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ENRBRAE—RBER, TN ARETIEERIRE ZAD RS IERXEEE., BIEEUEXERR
REIN)ERR LABK R FKA] support@agilex.ai, KRBT HHATAFMEMME D PRIFTEERIRIBMIER, X
—RIFREE, WEHIEERESZEEIRSHERAINA.,

Before using the robot, any individual or organization must read and understand the manual. If
you have any questions about it, please do not hesitate to contact us at support@agilex.ai. It is
very important that you should follow and implement all instructions and guidelines in this
manual. Please pay extra attention to the warnings.

EEZ2ER

Important Safety Information

AFEMPIEEAE IR, ZEMBRF— 1 TEAWSRANA, EAESMEIREX—BNRSRY
REIEMFINNEIRIRE . Z BN RFRIRTHIERFERGIZs AR EE RN ERAL T PR
TEEK,

This manual does not cover the design, installation, and operation of a robotic application, nor
does it include any equipment that may affect the safety of a robotic system. A robot system
that uses the RANGER should be designed and used in compliance with the safety requirements
and other standards of the corresponding countries.

RANGER HEERE LIRS P B RERREBEXERAIISSAITANEEZEN, HRTEAIRE AN
LHFARFREAEARK, XEFERRTLUTRE

Any users of the RANGER should comply with laws and regulations of relevant countries and
ensure that there are no obvious hazards in the application of the RANGER. This includes but is

not limited to the following:



BHUMEMSE

Responsibility

XS EAIN R ARG — D XUEIFAS.

Do a risk assessment of the robotic system that uses the RANGER.

KX UpIThE X ATE AT URAIM INR SR SiEEE —itC.

The risk assessment should include additional safety equipment to other machinery.

AR MR AR SR NEIRE BRI G R RN IR R ER TR,

Please ensure that the equipment of the whole robotic system, including software and hardware,
are designed, and installed correctly.

FNBAFREE— BB IR RARSNENNE. IS, EVERIMESERZEEER
BRRTF_EikfEiR, BXINRERE R IR SRR EISEATRERENH TR 2, 1
R R SERAINER ATESERRR P AR EXERAZ 2RE,

The RANGER is not an autonomous mobile robot with anti-collision, anti-fall, biological
approach warning, and other safety functions. These safety functions are expected to be
developed and assessed by system integrators and end customers under relevant safety
regulations and laws to ensure there are not any major dangers and potential safety hazards in
their practical applications.

IERRA S HRRORRB RIS . BB XS ITAEFIA TR

Read all technical documents: including the risk assessment and this manual.

R EERIRE 2RI EENRA BeFERIR 2 X,

Know the possible safety risks before using the RANGER.

MR

Use Environment

BR(ER, BRFHERF, THRERNRMERNSSRIEIE.

For the first use, please read this manual carefully to understand the basic operation and
operating specifications.

BRI, AT KEER, F EASEATHIBENERERES.

Remote control operation should be in a relatively open area. The RANGER does not have any
automatic obstacle avoidance sensors.

£ 0°C~40°CHIFNME R EPEHA,
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Please use the RANGER under the ambient temperature of 0 °C~ 40 °C.

SNRZEWIAFRIRTES] P BHIFFR, FWBAK. FH4EEEA IP22,
The RANGER’s waterproof and dustproof level is IP22 if it is not customized.

e

Check

HRFIRBHEERE.

Make sure each device is fully charged.
HRERTHERE,

Make sure the RANGER has no obvious abnormalities.

G EEERNETPEERERE.

Make sure the remote control has sufficient battery power.

REIEEEIR

Operation Precautions

PRIEEA RS B B AR ==H

Ensure that the surrounding area is relatively open when operating the RANGER.
EREERERE .

Please do remote control within sight.

RANGER s ARIEEY 150KG, 7EERRS, HRRENEMEAET 150KG,

The maximum load of the RANGER is 150 KG. Please ensure that the payload does not exceed
150 KG when using.

RANGER Z5HNBYT AT, #IAT BRAUBTOMIE, HRtREeEEO.

When installing external equipment on the RANGER, Please ensure their centroid location is at
the RANGER’s center of rotation.

SIRB(REEREINERAI TR,

Please charge the RANGER in time after low-battery alarm.

SRFHAREN, BUEMEILER, BRIEM—_XIhE

When the RANGER is abnormal, please stop using it immediately to avoid secondary injury.
SIRBFHNEEN, BREERNAAR, BE2EELHE.

When the RANGER is abnormal, please contact the technical support immediately, and do not
handle it without professional suggestion.

ISIRIEIRERY IP PP S RIEREMIFER BRI HER.



Please use the RANGER in an environment that does not exceed its IP protection level.
BOEEHE,

Do not push the RANGER directly.

FEEE, BREEMZEEAT 0°C,

Ensure that the ambient temperature is above 0 °C when charging.

kiR

Overview

1 RANGER {17} Introduction to the RANGER

RANGER 22— A wiE£ME UGV (Unmanned Ground Vehicle), BR—RAERLIZITHHIERE.
BT ERA, RANGER fEEEKR. tHMIE EABBEE, MUSREMSEENEEES,
RIRINT JIEEMEFACRARIEIR, MERIMSEIRE, BRTHRSKRENEE, RANGER AJLASSR
e, BEEE ZMMNA. RANGER EEFERZSMRESRENNAT 8, ERTSMERI.
EIRSETLABECIAMENL. BOEEIL. GPS. IMU, HIMFFRE, WEARIXAKG, <P, RBif. &
YIS

The RANGER is a programmable omnidirectional UGV (UNMANNED GROUND VEHICLE), which
is a chassis with a modular design. Compared with the four-wheel differential chassis, the
RANGER has obvious advantages when running on ordinary cement roads and asphalt roads. It
not only has higher speed and load capacity, but also reduces the wear and tear on the structure
and tires. It is also more stable and safer. Compared with Ackermann chassis, the RANGER can
realize in-situ steering and has a wider range of applications. The RANGER combines the
advantages of differential chassis and Ackermann chassis, which is suitable for various complex
terrains. What’s more, it can be equipped with stereo cameras, LIDAR, GNSS, IMU, manipulators
and other equipment to be applied in fields such as unmanned inspection, security, scientific

research, exploration and logistics.

1.1 45ES4%]L Specifications

S Type I Description $8kx Parameters
HUHE3L K xE& x5 Dimensions 1228x876x475
Mechanical (mm)
#BE Axle Track (mm) 560
ih#E Wheel Base (mm) 890
E24l Motor A8v FohlE e
48 v brushless toothed motor
ZEINZ Rated Power (w) 600w x4




ZhEfHsE Rated Torque 22NM x4
(N.M)
BRARE Maximum Speed 2.6
HRESEN (m/s)
Performance 1IZEifET;, Motion Mode g PuEE 4WD (4 Wheel Drive)
BAKHEFE Maximum 100 (EEPERS#HEL vertical obstacles
Obstacle Height (mm) and fully loaded)
=AM Maximum 10
Climbing Angle (°)
BHE Weight (kg) 135(8 NSt with single battery)
& Maximum Load (kg) 150
“EfnAdiE) Battery Life  (h) 2-8
ZeEBAY(E Charging Time (h)| 1 (EEEEjtE with single battery)
EE;th3$AY Battery Type PRERER} Lithium-ion battery
RS E Single Battery R4 (&ZBAISFIULRAE The RANGER
Capacity (ah) supports up to four batteries)
AREEEE Rated Voltage (v) 48
Thig E=RZE T#2850 Engineering Investigation
Functional Application BEIRIKTE Energy Inspection

I XizH Mine Transportation

EELRH Intelligent Security

YIRECIE Logistics
FollEimSees Agricultural Product

Collection and Transportation

1.2 F%PFrEE Required for Development

RANGER H BIAI%ELD FS @Eixes, AP LABITEE a6 PR Ui i
FoitmEissl, RANGER FEE& THRE CAN

2, TR, %)

BEEO, BAFPALUEE CAN #0087 =8 F A,

The RANGER can be equipped with FS remote control when buying. Users can use it to control
the 4WD chassis, complete mode switching, movement and steering. The RANGER has a
standard CAN (Controller Area Network) communication interface to facilitate secondary

development.



2 EAENEE Basic Introduction

AREDABTEEYS RANGER Baftlss ANREF— M ERNINE, ETHAFFIFREXST RANGER
REE—NERIAR. WTE 2.1 i, AENEEE AREATSEIE.

This part is a basic introduction to the RANGER, mobile robot chassis. After reading this part,
users and developers can have an overall understanding about it. As shown in Figure 2.1 below,
it is an overview of the RANGER.

B R

R SER
BhE

2.1 REEBELEAIE

Figure 2.1 Overview of the RANGER
RANGER E/{X FRATERUASRUNIZITHES, AENER ERATRSRIRESRIBENSS
Rit, BNLaiEseieEREl, 515 RANGER HlSB AKEEERENBE UAIEEN Y, AIEAR
EE EREE, REREVNNIHEETEXMMENRITEEN, 1E RANGER B/NG, BER, £
RANGER REERECE 7 AR SEOFI@ETEN, HEEFHT IR, BSEOMRIHER EX
AT inasphkEs@t, —oEANTRPY BIIER, 2o —HEEEI s AFaa LIE— L =5hIINME
{5, 7 RANGER TRERLREBINEREY B, HERFEHEINRIRET BIEMA,
The RANGER is based on a modular and intelligent design concept. It adopts a composite
design of pneumatic tires and independent suspension on the power module, and has a
powerful hub motor, which makes the RANGER swift passing ability and ground adaptability. It
can move flexibly on different ground. The hub motor does not require complicated
transmission design, making the RANGER smaller and more flexible. An open electrical interface
and communication interface are configured at the rear of the RANGER, which is convenient for
users to carry out secondary development. The electrical interface adopts aviation waterproof
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connectors, which is not only conducive to the expansion and use, but also allows the RANGER
to be used in some harsh environments. A standard aluminum extension bracket is installed on
the RANGER, which is convenient for users to carry external equipment.

2.1 XS8R~ Status of the RANGER

FAIFAILAEIS RANGER JER&E&IRAT CAN HRSCRIEFARINE. BRSEER 2.1,
The user can check the status of the RANGER through its CAN message. Please refer to Table 2.1

for specific status.

JRZ Status iR Description
SRIEE LRIEItEBEREY bms BRIGEE
Voltage The current battery voltage can be viewed through BMS (Battery
Management System) feedback
FHRER KIy¢=ie
Powered Status Lights on indicate power is on.

(REBERE Lt BMS Bifl % SOC KT 15%, FEABIE SINMEHITIRR. Sta
Low Voltage | RIEBithEB BT 10%HAY, PURCPURERAL /0 7 BALEEIRIA, SEMTIRTIMNER
Warning T RAHEBAERENERME, IR R TaaiE AR Z M E S
When the SOC (State of Charge) of the battery is lower than 15% through
BMS feedback, the front and rear lights of the RANGER will flash as a
reminder. When the battery power is detected lower than 10%, the 4WD
chassis will actively cut off the power supply for external equipment and
driver to protect the battery. At this time, the chassis will not move and

accept external command control.

HFARSER @id CAN IR EE
Detailed Status Check by CAN message
Information

FE 2.1 FRRESIRAR
Table 2.1 Status Description Table for the RANGER



2.2. BSEREA Description of Electrical Interfaces

=0
FNESIES

Hx
FEEBIHEO

LL

2.2 EEIE
Figure 2.2 Back View of the RANGER

RANGER [REEMEEE— MY B0, = BEOKE T —HERAKR—E CAN &@ifizO.
EFFERELT RRHIRHER (REBRARGET 15A, BETE 46~50V), LIRERGER. HEK
SIMEXUTEMR, FELIENR, XENY RERZAIES, SBEbBEERTREEERENT)
Writes, FRLABPHRETR, TiAEl  I55EBERI RANGER EEFESANRBEREE M, BT
EREREREERE.
The RANGER has a circular connector for expansion at its rear. The interface can be used to
provide power for external equipment (the load current cannot exceed 15 A, and the voltage
range is 46~50 V) and transfer information through its CAN communication interface. Its pins

are defined in the figure below. Please note that its power supply is subject to internal control.
When the battery voltage is lower than the safe level, it will actively cut off the power supply.
Therefore, users need to pay attention to the low voltage alarm of the RANGER before reaching
the critical voltage. Do not forget to charge the RANGER after use.



ot

ics

5|fmS 5 |BISEEY e E X i
Pin Number Pin Type Function and Note
Definition

1 EBIR VCC EBIRIE, EBIESEE 46~50V,

Power supply Positive terminal. The voltage range is 46~50

v
TEEIRARERT 15A,
The load current cannot exceed 15 A.

2 FE GND R

Power supply Negative terminal
3 CAN CAN H CAN B&=

CAN Hi (High)

4 CAN CAN L CAN %A

CAN Lo (Low)

2.3 Bz 52015 BN AR E
Figure 2.3 Pin descriptions of the circular connector




2.3.1E4#=15HAB8 Remote Control Instructions

POWER

Ayuv]

2.4 B EE

Figure 2.4 Introduction of the remote control
NEE, FRENIEEENII: SWB AEHRIGRERET, KERLESHESEIIEN, KEDEE TS
FEEEEIET, SWA RITYEERIFR, KBTI AXRANE (F SWB SEHNEERR); SWC JuiE
FRIEEERETT X, IREPEAFIFEREHREINEE,;
As shown in the above figure, the functions of the buttons are as follows: SWB is the control
mode switching stick, whose moving to the top is the command control mode, and moving to
the middle or bottom is the remote control mode; SWA is the light control switch, whose
moving to the bottom is to turn off the light (SWB needs to be moved to the middle or bottom
first.); SWC is the ultrasonic obstacle avoidance enabling switch, and the ultrasonic obstacle
avoidance function is turned on when it is held in the middle position;
SWD AEEiEaMREVIRETTX
SWD is the switch for Motion mode:

-10 -
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SWD %2 EAOrIEME + QBRI OLETEHERE, GETEHES, OLETA ., GiE
WEALREFBE;

Moving SWD to the top is @ front and rear Ackerman mode (the left joystick controls the
speed, and the right joystick controls the steering angle) + @ spin mode (the left joystick does
not move, the right joystick controls the spin direction)

SWD REITARIBERL: CEFEHEE, GETEEES (RARE 90°RIAER) ;

Moving SWD to the bottom is the oblique motion mode: the left joystick controls the speed,
and the right joystick controls the steering angle (the maximum angle is 90°, which makes the
RANGER move laterally);

SWAZKREIT + mREBIRT + KT KEY1 = HANERBIREER,

Moving SWA to the bottom + scrolling the left scroll wheel to the bottom + pressing KEY1 =
entering into the automatic steering calibration procedure;

SWAHKEIT + EREBIRL + KT KEY1 = REZFINENERTR,

Moving SWA to the bottom + scrolling the left scroll wheel to the bottom top + press KEY1 =
setting the zero point of the steering angle;

HEER MET KEY1 = Z2HEREEMEER I8! (ERRTEANIRER T ER

Pressing KEY1 in any case = forcibly clear all errors of the RANGER. Attention! To be used only in
special cases where safety is guaranteed.

POWER AR, REHZEEDRIFL .

POWER is the power button. Press and hold it to power on.

EEEHRIEARERE:

Basic operation process of remote control:

IEE S5 RANGERMINI Zaptlsg AEifE, /Sal&EfEss, 1§ SWB i nEfsiztiizl, RinfEiEss
g81=%) RANGERMINI SE&IEH.

After the RANGER is turned on normally, start the remote control, switch the SWB to the remote
control mode, and then the movement of the RANGER can be controlled by the remote control.

3 {#EMFAAR Usage and Development

AERDEENLE RANGER EERIENE(ESER, NMBUEEEINE CAN O, &g CAN St
i35 RANGER BHTRFFA.

This part mainly introduces the basic operation and usage of the RANGER, and how to carry out
secondary development through the external CAN interface and the CAN bus protocol.

3.1 {HA5IE(E Operation

&& Check
e 188 RANGER jX7S Check the RANGER status

-11 -



&8 RANGER RHEHERHE; W8, BHREERES
Check whether there is any obvious abnormality in the RANGER; if so, please contact after-sales
support;

IR ERFARRFESERPERFREEHRZ T, WET, BRTEEMN, WATEIUAE, Lt
RANGER 4EFHERIRT.

When using it for the first time, check whether the power switch in the rear electrical panel is
pressed, if pressed, please press it, and then release it. At this time, the power switch is released,
and the RANGER is powered off.

o BEFNk#Nl Power on and off
E&ftrE "STOP" tRERIFRATEFR, IMBSEHererIficais, B TATEER.
The switch marked with "STOP" at the rear of the RANGER is an emergency stop switch. Pressing

it will stop the RANGER immediately and turning it clockwise will exit the emergency stop mode.

#H Charge

WERMBE, [ERBRETEEN 46~50VI1E "H-EE. ERRSEEE, RrEitBEYR, Bk
A 7eEE,

Check the battery voltage. The normal voltage range is 46~50 V. If there is a continuous buzzer

sound "Beep, beep”, it indicates that the battery voltage is too low, please charge it in time.

AmENAREZEECE— 10A RUZEHEES, BRERAVELENRERBREO, BREmRERER, K7
FERE EAYFFRFTFF, BIETHEATEIRE.

This product is equipped with a 10A charger by default. To Charge the RANGER, please insert
the plug of the charger into its charging socket, connect the charger to the power supply, and
turn on the switch on the charger.

CAN £19i%# Connection of the CAN Cable

Pk AL R R A BRI T 1 ML Ak, SGHNENATSETE:

The 4WD chassis is shipped with an circular connector male head. The definition of its lines can

refer to the figure below:

-12 -



1416 : VCC (H5thIEAR)
2% GND (it ftk)
3&\E : CAN H
AJEE  CAN_L

3.1 fn=iEskrEE

Figure 3.1 Overview of the circular connector
CAN 1ES#EHIR9CIN Implementation of CAN command control
IEFES5 RANGER 582, FIhERRs, AR ERSES), BGERRE SWB =it
ERER LTS, LA RANGER [RESESRE CAN EORIES, FERENHBTLUET CAN B
EERAVSCRTEUE, ETSRRE0RE, BIMMYASESE CAN BN, (BUAERIRERE
ENEFERRHYRTIR)
Start the RANGER normally, turn on the remote control, and then switch the SWB to the
command control mode (move SWB to the top). At this time, the RANGER will accept
commands from the CAN bus, and the host can also analyze the status of the RANGER using the
feedbacked real-time data through the CAN bus. Refer to the CAN communication protocol for
details. (The RANGER powering on and the remote control powering off is the default.)

3.2 CAN 0011 CAN Communication Protocol

A= CAN BEiRERFARYE CAN2.0B i, BRSS9 500K, #R3HEZIRA MOTOROLA
18, BIIMER CAN Bz O] LA TIE SR B IR =S R BB LEELURERR, [KES
S RIRBERIINEINSER (BRI BECENENENEEHNS MEFRIFERENER) U
REFNSER (BEEI2HERD).

The CAN communication protocol in this product is CAN2.0B standard, its communication baud
rate is 500 K, and its message format is the MOTOROLA format. Through the external CAN
interface, users can switch the control model and control the linear speed and steering angle of
the RANGER. The RANGER will real-time feedback the current movement status information

(including the integrated movement information of the vehicle and the detailed movement

-13 -



information of each wheel) and the system status information (including self-diagnostic error

codes).
ESRR RENSEIRIES
Command System Status Feedback Command
_— . FZGEEAT (ms)
RET T B (ms) |7
. .. ID ) Receive
Node for sending Node for receiving Period .
timeout
X IRFRIEFIRTT
et . -
) ] . |Pecision-making and control 0x211 20ms 7 None
Drive-by-wire chassis )
unit
HIRERE 0x08
Data length
(8 ThkE ] 5488
Byte Meaning Data type Note
0x00 RRJIERE
The system is normal
HRIEMRTS
byte [0] =R E{Z_M unsigned int8
Current vehicle status
0x02 EAFRE
The system is abnormal
0x00 fHHAE
=
— Standby mode
E 2N
byte [1] = unsigned int8 | 0x01 CAN 3S&Higzt
Control mode
Command control mode
0x03 EIEAEz
Remote control mode
EEtEERES/ \ 2
byte [2] High order byte of battery L \
voltage SCPREEE X 10 (#5832 0.1V)
- J — unsigned int16 | Actual voltage X 10 (the
ERthERRAR/ \ iz L
unit is 0.1V)
byte [3] Low order byte of battery
voltage
HEERREAL . e
| o VU S
byte [4] Highest order byte of error . .
unsigned int32 Refer to the error
message .
— message table for details
byte [5] LS ESYNSIV

-14 -




High order byte of error
message

HR(ERIRIEAL

byte [6] Low order byte of error
message
BUEEEIS =R
byte [7] Lowest order byte of error
message
HRERIRAZR
Error message table
SRS R
Error message
FT5 Byte {iI Bit & X Meaning
AREEERRE (0:FTHEE 1: &F=F)
bit [0] Right front steering servo warning (0: unfaulty;
1: faulty)
bit [1] AEHEAERKRE (0:THE 1: &E)
Right rear steering servo warning (0: unfaulty;
1: faulty)
bit [2] ER¥AEARKRE (0:7THE 1: #iE)
Left rear steering servo warning (0: unfaulty; 1:
faulty)
byte [4] bit [3] ERFERERRE (0:7THE 1: #iF)
Left front steering servo warning (0: unfaulty;
1: faulty)
bit [4] {RER, BOAO
Reserved, the default value is 0.
bit [5] REE, BUAO
Reserved, the default value is 0
bit [6] REE, BUAO
Reserved, the default value is 0
bit [7] REE, BUAO
Reserved, the default value is 0
ARFERFURIERTS (0:FHE 1: &)
bit [0] Right front steering zero point calibration

status (0: unfaulty; 1: faulty)

-15 -




byte [5]

bit [1]

ARERAFURENS (0:THME 1: #E)
Right rear steering zero point calibration
status (0: unfaulty; 1: faulty)

bit [2]

ERERAZFMERS (0:7HEE 1: 5FF)
Left rear steering zero point calibration status
(0: unfaulty; 1: faulty)

bit [3]

ERIERZFMERT (0:7HEE 1: 5F=F)
Left front steering zero point calibration status
(0: unfaulty; 1: faulty)

bit [4]

EEEROERBRT (O TCHIE 1: #E)
Steering calibration timeout (0: unfaulty; 1:
faulty)

bit [5]

fbinfsE, (0:EE 1: fLAEN)
Safety edge collision status, (0: normal; 1:
triggered, the chassis should be stopped
immediately.)

bit [6]

fRER, BUAO

Reserved, the default value is 0

bit [7]

fRER, BUAO

Reserved, the default value is 0

byte [6]

bit [0]

IRGNESRSEEIR (0: FoHiE 1: HE)
driver status (0: unfaulty; 1: faulty)

bit [1]

FEENERIRES (00 LIHEE 1: H5E)
Communication connection status with upper

layer (0: unfaulty; 1: faulty)

bit [2]

5 SHEHIRENESETRHTE (0:FTHFE 1: HE)
No. 5 motor driver communication status (0:

unfaulty; 1: faulty)

bit [3]

6 SHIRNENLSEE (0:-FHPE 1: &)
No. 6 motor driver communication status (0:

unfaulty; 1: faulty)

bit [4]

7 SHRRETSEE (0 FTHE 1: &)
No. 7 motor driver communication status (O:

unfaulty; 1: faulty)

bit [5]

8 SEEIKF=RENSEE (0:TTHPE 1: #f=)

No. 8 motor driver communication status (O:

unfaulty; 1: faulty)

-16 -



HRARP (0:FHFE 1: =)

bit [6] over temperature protection status (0: normal;
1: triggered)

HRAP (O:FHE 1: 0R)

bit [7] Overcurrent protection status (0: normal; 1:

triggered)
Bt REHPE (O:FCHfE 1: =)
bit [0] Battery undervoltage status (0: normal; 1:

triggered)
FEEIREE, (O:EFE 1: flARHE)
bit [1] Ultrasonic obstacle avoidance status (0:

normal; 1: triggered)

ERRRRERARIR (0: KHEE 1: &%)

bit [2] Remote control lost connection protection

status (0: normal; 1: triggered)
1 SENIKEENSFE (0:7TCHEE 1: HE)

bit [3] No. 1T motor driver communication status (O:

byte [7]

unfaulty; 1: faulty)
2 SHNIKERENHIE (0:ZHME 1: #E&)

bit [4] No. 2 motor driver communication status (0:

unfaulty; 1: faulty)
3 SHHIKENEENGE (0:75HE 1: &FE)

bit [5] No. 3 motor driver communication status (O:

unfaulty; 1: faulty)
4 SEENIKERETEEE (0. THE 1: #&)

bit [6] No. 4 motor driver communication status (O:

unfaulty; 1: faulty)
{REB, BUAO
Reserved, the default value is 0
EAEHEIRIES BT SRERIEILEE. KRFERIR

The motion control feedback frame includes the current linear speed and steering angle of the

bit [7]

vehicle.
BRSO T
The details of the protocol are as follows
BSBMR EoiEHlEIRES
Command Motion Control Feedback Command

-17 -



Low order byte of

steering angle

REDR El®T R D AR (ms) FUGEEAT (ms)
Node for sending[Node for receiving Period Receive timeout
SImREE IRERIEHI BT
Drive-by-wire | Decision-making 0x221 20ms 7 None
chassis and control unit
HIEKE 0x08
Data length
frE ThkE HrimsR) 35188
Byte Meaning Data type Note
BEES/\{L
High order byte of
J Y SERREERE X 1000 (847 0.001m/s)
byte [0] speed igned int16 | Actual speed X 1000 (the unit is 0.001
signed in ctual spee e unitis 0.
byte [1] BAEEEANG | P e
Low order byte of
speed
byte [2] {REB Reserved 0X00
byte [3] {REB Reserved - 0X00
byte [4] {REB Reserved - 0X00
byte [5] {REB Reserved - 0X00
s\
High order byte of — .
In oreer By STRRATEE X 100 (847 0.01°)
byte [6] steering angle igned int16  |Actual steeri le X 100 (the unit i
signed in ctual steering angle e unitis
byte [7] SEBIR) VL ? 9 ang

0.01°)

EEEHME S T HIEEEHIES.

HRaEHiES, HERERMYXATIT:

The motion control frame includes the linear speed control command and the steering angle

control command. The details of the protocol are as follows:

$§$EZ#R Command

12413545 Control Command

LG E) .
RETR [EEE (ms) | EAGERT(ms)
) Node for ID ) o
Node for sending L Period Receive timeout
receiving
IRFRIEHIRTT JRETR
L ] Ox111 20ms 500ms
Decision-making and control Node for the

-18 -




unit chassis
HIRKE 0x08
Data length
VA= Thag HERE kil
Byte Meaning Data type Note
TEMTHEEE, B2 mm/s(B3X
B+ -2500, HERBE
>20°FERE+ -1250; 7ERISH
o 1 REMRBRINTER
Lo \fiL o
. Speed of the vehicle, whose
High order byte of o )
) unit is mm/s (valid value +
byte [0] linear speed ) ] )
R N signed int16| -2500; valid value + -1250
byte [1] SRR\ L .
when the steering angle > 20°;
Low order byte of ) )
. taking effect in front and rear
linear speed
Ackerman mode
and oblique motion mode)
RIS [AALEE
Forward direction is positive
B
byte [2] RE - 0X00
Reserved
B
byte [3] RE - 0X00
Reserved
ENEEE, B mm/s
(B3E+ -1000, TEEIEEN T4
S)iratI=I=IANWi )
High order byte of Speed of the vehicle, whose
byte [4] spin speed ] ] unit is mm/s (valid value +
. | signed int16 ] ] )
byte [5] EHEREAR/ -1000, taking effect in spin
Low order byte of mode)
spin speed HRTEThERR NIEE
Counterclockwise spinning is
positive.
®fas/ #E[E)fa, B 0.01° (B RUERIEM
High order byte of EERT+ - 4000, RlIFBE+ -
byte [6] steering angle . . 9000,
N signed int16 - e
byte [7] AT\ (RER S SMABIRT T
Low order byte of %)

steering angle

Steering angle, whose unit is
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0.01 ° (valid value +- 4000 in
front and rear Ackerman
mode, valid value +- 9000 in
oblique motion mode,
only taking effect in front and
rear Ackerman mode and

oblique motion mode)
SNE 3.2.1, 2 RANGER [EE4FrRIGHRSENA, RIBNEHAA (a+p) /2, REAEEAR, 1E
BEAEESR, RIGNEEANCEEYE (AREEEEE), R[EAEE, EEIRH. T
BERMRFIFN BEOEREER, 58 0X271 1 0X281 RIRML,

As shown in Figure 3.2.1, when the RANGER is in front and rear Ackerman mode, the feedback

steering angle is (a+p)/2, left steering is negative, and right steering is positive; the feedback
speed is the average value of the four wheels’ speed (that is, the linear speed of the chassis),
reversing is negative, and moving forward is positive. If you need to check the detailed steering
angle and speed of each wheel, please refer to 0X271 and 0X281 feedback frames.

3.2.1ranger [T E45H
Figure 3.2.1 The Ackerman structure of the RANGER
S0E 3.2.2, ZHranger &TRBHEIURT, RIRAVEAA (al+o2+a3+0d) /4, QENERTSF, IHE
NEETTR, RIRAIZEREAICEREINE, EAEE, [HEARH, EREEES e FRFEE
BINEEES, 85 0x271 1 0x281 i,
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As shown in Figure 3.2.2, when the RANGER is in oblique motion mode, the feedback steering
angle is (a1+a2+a3+04)/4, left steering is negative, and right steering is positive; the feedback

linear speed is the average value of the four wheels’

speed, reversing is negative, and moving

forward is positive. If you need to check the detailed steering angle and speed of each wheel,

please refer to the 0x271 and 0x281 feedback frames.

& 3.2.2ranger §1#545H

Figure 3.2.2 Wheels control of the RANGER in oblique motion mode
HRELT BRI, BRAAEERTE, WEEARIRAal, o2, o3, o4 IPNIFREERIEIHE
BFESE. AEdiESEHRERIBRE, WaIHtiEE HIEE.,

When the chassis is in the spin mode, the steering angle is a constant value , which cannot be

changed. At this time, the feedback steering angle is the average value of the absolute values of

al, a2, a3, and a4. The spinning speed of the chassis can be changed by commands, and

counterclockwise spinning is positive.

BEXIREMBTFRERiREHEO, HEAMYHSUT.
The mode setting frame is used to set the terminal control interface, and the details of the

protocol are as follows.

1541324 Control Command

18488 Command
BT R
RIETR
. Node for
Node for sending o
receiving

[EHR (ms)

Period

FGERRT (ms)

Receive timeout
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mode

IRRIZHERTT [RETR
7c 7c
Decision-making Node for the 0x421
. . None None
and control unit chassis
HIRRKE 0x01
Data length
& Thge R 15i8H
Byte Meaning Data type Note
0x00 #FHHEZ, Standby mode
0x01 CAN #5<#%z{, CAN command
P Control | S
byte [0] unsigned int8 control mode

EREERAFHANFEZ

Boot into standby mode by default

EHREIURER . REEFLR, EESRERIBR T, EHEIEAR
EigzERERE<, AftiE<S
FriEz=s, EEREERS

thix, HEADNATNT.

Control mode description: when the chassis is powered on and the remote control is not

ANz, EfER CAN i
SR, ATLAR RS

HITIEHIFE
SHYEE, TREEEDS. RSEMNMBTBERES

SR, HERTRER

SRR CAN 518, ]

connected, the control mode is standby mode. At this time, the chassis only receives control

mode commands and does not respond to other commands. To control the chassis using CAN,

you need to switch control mode to CAN command control mode first. If the remote control is

turned on, the remote control has the highest priority, which can block the control command

and switch the control mode. The status setting frame is used to clear system errors, and the

details of the protocol are as follows.

15<$EFR Command 1=Hf8< Control
Command
BIETR BT R D [EER (ms) | $ZUGERS(ms)
Node for sending | Node for receiving Period Receive timeout
IRRIZHERTT .
Decision-making D . 0x441 7c None 7c None
and control Unit Node for the chassis
HIRIKE 0x01
Data length
& Thae ERE 1588
Byte Meaning Data type Note
EiRERIES 0x00 EkkEERIFF=EHSE
byte [0] Error clearing unsigned int8  |Clear all non-critical faults
command 0x01~0x08 13 BUXThziEkR 1~8
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SEEHIKEN B TS

Clear the communication faults
of No. 1~8 motor drivers
respectively

0x09 JEBREEERESE, F=5
RS ENTIEEIR

Clear the battery undervoltage
fault and try to restore the
power supply

Ox0a JERRIERESERHE
Clear remote control signal loss|
fault

0x0b~0x0e 73 BIRINLiERR 5~8
SEEERRERE

Clear the steering calibration
fault of No. 5~8 motors
respectively

OxOf iBEFRIT AR

Clear overcurrent fault

Ox10 ;BRI IS

Clear over temperature fault

TR, LATEIRAEER 1,

Sample data, the following data is only for testing.

byte [0] | byte [1]| byte [2] byte [3] byte [4] byte [5] | byte [6]| byte [7]
0x00 0x96 0x00 0x00 0x00 0x00 0x00 0x00
2. INEEEE 10° The chassis turns 10°
byte [0] | byte [1]| byte [2] byte [3] byte [4] | byte [5]| byte [6] byte [7]
0x00 0x00 0x00 0x00 0x00 0x00 0x03 Oxe8

BT RENRSEESHTRIRLSN, RERIRIESEEEICHEATIGE, BERMERE. W5
BRANRERES.

In addition to the status of the chassis itself, its feedback information also includes the steering

angle and speed of the four wheels, the current of the motor, the encoder information, and the

temperature information.
BRI ASIT
The details of the protocol are as follows:

PS: TEREF/\ N EHRSIN: BRI 15, ARk 2S5, ERK 35S, Erikd S, GrikmaS

S, AR%R 65, KR%RA 7S, ARikF 8 S.
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PS: The eight motor numbers of the chassis are: No. 1 is the right front wheel motor, No. 2 is the
right rear wheel motor, No. 3 is the left rear wheel motor, No. 4 is the left front wheel motor, No.
5 is the right front steering motor, No. 6 is the right rear steering motor, No. 7 is the left rear
steering motor, and No. 8 is the left front steering motor.

FEERERMEERRIR

Feedback information of speed, current, and position of motor

$84%%% Command EEHIRENEESEREE/RIEM High-speed feedback
information frame for motor driver
RIETR B [EHR (ms) | #EHGERT (Ms)
Node for  [Node for receiving ID Period Receive timeout]
sending
LefziRER IRERIEHIERTT 20ms 7% None
Drive-by-wire | Decision-making 0x251~0x258
chassis and control unit
HIEKE 0x08
Data length
& Thge #HoEeA 1588
Byte Meaning Data type Note
byte [0] FEMNEEIES/\[L EEHHRIEEE B RPM
byte [1] High order byte of The current speed of the
motor speed ) ] motor, whose unit is RPM
signed int16 _ _
EEHEEIRIE/ \ (L (Revolutions Per Minute)

Low order byte of

motor speed

byte [2] BB/ \ L EEH SRR B 0.1A
byte [3] High order byte of The present current of the
motor current ) ] motor, whose unit is 0.1 A
. | signed int16
EEALEE AR/ \ i

Low order byte of

motor current

byte [4] E&EEL
byte [5] Highest order byte EENEBIRE A7 RKiPEL
byte [6] of position The current position of the
byte [7] (WA=p/N=TIVA signed int32 motor, whose unit is the
High order byte of number of pulses
position
NEIRIEAL
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ooooo

Low order byte of

Lowest order byte

position
NEHEA

of position

FEHLEREREIMINSR IR

Feedback of temperature voltage and status of motor

1#ESEZFR Command

frame for motor driver

EBHAREES MRS B ANl Low-speed information feedback

Drive-by-wire

Decision-making

BIETIR BT R ID [EE8 (ms) FZGERT (ms)
Node for sending | Node for receiving Period Receive
timeout
57l [z RIEHIERTT 0x261~0x268 100ms 7% None

chassis and control unit
HIRKE 0x08
Data length
& Thge R 15288
Byte Meaning Data type Note
byte [0] IKEheREE/E=/\fZ | unsigned int16 HRIIRENZREE 57 0.1V
High order byte of The current driver voltage, whose
driver voltage unit is 0.1V
byte [1] IXzhEgER A/ \ 2
Low order byte of
driver voltage
byte [2] KenesEES/ \fiI signed int16 By 1°C
High order byte of The unitis 1 °C.
drive temperature
byte [3] aNEmRE/ \ L
Low order byte of
driver temperature
byte [4] FEELEE signed int8 Bz 1°C
Motor temperature The unitis 1 °C.
byte [5] IXzheRIR7S unsigned int8 I 2
Driver status See Table 2 for details
byte [6] {RER - 0X00
Reserved
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byte [7] {RER - 0X00

Reserved
=& 2 IKEHBRIRZS Table 2 Driver status
FT5 Byte 7 Bit &Y Meaning
byte[5] bit[0] EIREERSIIE (00 ER 1: IK)
Power supply voltage status (0: normal; 1: too
low)
bit[1] BHEEEE (0: IEE 1: &)
Motor temperature status (0: normal; 1: over
temperature)
bit[2] KaperEaidii (0: IER 1: &R)

The current status of the driver(0: normal; 1:
over-current)

bit[3] IXsnes2ddiE (0: IEE 1: i38)

Driver temperature status (0: normal; 1: over

temperature)
bit[4] ERESIRTS (0 EE 1: BH)
Sensor status (0: Normal; 1: Abnormal)
bit[5] IKapRRtEiRAE (0 IER 1: $#HiR)
Driver status (0: Normal; 1: Abnormal)
bit[6] IXaN=R(EREIRZ (00 fE8E 1: KaE
Drive enable status (0: enable; 1: disable)
bit[7] {REB Reserved
PUcieR iR Steering angle feedback of four wheels
£442%8 Command MU tEA(=E R IEM Information feedback
frame of four wheels’ steering angle
RIETIR ERTR
Node for Node for ID IR (ms) BGERS (ms)
Period Receive timeout
sending receiving
53 el [r5 IRRIZHIERTT
Drive-by-wire |Decision-making and 0x271 20ms 7c None
chassis control unit
HIRRE Ox08
Data length
(VA== Thig #EeR 1588
Byte Meaning Data type Note
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byte [0]

ooooo

5 SkEHaE)
High order byte of
steering angle of
No. 5 motor
5 SEEEHAIR/ L
Low order byte of
steering angle of
No. 5 motor

signed int16

byte [1]

SHpA BA70.01°
The Current steering angle,
whose unit is 0.01 °

6 StEREAE/
High order byte of
steering angle of
No. 6 motor

6 SEHHEMHIE/ U
Low order byte of
steering angle of
No. 6 motor

byte [2]
byte [3]

signed int16

ZRisEA B{z0.01°
The Current steering angle,
whose unit is 0.01 °

7 SR AE/\
High order byte of
steering angle of
No. 7 motor

7 SRR\
Low order byte of
steering angle of
No. 7 motor

byte [4]
byte [5]

signed int16

ZRisEA B{z0.01°
The Current steering angle,
whose unit is 0.01 °

8 SEEHHAE/ L
High order byte of
steering angle of
No. 8 motor
8 SEEHHAIR/ L
Low order byte of
steering angle of

byte [6]
byte [7]

signed int16

No. 8 motor

SHpiA B 0.01°
The Current steering angle,
whose unit is 0.01 °

PECHER(EE R %Ml Information

18$&FR Command
feedback frame of four wheels’

PUEpiEiERfz iR Rotational speed feedback of four wheels

rotational speed

ID

F2BGERRT (ms)

[EEA (ms)

BEKT A
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Node for | Node for receiving Period Receive timeout
sending
5 Al IRRIEHIERTT 20ms 7% None

Drive-by-wire

Decision-making

chassis and control unit
FIRIKE 0x08 0x281
Data length
& Thge #HERE 1588
Byte Meaning Data type Note
byte [0] 1 BipiEEm/\L | signed int16 LHEEER B mm/s
byte [1] High order byte of The current rotational speed,
rotational speed of whose unit is mm/s
No. 1 motor
1 SEFRE/ L
Low order byte of
rotational speed of
No. 1 motor
byte [2] | 2 S##EES/\f | signed int16 AR AT mm/s
byte [3] High order byte of The current rotational speed,
rotational speed of whose unit is mm/s
No. 2 motor
2 SEER(E/\ (L
Low order byte of
rotational speed of
No. 2 motor
byte [4] 3 SHIERE/\L | signed int16 SRR B mm/s
byte [5] High order byte of The current rotational speed,
rotational speed of whose unit is mm/s
No. 3 motor
3 SEHEIR(K/\ L
Low order byte of
rotational speed of
No. 3 motor
byte [6] | 4 E##EES/\f | signed int16 AR AT mm/s
byte [7] High order byte of The current rotational speed,

rotational speed of

whose unit is mm/s
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No. 4 motor
4 SEELER(E) L
Low order byte of

rotational speed of

No. 4 motor

EtERE < AT UM REIEEER, HERMYASIT

The motion mode switching command is used to change motion model of the chassis, and the

details of the protocol are as follows

18$&FR Command
Current motion mode feedback command

HEnEsEEIEES

LT B D FEITHBAT (ms)
Node for Node for [BHA (ms) Period Receive
sending receiving timeout

BimlmiE | IRRIEHERIT 0x291 20ms 7

Drive-by-wire|Decision-making
chassis  |and control unit
FIRIKE 0x02
Data length
& Thge A 1588
Byte Meaning Data type Note

byte [0] |ZHRIEAEIENEL| unsigned int8
Current motion

0x00 mifSM=2t&Ex, front and
rear Ackerman mode

0x01 f#BtE=, oblique motion

chassis is in the
process of
switching the

motion model

mode mode
0x02 BhEtE={, spin mode
byte [1] | BELT IR unsigned int8 0x00 tJ#a5ERY switching is
BN RIS FE completed.
Whether the 0x01 =Eh&EEUJJHA in the

process of switching motion mode
EEUDI SRR AR HIE S
The chassis does not respond to
speed control commands in the
process of switching motion mode.

EHEEUIRIE S AT IRREEEE, HEAMYASTNT

The motion mode switching command is used to change motion model of the chassis, and the

details of the protocol are as follows
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5458HR Command 1=4#8< Control command
AR AR D | ssEd(ms)
Node for Node for [BHA (ms) Period o
. o Receive timeout
sending receiving
RFRIEHIRTT [RETR
Decision-making| Node for the 0x141 75 None 75 None
and control unit chassis
HIERKE 0x01
Data length
A=} Thag HERE 1588
Byte Meaning Data type Note
0x00 BIjfEfIse24&z( (EEEIA) front and
byte [0] e unsigned int8 rear Ackerman mode (default)
0x01 F#BtE={, oblique motion mode
0x02 BhEtEz{, spin mode

HBEE&EIES Ultrasonic Feedback Command

SR =L iBEIREERIES Ultrasonic Feedback Command
Command
RERS N ID  [FHR Period EUGHBART Receive timeout
Node for }RW—D'@_ ,
. Node for receiving
sending
57z IRRIEHERTT 342 50ms 7 None
Drive-by-wire  Decision-making and
chassis control unit
HIRERE 0x08
Data length
uE TR GRS
Byte Meaning B itz
Data Note
type
byte [0] 1 SIRLIEES/ int16 EEEEAU: nm
High order byte of the The distance unit is nm.
distance measured by No. 13 BREUE
1 ultrasonic sensor Positive value: valid data
byte [1] 1 SERLEERTE/ \Z -1 (BRkEREE
Low order byte of the -1: the sensor is offline.
distance measured by No. -2 (EREREIERIO I
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byte [2]

byte [3]

byte [4]

byte [5]

byte [6]

byte [7]

-31-

1 ultrasonic sensor
2 SIRLIEES/\2
High order byte of the

distance measured by No.

2 ultrasonic sensor
2 SHRLIEE(E/ \f2
Low order byte of the

distance measured by No.

2 ultrasonic sensor
3 EIRLIEES/\
High order byte of the

distance measured by No.

3 ultrasonic sensor
3 SIRLIEEK/\fiZ
Low order byte of the

distance measured by No.

3 ultrasonic sensor
4 BIRLIEES/\
High order byte of the

distance measured by No.

4 ultrasonic sensor
4 S3RLIEEE/\ L
Low order byte of the

distance measured by No.

4 ultrasonic sensor
18$&#R Command
RIEDR
Node for sending

LiERE

Drive-by-wire chassis

int16

int16

int16

-2: sensor data validation failed
-3 (BREHIESRRE
-3: abnormal sensor data
-4 RERE
-4: system exception

BEEEEE< Ultrasonic Feedback Command
e n) = ID [EEA period EWGERT
Node Receive
for timeout
receivin
g
R 343 50ms 7 None
BT
Decision
-making
and
control

unit



HIRERE 0x08
Data length

N 0% SN o
Vi . HgRESRE 15388
Meanin
Byte Data type Note

g
byte [0] 5 SRk int16 R nm
BEEE/\ The distance unit is nm.
i IE3: BREE
High Positive value: valid data
order -1 (ERERES
byte of -1: the sensor is offline.
the -2 (B RMEREIERIG RN
distance -2: sensor data validation
measure failed
d by No. -3: (EREEEUERE
5 -3: abnormal sensor data
ultrasoni -4 RERE
Cc sensor -4: system exception
byte [1] 5 Sk
BEEIER/\
Wi
Low
order
byte of
the
distance
measure
d by No.
5
ultrasoni
Cc sensor
byte [2] 65iRk  int16
HEESTSVAN
i
High
order
byte of
the
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distance
measure
d by No.
6
ultrasoni
C sensor
byte [3] 6 SRk
FHEE=HRAN
i
Low
order
byte of
the
distance
measure
d by No.
6
ultrasoni
Cc sensor
byte [4] 7 SRk int16
HEE=T=AN
i
High
order
byte of
the
distance
measure
d by No.
7
ultrasoni
C sensor
byte [5] 7 SRk
FHEESTRAN
Wi
Low
order
byte of
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the
distance
measure
d by No.
7
ultrasoni
C sensor
byte [6] 8 SRk int16
HEE=T=AN
i
High
order
byte of
the
distance
measure
d by No.
8
ultrasoni
Cc sensor
byte [7] 8 SRk
FHEE=ERAN
i
Low
order
byte of
the
distance
measure
d by No.
8
ultrasoni
C sensor

B REEREIS<S Ultrasonic obstacle avoidance setting command

I8SA& Command BEEEEISEISES Ultrasonic obstacle avoidance setting command

BEYS W55 Node for ID [EHE Period #ZUTERRT Receive
Node for sending receiving timeout
IR HIERTT RETR 0x451 7= None 7= None
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Decision-making and Node for the

control unit chassis
HIERKE 0x01
Data length
VA= Thae #ERE kL
Byte Meaning Data type Note
byte[0] REBEEREEERE unsigned int8 0x00 XFIEAE KEf=IhaEE
W& Disable ultrasonic obstacle
Set the ultrasonic avoidance
obstacle 0x01 FJFHERS REEINEE
avoidance Enable ultrasonic obstacle

avoidance

B RBERERIRIES Feedback command of ultrasonic obstacle avoidance setting

BSEIR BEiREIRERIRIES Feedback command of ultrasonic obstacle
Command avoidance setting
K& node for T Node for ID [EHE period  #ZWIEERT Receive
sending receiving timeout
T Node for  REEIRHIETT 0x45A 75 None 7 None
the chassis Decision-making
and control unit
HIEKE Data 0x01
length
& Byte IhRE Meaning HUEHER Data %88 Note
type
byte[0] LEBERBE[FAE unsigned int8  0x00 XA#BRARIEERETINAE Ultrasonic
K& obstacle avoidance is disabled.

Current status of
ultrasonic obstacle

avoidance

0x01 FJ B e fEINEE
Ultrasonic obstacle avoidance is

enabled.

it BMS #iER IR, HERMXATIT

The feedback data of BMS for all batteries,

and the details of the protocol are as follows

184$&FR Command
feedback data of BMS

BMS &iE/k % The

KIETIR node for|  #/R Node for ID [EIER FRIGERS

sending receiving period Receive
(ms) timeout(ms)

57l [r5 IRFRIEHIEATT 0x361 500ms 7% None
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Drive-by-wire

Decision-making and

chassis control unit
HUEKE Data 0x08
length
\I& Byte IJEE Meaning #EER 1588 Note
Data type
byte [0] it SOC unsigned SEEl 0~100
Battery SOC (State of int8 Range 0~100
Charge)
byte [1] Fgith SOH unsigned SEEl 0~100
Battery SOH (State of int8 Range 0~100
Health)
byte [2] FEtRRE(ES/ \L unsigned Bfg: 0.01V
byte [3] High order byte of int16 Unit: 0.01 V
battery voltage
EB it (BT \ (L
Low order byte of battery|
voltage
byte [4] EitERES/ L signed int16 BAf7: 0.1A
byte [5] High order byte of Unit: 0.1 A
battery current
2Nl N =L ANV
Low order byte of battery
current
byte [6] BtRERS/ signed int16 Bfg: 0.1°C
byte [7] High order byte of Unit: 0.1 °C
battery temperature
ERRER/ \
Low order byte of battery|
temperature
15<$&FR Command BMS #iER 1% The
feedback data of BMS
RIET A node for| TS s Node for ID [EIEA HZUTHBRT Receive
sending o period timeout(ms)
receiving
(ms)
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537l [r5 IR HIERTT 0x362 500ms 7= None
Drive-by-wire . )
. Decision-making and
chassis
control unit
#¥EI<E Data 0x04
length
\I& Byte IJRE Meaning #EERY 5488 Note
Data type
byte [0] Alarm Status 1 unsigned BIT1: &% BIT2: KJE BIT3: B
int8 2 BIT4: KB BIT7: HEITR
BIT1: Overvoltage; BIT2:
Undervoltage; BIT3: High
temperature; BIT4: Low temperature;
BIT7: Discharge overcurrent
byte [1] Alarm Status 2 unsigned BITO: FEEILAR
int8 BITO: Charging
overcurrent
byte [2] Warning Status 1 unsigned BIT1: ¥/% BIT2: XJE BIT3: &
int8 & BIT4: {Ki& BIT7: MEELR
BIT1: Overvoltage; BIT2:
Undervoltage; BIT3: High
temperature; BIT4: Low temperature;
BIT7: Discharge overcurrent
byte [3] Warning Status 2 unsigned BITO: FEEITA
int8 BITO: Charging

overcurrent

SF—HREEE BMS #UERIR The feedback data of BMS for No. 1 battery

15S8ZFR Command
feedback data of BMS

BMS #iER1% The

KRIET /R node

W5 = Node for

[EHA period | £UWGEERT Receive

ID
for sending receiving (ms) timeout(ms)
5 Al IRRIEHIERTT
Drive-by-wire | Decision-making 0x363 500ms 75 None

chassis and control unit
HIEKE Data 0x08
length
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f\IE Byte

IJBE Meaning

#HE3EE Data
type

1288 Note

byte [0]

FEith SOC
Battery SOC

unsigned int8

SeE 0~100 Range
0~100

byte [1]

F8ith SOH
Battery SOH

unsigned int8

Sel 0~100 Range
0~100

byte [2]
byte [3]

EithEREES/ \ (L
High order byte of
battery voltage
Bt B IE(E(R/
Low order byte of

battery voltage

unsigned int16

BA7: 0.01V
Unit: 0.01 V

byte [4]
byte [5]

Bt ES/ \L
High order byte of
battery current
BB thER ARt E(R/ \ (L
Low order byte of
battery current

signed int16

BAf7: 0.1A
Unit: 0.1 A

byte [6]
byte [7]

FitEES/ L
High order byte of
battery
temperature
FEIR A/ \ (2
Low order byte of

battery

temperature

signed int16

BA(Z: 0.1°C
Unit: 0.1 °C

£4542FR Command

feedback data of BMS

BMS &iE/i% The

Z 5= Node ZITHBRT
KIET R node b D [EEA period }tqﬁf
. .. Receive
for sending for receiving _
timeout(ms)
L5 a5y IR HIERTT 0x364

Drive-by-wire
chassis

Decision-making

and control unit

500ms

7 None

#IEKE Data

0x04
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length
& Byte I8E Meaning SRS Data 5288 Note
type

BIT1: i¥/% BIT2: XJE BIT3: &
B BIT4: (KB BIT7: KEBITR

byte [0] Alarm Status 1 unsigned int8 BIT: Overvoltage; BIT?:
Undervoltage; BIT3: High
temperature; BIT4: Low temperature;
BIT7: Discharge overcurrent

BITO: FeFEILiR
byte [1] Alarm Status 2 | unsigned int8 BITO: Charging

overcurrent

BIT1: i@/ BIT2: RIE BIT3: &
2 BIT4: {KE BIT7: HMEBITR
BIT1: Overvoltage; BIT2:
Undervoltage; BIT3: High
temperature; BIT4: Low temperature;

byte [2] Warning Status 1| unsigned int8

BIT7: Discharge overcurrent

BITO: FEBIIiR
byte [3] Warning Status 2| unsigned int8 BITO: Charging
overcurrent

SE_HREBh BMS $ERI%R The feedback data of BMS for No. 2 battery

15<$HBFR Command BMS #iER iR The
feedback data of BMS
K& node [T Node for D [EHA period | #UTEERT Receive
for sending receiving (ms) timeout(ms)
SIS IR HERATT
Drive-by-wire | Decision-making 0x365 500ms 7c None
chassis and control unit
IRKE Data 0x08
length
& Byte IJEE Meaning | #UEZEEL Data 5488 Note
type
byte [0] itk SOC unsigned int8 Bl 0100 Range
Battery SOC 0~100
byte [1] "Bith SOH unsigned int8 Bl 0~100 Range
Battery SOH
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type

0~100
FEtEEB R (ES/ \ i Bafi7: 0.01V
High order byte of Unit: 0.01 V
byte [2] battery voltage , _
. | unsigned int16
byte [3] E R (B (U
Low order byte of
battery voltage
Bt ES/ \L Efy: 0.1A
High order byte of Unit: 0.1 A
byte [4] battery current ) )
o | signedint16
byte [5] B tEERE(R/ \ (U
Low order byte of
battery current
FtRES/ L Bfi: 0.1°C
High order byte of Unit: 0.1 °C
battery
byte [6] temperature . .
R N signed int16
byte [7] EEEIR R/ L
Low order byte of
battery
temperature
15<$&FR Command BMS #iER1% The
feedback data of BMS
ZWT5 s Node , el N )
KRIET /R node B ID JEHR period = .
. . Receive
for sending for receiving (ms) )
timeout(ms)
57 s RFRIEHIRTT 0x366
Drive-by-wire o )
chassis Decision-making 500ms % None
and control unit
#HYEI<E Data 0x04
length
#HUERE! Data
& Byte IfEE Meaning SEE B8 Note

byte [0] Alarm Status 1

unsigned int8

BIT1: ¥/ BIT2: XJE BIT3: &
2 BIT4: {K& BIT7: mEEIEE

=
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BIT1: Overvoltage; BIT2:
Undervoltage; BIT3: High
temperature; BIT4: Low temperature;
BIT7: Discharge overcurrent

BITO: FEEEILIR
byte [1] Alarm Status 2 | unsigned int8 BITO: Charging
overcurrent
BIT1: i¥/% BIT2: XJE BIT3: &
i3 BIT4: KR BIT7: HEBILR
BIT1: Overvoltage; BIT2:

byte [2] Warning Status 1| unsigned int8 )
Undervoltage; BIT3: High
temperature; BIT4: Low temperature;
BIT7: Discharge overcurrent
BITO: ZEETiA
byte [3] Warning Status 2| unsigned int8 BITO: Charging
overcurrent
SE=HREEE BMS #dE/ iR The feedback data of BMS for No. 3 battery
15<$%FR Command BMS #iEKRI% The
feedback data of BMS
EIET A node [iET5 s Node for D [EHA period | £UTEERT Receive
for sending receiving (ms) timeout(ms)
5 Al IRRIHIERTT
Drive-by-wire | Decision-making 0x367 500ms 75 None
chassis and control unit
#IEKE Data 0x08
length
& Byte IJ8E Meaning | #UEZEEL Data %88 Note
type
byte [0] it SOC unsigned int8 B 0~100 Range
Battery SOC 0~100
byte [1] it SOH unsigned int8 Bl 0100 Range
Battery SOH 0~100
EithEREES/ \ L Bfi: 0.01V
byte [2] High order byte of | . Unit: 0.01 V
byte [3] b\attery voltage | unsigned int16
EB R IE(E(R/ (U
Low order byte of
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battery voltage

FEtbEE R ES) L
High order byte of
byte [4]
byte [5]

battery current
Bt EE B/ \ (2
Low order byte of

battery current

signed int16

BAf7: 0.1A
Unit; 0.1 A

EtEES/ L
High order byte of
battery
byte [6]
byte [7]

temperature
EEHERER/ \ L
Low order byte of
battery

temperature

signed int16

BAf7: 0.1°C
Unit: 0.1 °C

1548 FR Command

BMS &ifE/i® The

feedback data of BMS

s ZI5 Node . FGERY
KIET MR node ekl ID JEER period = ,
. .. Receive
for sending for receiving (ms) )
timeout(ms)
5 e IRRIEHIERTT 0x368
Drive-by-wire o i
chassis Decision-making 500ms 7 None
and control unit
FUEKE Data 0x04
length
#HPESEE Data
/& Byte INEE Meaning A% 1%B8 Note

type

byte [0] Alarm Status 1

unsigned int8

BIT1: d& BIT2: X% BIT3: &
& BIT4: (BB BIT7: HEEITR
BIT1: Overvoltage; BIT2:
Undervoltage; BIT3: High
temperature; BIT4: Low temperature;

BIT7: Discharge overcurrent
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byte [1]

Alarm Status 2

unsigned int8

BITO: FEERITR
BITO: Charging
overcurrent

byte [2]

Warning Status 1

unsigned int8

BIT1: 3% BIT2: XJE£ BIT3:

i@ BIT4: K& BIT7: FEEITR
BIT1: Overvoltage; BIT2:
Undervoltage; BIT3: High

temperature; BIT4: Low temperature;

=
=
i

BIT7: Discharge overcurrent

byte [3]

Warning Status 2

unsigned int8

BITO: FeFEILiR
BITO: Charging
overcurrent

SAPULRERE BMS #iER R The feedback data of BMS for No. 4 battery

15S$8%FR Command
feedback data of BMS

BMS #iER1% The

RIETE node 1T Node for D [EIHA period | #2GERT Receive
for sending receiving (ms) timeout(ms)
57 Aoy IRRIHIERTT
Drive-by-wire | Decision-making 0x369 500ms 75 None
chassis and control unit
#UEKE Data 0x08
length
I8 Byte IJ8E Meaning | #(#E3EE! Data 588 Note
type
FEit SOC SeE 0~100 Range
byte [0] ' unsigned int8 o J
Battery SOC 0~100
FEjth SOH SeE 0~100 Range
byte [1] unsigned int8 2 9
Battery SOH 0~100
Bt EES/ U Eafy: 0.01V
High order byte of Unit: 0.01 V
byte [2] battery voltage , ,
. | unsigned int16
byte [3] EB R IE(E(R/ \ (U
Low order byte of
battery voltage
byte [4] Bt ER/ . : Bf: 0.1A
) signed int16 ]
byte [5] High order byte of Unit: 0.1 A
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battery current
Rt AR R B \ (2
Low order byte of

battery current

type

EitRES/ BAf7: 0.1°C
High order byte of Unit: 0.1 °C
battery
byte [6] temperature ) )
o N signed int16
byte [7] EEHREAR/ \
Low order byte of
battery
temperature
BEBIR BMS #iE/ = The feedback data of BMS
Command
RIET R node for]  #UIT5 = Node ID [EH8 period RGBT
sending o (ms) Receive
for receiving _
timeout(ms)
L5 2 ey IR HIERTT 0x36A 500ms F None
Drive-by-wire o .
. Decision-making
chassis
and control unit
#HUEKE Data 0x04
length
& Byte INBE Meaning | #UEZE! Data 2B Note

byte [0]

Alarm Status 1 unsigned int8

BIT1: ¥/ BIT2: XJE BIT3: &
iR BIT4: {KR BIT7: BEEER

)l

=

BIT1: Overvoltage; BIT2:
Undervoltage; BIT3: High
temperature; BIT4: Low temperature;

BIT7: Discharge overcurrent

byte [1]

Alarm Status 2 | unsigned int8

BITO: FzEEILiR
BITO: Charging

overcurrent
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—_

byte [2] Warning Status 1| unsigned int8 | BIT1: 9% BIT2: X% BIT3: &
iR BIT4: (R BIT7: FHEBILR
BIT1: Overvoltage; BIT2:
Undervoltage; BIT3: High
temperature; BIT4: Low temperature;

BIT7: Discharge overcurrent

byte [3] Warning Status 2 | unsigned int8 BITO: FEEILA
BITO: Charging

overcurrent

3.3 E{4HL Firmware Upgrade

AT T ERP I PR TE BRIE MR TR, ARSI, Mierss
JREEM T B AR HEOLR S Z N NNEFmiit, BEEFimfREi MEF.

To facilitate users to upgrade the firmware of the 4WD chassis and bring customers a better
experience, the 4WD chassis provides a hardware interface and a software for upgrading
firmware. The GUI (Graphical User Interface) of the software is shown in the figure below.
RS Upgrade Preparation

AR CAN JEif{#EER Songling CAN debugging module X 1

micro USB Z& micro USB cable X 1

PUePUsEfRE: the 4WD chassis X 1

EBR(WINDOWS #EZ%ZE) a computer (WINDOWS OS (Operating System)) X 1

AH%iZEE Upgrade Process

EER R SE ARERIREL TR,  Make sure that the power supply of the chassis is
disconnected before upgrading

FIAR can FHRIEHUEERRAERMZHE, Connect the Songling CAN debugging module to
the circular connector of the chassis

SBOZEZEZER,; Connect the serial cable to the computer

FIFZEFimxE; Open the software

ERROS,;  Select the port number

PUEePusLcaR e, ZBDREFAERE (Pl ERERE LA 3S F5, NRIEEY 3S &
WA NN FBIERR) , BIEENL), SEXAMERT "EZAIN" | 0E BIN 34,

Power on the 4WD chassis, and click the button "Start Connection" immediately (after the 4WD
chassis is powered on, it will wait for 3 S to connect to the firmware upgrade software, and it will
enter the normal program after 3 S); if the connection is successful, it will show "Connection
Succeeded" in the text box ; load the BIN file;

REFR, FREEFHRFhRIREIE;
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Click the "Upgrade" button and wait for the message box that the upgrade is successful;
WiFFeR %, R, BRIEERIE,

Disconnect the serial cable, power off the chassis, and power on it again.

3.4 RANGER ROS {#Hif%Bl RANGER use manual for ROS

ROS Rt —LARERMFRAIRSS, I HhSR, REREES, ERMEEEN, #HEERELNETE

BEE, ROSZ2ET— MENREN, NMIARTRIVHERES, &, RASMER (FIUER, =

&, K&, MuEF). Bai ROS EEHF UBUNTU,

ROS (Robot Operating System) provides some standard operating system services, such as

hardware abstraction, low-level device control, implementation of commonly used functionality,

message-passing between processes, and package management. ROS is based on a graph

architecture, where processing takes place in nodes that may receive, post, and multiplex

various information (such as sensor data, control, state, planning, and other messages).

Currently ROS mainly supports UBUNTU OS.

H& & Development Preparation

@4 HEsE Hardware Equipment

e CANlight can & | #& $® CANlight CAN communication module X1

o Z£iC A H X Laptop X1

e AGILEX Ranger #8128 AJiKE2 AGILEX Ranger mobile robot chassis X1

e AGILEX Ranger ECEIE#ZES FS-i6s Paired remote control FS-i6s for the AGILEX Ranger
X1

e AGILEX Ranger E&BERin=StERE Circular connector on the rear of the AGILEX Ranger X1
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{EARHIALERE Tested Development Environment

e Ubuntu 16.04 LTS (It9iisiRAs, 7£ Ubuntu 18.04 LTS JEXiE This is the tested version,
and it also is tested on Ubuntu 18.04 LTS)

e ROS Kinetic ([FZEhRAIRMIHIT also been tested on the later versions)

o Git

EiEiE S #EsE Hardware Connection and Preparation

& Ranger EEBin=SiESk can Z5|H, % can & can_H # can_L 55515 CAN_TO_USB i&Fc§E

i%E; FJFF Ranger B8 ATREEIRFFX; 18 CAN TO USBIiEEZEZEICAR usb O, EERE

SNEFf7.

Pull out the CAN wires of the circular connector on the rear of RANGER, and connect can_H and

can_L wires of the CAN to the CAN_TO _USB adapter; power on the RANGER; connect the

CAN _TO_USB adapter to the USB port of the laptop. The wiring diagram is shown in the figure

below.

¢ ST e (S
o {“ 5 | 4= VCC (B3FAR)

3EE: CAN_M
& GND R

\I M_\ | q i 2 IRE Bt £ 4 & 4IER: CAN_L
(Ll !i[%.( D: (O]

=z

!
O

J a

m&aj

8sri
=
a

CAN Q;%L}*_ﬁ. ] The CAN wiring diagram
ROS #EHMIFIFIZE ROS Installation and Environment Setup
LREBRALIS#E http://wiki.ros.org/kinetic/Installa- tion/Ubuntu
Please refer to http://wiki.ros.org/kinetic/Installation/Ubuntu for details
Mzt CANABLE @45 CAN i&ifl Test the Communication between CANABLE hardware
and CAN
1%E CAN-TO-USB j&Fces Set the CAN-TO-USB adapter
e f{HBE gs usb WixtELR Enable the gs usb kernel module
$ sudo modprobe gs_usb
o IZE 500k B4FERFERE can-to-usb j&EHCL2E Set baud rate to 500k and enable the
CAN-TO-USB adapter
$ sudo ip link set can0 up type can bitrate 500000
o MRAEMENLSEBRRKBRERR, BROAZEILMER wm<iBIEE can ik If thereis no

error in the previous steps, you can check the CAN devices with the command below

$ ifconfig -a

o LEFHFF can-utils EMEXEEHE Install and use can-utils to test hardware

$ sudo apt install can-utils

o FlttVR can-to-usb B4#0 Ranger 18iE, B/NEBEFEER . FERATIES AT LA
H Ranger [E&EAYEEHET If the CAN-TO-USB adapter has been connected to the
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RANGER and the RANGER has been powered on, the command below can be used to
monitor the data from the RANGER.
$ candump can0

3.5 Github ROS A& BF5S(EMi%REE The Github ROS development
kit and user manual

ranger _base:: ranger &EIX can BRI O R, BT ros FUEEHE, A& topic =%l ranger
IEEIFIEEN ranger BIRZS.  an important ROS node for sending and receiving CAN messages,
using topics to control the movement of the RANGER, and read its status, which is based on the
ROS communication architecture.

ranger msgs: ENX ranger R&IE topic BIEMRBEEIEI define the message format of the topic
for RANGER status feedback

ranger_bringup: ranger T RFIEEEHIT RRIEHSY, LAKERE usb_to_can IRRAIMIA the
startup file of the RANGER node and the keyboard control node, and the script to enable the
USB TO_CAN module

BT &ixiE<$#ES ranger: Send commands to control the RANGER through the keyboard:
1. BshE&ET5 = Run the RANGER node

roslaunch ranger_bringup ranger_minimal.launch

EREMNZ AR B FEEA RECEAY usb_to_can 1&R, EEEFESUAT: rosrun ranger_bringup
bringup_can2usb.bash, 1ZiE$REBEERLES LB usb_to_can EHHIT IR,

Note that the Songling USB_TO CAN module needs to be enabled before running the RANGER
node. The command is as follows: rosrun ranger_bringup bringup_can2usb.bash. This command
only needs to be executed once after the USB_ TO CAN module is powered on.

2. 3o Run the keyboard control node

roslaunch ranger_bringup ranger_teleop_keyboard.launch

TEREERIFIIE, AiSTEriREEE ranger i3 Please pay attention to check the output of the
terminal, and use the specific keys to control the movement of RANGER

3.6 ZE{hY4REZFi5EE The vehicle body coordinate system
PAZEARRIOARIR R, BARIA x HIIETS[A), FAZ9 y 3HIE/S@, BREJ9 z #HIETSM)

The vehicle body coordinate system is defined as follows: the center of the vehicle is the origin,
the positive direction of the X-axis points to the front of the vehicle, the positive direction of the
Y-axis points to the left side of the vehicle, and the positive direction of the Z-axis points

upwards.
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4 “3PiRBE Maintenance Instructions

4.1 {£FHE Maintenance method

ZEiR{RFTE The vehicle maintenance

HWRREEIRT™E, 1BMATE#R, When the tires are severely worn, please replace them in time.
Hith{RF Battery maintenance

SNSRASESEAMER, FEIRAR 2 B 3 NAXEImHTERA4 ., |If the battery is not used for a long
time, please don't forget to charge it every 2 to 3 months.

5. R~ Product Size

16

h2(

190
445
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