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B—F: BAMEHEEEHSESE

BXEETtE. AEFRFMNMRRE, SEREEEEANEEHE(UGV)IRERAIELE, i)
A UGV AoDER LR, RATEAESAREREEEAERERNENNAE. &S, KRR
IR EERREERE ), NEEEEREEERI. BY. B, BEWEE((ERmERREEP0
BF), UKEBREFAE LNSToE. BEERRARRENEASREAR. EHEESNEER

=]
Rt.

1.1 BEAMESEEREZOER

N

1B EITEE
(Ground Operation)

REREMEITER > AR
WrERYRETEE
NEER SR ERE
SRAIRIRA L2 BF) o

TEHAERRS
(No Human Onboard)

HAIRE L E#
(Environmental Sensing)

1\ AMEHEE (Unmanned Ground Vehicle, UGV)EXxR~=E

BB A EEE (Unmanned Ground Vehicle, UGV)RIESRZE, UGV Eis—TEEHEIT
Br, AREEERY R, BEGEINERHIEEEDIEWRE. EAROEREA=XEXK:

o MUE{TER(Ground Operation): fEEEBEEEREMREBEELE(FIIREN.,

o NBHEALEEEE(No Human Onboard): &EEBEMCFYE, ETREENARNTEEALEA

BEERRMF.
o RUIRIRITEEN(Environmental Sensing): SHEEEBRARFHHEERRE, WRERREE
iR,

ferEms, UGV BEE T ithEREBRIRIERAI(Environmental Sensing)fiff, FEEEALREERRIE
mT, EBRERERESTRERITR.



1.2 FAyEREREamETa

1 (Wheeled) RB#= (Tracked/Caterpillar) 23 (Legged/Pedal) BAEATX (Articulated)

REROEN - BENFER WERARABE - BAREIE WAEHRHATAREBRA EREAARNEBRL - AR
> AARROBIHRE o %é%;s@iﬂﬂﬂ? » AERSRIEE %%HE@H © BEE AR AR EBIREtERER o
BEF o 0

2 kB Ei#sE(Mode of Locomotion) D E~EE

B & E~E AMEHE (Unmanned Ground Vehicle, UGV) kBB E B & # 4 (Mode of
Locomotion)i&EfTHIPIEE RS RN B4

o #il(Wheeled): ZERMRET, EBMANGHEEE. BERNES, EFEEH FEERRN%E
ENRE,

o [EH(Tracked/Caterpillar): ERINEREASRE, SEGEAEEBEEEAEN, &
FARSIBIEE R, BEmRsan#EFae1(0ff-road Capability).,

o [Eil(Legged/Pedal): BIEFEMSITELATMESA, REIRBEILRE, BEEMWER. BEES
EtnT R AR AT IRAIE R IERE.

o BFETU(Articulated): BEHZERERIETERIES (Active Joints)NERERABRY, BEaNtEAEARHE],
B BRI IER A B R =S,

REmsS, FRESRBEEREIEHMERE, AEEEERESHNREIEE.



1.3 IKBEEREEDHR

KRB ERERI DR

(Levels of Autonomy)

& i@
(Network-Centric)
(Platform-Centric) AREa1EREES

- e S X IRFETE
(Semiautonomous) ABS I HENRTITHE
BRI

BRI :
(Teleoperated) A » E8H

RAIATSE

_Intelligence Increasing | BaERH

3 IkBEEE (Levels of Autonomy) AR EE

HRFARBIRIEN
HARRIERBYER)

BRI A MEEEMRE EFEE (Levels of Autonomy)BISRIMIEIRIEREER, R 7 REE AT
£, RFEERT(Intelligence Increasing)YZE R85 :

o EER{E(Teleoperated) REMAVER, BETEHIE(EABEBIBNMEBE TIRIERNRHES

o ¥HBZF(Semiautonomous): BEETEEMESR, EERBENIRIERIEEEEEITNEE.

o FEPLBEZE(Platform-Centric): BigEHEEEEIFIEREN, AF/NEB5 BRI BITHITE
ETE.

o HEEEFIOEFE(Network-Centric): BREFRNEFT, EEHHEIRIEUoint Operations)sg
ZEHEREBMEIRIRE. BHIdsSIEREERFBE,

BEWms, HEEERTHELR [ZHETRE] BEE [SEHBIERME] NBRE.



1.4 HREETEEREFRES TR

/NBY/FFRFR (Small-sized/Man-portable) EAY/KE! (Heavy/Large)
« KRETERER -« HFPRVEE - IR EBEEBAN
- BREH - WHZIE

T1.8m

S

B 4 {kB2HY (Size Classifications) EMEF RS tE~EE
B R RBEAER R UGV {KEEEY(Size Classifications)E2{EFHRE(Mission Scope)fdsyiEkt
b, LA 1.8 ARZAEBHIERLLHIZER:
o /NBY/FH5H(Small-sized/Man-portable): BEFERI5, ERERER. TEEBBIRIXRETHEE
%2 (Narrow Space Reconnaissance) }z#5FR¥E5#® (Bomb Disposal / Explosive Ordnance
Disposal, EOD)& =R FEASHH{ERS.
o EHI/KBI(Heavy/Large): EEFEEMEMAERBERE, BERREEEREHAS(Existing Tank
Chassis Modification)i2k, Hi%ljjﬁgﬁﬁnﬁiij_ﬁﬁmeavy Transportation) ERfR{HEIAR
Kk H3373& (Fire Support).
EFEEERR 7B BN HE R EREER TN RREN, 8T UGV EREEEMEMBSER
RS ERE.



BTE: RREIRRIBNREETES

BASEREATIRE, (TERSEFRFNEE HEERENEREN. FEGEEESH UGV
MAERZORGEE, MRNRREPREHEBRIERTE. NERE T REEMNEHE. BRARHIE
% L)JSZ%?L’_?Eﬁﬁﬁﬁﬁﬁﬁﬁaﬁ’ﬂ’ﬁ%‘%’fﬁti . BIRAERIEEMTEEER, TIEAMERiA A BaEErsEEtE

R AERIEI S AR RE AR R RIS B

2.1 UGV AKZOERSLRE

BATS Z ()

(Plaﬁorm)
P / AR
(Communication) ) ’ (Perception)

A@

B)5EH) ’ EHIER

(Drive) (Control)

5 UGV ARZ ORGSR EE

ElaRBEE R E A EH B (UGV) R A E 4 (Five Core Systems), IR 7 ELIFRLERERELIRE
HISSEELRIE:

o #HEBEFH(Platform): SEAWIEFASEKE, SEASATERGEEME.

o RGAIRH(Perception): WMEAIFHENRE, EEESH. SESCEENITEREEN.

o I=HIEE(Control): HERKRFIE, SEREER. KREKREILHITEENIES (Automated
Commands),

o E)IBEE)(Drive): BEENAOKRGNE)EREENELE, RESEBIFIFENE.

o B R (Communication): B EFHBEIMEH AR BEREZEEH (Data
Transmission) EA{S5RATHR,

ERXREREERS, £ UGV AEEKRERNEEZHISHEIVIRERAMEBERER

(Autonomous Decision-making) 8613,



22 HATOER. BREGSRELENTY

+ J&E88(Chassis) - BB S - WWFE
« PR (Suspension System) (Double Wishbone Suspension) (Robotic Arm / Manipulator)
- BBNHE(Locomotion Mechanism)

5 HEFEEENEETSE

R E A EE R AR EEEEIEE, B 7 BENAEREERTEREENE
==
o HEFLHEM: HIKEM(Chassis). BRES(Suspension System)EdFE Eh#HE (Locomotion
Mechanism)HtEigRk, E=&Z&HERKELEBHRITE.

o BRI ERRIEE T EEERM(Double Wishbone Suspension), iSf@45tEaER L
EENEREIMEEERED, EREEEEIER TRERIREM.

o EEBITHUE: BEIVMFE (Robotic Arm / Manipulator) 28{TERAZL, BE 7 8
FE (7 Degrees of Freedom, 7 DOFs), EXFZFEHRBBENEEM, EERABEFERIT

A& IS EROHTEN BB 1S 275,
fsten, BEEteRREZERERMFENGS, UGV IMERE [E5E], Bl ETHS
KEMERIRAE,



B=F: BEEENEEEFEERR

ENOEESEHERN TG, MEMERERAZESRYE TR, AERER UGV A8
Bz, W7 SELTREEFREREENERRR. B2, KRB EERRBMS). BB
BRSO EME, LINERERINFEMSERERRE. ZBELMEE, AURMEEREERD. Te4HE
BERERIRA R S RIETE, WASHEEERATRS.

3.1 BINRSEIREE /A HRE ISR

RERIERR
(Energy Supply System)
BEERER

BAE TR
(Power
Managementand
Conversion)
BROELZHEME

v
e dabit T

(Motor and Driving
Mechanism)
BAERCAYERAE

5 BNRGREE

B EAEEHRRENRG (Powertrain System)28t8, R 7 BEEILRTRIEBURYIIRENF
ez :

o BERMtERGR(Energy Supply System): I L/E, AEREFRMHET, SIREHERETFHESN
IOZKR.
HEESTEEREEHA (Power Management and Conversion): {EATRIEREEET, AEHFES

EERO L LENE, WS HEEMGEREETAEMN.

o EiEEEEEEIIE(Motor and Driving Mechanism): {URSEREREMR, BB SteREQENSYIE

E)ge(Physical Kinetic Energy), FEILERENERAIGIERHFEAMMEBE,
BIBE=ANEAENRERE, BASEGHESENE MR TERSWAIEREIREEHRBIT.

il e



FIRAETR : FRE

P SRR

(Lithium-ion battery/ (Lithiumﬂir;)er:j%hgsa;:g:ﬁ Battery/
Li-ion battery) LFP Battery)
BB S~
BREBNRSR B4ARER(Renewable Energy)

) BABNEG e

=
(Internal Combustion Engine) (Generator) (Hybrid Power System) (Photovoltaic/Solar Panels)

BEIERIFEMIZARR

6 BEFEAEE

B 7 =R RS EEHRIER:

o HENMBERAESHRAT, B2 RHEEEERERIERFEiE(Lithium-ion battery, Li-ion
battery), LR E#SEEHAIBELSEEEB(Lithium Iron Phosphate Battery, LFP Battery),

o ETAMRPEAENIRS (Hybrid Power System) RIE(FHIER, 7 HA MK (nternal
Combustion Engine) #&13EE#(Generator) EEAE N, HWRIBREREEE RIFXEATZEEFR,

e AOTHRBIZRBAEREE(Renewable Energy) HFER, FBEHKERENR(Photovoltaic/Solar
Panels) WEEEE, (FREHEIRVAREEIIZRIR. .



- BETEEARRE
(Monitor Battery Status)

578 BETH
A (Voltage Balance)
'g § BEER
! g2 ) = (Temperature Control)
4 - - ’/ TN 2 .‘1\ ‘ {
5 ", iz z r\/- P ';'rv‘ /{

7 EPEEEY(Battery Management System, BMS)RE[E]

B EREIhEE RS (Battery Management System, BMS){E4E5E G 4H L4 EIRTRE_ LRI
e, BRAGEEEEHOSEIRER, BEERHSZELIEES2E, WaRIIFMEERERR, I
54 BMS B=KREB%EINAE:

1.

ETAIEIthRRE(Monitor Battery Status): FHEREEEMISEARVEERRREEEFFM.
2.

EEF{E(Voltage Balance): HRZEREBhZENRMENE—E, LUEFARETERERS

A,
AP.

IR (Temperature Control): BIREIREMEEEM, [HLLBEH, RERGEHNZ LML,

BEREE NSRS
(DC/DC Converter)
->Sensors
EEE#EA
High Voltage
Input
EBRAERSS

(Voltage Booster)
i. ->Heavy Load

8 EREIREISHL(Voltage Conversion & Distribution)~E[E

B RREFN IS ANERETEEREAS, LinEARRKIGETHNBEEEK,
o RGBS EEE A (High Voltage Input), EENPREZEETTE, SHRIBERREN
S T IR |

RARER(ES D) BEREMBEESRER(DC/DC Converter), #ERER(BERMEE)E
BEMETFITHRIRE, IISEHBASERRIRS(Sensors) EfF.



o EMEEBNK(TANX): HEFEEREASHRREWERFRIIENE), AIRRSSEBHE:S
(Voltage Boosten s SBEHIBEAE, HIRERHITENEEREENES S (Heavy Load)iiE.,
HWEREEEERTEREETD, HEARNFEEEREKRAHITHIDRMERE,

3.3 BERETERIREAB RS

SRS IBERS

(Management Strategy)
FEERIL > IEREMETRR -

Y Motor % EhsELIU - BIERETRRER »
RFARE o

9 BEREERIRERKCREE

BRI E A EE B RVAER BRI (Management Strateqy) EREBAEEIBS, BR 7 RGafT
EEEBUFRIBFHERSR:

- E(Acceleration)RiER: HIfBith(Battery) i BALEERISIE (Motor), JEAHTFHIBERIBILATIAE,
EEEAE.

o fREI(Braking)RER: RXEDEDBE[EIKI(Regenerative Braking)ihl, E&EErEaFIES, HisiE
FREBHEN, BRAGHSNBREENEUAERIIEREE T,

o WEEEML: BREEREIRERE, RAEBMNEMWRERFER(Optimize Energy Usage), A EN
R, EMEZEREMETE (Extend Endurance/Range) R BHE,

s, SYRBEREEERERR UGV BeRIFEH TSI IR RS ERIBaRRIAT,

10



BINE: HiEiEEnELE =R

SMES BRERERLRIRIGRIYIENR, RHEEFSEHRIROFEE. FERNRYKRENES)E
R, MEERNERSE. EEEEEE, FITERRRBIER. W, iERTIRERER

o =R VA== P

Z(PWM)FSREIE. FIRMIEF, LUREEHZH](TCS)EERME N o ERIEETE. BEFREKERES

.......
=

TiEMBERSEETRE. SETROEES.

B EE(DC Motor) EENEAEIRIENE

(Transmission & Gear Mechanisms)

——0 %} (Gearbox)

EEEDE4 (Drive Axle)

b5 3
(Differential)

BEZREARNEET #4 UGV

10 BiEtERainEE

EREREREA IS ENE DR DEREE, RSN R ABRIIERRE
o HBHiiEIE(DC Motor): {EEZOEINR REETISEESHEEEE, BEZERRNEYER
BRI T 2489 UGV,
o (EEPEREEEIB(Transmission & Gear Mechanisms): BEBEELNSRIEBEBUAES
TR DR, HEA=(EREEAN:
o EEFA(Gearbox): FEEEEIRLLLABKEIDEL.
o BEEN#EA(Drive Axle): #§ENIHERIEEES M.
o ZiXEE(Differential): WE{REEMRTTEAISAELAAEEIEGE, EHTRMEEH.
fEEmsS, BIBERBSIE(DC Motor) SR {EENHHE(Transmission Mechanisms)BIIHIE, #ERE
Bt Te A B R IR E S AR R B .

11



4.2 EPEEREIRAMT: ERERFEIE

BERE A MEEAEEEERBERIT, ERRAERERSE(In-wheel Electric Motor) B4t
EES:

Al )

e BEE (In-wheel Electric
Motor)

2B I EES)(All-Wheel

Independently Driven,
AWID)

ENEZERE - RAHEENE

11 #RERBIZE(In-wheel Motor)~E[E

BEEIALT BRI EERIEEREANRE N, BRSWMBIIEESN(All-Wheel Independently
Driven, AWID), EfERZE(ESinEtEB =R, NIEataEEnE TR
R,
RGBS HRER T BRINEEERERBSHNGE, tENHEaTHE, EREBREERE
. WERICRFHENE.

BIETS, BRSBIERNBUTENEERRE,

BAtEIEREBES) (Advanced Drive) HZ.

43 MSEER (PWM) E{ERRMG=H

IR RERSE (PWM) 55%
(PWM Signal)

— fERR
=~ (Servo Motor)

| Eauns

(Motor Driver / Controller)

IR RERS
(Pulse Width Modulation, PWM)

12 FERERBRME (Signals & Servos) gl

12

RIS UGV BIREHEEREH RTEREWHN



EREFRRBEA SR ETRASEESTHIRBREE, Br 7SR RS RS THE:

o IRKEEF# (Pulse Width Modulation, PWM): E2—E i OEHIEMT, ERNEINKER
RE(PWM)FRER (PWM Signa)BIaZstl, SEAIESERRAEHER, EMREHFEER
FAE.

o [EIZEEEIZR(Motor Driver / Controller): {FRIS<HEENNRIGBIZ, RUERSRESHEREERR,
BEENEHIE(F.

o fARM(Servo Motor): BETHEE. RAIRRERAEHER, ERIRRICEIR PWM SR, BiEE
(hEssraRE.

e, EREENSR(Digital Signals)EE(LAtMENE, MIREAARM(Signals & Servos) AY

i EEE R AETTREER. MNEHESEBERRIERIEE.

4.4 {EEMZHI(TCS) 2SR D ET

T8 B
(Slipping) (TCS Active)
BRI R

(Traction Control System, TCS)

13 fEEM=H(Traction Control)E24Tith /3 (Grip)~E=E

BERERBEAESEETSHIATRET, EAREEERT SRR

o $1iB(Slipping): EHMETKRERFUMER, Hiniai LN DB EhEaERHERD,
FEERETERSR, SHRENB (Grip)MimaEEE.

o fEEMEHIZRA(Traction Control System, TCS): ERGEAIZIRESMH=EN, TEERETLT
A ERRESEENMHEETIBMGIEINHEIND, ERFENBEZHRE(TCS Active) iR
&,

HERETES, TCS BN ABERZUhLLERIRITIR, MARSRASERRN MItcHERRaERNE NERERS

R TIETSE.

13



HHRE
(Torque Distribution)

14 EEEA(Torque) Dl =E

EPeRAE A E S RS S S MIREN, EIRRREERORR R

o A5 E(Torque Distribution): IER—EEEILERM, FRSRBRAIRBEIGEIER. EH
FENMEEEE, RSB e ERE AT RRIEN .

o  ERGREMT. EHSRETEEN, IMIERESFTEERARNBALMERSRE, mARIERAIME
iR, EBEHEEIREHE D (Dynamic Torque) &, BERXIRERNEHRIBREAIER.

o WEEEN: RIFIDECHSIMERRFHUGA(Grip), EREM I ERREBENTE, EMEL
BRERCRAER,

14



FhE: RIRRH. EMEEHES

HEZHECERSENRETEEFR, SN (LB LSRR THR, FEESE
T UGV RNHFAIBIHAEREERAEAR, B CEEEZNEREANG TR EARGEAMR AN,
AR GNSS £2 IMU (2Rl BEENR ARERE T HSERRAISRENBAIROEREM
BERAREESEKN. AFEK), HiEEEESENAEEHIRNREHREMRE,

5.1 BEREEER]

\; Jl' 1= lU\%D

IRIRRCAIES | EERRELAIE

Roboto Mono

BEREAIRE

(Ultrasonic Sensor)

EE
(4D Radar)

S
L (LiDAR)

(Ultrasonic Sensor)

15 IEREEANERANR A SE

ERER~EAEES AR E RS R A (Distance and Mapping Perception System)fg
B. RRERSTRAIRRES, EEAUNREER:
JtiZ(Light Detection And Ranging, LiDAR): 2535175, EfERENERHGEAERE 200 2
RE’JLE:EJEE%EM - 200m), EESEAEIREEELEEEMTHE

D &FiE(4D Radar): (zifE7i0, ERIEEEEE 100 2R (0.3 - 100m), BEEREEFERS

Rz, WEFAEEZRIESE. RERFAE.
BEiKRGAIZR(Ultrasonic Sensor): ECERESMAI, #HEMBILIESE(0.1 - Sm)EITAEERR,
FEMARRE SRS EHEHE) (Automatic Parking Assist) A5 EHEA,
AREEZRT O ASEASTEANERERSA LT ER, BEEWMNBERMN
(Situational Awareness), LURFEREE(TEIL S,

15



5.2 {RRREIRS

IREAAM AR AR ESELIEL

(Stereo Camera) (Thermal Imaging Camera) (Depth Camera)

16 RBRAAR=E

EREFEREARSEEBN=EERRAKE, ERFREEREREEN:

o 17B21EH(Stereo Camera): FIFMESRZEREEREARERGE, SEKRETEYIIRA0ERE
BTEEE, RHSETEIR SRR,

o FBEIEH(Thermal Imaging Camera): {ERMWIERIESTHAVATIMERRER, WG REBHRIE
HESERTZNRFE SRR RESESRRTEEIREEEHAENEE ITASEL

o FEEH(Depth Camera): HFIEAIZRPHELEARRIZRHIRVIERE, BEERREE (Depth
Map). EEREERZARIERET, RENRETHEEIERIERISRIRGER,

E=TERAISSREER, EBHERITARIE(Redundancy) B2 RIRIE THIRIEH AL

5.3 ENEEZRERA

ZIKEMBERR N £ A . .
(Global Navigation Satellite System, GNSS) TRIESRRE (Inertia & Heading)
2IKEMLRAR o
(Global Positioning System, GPS) BMRAIEETT (IMU)

- HOTTE : NEREET (Accelerometer) + PES245(Gyroscope)
- ThAE | ERARMINRERARE > HEMMERE

BF 78 (Electronic Compass)
- IhiE : FIAMEISHE S AEENEIEN AU o

17 EEERERAREE

16



EREREA SR FEIRRIE B ZERRRAI(Positioning and Attitude Sensing) #:f, £
EH=KIRAE/N:

o SIREMFEHEZRS(Global Navigation Satellite System, GNSS): B&ERHNEIKEMERSL
(Global Positioning System, GPS), EiB#EIZFHEEMR, RUSEEMIRRERIBEEE
(RAZE),

o (EBMAIEE jt(Inertial Measurement Unit, IMU) : HINIEE 5T (Accelerometer) B IR {5
(Gyroscope)4Hpk. HINREREAREERMEEEY, FIHERSHERIEMGE (Heading)s
BENERE, EEEMIRHMEEEFANRES) RILRBEIMIEER.

o ETF#EB(Electronic Compass): FIFERAIMHISIFEREBEIHALATT M (Azimuth),
RN IEERR 5 A,

BBEERR, SHEKESIIMEMTEENENIPELER, BERSBEENERREMEIRIEERL

5.4 ZREAIRRERRMGEROEMERA

BEASERAREE
IHAE : RS EUE - s DR
M o REAEEHANME

~ BEHE
FEREE (L
MWWM\MW AR ERBER
(Extended Kalman Filter, EKF)

LiDAR + GPS + IMU

18 &#}gtS (Data Fusion)~ElE

E5RE AR AMEEERER RS (Data Fusion)iXifT, XfiEREHRESERAIZRIIRINE
B, LURME— R ERME.

o ZRMBIZEIN: RRFEFRHEZEEREEE(Light Detection and Ranging, LIDAR). £IKEMFRA
(Global Positioning System, GPS)E2{& 4 RIZ B st (Inertial Measurement Unit, IMU)AYEHSE,

o FEEZRE: BPORERFBEIEIK(Extended Kalman Filter, EKF), ER—TE8ARIES
BEE, BMRAREEIFRUERES. ENEENRERIBRSRAIESEERIFN(Noise) BEERE,

o EEEHN: FRISAIEERMS, RAERLESRENRNGIERESINRE, EMEREER
¥EREERI(Precise Positioning),

EEHEIRER T EMARTEMRRE P NeETFS T R E R AR (Robustness),
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{ERE® 2 IE% (Extended Kalman Filter, EKF)

Y4 ERREER
N / (Measurement Noise)

EKF estimate (/S5 848)
v KPR |
X

afE M
(Converged Estimate)

HIFiE:® (ParticleFilter)
- BRI S IESERAR o
- FEAR  ERTE (EEMIME LY -

19 #lyEEIL(Core Algorithms)~EE

ERERREMRERFRIMEZ ERA(Core Algorithms) K EE(FRIE:

o ER-FESRK(Extended Kalman Filter, EKF): EARREERER 7 EEZREEBRNERE
A EERUREBNRIFM RS BRENEAMA (Measurement Noise), MEBFBRIARAIZE
B EKF &5+ (EKF Estimate) Z2MIER. ERHBAAEEIE, BRZEZGEEDKHGEE
(Converged Estimate), A§FRIAEIEFHIAEELEEERIE.

o HFIEK (Particle Filter): THRINFREB T B—TERARNERZE. AR EKF, ES4FEIERR
EREMAVIEEM (Non-linear) EBIFSHTZREA(Non-Gaussian System), iE3ERATEERIE
FIRIEZ ERIZE N ER(Indoor Positioning) LAK S48 ERIE # it @& Lk £ (Complex Map
Matching),

EMEEELEREREARRERNTEIIRET, MeESamReEIRmER.
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BRE: RRERIRBRETHERE

HBERARIBRRENE, BEERFEEMI [KiK] K EEH#ES. FEFER UGV NRGRE
FHEREEREIRE. ESERERUERZBRERR. YUTRREE), DURKELEEERE. &
EHERGEIRE ZRETRERPEEREIR, FERRSENTEEREI X TIZAMARRIEN, BhEma
HELTEZNTERERRIE, BRIBIITHRSREEN.

6.1 ER(LIZHIZEME

PERIZRAS © (ERREIRFE

B RRRERE il BRICEEHIZH
(High-level / Deliberate LTr):teél)' - (Hierarchical Control

Architecture) : 1§48
Commands MAEFIRAR - fTeFH T

Data r x
HIE . RITRRARE @*j}
(Mid-level / Executive Layer)
Inter "A .
Data r x
EFE : RFERHERE =

(Low-level / Reactive Layer) -"_E. J\/V\,—

Inter

Commands

20 EHIETRTE

B 2REAMEEHERIERICEHZRB(Hierarchical Control Architecture), sREBZRFITAFHE
MEBIRBA N EERNRIRERE, IUBHR [{URRAIRE] NEEMRE:
o B RREUEFEE(High-level / Deliberate Layer): {FRRFRIKI, EERIABERE]. 1
Bl S trERtS IR IR,
o /B HITEMREIE(Mid-level / Executive Layer): BEKSEIESBUARRENTEISGE,
BIRNEEFEARE(Path Planning) BRiEHEskRg, WESEREHEIREIRERES,
o (KE: RFEEAEENE (Low-level / Reactive Layer): BEIZ¥IZMEE, SERAIZSAYRNRFOIARES
. HE=SRIBHEET, RESERH HRBIRIESIHEFRIE,
EEEFIERRERE A MR TR ARV 1 (Reliability) B2 EZIRIEEE (Processing Speed), (A
BETESREESERET e M.
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6.2 PEREEHNIERS

= FIEEER | BRI BB . BREIETERBEER
= ]
E’Eﬁfjpatfﬁ?n I*f i)'] (Local Trajectory & Obstacle (Attitude Stabilization &
g Avoidance) Motor Control)
Start Point | _]
EE—
— T' I . Justacle  Upknown Obstacle L -
| n = ,—|1 M [~ ’--‘-—.- - / Path Modified E Target _
| Path Correction Cloarmnce o sot0 “ (Set Point)
S ectory PID Correction
_| 70! — | -
+ GEEEHTRE(Local Trajectory : ??iiﬁﬁﬁmttimde Stabilization) 2 H
- BEERERESERERE Planning) EFEH#47%:0% (Obstacle 2SS - .
(Gibal Path Planning) ° Avoidance) © - PIDIZHIES (PID Controller) : A%
- REREARTEEERANGEN « IHAE : BIRRAIBRIES > BEHEE BAGEAE o .
17 o TAERRE » BRITRES - - WEEFEAEE  (Model  Predictive
- Thik : REBEIREE AT B HHhAY C%O_I;trol, MPC) : FAFMIBREIS S IR AR

RATHRIE o

B 21 RIS

ERERAAEAMEESE R IR AIBEEEEER (Hierarchical Control Tasks)28#8, #7AB
AU RIEA EEERIRIEEN

o SEEH: 2EEEHRE(Global Path Planning): RANAR, BETHRERRE. CRER
BEAERRENER, RREtEEEERSEACENRIEEE.

o hIEin4: [EiSENHFEDEFE (Local Trajectory & Obstacle Avoidance): & /=kEIS8ESIRRKNRERE
Yl RRGEIFEIERS, RBILESEN (Local Trajectory), HERITHEZS.,

o (K/Ei4: ZrEiSEiaEEin4](Attitude Stabilization & Motor Control): &SR ERHYIIR
RFE, &Ei@ PID #=HIZ&(PID Controller) A ERERE R A, LF)AEETERIEH (Model
Predictive Control, MPCO)SHEfEE %, WIREESEBEIESHENT.

BEEE=EABRE, SEERERIREMMEERERE, HHETHIEEREHE.
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BtE: ENRREERISE

ERNEASENERT®, BETSNEMNERERFREFENEERBRNER. FEEETH
BRERRRGRE, MNESEREIMMERIREIFIIENRBERETHE]. ABKERT ROS 2 MAVLInk
FeOBrE, WA MEEEEG(GCS)EAMBENNEIE. SEELAR, EEABRERA
THRNMIERE—SREENSTE, BRESMERETEEERER,

7.1 R5MERE IR IE SRR EE e S

BEEHRA - 1R(ES « Htig3 BB

ZEHSBRIETE < BRI B -
S m{EEH wEEA TEE
(Two-way Transmission) (Satellite Communication) (Cellular Communication / 4G/5G)

HEREF LEEAIE (Geostationary Orbit, GEO)
{&EN#1 2 (Low Earth Orbit Satellite, LEO)

%f

hES S /e

(Commands) (Data)

SRR AR
(High Bandwidth & Low Latency)

ERRAEER EiiEA ERIAEMRSISE (UWB / RF)
(C-V2X /V2X) (Short-range Communication / Wi-Fi)

=

= é
B 4E (UWB, Ultra-wideband)
B EFEERY » HIRERME

PR EREUE o
2%
« UGV SHEfthEssmak s IR e
1TiREELS -
« JEFR4R1EAI (NLOS, Non-Line-
of-Sight) : BB R FEHEE 475148 (Radio Frequency) 1%
RAFEANEN » BARS HBRE BB R AR IR
Mo

21



ERBRNE HMRBEGRY PO EREE TRk R I 4ARE
(Fiber Optic & Wired Tether) (Internal Bus & Ethernet)

Shielding

« UGV B HfthEEmsk BRIk st MFERZ2Y F B
1TiREEsS - (Anti-interference & Security) « LIK#AR (Ethernet)

+ FEF3431838 (NLOS, Non-Line- « CAN EE7iHE (CAN Bus)
of-Sight) : FiBERERHEEER - 5B (Serial Line)
REFEANES > BALS BERAABEF BTREE
o FRIEAERRY R TR

22 EEESG(Communication System)~E[E

EeRER SR E A WEEEAERA RS (Communication System) 2848, RE T {EREHTIN
BRARHBIBRIZ IR KT :

o HMEREREARIEA BB MEEI(Two-way Transmission)RHEHITE S ERAIEHR, BEFIRIK
#EE(Low Earth Orbit Satellite, LEO) B9E 2@z (Satellite Communication), E{&53EE
BB M 91T 0@ 2R (Cellular Communication, 4G/5G), R ERBEHMBIHIEN C-
V2X/V2X Feifr. #tETRIEEEIRES, AUFER Wi-Fi, B&EJE(Ultra-wideband, UWB)EITHEHERE
i, BEIBERSISE(Radio Frequency, RF) EIT{RBAIEE.

o TIRMEESHT: ERETRTEEMEGINET EAnIIRE L HEREGREEE (Fiber Optic
& Wired Tetheni&, EREAEHTE FAVTHEEZ 2 (Anti-interference & Security),

o NERLEE: HEMIFEAERERHEERENAEE (Internal Bus & Ethernet) ETEUIERIB, &
R EIESEEHI 2 A4ERE (Ethernet)EAEEF T $4Z# CAN EEifRHE(Controller Area Network,
CAN Bus), BE&EIREABRIBIHESEIE,

EEZThIBAAEREHER T & EEIFRARERI(Non-Line-of-Sight, NLOS) ERE=4BEFHER THIR

EIET.
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7.2 B e S AR

B3 #a#RBI(Rules of Message Exchange)

Node A

+ MAVLink: & R {EHI2SFEEEA B RIIRTE ©
» ROS (Robot Operating System) :
o IXFIENEL (Nodes) %245 o
o 1B1B /3 TRI(Publish/Subscribe) 14 B IR SR IE ©

23 B (Communication Protocols)~E[El

BEREREAEHRERFT R ORERHE(Communication Protocols)s8iE, R5EIZMER
#:4RAI(Rules of Message Exchange) i@ -
e ROS(Robot Operating System): ZZE#ERFAEIRL(Nodes)ZEHE, §ARINREEA L. BT
Node A E2 Node B i&EiBEE /5] BI(Publish/Subscribe)HE TiBE.
. #(Topic): FEHIRAVEE. Node A (FEEHEFENBXENFELE, ™ NodeB HIE
BRI EREAR IR ER, BIR 7 EERAEHREIRYE B (Decoupling),
e MAVLink (Micro Air Vehicle Link): BEFiRKER—ERERINIEHSENEENAEIIRBE
(Lightweight Message Exchange Protocol), E&iZfERIE AR BE L FaE.
ETEEEER T EMRARTREFERELIESN. EEMRNASAEREIRME (Data Flow), IR
BEiCE R FEERIERERHT,
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7.3 HEIEEL (GCS) BEEAMEE)

+ #HR% (Composition) :
T{Eik (Workstation) 3t F+5:&1%28(Remote Controller) °

« ficfE (Equipment) :
R BE AR ELEAR o

« B#(Purpose) :
RIREBBNFFREIE UGV RS TE LN EREEITFEINA ©

24 HbEIsiEL(Ground Command Station, GCS)/REE
EREESREA NS ERAPAMETEREL(Ground Command Station, GCS)3E8, RAME
BB EFRELIEAZ A -

o ZRE#4ARK(Composition): BEHSESEEIRITFih(Workstation) sxBEEMEMERIFRIER
28(Remote Controller) &Rk,

o TEEEACHE(Equipment): BEZ(EREEERaS(Visual Displays)IASIRSERERRGRAIEER, EC
BER(Joystick) E2iERg, (HHE(EREITEMRIEAIZH,

o UOBRI(Purpose): HEEINREANSERIEEREAIIFEE (Real-time Monitoring)E AMBEE,
BUGV)HEITARRE, IRIEFGERARZE . EEFEMBIEMNRSRITITHRIESS, 17
HFE AN(Manual Intervention)f98E17.

#Eid GCS, 1&im A BReEEnlina 2 IRIFRENER, MRMERNI TS ERERN,
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BINE: BIREXRER

PRHREEEERFEREEHFNMEE. FFEMIUREEHEAER UGV NERFSNESR. &
FHEET EFREXEMAISFEIERASEE, WERTHERIER. KR, &EFEE, UNRE=ER. RE
AEREEUERESBIRNERNE. ELXRSMEUMHEANEHEENNEXREENEERE ER
RIS EIE R R ISR T REZAERESIR.

8.1 EEEH

EEREE AT AR, KAz 4R A B EBLERGE

(Intelligence, Surveillance, and (Fire Support) (Logistics & Medevac)

Reconnaissance, ISR & Protection)

c ERPEBEIPETERRSE  EERER - . B R ERE © TEBKTIEIXIHEE - B AR

« RYEMEEIE (Explosive Ordnance Disposal, RS SR ER S BT o ﬁﬁ s RITHBREE
EOD) %5 ©

- OBARME - RBIFENMSIRIFRE
(Improvised Explosive Device, IED) ©

7

ARFEEARRR

25 EHEMER (Military Applications)~E[E

BERERBEAEHEEEESER(Military Applications) FRI=XieUER, SEESBEBIR
MBETPREABB TR
o BHREREEESE (Intelligence, Surveillance, and Reconnaissance, ISR & Protection): &
BREFNESRIEREEE, WHITIEVEYERIE (Explosive Ordnance Disposal, EOD), li&k&
EE S ZIRVEEEE (Improvised Explosive Device, IED),
o KIIZIREREFI(Fire Support): EEEEEETREERE, HEREHRIMEIBE TIER S
BrEniEss, RAUSHERIKIISTE.
o EEMEREME(Logistics & Medevac): EEUKEE TEREXBEEBEYE, SFITESR
BIE(ERS.
BELEARERT#HRARFNUBHRABRBHNEFRI, $SRMRERFERERE?(Remote
Control) BiEEFEHIE.
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8.2 EXEH

+ SRZEESAI (Greenhouse Monitoring) :
> A2 TEREEIKS - ERUME o

- REMELER (Orchard Mapping) :
> 3DEE > BFAEMER -

« BH3MEIEE (Automation) :
> BENFEREFRER ~ HRUL ~ HEAR o

2 0)
> ’ 0 g , 5,,'.‘

26 EZFEF(Agricultural Applications)<E[E

ERE A EREA IS EEREER (Agricultural Applications) FRIZTTIIRE, BBIRTERE
AOFATER S
o E=ENH|(Greenhouse Monitoring): HERERNRIZIRE, BREAETIEREEKY, WiER
PREEIE, BICERDEC,
o REMEBS(Orchard Mapping): FIFRGRISSETIRER 3D =3 (3D Reconstruction), &
I RARESAEYINE RBSEMERAN .
o BE)LIEZE(Automation): EERIHITEEINEERNER, MBEEERIRER. BEGIERIEY
R, FEERTTREEEENER.
EEELEEY(Automation)ieiT, EIFEERERSWIKEEIR, FEADKEINZRKER
ENEE.
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piif%: BMAMEHRERPRENEXMERER (Glossary)

EZAE E33v4 3z B

4D Radar 4D Radar 4D FiE BEFIERS AR, BFAIE
EiEiERE. RERIHIA.

Ackermann Ackermann Steering N SEm Esin EHEER %M, &

Steering D SRR SR,

Automated Automated Operations BEftiEE HEYITERER, [REI

Operations R ERRERS.

Autonomous Level | Autonomous Level BEUREE HEHELFHRRERE
TREBEEHITHERS L.

AWID All-Wheel Independently | ©ERE7ERE] BEfmTFEEEIE IR,

Driven RAMEERIER B
BMS Battery Management EHEERS EERFEFETNSE.
System BmEE, BRENDER

R,

BSD Blind Spot Detection ISkl Bl & B =GR ZE B RS
2 EiiThiZ R,

BVLOS Beyond Visual Line of Sight | #B#REE/EE; HEEREERGHEEZI
HATHUEREL,

Chassis Chassis [ BENERERE, REFE
RIS EREN S ES T,

Communication Communication Protocols | @ iHE ERHE NI EEIREINEE

Protocols IHEEREIRAIRAN,

Cybersecurity Cybersecurity BLphE R UGV BB EARHE
EEREmEEEl,

DC Motor DC Motor BEREiE ERENEEIGEEET
REREEEN T,

Distance and | Distance and Mapping PEREERRIERA] | EIERAISERSIERE L

Mapping Perception IRIGERIEEE.

Perception

DOFs Degrees of Freedom BEHE BAKMFEEREMNS
2, 0 7 DOFs A T+E5E
1.

Double Wishbone | Double Wishbone HEERD IRAMEE R R RN EE

Suspension Suspension FEIIRIEPERERERET.

Dynamic Dynamic Recuperation xRl EiETIENER G SR EheeE

Recuperation REEIPAIRERARERE.

Dynamic  Torque | Dynamic Torque Vectoring | Eif&HASE AR AR A A B R A RTTH S
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Vectoring Wi, RIEE EIRERE

Edge Computing | Edge Computing BiES £ UGV A#imiETT Al
FRRE, HORESIERE
=,

EKF Extended Kalman Filter BRAHRSEK | —ESRAlREREZ0
EEE, AREREIFRUER
IRAIARREAER,

Energy Supply | Energy Supply System BERtIER SR BERREFIOETT,

System EHEETENZIR.

Environmental Environmental Sensing RS RN BB RGRI R AR EE AR RS

Sensing i HH = BERTIZ R

EOD Explosive Ordnance JRNEHDRRIR B A S B THEPR I EHES

Disposal NEE EHHIREEE (IED)

EiEkaEss.

ESC Electronic Speed Controller | EFE1E28 FERS I B iR ER e A Y
EAtE S IRIRAA.,

Fail-safe Fail-safe EUEETES ] ERREREIEER, B8
ENT2MRE (WIRIE),

Fire Support Fire Support KIHE PEEEEEULAY UGV, 138D
BRROES TELFIERS.

GCS Ground Command Station | ithEiEELL BIEEEE UGV irEEd
BEIRESHESIFD.

GNSS Global Navigation Satellite | £EKEfHER | BBZEREHERMHAVASRIK

System i3 EESHEESRERENNb

BEEH.

Greenhouse Greenhouse Monitoring BRI B UGV EHIKISIEY

Monitoring ERRRBEIRISZH,

Ground Operation | Ground Operation HEA TR HEEBEERERE)ER
EFRIBEHEEE,

Hierarchical Hierarchical Control =L HEEEHDAERR REl

Control PATSEER.

HRI Human-Robot Interaction | A#EE) WREEFENTEER. B
itERE UGV,

Hybrid Power | Hybrid Power System HMERSES HEAMHERTED, FRE

System F UGV RABFEENHER

IMU Inertial Measurement Unit | {&M8IE885T BEIEREFTEMRIRE, B

RIS ERIER LR E
R& (WM. EBiR).

In-wheel Motor

In-wheel Motor

ERTERRBABHS
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E, DJEHEEEE.

ISR Intelligence, Surveillance, | BHREFREE EERBAOEMR, EEE
and Reconnaissance ENMURITE TIRIRESR. IR
IREREBREER,
Last-mile Delivery | Last-mile Delivery REIBEEGX | B UGV EEEFmH
HITEREERFEE,
Latency Latency JEIE ASRIR PR EREE &R
FTERRsR, SERmit.
LFP Battery Lithium Iron Phosphate BRI E BEREeREMENEEIER
Battery #1, EAR UGV RIEIIRE
IRALIE,
LiDAR Light Detection And YE A ARES IREETIERE
Ranging A, ERERAEEN TS
BAENIREEE,
Li-ion Lithium-ion Battery SEEE 75 BHel UGV EZIRANS
BEE R E RS,
Locomotion Locomotion Mechanism BEE X EHENBHNYIREE
Mechanism (nEg=t. B, E).
Logistic Resupply | Logistic Resupply RENHLS FMA UGV fEEiFaElb
EEESEEE, KBS AR,
Manual Manual Intervention FENA HEEEERERR, BMFE
Intervention VN G e A=
MAVLink Micro Air Vehicle Link MBI TERES | UGY BHRGTERANKE
e %, EEEIEAERE.
Military Military Applications E=ER A UGV FHEABREPRR,
Applications WTiEE. EEETIE,
Network-Centric Network-Centric NS ES HEREHERRFEED
Autonomy Autonomy BEURRAVERSREN.,
No Human No Human Onboard NESNEER | EFETHEENERAR
Onboard EERENEEFL.
Nodes Nodes BhEh ROS ZEEHABERNEEH
(WNBEEH. #RE) RY)NEUFE
2
Obstacle Obstacle Avoidance e EENBEFRIHE RN AER
Avoidance PERRIRYRESD.
Odometry Odometry Bi%s EiRRE R E R R
BHEMBENRRT.
Orchard Mapping | Orchard Mapping RENAIE FBYGEE L RE b/ ER
AR mNEEHE.
Particle Filter Particle Filter R IBiR EAEEMSHIRES, &
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TR MEREMERER
%o

Path Planning Path Planning ERASHRE EtE PSRRI R,
HERER1TERAR.

Payload Payload BiEy / SE EHEAREBZI, BBEIT
EFERIBHIEERE

Physical Kinetic | Physical Kinetic Energy YIRS Eﬂﬂ?%ﬂ%féﬁ?}ﬁéﬂjﬁ’ﬂ%

Energy tiae, BREIEERIE.

Point Cloud Point Cloud BLEHIR HEEHNSEREIE, 8
FRADRERIEN 3D FZk.

Power Power Management and EEeEHREER | AERREESELTEHEN

Management and | Conversion FRYFREREE T

Conversion

Powertrain System | Powertrain System B NRSLEE BatiR#ETF. EeEEn
BEE FSIEAYCEE AR,

Publish / Subscribe | Publish / Subscribe IHMAEASTRIME | ROS EPELEIEITARR IR
NELSBERSL .

PWM Pulse Width Modulation IEEERE —rESREIRRAT, EEH
BE R R E RIS HISIE
B AIARMEAELE.,

Real-time Real-time Monitoring BPRFEAIE EiB GCS 21/ UGV 1

Monitoring REHIEURERRAR &R

Robotic Arm /| Robotic Arm / Manipulator | {ES£tm s UGV LFRHNEN. &5

Manipulator HEBRIEBRAVBA THANE,

ROS Robot Operating System HEBRAEREZRS | IRR TR AREELE
18, PREANERET.

RTK Real-Time Kinematic RPBSENREE(L =B R E
GNSS RE, ERADHE
i,

SAR Search and Rescue HEREHIE EXHRIEF A UGY &
NERERSKEES.

Sensor Fusion Sensor Fusion RRRIEER S BEZ(ERBIEREMNLEE
B — KB BR TRPERTHANT,

Servo Control Servo Control AR SrEE R T E R
FEIEATREREIEHIRTRAAT.

Situational Situational Awareness 5t B EIEMEEES BRI it

Awareness PR B4R SREST.

Skid-steer Skid-steer BT BB AR/ B REKIE
PREB[RIRTHAAT (UNEKEE),

SLAM Simultaneous Localization | BEFEMESEE | SEERNREFIEREIE
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and Mapping

fE2 37 3th [ I XE 32 Y B 8 45

Stereo Camera Stereo Camera S EEREE ERARERRE, ARE
BREREEH.

Suspension System | Suspension System BRER EERREEEE, a8
rERE ISR EREIE.

Swarm Robotics Swarm Robotics BEatEEA Z& UGV HmREEE, R
BERATAKEERERE
3o

TCS Traction Control System s B FARS =l ERBaRYAUtE D BARh
1E3TiE, T EEENRE
HH5E.

Teleoperation Teleoperation IR E BB AR IR EI TR BN
EIRIEAFENR.,

Thermal Imaging Thermal Imaging E= 0 EEYEIEEIRIET, BB
BEESHERIEE,

Topic Topic o] B ELE IR R E i A

Trajectory Tracking | Trajectory Tracking BB =S R A ERE R T
TEERRFERE,

Transmission Transmission Mechanism (ESEp RS A% Bz H Y DA RS

Mechanism IEEERARRVARM,

uGgv Unmanned Ground Vehicle | #AMEEE fEivmEiThY, BEEESE
imfEEREN, BABEHALE
R B AR .

Ultrasonic Sensor | Ultrasonic Sensor BEREGHIZE PRI iE e B P I B EE B
EpSEaRmE].

Visual Displays Visual Displays RGeS GCS FERZEEHIRN
RIS BHER.

Visual Perception | Visual Perception System | {REBRBEIRSA I PR EEpEy U T Re

System e D El.
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