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Step 0: Set Up the Router (Once Per Router)

1. Get a TP-Link AC1750 Wi-Fi router.



10 tp-link

Dual Band
Gigabit Router

Archer A

2. Turn on the router.

3. Look on the bottom of the router to find the default Wi-Fi name and password.

H Model: Archer A7
1° tp'llnk AC1750 Wireless Dual Band Gigabit Router

: =1. ILINREE L
Power lolesalan Wo'd”elwlwrl!ugr‘w#&) Vers0' "
Default Access: S/N:2187302002858

http://tplinkwifi.net O T A
MAC 0C-80-63-5A-24-1A

Wireless Password/PIN:5699356
SSID: TP-Link_241A
SID: TP-Link_241A_5G

4. Connect to the router Wi-Fi on a computer. It should show up as
TP-Link_<number> like it says on the bottom. Use the password on the bottom.

5. Got0192.168.0.1 in abrowser.

6. Choose an admin user name and password. These can be anything, but you will
need them again later to log in. Write your username and password down

somewhere so that you don't forget it.



x

D fa 192.168.0.1/webp

Support  App.

7. Set the time zone to the correct time zone and press “Next”.

x

D 192.168.0.1/webpages/index.html

Time Zone: [ (GMT-05:00) Eastern Time (US Canada) ]

Firmware Version: 1.0.4 Build 20180424 rel.68521(5553)  Hardware Version: Archer A7 v5.0 Support  App

8. For connection type and cloning MAC address, just press “Next”. (Do not change

these settings.)

D 192:168.0.1/webpages/index.htm

9. Type what you want the Wi-Fi to be called and the password. For 5G, just add
“_5G" to the end. Press “Next".



D 192.168.0.1/webpages/index.ht

ssssssss

Firmware Version: 1.0.4 Build 20180424 rel.68521(5553)  Hardware Version: Archer A7 v5.0 Support  App.

10.Before pressing “Next” again, RECONNECT TO THE WI-FI. It should now show up
as the name you chose, with the password you chose. AFTER you are

reconnected, press “Next”.

D 192.168.0.1/webpages/index.ht

T ——————r——

Firmware Version: 1.0.4 Build 20180424 rel.68521(5553)  Hardware Version: Archer A7 v5.0 Support  App.

11.Scroll down and press “Save”.

sssssssss

RMS_HOTEL_5G

Firmware Version: 1.0.4 Build 20180424 rel.68521(5553)  Hardware Version: Archer A7 v5.0 Support  App.

12.1f you get this message, ignore it and press “Finish”. (An internet connection is

not necessary.)



192.168.0.1

Quick Setup Advanced

TP-Link Cloud Service

Time Zone Summary

@ Failed.

Oops... The Internet connection is not set up successfully.
1. Make sure all cables are properly connected.

2. Click Back and verify that the Internet connection
information is correct.

3. Contact our Technical Support if the problem still exists.

13.You should be redirected to this screen.

192.168.0.1

10 tp-link Quick Setup Advanced EZ

@ Internet a
Wireless
Internet Archer A7
USB Settings
Parental Controls
@ 5
Guest Network @ @
Wired Clients Wireless Clents printer UsB Disk

TP-Link Cloud

Internet

Interet Status: WAN port is unplugged.

24 el 68521(5553)  Hardware Version: Archer A7 V5.0 Support  App

14.Go to “Advanced” > “Network” > “LAN". Change the IP address from

192.168.0.1 to 192.168.1.1

(XX} Archer A7 x

192168.0.1

Otp-link
1

4 status
Lan @
1P Address: 102,168 01
- Intemnet
@ Subnet Mask: 255.255.255.0 v
- DHCP Server
- Dynamic DNS
Advanced Routing
—
&3 Operation Mode
N Wireless
24 rel 68521(5553)  Hardware Version: Archer A7 V5.0 Support  App

15.Press “Save”. You will be redirected to a new page. Now the router is ready to

have cars added to it in Step 5: Set Up Wi-Fi.




Step 1: Flash SD Card
1. Format the SD card.

a. OnaMac:
i.  Open the Disk Utility application
i. Selectthe SD card from sidebar on the left
1. DO NOT SELECT YOUR HARD DRIVE

iii.  Choose “Erase”

o v &y €N (8=0| S

View First Aid Partition | Erase / Restore

iv.  Choose these settings and click “Erase”

B Erase "USB DISK 3.0 Media™?
! Erasing "USE DISK 3.0 Media® will permarantly araso ol date stered

o it. You can't undo this scticn.

Mame:  Untitled
Format: | ExFAT
Schema: | GUID Partition Map

Security Options. .

v.  When the SD card is erased, quit the Disk Utility application. It can
interfere with flashing the card.
b. On Windows 10:
i. Open a file explorer window.
ii.  Right-click on the SD card in the file browser and select "Format" to
open the Format SD Card display.
iii.  Set the File System to exFAT. Select Start to begin.
2. Download and install Etcher for Mac or Windows, from
https://www.balena.io/etcher/
3. Download the compressed disk image: racecar-mn-hmc-2020-10-11.img.gz
a. Note that the compressed file is a little under 8GB
b. You can put it on any SD card larger than 20.32GB, and on first boot it will
expand to fill the card.


https://www.balena.io/etcher/
https://drive.google.com/file/d/1IHVibBQPwZXG4859diX54QEqpK2CyXrO/view?usp=sharing

i.  We thought you could use any card, but we have seen that the
image on a 32GB or 64GB SD card will not boot. We have also seen
that rewriting a 128GB SD card does not boot. We have verified that
using a NEW 128GB or a NEW 256GB SD card works.

4. Open Etcher
5. Select racecar-mn-hmc-2020-10-11.img.gz for the image and the SD card for the
target

©— m — ¥

racecar-mn.img APPLE SD ...der Media

&9 balenaEicher

6. Click “Flash!”
7. Enter your password if prompted

8. Wait until the process is done; it should take around 15 minutes

racecar-mn.img

APPLE S...r Media

7

5% Flashing

& balenaEicher

Step 2: Boot Up the Jetson Nano

1. Insert SD card into the Jetson



3. Plug in battery (Jetson power into the port with two thunderbolts)
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4. You should see the Jetson boot up and reach the login screen



5. Enter the password and log in. The password is: racecar@mit.

You should reach the desktop.
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Step 3: Git Pull

1. Go to connections at the top and connect to a Wi-Fi with an internet connection.

You might have to go to “More networks”.
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2. Next, pull the GitHub that contains your Jupyter Notebook labs:

e cd ~/racecar ws/jupyter ws/
® git clone https://github.com/mit-bwsi-racecar-ms/online-racecar-mn

The link should be to whatever GitHub repository contains your Jupyter Notebook

labs.

% Terminal

config/par yaml | 8

launch/teleop.launch | 1

S HELELELNY | 13

src/mux.py | 52

src/throttle.py | 2

5 files changed, 65 insertions(+), 11 deletions(-)
create mode 100755 src/mux.py

$cd ../..[..[/jupyter

ecar-mn.git

Step 4: Set Up Wi-Fi
1. Plugin a router which has been previously set up. Wait until the first three lights

turn green.

2. Onthe car, open a new terminal and type:
e ifconfig

Under “wlan0”, find the MAC address. It will be next to “ether”:



Terminal

ns @ frame @
uns © carrier ® collisions ©

mtu 1500
en 1000 (Ethernet)

erruns @ frame 0@
uns ©® carrier ® collisions @

wlano:

On another computer, connect to the router Wi-Fi.
4. Inabrowser,goto192.168.1.1 and login.
Go to “Advanced” > “Network” > “DHCP Server”. Scroll down to “Address

Reservation” and click “+ Add”.

© /% 192.168.1.1/webpages/index.html

@ You must log n o this network before you can access the Inenet x

(hevanced) 3
- status Address Reservation
&% Network €2 ©oekee
Reserved IP - ;
D MAC Address e Description Status Modify
MAC Address: 08-BE-AC-04-E4-19
1P Address: 192.168.1.14
~ DHCP Server

Descripti

&3 Operation Mode
Firmware Version: 1.0.7 BUlld 20181210 rel.54182(5553)  Hardware Version: Archer A7 v5.0 Support  App

6. For “MAC Address”, type the MAC address found before, with hyphens instead of
colons. Use capital letters.
7. For “IP Address”, type:
e 192.168.1.<car number>
Replace <car number> with a number of your choice.
8. Check “Enable This Entry”.
9. Press “Save”.

10.0n the car, click on connections at the top, then click “Edit Connections...”
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12.Connect the car to the correct router. You might have to go into “More networks”

to find it.
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13.Go back to “Edit Connections..”, select the Wi-Fi, and click on the gear.
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15.0pen a terminal and type:

e sudo vim /etc/hosts

16.Change the last number of the IP address next to “racecar” to the number of the
car, so that the full address is:
e 192.168.1.<car number>

Use the same <car number> that you used to setup the IP Address in Step 5.7



Terminal

buffers
1 127.0.0.1 localhost

192.168.1.140 racecar

2
3
4

# The

9 ffe@2::2 ip6-allrouters

PO /etc/hosts
"/etc/hosts" 9L, 225C
-- INSERT --

To make an edit to the file:

o i (to go into “insert” mode to make changes)
e ESC
e :wqg (to save and exit)

Step 5: Set Up PWM

1. Get a computer running Windows
2. Plugin the PWM. The easiest way is to thread the USB hub through the hole and
plug it in like this:

3. Download and install the Maestro Control Center.

a. Go to the pololu website: https://www.pololu.com/docs/0J40/3.a



https://www.pololu.com/docs/0J40/3.a

b. Download the “Maestro Servo Controller Windows Drivers and Software”
zip file.
c. Unzip the file. Open the setup executable, and follow the installation
instructions.
4. Open “Maestro Control Center”.
5. Click on “Serial Settings”, change “Serial Mode” to “USB Dual Port”, and click
“Apply Settings” to save

B Pololu Maestro Control Center - o X
File Device FEdit Help

Comnectedto: |#00251777  ~| Fimware version: 1.02 Ermor code: (<0000

Serial mode:

@ USE Dual Port

O USB Chained

O UART.fixed baud rate: (9600 |

O UART, detect baud rate:

[ Enable CRC

Device Number: 12 [2

Mini SSC offset: 0 =

Tmeat @) [0.00

] Never sleep (ignore USB suspend)

6. Change Serial Mode to USB Dual Port
7. Press Apply Settings to save

Step 6: Jupyter Notebook

Make sure the router is on.
Reboot the car. Wait a minute for it to boot up.
Disconnect monitor and keyboard from the car.

On another computer, connect to the router Wi-Fi.

o » 0N~

Open a browser and go to:
® 192.168.1.<car number>:8888
Use the same <car number> that you used to setup the IP Address in Step 5.7
6. Once Jupyter Notebook loads, log in. The Jupyter Notebook password is:
g0_fast!
7. If the Jupyter Notebook does not load:


https://www.pololu.com/file/0J266/maestro-windows-130422.zip

e Make sure the router is turned on.

e Make sure your computer is on the correct Wi-Fi.

e Make sure the correct USB Wi-Fi dongle is plugged in.

e Wait a minute for the car to finish starting up.

e Make sure you used the correct MAC address for the car on the router.

e Make sure “All users may connect to this network” was checked on the
car.

e Make sure the IP address was changed correctly in: /etc/hosts

e Reboot the car and try again.

8. Goto “New” > “Terminal”.

® 192.168.1.14:8888/tree?#notebooks

Filess = Rumning  Clusters

Select items to perform actions on them. Upload z
Notebook
o - | m/ Name ¥
Python 2

03 racecar-mn
Other:

& mn_notebook.ipynb Text File kB
Folder

9. Type:
® Dbash

It should result in a prompt like this:



X > 192.168.1.14:8888/terminals/1

® 192.168.1.14:8888/terminals/1

:~/racecar_ws/jupyter_ws

Step 7: Teleoperation
1. On the car, find the battery cable.
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2. Plugin a car battery. Make sure the battery is plugged in all the way. (You have to
press pretty hard for this to happen.)



4. Flip the switch on the other side of the car to “ON”".

™ ’ 2

You should hear a beep. If you do not hear a beep, make sure the battery you are
using is charged. (Plug it in until the light turns green.)
5. Plug in the remote dongle. The red light should start blinking.



6. Press the button on the remote and wait for it to pair. Once the remote pairs, the
red light should stop blinking.
7. On the Jupyter notebook terminal, type:

® teleop

X ol fh

2.168.1.14:8888/terminals/1

~ Jupyter Logout

* /car_throttle_backward: 0.3

* /car_throttle forward: 0.3

* /car_throttle_turn: 0.4

* /gamepad_throttle_speed scale: 1
* /rosdistro: melodic

* /rosversion: 1.14.3

* /steering_center_rel offset: 0

ODES
/

gamepad (racecar_mn/gamepad.py)
joy_node (joy/joy_node)

pwm (racecar_mn/pwm.py)

throttle (racecar_mn/throttle.py)

lauto-starting new master
rocess[master]: started with pid [10640]
0S_MASTER_URI=http://racecar:11311

setting /run_id to 1fb369aa-b9fl-1lle9-9d5a-eel00eb217al
rocess[rosout-1]: started with pid [10652]

lstarted core service [/rosout]

rocess[joy_node-2]: started with pid [10659]
rocess[gamepad-3]: started with pid [10660]
rocess[pwm-4]: started with pid [10666
rocess|[throttle-5]: started with pid [10667]

8. At this point, the wheels should straighten and not allow you to turn them. If the
wheels do not straighten:
e Make sure the battery is plugged in all the way.
e Make sure the switch is turned ON.
e Make sure the PWM cables are plugged in correctly.
e Make sure the battery is charged.
e Make sure that PWM was set up correctly.
9. MAKE SURE THE CAR IS ON A BLOCK



10.Now hold down the “LB” button on the remote and move the joysticks. The car

wheels should move.

Step 8: Correct the Steering (If Necessary)

1. Check which direction the steering is. (Up and down or side to side.)

2. If the steering is side to side, skip this section.
If the steering is up and down instead of side to side, type the following
commands into the Jupyter notebook terminal:

e ctrl + C toquitteleop

e cd ~/racecar ws/base ws/src/racecar mn/config/

® vim params.yaml

X _ /home/racecar/racecar_ws/.cat. X

(® 192.168.1.14:8888/terminals/1

~ jupyter

Logout

rocess[master]: started with pid [7818]
0S_MASTER_URI=http://racecar:11311

setting /run_id to 7dbla3e8-ba08-1le9-929a-eel00eb217al
rocess[rosout-1]: started with pid [7829]

istarted core service [/rosout]
rocess|[joy_node-2]: started with pid [7836]
rocess[mux-3]: started with pid [7837]

rocess [gamepad-4]: started with pid [7838]
rocess[pwm-5]: started with pid [7844]
rocess[throttle-6]: started with pid [7845]
“C[throttle-6] killing on exit

[pwm-5] killing on exit

[gamepad-4] killing on exit

[mux-3] killing on exit

[joy_node-2] killing on exit

[rosout-1] killing on exit

[master] killing on exit

ishutting down processing monitor...
.. shutting down processing monitor complete
one

:~/racecar_ws/jupyter_ws
$ cd ../.catkin_ws/src/racecar_mn/config/

:~/racecar_ws/.catkin_ws/src/racecar_mn/config

$ vim params.yaml

4. Change “gamepad_y_axis” from 3 to 2.



X > [home/racecar/racecar_ws/.ca

(@ 192.168.1.14:3888/terminals/1

~ Jupyter Logout

params.yaml+

1 car_throttle_forward: 0.25 # m/s

2 car_throttle_backward: 0.25 # m/s

3 car_throttle_turn: 0.25 # radians

4

5 car_max_forward: 1.5 # m/s

6 car_max_backward: 1.0 # m/s

7 car_max_turn: 0.4 # radians

8

9 gamepad_throttle_speed_scale: 1 # (0, 1]

10 gamepad x axis: 1 # up/down left stick

11 (gamepad_y_axis: 2JJ# 2 # left/right right stick
12 steering_center_rel offset: 0 # (-3000, 3000) + => left | - => right

553 d] params.yaml[+] POV 01% = 11/12 In : 18
"params.yaml" 12L, 451C

== INSERT --

5. Run teleop again to verify that the steering is correct (side to side).

Step 9: Run Setup Tests

1. Return to the main Jupyter page at: 192.168.1.<car number>

2. Run your setup test files. For our GitHub repository, they were these files:

 racecar-mn/setup/ X

@ 192.168.1.14:8888/tree/racecar-mn/setup

~ Jupyter Quit Logout

Files  Running  Clusters

Select items to perform actions on them. Upload New~ &

0 ~ W/ racecar-mn/ setup Name ¥ Last Modified File size

O. seconds ago

& Camera Test.ipynb 3hoursago  2.03 kB

& mn_notebook.ipynb 3hoursago  3.48 kB

& OpenCV Test.ipynb 3hoursago  6.55 kB

& ROS Test.ipynb 3 hours ago 3.1kB

[ mit_stata_centerjpg 3hoursago 212 kB

[ surprised_pikachu.png 3hoursago 580 kB

3. These are just to test if essential components, like the camera, ipywidgets, ROS,

and OpenCV are working properly.

Step 10: If You are NOT Using a Router

1. These steps are necessary to make the Jupyter notebook server work without a

router.



2. First, open a terminal on the car and type:
e sudo vim /etc/hosts
3. Inthis file, comment out the racecar line and add in the line

e 127.0.0.1 racecar

P

? Terminal

buffers

-localnet
-mcastprefix

pUHAAM /etc/hosts[+] con.. IEE 3/10 ln : 24
" Jetc/hosts" 9L, 225C
-- INSERT --

4. Before editing the next file, follow the instructions to edit a read only file.
Now type the following commands:
e cd .scripts/

e vim start jupyter.bash

6. In this file, comment out the indicated section. Comment out code by adding a #
symbol to the beginning of each line. The lines should turn turquoise when

commented out:

@ root@racecar: /home/racecar/racecar_ws/.scripts

ce [fhomejracecar/.bashrc
ce /home/racecar/racecar_ws/ ripts/_racecars

ar/rac r_ws/.scripts/cron_jupyter.stdout
ome/racecar/racecar_ws/.scripts/cron_jupyter.stderr

/usr/local/bin/jupyter-notebook >

7. Save your changes to the file:
e PressEksc
e Thentype :wqg!

8. Exit by typing exit and type reboot to restart the car.



9. Once the car is restarted, open the browser and go to racecar:8888 to access
the Jupyter notebook directly on the car without a router.
10.1f you need router access again, uncomment the commented lines and comment

out the line: 127.0.0.1 racecar
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