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1 Preface 

This document is the user manual for AutoPilot driverless vehicle. We 
recommend that customers who use unmanned vehicles for the first time 
should read through the overview section first, and then find the 
corresponding chapters to read in turn according to the actual situation. 
The use and development of unmanned vehicles will require users to 
have a certain technical foundation. 
Users need to have some basic knowledge of Linux/ROS/C++/Python/PX4. If 
you are new to Linux or ROS, please refer to learning websites, books or 
taking courses for basics. 
Knowledge needed for development： 

1. File structure and common commands of Linux system. 
2. ROS communication framework, gazebo simulation, TF, etc. 
3. C++/Python: ROS supports both development languages. Depending 

on your personal habits, choose C++ or Python as your primary 
development language. Autopilot is developed mostly in C++, and only 
a few scripts are written in Python. 

4. Autopilot supports outdoor navigation and dynamic obstacle avoidance, 
by using MAVROS as the communication protocol. It works with 
Pixhawk4 to achieve these functions. (Note: The Pixhawk4 used the 
APM Rover firmware.) 

Remarks: 
All code in this project is open source! Click on the below link to download the 
project source code. 
https://gitee.com/amovlab/amovcar 

1.1 An overview of the AutoPilot vehicle 
1.1.1 What is AutoPilot 

AutoPilot is a unmanned vehicle solution created by AGILEX robot and 
AMOVLAB which is a full-stack chassis with hardware and software integrated. 
The full name is Autopilot kit AutoPilot, referred to as AutoPilot. It can eliminate 
the need for unmanned vehicle manufacturing, quickly enter the core research 
and development stage, shorten the time of project or application research and 
development, and make R&D more efficient! 
Here is a Release Trailer: 
https://www.bilibili.com/video/BV1PB4y1K7v9?spm_id_from=333.999.0.0. 
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1.1.2 What AutoPilot can do 

1. AutoPilot uses the AGILEX Scout Mini as chassis, which has strong 
performance, excellent payload capacity and off-road ability. It can carry a 
load of 10Kg, and the high chassis and swing independent suspension 
beam can be used in most outdoor sports scenes. 

2. AutoPilot travels fast and can reaching maximum 10.8Km/h when no load. 
3. AutoPilot is developed based on the open source robot operating system 

ROS and Ardupilot automatic navigation system, which can realize the 
outdoor autonomous navigation and positioning without the need to build 
maps in advance. 

4. AutoPilot combines binocular cameras, depth cameras, and lidar to enable 
indoor SLAM, navigation, path planning and so on. 

1.1.3 AutoPilot features 

 
The AutoPilot belongs to medium or large unmanned vehicle with excellent 
off-road performance and biased towards outdoor environments. The 
advantages are: 
1. The front is equipped with a bumper, which has a certain anti-collision and 

protecting ability. 
2. Most of the body is made of metal material, which is strong and durable. 
3. Scout mini is in four-wheel drive, which is more powerful and can rotate in 

place .The maximum speed can reach to 10km/h.  
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4. Scout mini has a suspension system to ensure the car running smoothly, 
sensors detection more accurate and stable. 

5. Cruising range up to 10km with a 24V15Ah lithium battery power system. 
6. The maximum payload can reach to 10kg. 

1.1.4 AutoPilot hardware composition and configuration  

Items Parameters 

Mechanical parameters 

Dimensions: 627 x 549 x502 mm 
Wheelbase: 452 mm 
Front and rear tracks: 450 mm 
Rated payload: 7Kg (with off-road tire) 
Weight: 26Kg 
Battery: Lithium battery 24V 15Ah 
Motor: Brushless DC 4 x 150w 
Drive type: Four-wheel independent drive 
Suspension: Swing arm independent suspension 
Steering: Four-wheel differential steering 
Safety: Servo brakes and front bumper 

Performance parameters 

Maximum speed with no load: 10.8 Km/h 
Minimum turning radius: Turn in situ 
Maximum climbing capacity: 30° 
Minimum ground clearance: 107 mm 
Cruising range: 10Km 

Control parameters 
Control mode: Remote control / Host computer control 
Remote control: 2.4Ghz,maximum distance 1 Km 
Communication interface: CAN 
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2 Hardware instruction 

2.1 On-board computer 
 

 
The on-board computer is pre-installed with the Ubuntu 18.04 operating 
system and ROS Melodic system, and is configured with the ROS function 
package AMOVCAR, drivers for various sensors, and common development 
software. It’s connected through wire to the local area network which consists 
of Homer data and images transmission module. 

2.2 Pixhawk4 

Pixhawk4 is a flight control unit. It works with the systems of unmanned 
vehicles and other components to control the vehicles. The flight control unit 
combining with IMU, barometer, magnetic compass and other components 
consists of flight control system. 
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The picture above shows the flight control unit (Pixhawk4) in Autopilot. The 
interfaces are listed below： 
1. POWER1: The power supply voltage is 5V. It’s supplied by the chassis 

through voltage regulator. 
2. TELEM1: WiFi data transmission interface. It’s used to let the flight control 

unit connect to the LAN provided by WiFi module. 
3. TELEM2: Connect to the on-board computer. The flight control unit 

establishes a communication connection with the on-board computer 
through TELEM2. And the control data of the on-board computer is also 
sent to the flight controller through this interface. 

4. PPM RC: Remote control receiver signal interface. It’s used to receive the 
signal from remote control. 

5. GPS MODULE: The interface of the GPS module. It’s the power supply for 
GPS module and used to receive the data of GPS module. 

6. I/O PWM OUT: Motor control PWM output. It’s used to control the four 
motors. 

2.3 LIDAR 

 
The LIDAR is using LDS-50C-3（LANHAI PHOTO ELECTRICITY）, equipped 
with high-performance pulse TOF ranging system. Even under the condition of 
long-distance objects, the measurement accuracy is still accurate and stable. 
LIDAR can help the Autopilot achieve accurate obstacle avoidance indoors 
and outdoors. 
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2.4 T265 binocular camera 

 
The Intel® RealSense ™ tracking camera T265 contains two fisheye lens 
sensors, an IMU, and an Intel ® Movidius™ Myriad™ 2 VPU. All V-SLAM 
algorithms run directly on the VPU, enabling very low latency and very efficient 
power consumption. Through the combination of vision and IMU and V-SLAM 
algorithms, the T265 binocular camera can provide positioning data for 
unmanned vehicles. 
 
2.5 D435i depth camera 

 

 
 

Intel® RealSense ™ D435i places an IMU in a cutting-edge stereo depth 
camera. Featuring Intel modules and vision processors in a small form factor, 
the D435i is a powerful all-in-one product that works with customizable 
software to be a depth camera that understands its own movement. 
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2.6 Homer data/image transmission module 

 
The Homer data/image transmission module establishes a local area network 
to connect the on-board computer, flight controller, RTK and other on-board 
hardware on the unmanned vehicle and the user's computer together. It is for 
user to remotely access the flight controller and on-board computer to realize 
remote control and data monitor. 
Note: 
1. The Homer placed on the car is called the Mobile Homer. 
2. The Homer connected to the user's PC is called the Base Station Homer. 
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2.7 RTK MODULE 

 

RTK (Real Time Kinematic), that’s the real-time dynamic measurement 
technology, or known as differential GPS. The module is used for outdoors 
positioning and its accuracy can be centimeters. 
Note: 
1. The RTK placed on the car is called the mobile RTK. 
2. The one connected to the ground Homer is called the base station Homer 
3. The RTK placed on the vehicle, and the 4G SIM card inserted inside the 

RTK is called the mobile terminal RTK (4G). 
 
2.8 Display 
 

 
The display is a 10-inch touchless screen with1024* 600 resolution, supporting 
HDMI interface, suitable for Raspberry Pi, NX, nano, x86 and other devices. 
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2.9 3S battery 

 
 
The 3S battery is used to power the base station Homer and base station RTK. 
The voltage of the fully-charging 3S battery is 12.6V. 
Warning: 
3S battery overcharge and over-discharge is easy to cause battery damage, 
when the voltage is lower than 11V, it is recommended to stop using and wait 
for the battery cooling down before charging. Do not use immediately after fully 
charged until it has cooled down to room temperature. 
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2.10 Remote controller 
 

 
1. POWER button: Keep pressing the two POWER buttons at the same time 

until the screen on. All the switches need to be pushed forward to the end 
before we power it on.  

2. Joystick: Push the left joystick up/down to drive the vehicle forward 
/reverse. Push the right joystick left/right to drive the vehicle left/right. 

3. Switches: SWB is used to select different modes for the vehicle. When it’s 
in the middle, the vehicle will be controlled by the remote controller. When 
it’s pushed forward to the end, the vehicle will be controlled by the 
commands of on-board computer. SWC is used to control the light modes. 
When it’s pushed forward to the end, the lights will be flashing. When it’s in 
the middle, the light will keep on. When it’s pushed back to the end, the 
lights will be off. SWD is used to switch the high speed and low speed 
mode. 

2.11 AutoPilot hardware connection diagram 
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Note: 
1. If you can't see the connection map clearly on this page, you can 

right-click the image to save it locally. 
2. The body connection part is already connected inside the car body. DO 

NOT MODIFY IT UNLESS NECESSARY. 
3. As for AutoPilot Base Station version, check out the Base Station 

Edition Connectivity section. 
4. As for AutoPilot version, please review the Mobile Connection section. 

2.12 AutoPilot Base Station version communication link 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Note: 
1. Homer is the core of the entire communication link, connecting the various 

modules by wired/wireless means. 
2. PC and on-board computer communicate mainly through the following links: 

PC < ===Wired====> Base Station-side Homer<===WIFI====> Mobile 
Homer<===Wired====> on-board computer. The purpose is to log in to the 
on-board computer via remote software and then start the relevant program 
through the onboard computer to control the vehicle. 

3. PC and flight control communicate mainly through the following links: PC < 
==wired===> base station side Homer <===WIFI====> mobile terminal 
Homer<===Serial port ===> flight controller. Its purpose is to connect to the 
flight controller through the Mission Planner on the PC to obtain the 
relevant parameters of the flight controller. 

4. Flight controller obtain satellite signal: First, the mobile terminal RTK will 
receive the satellite signal through the antenna on ANT1 port; then receive 
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the correction data from the base station terminal RTK. Its communication 
link is : Base station RTK< ====Transparent transmission ====> base 
station terminal Homer <===WIFI====> mobile terminal Homer< 
====Transparent transmission ===> mobile terminal RTK .Then, the 
mobile terminal RTK will fuse the data from the two sources, and finally the 
fused data will be transmitted to the GPS module port of the flight controller 
through the serial port. Thus realizing the positioning of the flight controller. 

2.13 Autopilot mobile version communication link（Used in China only） 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Note: 
The difference between mobile communication and base station 
communication is that instead of obtaining the correction data through the 
base station RTK, the mobile version of the communication is logged in to its 
server through the Qianxun account, and then the server performs location 
calculation, and after the location is solved, it returns to the mobile RTK 
through the 4G network. 
Term 
Ground-end Homer: Homer connected to the PC side via a network cable. 
Mobile Homer: Homer placed on the vehicle. 
GROUND-SIDE RTK: RTK connected to the ground-side Homer. 
MOBILE RTK: RTK placed on the vehicle. 
MOBILE RTK (4G): The RTK is placed on the vehicle, and the 4g SIM card is 
inserted inside the RTK. 
 
 
 

Satellite 
QIANXUN 

server 
PC 

Base station 

Homer 

Flight  

controller 
Mobile RTK 

Mobile  

Homer 
On-board 

   PC 

Scout mini 

RTK antenna 

ANT1 

COM1 GPS module 

Network interface 

Gigabit Ethernet 
Megabit Ethernet 

（LAN1/LAN2） 

USB 

USB-CAN 

 

LAN1/LAN2 

WiFi 

TELEM1 

TELEM2 

UART1 USB 

TTL-USB 

QIANXUN 

account 

- 12 - 
 



3 Quick start 
Note: 
1. The following configuration has been done and tested to ensure the normal 

function before the user gets the whole unit. Do not modify it unless 
necessary! 

2. The following can be used as an example of your secondary development. 

3.1 On-board computer settings 

Set up the fixed IP 
1） Plug the wireless/wired keyboard into the USB hub on the 

Autopilot and power it on. 
2） Enter the password: amov to login the system. 
3） Open the WIFI icon in the upper right corner of the desktop. click Wired 

Connected--->Wired Settings--->IPV4 on the menu bar--->Manual 
enter IP:192.168.1.14, Netmask:255.255.255.0 is shown in the 
following figure: 

 

 

3.2 Set the serial number of camera 

1）Open terminal on the desktop. 

2）Enter the command rs-sensor-control it will return the serial numbers 

for D435i and T265. 
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3）Then open the directory: 

amovcar/src/common/sensor/amovcar_sensor/launch , you will see 

the launch file named after the corresponding sensor. 
4）Open the D435i/T265 launch files separately and replace the values of 

the parameters default  in the file with the camera serial number 

obtained in step 2. 

3.3 Homer configuration 

a. The base station terminal Homer is powered by a 3S battery, and then 
use the network cable to connect the LAN1 or LAN2 on base station 
Homer to the PC.(If your PC does not have a network port, you will 
need a USB to network convertor.) 

Warn: 
1) Homer needs a dedicated power cord (the power cord is labeled 

with the word 12V power wire, as shown in the following figure: 

 
So the supply voltage of Homer is 12V. 
2) LAN1 or LAN2 is a 100 megabit network port. 

b. On the PC (Windows system) open Control Panel—View Network 
Status and Tasks—Change Adapter Settings—Right-click 
Ethernet—Properties—Internet Protocol Version 4—Properties, set to 
the following figure: 
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c. Power on both the mobile Homer and base station Homer at the same time. 
The base station terminal Homer is powered by a 3S battery, and the 
mobile terminal Homer is powered by power output on Scout mini. (Or you 
can remove the mobile terminal Homer from the vehicle and use the 3S 
battery to power it alone.) 

Base station Homer configuration： 
1) First, dial the base station Homer to the AP mode, as shown in the 

following figure: 

 

2) Open your browser and enter the IP:192.168.1.100 to enter the 
configuration interface. 

3) The username and password are both admin . 
4) Locate config — Networking, select static IP in the interface to modify 

as shown in the following figure: 
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5) Locate config — Wireless, find the ESSIDin the interface, modify it to 
AMOV-002, find Passphrase in the interface, and change the password to 
12345678. Shown in the figure: 

 
6) Save. 

Mobile Homer configuration： 
1)  First, dial the working mode of the mobile terminal Homer to the STA  

mode, as shown in the following figure: 
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2)  Open a browser and enter the IP: 192.168.1.10 to enter the 

configuration interface. 
3)  The username and password are both admin. 
4)  Locate config — Networking, select static IP in the interface to modify 

as shown in the following figure: 
 

 
5) Go to config — Wireless, find the Scan AP next to the ESSID in the 

interface. At this point, it will find the WIFI name AMOV-002 configured 
by base station Homer, then enter the password 12345678 ,click 
Connect, as shown in the following figure: 
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6) Save. 

 
 
Note: 
1. Make sure both Homers are powered on during the configuration. 
2. When the green LED on the front of the two Homers is on, it means that 

they are properly configured and successfully connected to each other. 
3. The WiFi name and password of the base station terminal (In AP mode) 

can be customized according to the actual situation. 
4. Mobile terminal (In STA mode), after connecting to the WIFI of the base 

station, make sure to click Save, otherwise it will not be automatically 
connected in the next start. 

5. Open the Homer Configuration Software (Click to download Configure 
Software：https://www.aliyundrive.com/s/kcCrEAiSddh) 

1） Select the network card device according to the actual situation. 
Then refresh the device and you can see the current network 
device. 

2） Select 102 and follow the settings shown below. 
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3） Select 12 and follow the settings shown below: 
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4） Select 11 and follow the settings shown below 

 
 
 

Note:  
1. 101, 102, 103 are the IP addresses of the three serial ports of base station 

Homer. They can be customized according to the actual situation 
2. 11, 12, 13 are the IP addresses of the three serial ports of mobile Homer. 

They can be customized according to the actual situation 
3. In the above configuration, the mobile terminal Homer's UART1 serial port 

(192.168.1.11) is used to communicate with the flight controller. See 
Communication Links. 

4. In the above configuration, the mobile Terminal Homer's UART2 
(192.168.1.12) / UART3 (192.168.1.13) serial port is used to communicate 
with the mobile version of the RTK. See Communication Links. 

Warn: 
When configuring RTK, all RTK antennas are NOT ALLOWED to be 
unplugged. Our users must power it off before unplugging the RTK 
antennas. 

3.4 Mobile RTK configuration 

The drivers are default, no configuration required. 
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3.5 Base station-side RTK configuration 

1) Connect the base station RTK to the PC with a USB cable 
2) Power on (For mobile RTK, it can be powered by the power output of 

Scout mini, or it can be removed and powered by a separate 
3sbattery.). 

Warn: 
a. The RTK power supply wire and the Homer power supply 

wire are incompatible and cannot be mixed. A dedicated 
power wire must be used. It is shown below: 

 

b. The supply voltage of the RTK is 12V. 
3) Open the browser on your PC and enter 192.168.42.129 to enter the 

configuration screen. 
4) Enter the username admin, password is password to login to the 

configuration interface. 
5) On the left side of the page, find system configuration—web 

commands , input and submit the command： posave auto  

6) Then input and submit saveconfig  

7) Find I/O Configuration—Port Summary on the left side of the page, 
and click COM2 to enter the configuration interface of COM2. 

8) Find RTCM below the Output column, change it to Enabled, and click 
OK. 

3.6 MOBILE RTK (4G) CONFIGURATION（Used in China only） 

1) Connect the mobile RTK antenna to the ANT1 port of the mobile RTK, 
connect the small antenna (Like a small pepper) to the 4G interface of 
the mobile RTK, and insert the 4G SIM card.  
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2) Power on (For mobile RTK, it can be powered by Scout mini’s power 
output, or it can be removed and powered by a separate 3s power 
supply). 

Warning: 
a. The RTK power supply wire and the Homer power supply 

wire are incompatible and cannot be mixed. A dedicated 
power wire must be used. It is shown below: 

 
b. The supply voltage of the RTK is 12V. 

3) Use USB cable to connect the mobile terminal RTK to the PC. 
4) Open a browser on your PC and enter IP:192.168.42.129 to enter the 

configuration screen. 
5) Enter the username admin, password is password to login to the 

configuration interface. 
6) On the page, you can see the current working status of the RTK, 

including the quality of satellite observations, the number of tracked 
satellites, and the positioning method. 

7) Find I/O configuration in the menu bar on the left side of the page, click 
COM4 port, and enter the configuration shown in the following figure: 
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Note: 
Autopilot products do not provide Qianxun or Six points account. If you have 
this need, you will need to contact your local server for positioning services. 
 

3.7 Autopilot software framework 

The amovcar file structure diagram is as follows: 
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amovcar： 
The amovcar folder is a working space folder under ROS, which contains 
almost all the source code files of the vehicle, and the function packages are 
placed in the src folder. 

common： 
The common folder contains some function packages common to R200 and 
Autopilot （R300）, including some function modules and sensor-driven ROS 
function packages such as 2D lidar, 3D lidar, and cameras. 

R200（Not for Autopilot）： 
The R200 folder contains three function packs, r200_bringup, r200_function,  
r200_simulation.  

The r200_bringup the drive function package for the chassis of the R200 
trolley, the control board of the R200 lower computer is the flight controller, 
which connects the flight controller and the on-board computer through the 
mavros, and r200_bringup a layer of packaging on the mavros. 
The r200_function file contains the source code of all the functions of the 
R200 driverless vehicle, including self-start services, configuration files, launch 
files, sh script files, and source code. 
The r200_simulation file contains the source code of the R200 driverless car 
simulation, including the model, gazebo environment, launch file, configuration 
file and so on. 

Autopilot（R300） 

THE R300 FOLDER CONTAINS THREE FUNCTION PACKS, , , 

AND . r300_bringup, r300_function, r300_simulation  

The r300_bringup is a drive function package for the chassis of the R300 
trolley. 
The r300_function file contains the source code for all the functions of the 
R300 driverless vehicle, including self-start services, configuration files, launch 
files, sh script files, and source code. 
The r300_simulation file contains the source code of the R300 driverless car 
simulation, including the model, gazebo environment, launch file, configuration 
file and so on. 

3.8 Sensor calibration 
Note:  
1. The sensors have been calibrated when the user gets the AutoPilot. Do not 

modify it unless necessary! 
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2. The following can be used as an example of your secondary development 
3. Calibration of the sensor requires downloading mission-planner. Download 

Link: 
https://ardupilot.org/planner/docs/mission-planner-installation.html 

3.8.1 Mission Planner introduction 
Mission Planner is a full-featured ground station application that is only 
compatible with Windows and does not support Linux systems for the time 
being. It is mainly used to connect the flight controller, communicate with the 
flight controller, and display the relevant data of the flight controller in real time. 
Click here for more information about Mission Planner: 

https://ardupilot.org/planner/docs/mission-planner-installation.html 

 
The top toolbar of Mission Planner is as follows: 

 
DATA: It’s the flight data interface mainly showing the relevant data of the 
unmanned vehicle flight controller, including GPS data status, EKF positioning 
status, the current mode of the unmanned vehicle, the unlocking/locking status, 
data related to the unmanned vehicle, the map, etc.  
PLAN: In this interface, you can draw the waypoints of the unmanned vehicle, 
pass the waypoints into the flight control, modify the parameters related to the 
waypoints, and read the waypoints of the flight control. 
SETUP: Sensor calibration needs to be set in this interface. In general, the 
sensors that need to be calibrated are compass, accelerometer, plane 
calibration, etc. 

Note: 
1) Some versions of the ground station may be abnormal when the 

sensor is calibrated. If this occurs, please change the ground 
station version for sensor calibration. 
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CONFIG/SIMULATION: View and modify the parameters of the flight 
controller. 

Warning: 
1. Parameter modification requires a full 

understanding of APM and Mission Planner and 
need to be used with caution. Modification errors 
will cause unmanned vehicles failed. 

3.8.2 Flight controller firmware 

The flight controller firmware of Autopilot is a customized version of amu labs 
and is not open source. 

Warning: 
1. If it is not necessary, do not upgrade the firmware 

of AutoPilot. We will not responsible for the 
damages or failure caused by firmware upgrade.  

3.8.3 Flash the flight control parameters 

1. Click flight control parameters to download flight control parameters, 
and the extraction code is amov. 

2. Connect the flight controller with a USB cable, connect the flight 
controller USB port at one end, and connect the PC at the other end 
(Win7 / Win10 systems are fine.) 

3. Open the Mission Planner. 
4. Select the port number COMx in the upper right corner, baud 

rate 115200, and click Connect. 
5. Click CONFIG---Full Parameter tree---Load from file-Open the 

downloaded parameters file（.param file）---Write Params in the top 
right toolbar, as shown in the following figure: 

 
- 26 - 

 

https://pan.baidu.com/s/1itfLk2RiFFgmcC7Z1UX4Iw


Note:  
1. The COMx port number depends on actual usage. 
2. After the flight control parameters are written, a restart is required to make 

it valid. 
Warning:  
1. If it is not necessary, do not modify the Autopilot flight controller parameters. 

We are not responsible for the failure/damages by modifying the 
parameters. 

2. Before calibrating the sensor, make sure you have flashed the Autopilot's 
flight controller firmware and flight control parameters. 

3.8.4 Calibration of accelerometer and compass 

At the time of factory testing, the sensors have already been calibrated and the 
user does not need to calibrate again. 

3.9 SLAM 
Note: 
1. Before you continue, make sure you have read the Quick Start and know 

about the communication links of this kit. 

3.9.1 Gmapping 

1. Power the vehicle and wait for the on-board computer, flight controller, 
mobile RTK, and mobile Homer to start up. 

2. Turn on the remote controller. 
3. Open the No Machine software on your PC and enter 

IP:192.168.1.14 to connect remotely to the on-board computer 
Note: The fixed IP of the onboard computer depends on how you set 

up the On-board computer IP. 
4. Enter the password amov to login the on-board computer 
5. After opening the sh folder of the on-board desktop, right-click and 

select open terminal. 

6. Enter the command  bash  to start the Gamping mapping script.  

7. Flick the switch SWB on the remote controller to the middle position and 
start controlling the AutoPilot to complete the mapping. 

8. After completing the mapping, open a terminal and enter the command 

to save map rosrun map_server map_saver -f ~/map  

Note: 
1) The value follows the –f is the saving address and file name. It’s 

an absolute path. The above command will save the map in the 
root directory and is named map. 
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3.9.2 Cartographer 

1. Power the vehicle and wait for the onboard computer, flight controller, 
mobile RTK, and mobile Homer to start up 

2. Turn on the remote controller. 
3. Open the NoMachine software on your PC and enter 192.168.1.14 to 

connect remotely to the onboard computer. 

Note: 
1) The fixed IP of the onboard computer depends on how you set 

up the onboard computer IP. 
4. Enter the password amov to log on to the on-board computer. 
5. After opening the sh folder of the on-board desktop, right-click inside 

the folder and select to open a terminal. 

6. Enter the command bash r300_cartographer_slam.sh  to start the 

Cartographer script. 
7. Flick the switch SWB on the remote controller to the middle position and 

start controlling the AutoPilot to complete the mapping. 
8. After completing the mapping, open the sh folder on the desktop and 

right-click to open a terminal in the folder. Next, enter the command to 

save map. bash r300_cartographer_map_save.sh  

Note: 
1) The script saves the map by default under 

/home/amov/amovcar/src/AutoPilot/r300_function/maps/. 
The default name for the map is r300_map. 

2) Saving a map by using the script will overwrite the previous map 
file. If you need to do multiple comparisons of maps, please save 
the maps in a separate folder. 

3) if you want to save the map in a different location, open the script 
and modify the file path. 

Cartographer Demo 

AutoPilot's function package provides a simple Cartographer pure laser 
mapping demo, and its bag file is 

placed: /home/amov/amovcar/src/R300/r300_function/bag/pure_slam.bag  

Through this bag, we can configure the Cartographer configuration file and 
debug the mapping. Open Terminal and enter the following command: 
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roslaunch r300_function r300_cartographer_demo.launch bag_filename:=/ho

me/amov/amovcar/src/R300/r300_function/bag/pure_slam.bag  

Also, you can also choose to play your own bag file, and then modify the 
configuration file to see different mapping results. 
When the bag finishes playing, open the terminal and enter the following 
command: 

roscd r300_function/demo_map && bash map_save.sh  to save the map. 

Note: 
1) The script saves the map by default under 

/home/amov/amovcar/src/R300/r300_function/demo_map/. The default 
name for the map is demo_map 

2) Saving a map by using the script will overwrite the previous map file. If you 
need to do multiple comparisons of map, please save each map in 
separate folder. 

3) If you want to save the map in a different location, open the script and 
modify the file path. 

4) If you do not have the relevant script files in the sh folder on Your 
AutoPilot's desktop, please update the latest code. See gitee for the code 
address and select the branch as v1.0-beta. 
Link：https://gitee.com/amovlab/amovcar/tree/v1.0-beta/ 

5) After updating the code, the script files related to Cartographer are in the 
directory: /amovcar/src/R300/r300_function/sh/, and you can place the 
above related scripts in the sh file on the desktop for your convenience. 

The following figure shows the result of the construction of the bag： 
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3.9.3 3D Mapping 

1. Power the vehicle and wait for the on-board computer, flight controller, 
mobile RTK, and mobile Homer to start up. 

2. Turn on the remote controller. 
3. Open the NoMachine software on your PC and enter IP:192.168.1.14 to 

connect remotely to the on-board computer. 
Note： 

1) The fixed IP of the on-board computer depends on how 
you set up the on-board computer IP. 

4. Enter the password amov to log on to the on-board computer. 
5. After opening the sh folder of the onboard desktop, right-click and 

select to open a terminal. 

6. Enter the command  bash r300_rtabmap.sh  to start the 3D mapping 

script. 
7. Flick the switch SWB on the remote controller to the middle position and 

start controlling the Autopilot to complete mapping. 
8. When mapping complete, open a terminal and enter the command to 

save the map rosrun map_server map_saver -f ~/map_name  
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Tips： 
1) if the node starts abnormally, make sure that the camera 

serial number is set correctly. 
2) If the camera serial number is correct and there are still 

cases of startup failures, delete the devel and build 
folders under the amocar directory and recompile the 
entire project. 

3.10 Navigation 
3.10.1 Indoor navigation 

Note： 
Before navigating, make sure you've done your SLAM work and 
have a map. 

1. Power the vehicle and wait for the on-board computer, flight controller, 
mobile RTK, and mobile Homer to start up 

2. Turn on the remote controller. 
3. Open the NoMachine software on your PC and enter IP:192.168.1.14 to 

connect remotely to the on-board computer. 

Note： 
The fixed IP of the on-board computer depends on how you set 
up the onboard computer IP. 

4. Enter the password amov to log on to the onboard computer. 
5. After opening the sh folder of the onboard desktop, right-click and 

select to open a terminal. 
6. Enter the command to start the indoor navigation mapping 

script. bash r300_navigation_indoor.sh  

7. In the menu bar at the top of the launched rviz interface, select 2D 
Pose Estimate, place the robot in its actual location on the map, and 
then use the remote control to control the Autopilot to move slightly from 
side to side to around the Autopilot until the particles around the 
Autopilot gather. 

8. In the menu bar at the top of the launched rviz interface, 
select Navigation Goal, click the map to set the robot's destination, and 
then point the green arrow in the direction the robot will face at the 
target point. 

9. Flick the switch SWB on the remote control to the top and the Autopilot 
will start navigating. 
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3.10.2 Outdoor Navigation obstacle avoidance 

Note： 
Before outdoor Navigation obstacle avoidance, move the trolley 
to an open area for easy satellite positioning for best results. 

1. Power the trolley and wait for the onboard computer, flight controller, 
mobile RTK, and mobile Homer to start up. 

2. Turn on the remote control. 
3. Open the No Machine software on your PC and enter 192.168.1.14 to 

connect remotely to the onboard computer. 
Note： 

The fixed IP of the onboard computer depends on how you 
set up the onboard computer IP. 

4. Enter the password amov to log on to the on-board computer. 
5. Open the Mission Planner software on your PC and select TCP in the 

upper right corner with a baud rate of 57600. 
6. In the pop-up dialog box, enter the flight controller IP 

address 192.168.1.11 with port number 8080. 
7. After the flight controller is connected, wait for the GPS to enter the rtk 

fixed state, and the EKF does not report red. As shown in the following 
figure: 
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8. After opening the sh folder of the on-board desktop, right-click and 
select to open a terminal. 

9. Enter the command to start the outdoor navigation avoidance script. 

bash r300_navigation_outdoor.sh  

10.  In the menu bar at the top of the launched rviz interface, 
select Navigation Goal, click the map to set the robot's destination, and 
then point the green arrow in the direction the robot will face at the 
target point. 

11.  Flick the switch SWB on the remote control to the top and the Autopilot 
will start navigating. 

3.10.3 Outdoor waypoint planning and obstacle avoidance 

1. Power the trolley and wait for the onboard computer, flight controller, 
mobile RTK, and mobile Homer to start up 

2. Turn on the remote controller. 
3. Open the NoMachine software on your PC and enter 192.168.1.14 to 

connect remotely to the on-board computer. 
Note： 

1) The fixed IP of the onboard computer depends on how you set 
up the on-board computer IP. 

4. Enter the password amov to log on to the on-board computer. 
5. Open the Mission Planner software on your PC and select TCP in the 

upper right corner with a baud rate of 57600. 
6. In the pop-up dialog box, input the flight controller IP 

address 192.168.1.11with port number 8080. 
7. After the flight controller is connected, wait for the GPS to enter the rtk 

fixed state, and the EKF does not report red. As shown in the following 
figure: 
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8. Click PLAN on the Mission Planner toolbar to plan waypoints in the map 
interface, and then click the WRITE on the right bar. 

9. Open the terminal on the on-board computer. 
10.  Enter the command 

roscd r300_function/sh && bash r300_navigation_wp_goal.sh  to 

activate the outdoor waypoint planning and obstacle avoidance 
functions. 

11.  Open a new terminal and enter the 

command rosservice call /mavros/mission/pull  

12.  Open the terminal interface launched in step 10. In the last tab, first 
enter 1 to get the waypoint information, and then enter 1 again to 
start after obtaining the waypoint information, as shown in the 
following figure:  
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13.  Flick the switch SWB on the remote control to the top. Let Autopilot be 
controlled by the on-board computer, and begin the waypoint planning. 
Note： 

1) To use outdoor waypoint planning and obstacle avoidance, you 
need to update to the latest version of the code. See gitee for the 
code address, select the branch as v1.0-beta.  
Link：https://gitee.com/amovlab/amovcar/tree/v1.0-beta/ 

3.11 Simulation 
3.11.1 Introduction to the simulation system 
Autopilot simulation system is based on ROS and Gazebo simulation system, 
providing unmanned vehicle body model, sensor simulation such as 2D lidar, 
3D lidar and depth camera. Currently, it includes the simulation of navigation 
function, RtabMap 3D mapping function, OctoMap 3D mapping function, 
SLAM mapping function. 

Note： 
1) AutoPilot simulation has certain requirements for CPU 

configuration. The older CPUs such as i3 and some i5 
may not qualify to run the simulation smoothly. 

2) Simulation on the Autopilot’s on-board computer is not 
recommended. 

3.11.2 Set up simulation environment 
Open terminal and enter the following command to install the simulation 
environment.  
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sudo apt install ros-melodic-gmapping ros-melodic-navigation ros-melodic-a

mcl ros-melodic-map-server ros-melodic-move-base ros-melodic-rtabmap ro

s-melodic-octomap -y  

3.11.3 SLAM 

Gmapping 
1. Open the terminal and input 

command： roscd r300_simulation/sh && bash r300_simulation_slam_gmapping.sh  

2. Check the pop-up terminal window in turn to check whether the nodes 
in each terminal start normally. 

3. Then in the third terminal interface, control the movement of AutoPilot 
through the keyboard and mapping. As shown in the following figure： 

 

4. After the drawing is complete, open a new terminal and enter the 

command： rosrun map_server map_saver -f ~/sim_map  

Note： 
1）-f is the saving command and the path/name of the map will follow. It’s an absolute path. 

The above command will save the map in the root directory and is named sim_map. 
2）If you start roscore in advance, it is normal for the first terminal to report errors. 
 
 
The following figure shows the finished map of simulation: 
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Cartographer 
1. Open the terminal and input 

command： roscd r300_simulation/sh && bash r300_simulation_slam

_cartographer.sh  

2. Check the pop-up terminals in turn to check whether the nodes in each 
terminal start normally. 

3. Then in the last terminal interface, control the movement of AutoPilot 
through the keyboard to complete the mapping. As is shown in the 
following figure： 
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4. After the mapping is complete, open a new terminal and enter the 

command： roscd r300_simulation/sh && bash r300_cartographer_m

ap_save.sh  

Note： 
1) The script saves the map by default under 

/home/amov/amovcar/src/R300/r300_simulation/maps
/. The default name for the map is sim_map. 

2) Saving a map using a script overwrites the previous map 
file. if you need to simulate multiple comparisons, place 
each saved map in a separate folder. 

3) If you want to save the map in a different location, open the 
script and modify the file path to achieve. 

4) If you start roscore in advance, it is normal for the first 
terminal to report errors. 

The following figure shows the finished map of simulation:

 
 
3.11.4 Navigation 

1. Open terminal and input the 

command： roscd r300_simulation/sh && bash r300_simulation_navig

ation.sh  

2. Check the pop-up terminal window in turn to check whether the nodes 
in each terminal start normally. as shown in the following figure: 
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3. Confirm that none of the terminals are error-reporting. In the third 
terminal, use the keyboard to control the car to move slightly. After the 
particles around Autopilot converge, press CTRL+C to close the 
terminal. 

4. In the menu bar at the top of the launched rviz interface, 
select Navigation Goal,click the map to set the robot's destination, and 
then point the green arrow in the direction the robot will face at the 
target point. 

5. Autopilot starts navigation, shown below: 
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3.11.5 RtabMap 3D mapping 

1. Open terminal and input the 

command:  roscd r300_simulation/sh && bash r300_simulation_rtabmap.sh  

2. Check the pop-up terminals in turn to check whether the nodes in each 
terminal start normally. 

3. Confirm that the terminals are not error-reporting, and in the third 
terminal, use the keyboard to control the movement of the vehicle to 
complete mapping. 

4. When the map is complete, input the command to save map：

rtabmap-databaseViewer ~/.ros/rtabmap.db  

5. The simulation of rtabmap is as follows： 

 
Note： 

1） The command to view the map is： rtabmap-databaseViewer 
~/.ros/rtabmap.db 

2） After entering the view map command, a dialog box will pop up, 
click the view---occupancy grid on the menu bar to view the map. 

3） The map is saved for the path: ~/.ros/rtabmap.db 
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3.11.6 OctoMap 3D drawing 

1. Open terminal and input the 

command:  roscd r300_simulation/sh && bash r300_simulation_octo

map.sh  

2. Check the pop-up terminals in turn to check whether the nodes in each 
terminal start normally. 

3. Confirm that the terminals are not error-reporting. In the third terminal, 
use the keyboard to control the movement of the vehicle to complete 
the map. As shown in the following figure: 

 

4. When the mapping is complete, input the command to save the map： 

rosrun octomap_server octomap_saver -f ~/map_name.ot  

Note： 
1) -f command is used to save the file and the saving path and name 

will be following, It’s  an absolute path. The above command will 
save the map in the root directory and is named map_name.ot. 

2) The map file generation will takes some time, and the demo map 
file will takes about 5 seconds to be generated. 

5.  Input the command： octovis map_name.ot  to view the 3D map.  

Note: 
1) You will need to input the above command in the path of the folder 

where  you saved the map. 
2) Viewing oct maps requires the installation of the relevant feature 

pack: sudo apt install octovis. 
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6. The simulated Octomap map is as follows: 
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