mhonny p 3

Thonny - /home/pi/Documents/aurobay/2022/Raspberry Code/main.py @ 12

Switch to
@ reqular
2 mode
sz Run

New Load Debug ) T u Stop Zoom Quit

main.py

1 # Main file for running python code on the Raspberry Pi. Will handle reading of data, writing oi

# ALl code is tested in v independent test fil befor added to this main loof
import time

import pigpio

import RaspCom

import SerCom

import os

#from SerCom import receiveCommand ndAngl
print("Start")

# For initializing and calling PWM function
# Constant

UPDATE_FREQ = 500

# Counting in nanosecond

UPDATE_TIME = 1e9/UPDATE_FREQ

PWM_PIN = 18

PWM_FREQ = 20000
INA PIN = 17

INB_PIN = 27

# If no command received in 10 cycl
RESET TIME CYCLES = 10

Python 3.9.2

Figure 8: The main.py program that allows control of the throttle.

Once this is done, actuation of the throttle should be possible. If there is an 12C error, a good idea is to check whether
or not the Raspberry Pi can find the connected components. This can done by writing sudo i2cdetect -y 1, see Figure 9
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File Edit Tabs Help

pi@raspberrypl:
a1 7 3

pl@raspberrypi:

Figure 9: Running the i2cdetect command will show all connected devices.

Note that one of the pins shows 48 in Figure 9. If the entire list is empty that means that the Raspberry Pi cant connect
to the I12C device.

4.2 Running Matlab

To be able to connect the Raspberry Pi to Matlab, Matlab has to know with which serial port it should communicate
with. To do this run the serialportlist command in the Matlab command window, see Figure 10.
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Command Window

»>>» serlalportlist

dlls =

HI:I::}ME' mn

Figure 10: The serialportlist command shows all the available serial ports.

This commands shows all the serial ports that Matlab can connect to. To connect to one of them, create a serial port
object (in this case named "ser") and the baudrate should always be set to 115200. Then the findV.m script should
be runnable. This script gets the voltages for maximum opening, closing and limp home throttle position, these
parameters are essential for generating a good reference value. The procedure of this is described according to Figure
1. By running this the throttle should be actuated immediately.

ser = serialport("COM5", 115200);
[Vlh, Vmax, Vmin] = findV(ser);
flush(ser);

clear ser

Figure 11: A picture showing how to create the serial port through Matlab which allows the
connection between Raspberry Pi and Matlab.

Before running the throttle the in Simulink all variables has to be accessible in the workspace. To create these variables
run the main_throttle_model.m script. This script creates all variables and runs the calibration. This script can also
simulate the model directly, however running the model directly from Simulink is advantageous since the results can
be analyzed immediately.
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4.3 Running Simulink

The throttle controller gets its reference value from the engine and drivetrain model from the course Modelling and
Control of Engines and Drivelines, TSFS09. To find the throttle controller go into the ECU, Boost control and then
into Hardware in the loop throttle block, see Figure 12.

pod_pos .1]

@ pmw———

0

Figure 12: Shows an overview of the boost control in the vehicle model containing the throttle model.

To adjust the controller enter the Hardware in the loop throttle block, the view should look similar to Figure 13.

rive cycle
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Figure 13: The overview of the throttle controller block.

To be able to send and receive signals using Simulink its first of all very important that Simulink Real Time Desktop
is installed. Then the Packet output and Packet input blocks have to be calibrated for the PC in use. This will differ for
pretty much all PC:s since the USB ports often have different names. As mentioned previously use the serialportlist
command in Matlab command window to get the serial port in use. Once the serial port has been verified this specific
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serial port be set up in the Packet output and Packet input blocks, see Figure 14. If the serial port that should be used
is not showing up a new board has to be installed. This is done in install board > standard devices > serial port. Here

the correct name can be set manually.

4| Block Parameters: Packet Input — .y

— Simulink Desktop Real-Time Packet Input (mask) (link}

Read binary data or a CAN message from a communication channel.

— Diata acquisition board

Install new board Delete current board
Serial Port [4] e Board zetup
— Timing
Sample time:
n.oo2

Maximum missed ticks:

10000

[:] Show "Missed Ticks™ port
[ *ield CPU when waiting

— Input’Cutput
Packet identifier:

1

Input packet size:

4

Block cutput data types:

"1*=ingle’
Input packet field byte order: || e Endian e

[:] Show "Data Ready™ port
[} Show "Data Error” port

Show packet timestamp port

oK Cancel Help Apphy

Figure 14: Shows the different options for the packet in block.

Go to board setup and choose the correct serial port. As mentioned earlier the baudrate should always be set to 115200,
otherwise the communication will not work.
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Serial port:
cComMé ~
Baud rate:
115200 ~

[ XONXOFF flow control
[ RTSICTS flow control
(] DSR/DTR flow control

OK Test
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- >

(] Direct port access

Data bits:
2 e
Parity:
None e
Stop bits:

e
Revert Cancel

Figure 15: Shows the different options for the packet in block.

December 12, 2022

Make sure that the correct board is used for both packet in and out blocks. When these blocks have been calibrated it

should be possible to actuate the throttle just using Simulink.
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5 FOLDER LAYOUT

—— Car model

—— ParametersForThrottleModel.m
—— car_model.slx

—— function_c_eta.m

—— init_drivecycle.m

——— initialize_throttle_model.m
—— Hysteresis calculations
—— calculateStillPoints.m
— drive_cycle_data.mat
—— findV.m

— hysteres_functions.m
—— Maps

—— EngineFriction.mat

— EngineMap.mat

—— TgEvsNeMAP.mat

—— airstep.mat

—— fuelstep.mat

—— lightOff.mat

—— pCylLow.mat

——— turboMap.mat

—— Raspberry_Code

—— RaspCom.py

—— SerCom.py

—— main.py

L main_throttle_model.m

Figure 16: Shows the tree of the git repository.
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