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# # 6170434021 : MAJOR MECHANICAL ENGINEERING
KEYWORD: Autonomous Vehicles, Teleoperated Vehicles, Transition system
Krit T.siriwattana : Development of Transition System between Autonomous Driving and 5G Tele-operated

Driving. Advisor: Asst. Prof. NUKSIT NOOMWONGS, Ph.D.

Autonomous vehicles are gaining popularity nowadays. There is a lot of competition from both public and
private manufacturers to continuously develop their capabilities or levels of driving automation. The highest level
(Level 5) is the one that does not require any control from any driver. The lower levels still have to be controlled by the
driver in certain situations where the system malfunctions or beyond the system's limited environment. The low-level
and high-level controls of the prototype vehicle, teleoperation system and control station were designed and developed
under the objectives of this research as well. Including a transition system, which is designed to allow the prototype
vehicle to be able to switch control mode at any stage. If a malfunction occurs during use such as a high latency or
there is an object obstructing the path. Malfunction surveillance system will switch control mode to emergency mode as
soon as the system detects such a situation and alert the situation to the operator at the control station in order to
change the control mode. The results of testing the use of autonomous mode and teleoperation mode in all 4 rounds
around Chulalongkorn University showed that the system can be used well. The mean linear deviations between the
reference paths and the recorded paths while testing the two remote control ranges were 0.25 and 0.19 m. and the
maximum were 0.41 and 0.58 m. The mean linear deviations while operating the two automation ranges were 0.25 and
0.33 m. and the maximum were 0.55 and 0.83 m. The mean and maximum latency during testing were 109.7 and 316.6
ms, respectively. The operator did not feel any difficulty in controlling or changing the control mode. Observing the
video image on the monitor screen at the highest latency, there was a slight lag. Malfunction surveillance system can
detect problems at all 4 designed points and can stop the car to enter emergency mode. The study of stopping distance
caused by the driver braking on the vehicle and the effect of the latency on stopping distance if the operator presses
the emergency stop button remotely at a speed of 3 m/s (Maximum speed used in the test). It was found that the mean
and maximum latency values resulting in an increase in stopping distance from 1.42 m. to 1.75 and 2.37 m. respectively.
If there is a sudden obstacle in front of the car within the stopping range. The vehicle will not be able to brake in time.
Operators need to remotely control the steering system to avoid obstacles. In the case of a latency more than 500 ms.
at the maximum speed of the test. The vehicle may suddenly collide with an obstacle in front of the vehicle before the

operator at the control station can see it from the monitor.

Field of Study: Mechanical Engineering Student's Signature .......ccccocceevereneence

Academic Year: 2021 Advisor's Signature .........cocceeveveeeennce.
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foanstadliusnmsluasiu mﬂma‘wmaauLLuwﬁmﬁﬁﬁaWUiwsﬁuagjﬁummLmsuaq Aol
wardurugldluwadiniadie s TaAnEntaaIresnisdsiiaminlewasnisds
é’aujzmmmuaﬂumu'ﬁ%’aﬁﬁ%’%i’mLLUUIU-ﬂé’U (Round Trip Time: RTT) weliisautantunig
AiuNsUY CarPC veaguf iR ssdusenauanying fie Operator interface @nilAiuA
faneae 3 vaLilaudnenmannndeiifndaune e sadsgunsalmuaungudusing 4 1
Wnde wiuusa wiuduise nanagaun1stulsseglnanuinldidgmannisidauid

ANUNUIIAT 500 Tad3uW1 vauztuNANLEY 30 Alalunsaatalug

NuITe[12] lAnwmansenuanaumiiwal (Delay) Minduluseninemiuay

wnanosundaalaul 150 SCAMP (Secondary Camera and Maneuvering Platform) ¢4

1% '
Y [ a

A 8 nuTeillalideazuinnisiinanumiianaivesnsaedyg g wagearinlg

g7

a5 (Degrees of freedom: DOF) vasgunsaingnaruaslusedunuIniy dealvisveziia

Yy v v 13
a v = av

Tunrsaniunuadaduimung@uniuluse nuideldladnisfinwnazudlvdgvinig
muAngUnsainNsseylnallalnunilwIangadutivne MeIEn1InsIvEey time stamp

& aaa 1 X =3 o o Ly .1 Y1
Wussey 9 &LUﬂiﬁumﬂJﬂ’NNWU’NL’JGWQ\WU 3$‘U‘U‘U5LﬂUﬂﬂﬁ\‘iﬂ’JUﬂN‘l’iﬂ‘l‘JUWLW@?LL@%i@I‘WﬂW
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AMUNUINIAIRNAS AsdsAAILduNsealy FsUMNNTaNAUNUNTAUNUIIBIADUTY

'
Y

A I asw o 1 Aaa & A v o ° o o
AN LLWVl'J'nﬁzﬂ@IﬂqﬁﬂU{]iyJﬁqﬂqqﬂJﬁuqqL'Ja']VWIVl?jﬂ UUﬂ@ﬂqi‘VlﬂﬂQUQN@@QWWﬂWi{jQUQWaQ
WtlouNian “zero or minimal operator input” &a9199¢ld58uudnludifauluung

A0 uN130d LU NTEIALULNAYMULUANAULNEIRASUAUAILTEUUDRL LR

AT 8 Secondary Camera and Maneuvering Platform (SCAMP)[12]

a v

Tunundnissu-dadeganiminlefideudimun uagdenisauiilunisnovaues
wuusEalng Wy unIsAIANEINEuAIINTEezing Geelinsdeansiusenitsannil

AIUAY wazeUEUUGRaBAnET nsdeasiludesdiuszdninmannweriienaulandnis

Y o o

Tguszuumvauianas i Jagtulimalulagsunmdmsunioinawagais (56) vie 5G
NR figniauntulagasAns 3 Generation Partnership Project (3GPP) &sgniirluldaluy
narpUszmarnissswelne Weosudumalulad 4G malulagiiinauniignaiiainii

(Low latency) wazuuuAINYNaINd1 4G waneLin[13] inueiuInsgIu IMT-2020 1auuadia

Y

ANNENNIINSReUaUBItanduR I uludnvanengy wu nsldnunsesiumveuseves

aqﬂﬂiaiﬁi’m’sumﬁluﬁuﬁlﬁmﬁ’u (massive Machine Type Communications: mMTC) A9

a

THunfions1nsastayanas (enhanced Mobile Broadband: eMBB) wkagn15L491u?

Y Y

ABINITANULATYTAINGS A1UNYINIA190 (Ultra-reliable and Low-Latency

Communications: URLLC) damngfiungusldaumueuguddnluil@[14]

(%
v

Tuagdullninsgrunisliuinisiesadie 56 nalauinstaenall Ae AfuAwd

9

Sub-6 FuTJuPAUNTAMUARINIT 6 GHzZ 93019 9 dumAduaudNuINNI1 6 GHz Yuld
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£
a

W azegluseiu mmWave veagluya High-band Adudszianiiinisldiuanuuisdssnn

v Y

Wil aunguiudl AduAudngs Anumsalunisiu-dulayatrgann widiiveidefe

segemsldanulndunniliosainaiugninduiay dwalilassasisgunsaliu-deunugiuens

a a

nludesdadufivduiiosaedymidiing1s Bnvisaruaiuisalunismezanzaiswiiudaio

al

y119m3egUassauUssiaveadululdenn ailugnisaseunquuesdygini Wifuas

Fryeyrauavneluunedaa[15] nsliusng 56 wuu Sub-6 Jamneiugldauinly

o

)

Unified design across diverse spectrum bands/types

5G NR sub-6GHz 5G NR mmWave

z) (.g. 24.25-27.5 GHz, 27.5-29.5 GHz)

6 GHz 24 GHz 100 GHz

2l 9 vpaunIudveunaluladsuiihd munIoYievagars

https://www.rfpage.com/what-are-the-challenges-in-5g-technology/

Ade16, 171 WwinsAneilnuanisbiusnisiasetne 56 wusdasdu 2 Ussan

8 5G Non-Standalone (5G NSA) uag 5G Standalone (5G SA) §anwdi 10

@ EPC

4G

4

5G

2wl 10 Uszionvesmsliusmamaluladfuinnamsuinsevigivagars
Y9293 SA taz NSA [16, 17]


https://www.rfpage.com/what-are-the-challenges-in-5g-technology/
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WINTFIUAITIAUTNITUUU NSA azilunisldeu 56 vulassnamaluladves 4G
Aaunmun nstdnuvssnnsgiutaziinisldnunanlauanan (Master) wazlnunses

(Secondary) napevilinnuaunsalunswensafiugunsailaliindy waglsninumviiwian

'
] 1

989 Tenferlginglunisatlas@anugunnIng uardygnnsauagununlauINndl

] U

daieudunisliuinisuuu SA daunasgiu 56 SA WWunsldnuiieguulassasnuniotig
WUFIUYD9 56 Manua Nelunsiendewarnissu-delaya wazdisasiunisldanuiuuien
| .. = o Y] & = = & A a =1

d9u (Network Slicing) 39vilvignstlunisdeansiadiusiaid dafesninuindu

AU kazUTanaunnsdadeyaiiuuiliigindn 56 NSA

3. n3AuANlusEAUE (High-level Control)

3.1 YaNAKITNITAIUANTLAVEN

LY [

Autoware[18, 19] wanWaLATU open source dIMSUNITHAIUIYIULUATUTSH L UITA

'
=

laglaniy wannanduiy auuumsudsa Robot Operating System (ROS)[20] fiaguu
5euUUURNIS Linux A9 11 ROS lasuainudeuagraunnlumnuideaiunisnaun
| ¢ & o wa & H = a o | a =
Yugus gruguddnludanavuun W 81n1a wazdnvrangauidelugiwiaifiiiugn ROS 4
nswlaUszvmthinsviheueesszuvesnilussuuges Tinsesdietisivie Ya1ds was
dumasinanisdeasidndu mewniiahladanmsivssuundudouls duszansammsly
PN
SRINZGR
druskanndiatu Autoware 3zidulunianiswautmalulagnisduadnluds
Inglanie (Self-driving modules) tlas1nsiuidlugandfgld wu lugaiineidesiunis
U3 (Sensing) lugafiingadasiun1sAtuin (Computing) lugaitigladesiunisaiuny
(Actuation) wagdnuaneluganinu fBwmesmatugldnauisailaladie vinlainiauwn
IS dy (% | i ! a a Y (3 € a6 acs (% ! 1
fnandulumsiauiiinesivil o serirsiuenndindy Lasgendulsiisuidsadindied

LUD9MAIURINISYINGIU
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@ /\U‘I'qure Self-driving Unit

Driver Interface

M CUDA Caffe OpenCV

ROS

GPU FPGAs
Hardware GNSS

Many/Multi Cores

NI 11 ANTIWATATINYBIUBNNELATY Autoware [18]

ndnn1sviauvesennaIndu Autoware TunsdinisuazaruauszUUSAluITA
Budufenisuteyanniduweiniainannuwindenlneseueseunivug Wy ndeq
15015 (Radio Detection And Ranging: Radar) SEUUTEYA wadsvudiulan (Global
Navigation Satellite System: GNSS) hagidutgasnsiadunarinsseosaiouas (Light
Detection and Ranging: LiDAR) s’mﬁq‘ﬁagauwuﬁamﬁa (3D-mapping) LINIAIUIUAIY
ypapduasTiviuiinflunisssysiumis (Localization) n13ms2adu nsmausudumavisly

526U Mission planning Lay Motion planning $9u89019M10LEUN9 (Path follower) A1

= ¥ o

e fliannisauIndIregluguuuuresnuddadu wavadnusudauves

9 9

[y

a < ] a = ! v 1 o = o
IUNINULNAITITLUU ‘VNﬁ@\‘i‘W’]i’]llLﬁlaiuﬂwgﬂﬁ\‘]‘lﬂEJ\‘iﬁ’Ju‘UENﬂ’ﬁﬂ'JUQNGLUiSWUW] AR

v al Y] v A av v ° o el'
WUWWIUﬂqiﬁQﬂqﬁLLagﬂjﬂQNEJ']UW']VIU%IV]LV’]@@UVII@@WNﬂ']‘WlJﬂ PNANN 12
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Section 3.2
Section 3.1 N
- | Computing II
Sensing

- : . Section 3.3
Perception Planning (Section 3.2.3)

((!’)) (Section 3.2.1) w

. Mission Path
LiDAR Localization Planning following
. Motion \
Camera Planni ®
Detection

Steering

Decision (Section 3.2.2)

%
» Prediction gm Machine

Acceleration
Brake

Intelligence

NN 12 MIMIVANTUNUT Y IWEUFTUToNIUIF [18]

3.2 N13a31URUNAINER wazn15IEUAILMLe (3D-Mapping and Localization)

[y

Al AFeuliN1sAn¥INITASIUNUTAINER Lavn1TTEYduAULRaALRN
outsource wiludruvadluganisAwiaazluganismuaulzdrsldlugaanuenndinduy

Autoware NIaLASeUlALA

1%
=

o r-:l' [J v & = A a aa 1% ! (3
NI UN LLazmiizqmmeumﬂuwuﬁuﬂ@mm@wmmulummmmuaum

o v

MfpIn1snIsmdeuniuas seydwmislundouriu (Simultaneous Localization and Mapping
— SLAM) a1nnsAnwnudnaudde21] lndnaueTsiudseansainlunisseusunansay

FuaseuruAneIsnsm (Graph SLAM ) F5lagaedeianainlunisvyunasauvenis

[y

uAnsaunu uidimsiiaanueaianiouazanlunisaiisuNungasyi s uALagn 352y

° I Ao vy a & v
e ualadauRaeuluTng

< saa Yo o 2w I @ s o [y 1% 1%
Wuwesnteuldiunildluauilonn LYULIDINTIVAULLALINTEULAVIYLLEN LLATNaDd

1%
a 124

aa = 5 o Py a Y] ao v - v
'JG]IE] FUTULYDINIADIUTLLANUNVDALALVDLAYIAINNU 91U (5] VL@LNEJI‘WLMU'JW ﬂ']ﬁislj

;Y

UL IRTITULAEIRTE s MmanadlunNITaAs1LUTILUUNS AliNaN ANl et uAUNIS LY

Na9d 199NEULY S LA AMULIUEININAIN I UNITTATE SN LT D9URINTIAAIILEN
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I inYeINTEnINeuN MUY Uddeldufeiisnaigs Tdwdenuuin nsfuddnsenisua

venanuazlanzyesinguuduzaen

=

AONINUINHNUITEN T LALEUDLUINIINITANAIANARIALAR D UAYENVDI Graph

v v

SLAM mm’mﬁmquﬂ (Loop-detection) 331138031 HDL - Graph SLAM[22] §99%
v91usauiudane3fiu Normal Distributions Transform (NDT)[23] Faidudaneadiud
Autoware THlunisadraunufiuazszysumis uenaind HOL - Graph SLAM Sufisdasnfin
Tunsasraduszuiuiiu (Ground Plane Constraint) wagnssvysiumisingldnifisaiie
nswRedeRanaInIINN I LA ALTINTTUGaLNUTTluTEUY Indoor Wag Outdoor

ANUAIAU NN 13

DT 13 Ui dfvasaedusie3s HOL - Graph SLAM [21]

3.3. STUUNUHULEUNS (Path Planning System)

LY

OpenPlanner[24] unatiansiusulausanadaluszuuimieeseug uaonluls

FINNA 14 Fa3995UN15ITUTWAVLONNALATY Autoware [18] [19] wianatily vector

[% '
v a

map JudeyadunndmsunisAialusedu global planner syuvasidenidunisiidudian

q

V3OLAUNITN lowest cost T1dAATDIFAEUAULALINGAVNENLITTINUA N1SAUIUNLAYN

Y

inlUldsoluszau local path planner wiaa31s roll-out trajectories MusIzaNdIMTULIU

YUNDMLULIR
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Vector map (sets of waypoints and features)

Lane Info. Intersection Info. Traffic lights and signs
I [ }
OpenPlanner ' § g !
Global Planner — Goal Pose
Local Planner ‘_k Start Position :
. ' (Current) i
Rollout Trajectory Behavior State
Generator Generator | i
'¢—|—— Detected ;
" Obstacles
| N ratretine |
l N Traffic Light !
T T Color

Smooth, Obstacle-Free Trajectory

mwﬁ" 14 lAs9a519984 OpenPlanner [24]

3.4. STUUMNUNULEUNIG (Path Follower System)

v
& ] a

drutliludiunediu local path planner ﬁagﬂuuﬁmm OpenPlanner 414338[25]
I¢tainedanedfiufiiiendn Pure Puresuit Sudusanedfinildlumsinny wazduvgndsds
(Way-point) smsnelnsiluides maué’umaﬁgﬂﬁmumim local path planner w¥awsis
Anusnsiiadunasdauveseusudianduniugniisdanaenidunis wdnadls
Nndanediiuazgnasteyaludsdives Actuation ilevinn1saIuRy Low-level systemn 15k

PR NSIMUATZUUANUN

4. S2UUWABURIUTENINNITATUANALE ST UUEA IUSTALAZNISAIUANAILTZUUAIUANIIN

szezlna (Transition System)

UITH[26] YNAUBLUINIG ASS (Active Safety Systern) Falduuus1ans MPC

LY LY

(Model Predictive Control) @1m5un15dutszeslna iedisiiuanudulalviugdualy

2/

anmwinneNdudou ¥3eAUNLINIAINEY WBINAINITAAIANTAlAWILETAEINT
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Lo IaNNNIANHANTENUAINANLNIIBIATLAMY MPC AgRanuBunvaInmdniuny

v

Ave A o ca'
Vl% UYAIUT ANOINN 15

szUURinIsmInnIsalswrsressanalsasiuiiesawarianardnlulunsaz s

a a % 44'

oszuuannisalitsaenaiianisvuiiuasinuans ssuvazdunsnusaiienuaunnsdud
Fesruudludffionauvandsianang dadfeumaunsnussiessuunann nwdiassnis
¥auvessEUU ASS azgnasludsdinvesaniiinua ileuddiigaugumsuinanuives
syuu Bilaztvanniseenddedoutuseninafaiuauuasssuudalui® uaziiien
vaoasttlumslinu snnamsinaulagegresszuudsuinndaregmeldnminaulaves
deuau a @il namie feuauannsaendnilsiduvesszuuldynidle Wedmuauiiiui

NITLNINLLIUDITEUUTANUA YR OUVDINY

l Glass Latency |@

LTE/5G MPC Predicted
State Feedback

Actuator Latency |

Steering and

Steering Input

>

Brake
[« =2
Velocity Gas Input
WORKSTATION

e T D Y e o, & il State Feedback

i VEHICLE

M 15 N75Y197UY09TEUY (Active Safety System: ASS) [26]

39827 dnausuumensusuilasulnunseninessuudnludfvassyuuaiuay
szuglnauuy teleoperation Ineld Gazebo Simulation Tun1591a03d@01UNITal SINAU

lmasa Volvo FMX Fadusaussynduidnludfldaulumiomiszduanudnludfoglu

FYRINTLAU 2 AUTLAU 3
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szuuiABurugnosnuuUNitesesiumsldnumsadulnualsogisdasylunniag
n5Mdau namfie auisadsunisldaussuuiimisiessuusalui@ (utonomous
navigation) BafdsAidiunsansiaegluidumsiiosnuuuly aduiunisaiuausieds
teleoperation lénasniian asiauisavinldlaenisldumsuiisa ROS [20] wanagaunis
Wasuruia 2 szuvanmssiaedagld cone-track wuinssuvansaldaulad fanand
16

N19IAAIAILNUIUDIIAIANITAVLALABLITIBUAT time stamp VB9 massages
szyinunuulsuisa ROS YaiznAdeUNIATUALAIENISIANMIYBAWININ 300

]
1 1 [

fadui wuhdaruauansavaeniIsauauld TunstinA1AuvieesIaImINN Iy
AuAudsaennuuYa 9 dwabisseziainisinuiivduauliiie nsandasimsy
VBINNHIDIUN danarieUseanSaimnisamuauogniniloig uiuNanSENUVBIAIUNL 39

L3817

[Z] Autonomous Control

E] Manual control

N 16 anYalenIINARE YT UUIAUAIUNISAIUANTE NI NS VYA UlRUAY ST UUMIUAY

segzlnanien1591809[27]
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UNN 3

A5andun1sIy

1. KUIAANIFIDNLUY

a v

NI UANYIkaYTRUNTEUUUAEURIUNITAIUANTENINNTEUUBRLULR wagseuy
muansseglnavuiugiuressanaanliin seuudsudulignesnuuuligrivauaiunse

WagulnuamuauaufeInslannyaraeseuugnilaldau minsendtanisaniunisiy

£% '
a = )

szuumuanlaszuuniliivminunfiiatufionsdmwasroyssansamniseuausn wiedsty
fsvuumuauliansadfuAnudeldidesarnifudeditanisviia ietestuilym
fanann szuuihszsauiinun@ (Malfunction surveillance system) grldiitensiaduuas
AdademsvihauveweszuuSnlusi wazszuuAIUANsTEYlng sonilu Diagnostic types
fine 9 wniinauRnUnAnuaaiunisaifidinunly seuuiaunsaudafieuaniunisal
anidu (Emergency situation) Tufsanfimunuiiieuduieulgauguidvhnsuasulne

Wi luanunisal

sruuihsrfsmnuiinunfssnangnesnuuuliifiesessu 2 aaunisal inseungu
fansldaudessuusnlulfi warsruumuauszeylng anunsaiusnsanaaouaglugag
nslduszuusalufRuassyuunmanuindiamiaune dse1vvsdusovioinglag Tudnuas
vgilsegiuvihlutesmadiontu sanaaeuaginsiusnaungais mindsiavnslaifinng
ydueanlinussegaumiiiazIaInImun ssuvazkdsdsuludianiniuaulaunisila
foyaadlnlEunaves tower light fiag o aanilauay isligniuauyhnsuasulnunmnidy
szuumvauszeglnatieufluaniunisal fanwdl 17 anunnsaliiaesvuzsannasuey
TugransldnussuuauauseeglnaTeuunTIINUILAIANUNIIIAIGUAUNMIUA SEUU
wudadeuludiannimueilasnsedyyralndung u aandeuau Welvgaiuauyiinig

Wasulnuau L Tun1stuTee seuUsn iR fannd 18
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Tele-mode . > 20 s. . . .

A 17 szuvkvadouligmunuuagunisnunue nssuutuisnluifidussuunaunu

vezlng lunsaliiding vaeeseeaanAun sz uunIug

Latency < 500 ms.

Tele-mode

. Tele-mode : :

Latency > 500 ms.

il 18 szuukTIdoulEmIURIIUAE N IMIVANI NS UURIUANTT Y InalusEUUTUT

oMU UNSEITIRIA IR NS Y Y I8UNUNTIAIT TEUUF IR
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va v =

druvesusuAgaludfdsuiuuiamnsaauauInsseglnald wavdruvasanii
AN e AT TR uAEIuIn Kanmdl 19 ndes e AeuRmasuunaLn
garerdwIsaIuAnlusEaugs vesalulasaaulnsaaes Junean1svineuaniidy Yasinsequ
Hanudedyaramsiigniadiuusonednifterminfiniuauszuusig q wiuayed daw
yasaniaruauysenauliiig niveueiiines Asuiiawes Yuadulnunssuuaiuny
vaoalul LED uansaniuzmuvtanaIvesdy i wazgUnsaldsnisindeudivessa gn
findta a1 an1dauauiteldlunismueusaainszeylnariunsussnimainuefines

ms¥u-defoyasenisiidesdudindnagliyaluganuausreglnarinuiedode 56

MgnAnAITaRUL LKAz A UAY

' : I I
; VEHICLE ! . CONTROL CENTER !
1 1 1

: ' N :
- CPE .| 5G | ! CPE :
: Auto/Tele/Emer Status v Nl ! Auto/Tele/Emer Status !
1 ' 1

: LAN ' ! LAN 3 -
. y_ ! ' Y X
1 | Auto/Manual ! Latency !
1 1 1

: Mode Button ROS PC 1 ! PC »| Indicator X
1 L 3} (Highlevel Control) : ' :
: ] ! ROS | Auto/Tele Mode| !
1 | 4 x Camera —> , : Button !
1 Autoware . ' '
: - y : ' Emergency | |
mergency ! L‘ Push Butt '

: Push Button (Low-level Control) : : us dtton :
1 1 1
I v , ' A 4 Controller '
: - Steering Sensor ] ' - Steering wheel X
i - Brake _IMU : ! - Brake pedal !
! . - Accelerator || . gNSS ' ! . - Accelerator pedal | !
: Driver|=> Gear Shifter || _ ! | 3% Monitor || Gear shifter :
c o LIiDAR . ' '

! - Front light - Speed t " ! . !
peedometer| ' 1

: - Turn signal : ' O X

AT 19 UHUNINUANDIAYTENDUYDN LU T2 UUEHI LR Uae 3U‘UF]?U@J\/'5§/’£J&“Z/’]@N‘7U

A58 5G

AMNFIUVDINIU (Flowchart) NMYINUBITEUULUAUANIUNTATUANTINADITEUY
Juludanani 20 dravauanunsailasulnunaivaulaynduansldnuanmsnadudbeu

Iuniiog o anllaua dannd 19 winminszuud1seTanuiaUninsianuay
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AaunAnindurueldinu Fanuidedldaniunisainimualiaimindaining XX uag XX
sruvtzaduannunmuuatgadsuluidulnueanduiui wazddisaveaeuriinisiusn
AUNAUIUNIITAIENEAlle andaiuaulzsuitsaniunisalaniduiuaginnisuisneuliy

Y

AvANYMIasulnuanIuAsLitawAlvan uNTalfenaT

Receive mode from
control station and

System initializaticn
vehicle

Y A

rg
Yes

Choose to receive
commands from
Autoware

commands from
Logitech G29

Choose to receive J

Latency > 500 No
millisecond ?

Yes

Release ACC pedal

Active brake actuator
Free run steering moter

Switch mode to
emergency mode

NN 20 A997UNISY I IUYRISEUULAE A 1UNISAIUANSENINTEUUSA UK Uy TyUY

AIVANIINTZYEINa
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2. 9TUYUAN LY LAY

¥
a o LY (3

gnugudsuLuuluIdeiiaunnnsaneanaiunyssasandsnulnin 8o EVT u
Plus D 6s 119 6 N3 Aifawsssulniiwesszuy 48V DC Maswewmas 5 Alatnd A

gean 35 Alawns/9alus segen1iean1sunsa 70 Alawns neun1sanuUatiagiiiiuyn

Y 9

aunsollag danmdl 21

9

1

nwil 21 saewunseasawasulnii 6 s fu EVT Plus D 65

3. nalnAuANIEUUUIAUEEIRsURIed MNnelnilI (Steer-By-Wire)

Wesnszuutsuiasivassanaanlniilusuddedlilsddnwauzidunaunde i
WuLReatu wasnaslwila EPS (Electric Power Steering) fallun19d4n15018d e ey1adn13

Inanansavilalaenisinasiansegudesnumedygiamaliihiussuuiiduideinuves

v

s dielianusadanussuuddudelawiliigiuiinesnivaneguusn YaminTedudsy

medaaumaliihuszneulume wawes lugatutewes lulasreulnsaiaes wazaunsal

o [
Y

JoUNAUAMAUININNIFE N159DNRUU-ARRInaUnsalaitaznanlumdedaly

9 9
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3.1 N1SENVUIAUBLADS INHINTLLENTS

a

N15480NUBLABTLNINTUIINLIITAaEA (Maximum Torque) Ndasldlunisvyu

U |

[
a v -QWL Yao

wandsuazngails (Static Load) 1Adedleasnmsldfmasndefomdsiaussaudoves
sodunyudsn il 22 nansnaesmiminiadeflflunissumandslufienmsnudy 3
pds wagmnduuniing 3 ade Idkademsned 1 Ssddnadoegil 5.28 Alansu szevisminain
wusIRagamyY Fio 17 wudung faniwd 23 ussdageaaildlunismyumisandoansa

AulAanuaunsy (1)

i 22 miialaainnsnaaensyunaelngldinTesiainus

A1591991 1 ANRALUIMINTINUATINGITNARINYUN I IV AU TUUA SR 1T

NI ﬁﬂﬁﬁﬂﬁi’ﬂ@mﬂmiuyumaamqmﬁa (Alansu) a2
WG adedi 1 adefl 2 adedl 3
WYUIUILWIRN 5.72 5.54 5.05 .
MY UALINUIANT 4.82 4.56 6.00 '
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max

. =FR (1)

Ao uselngagn (Nm)

A = v ‘ﬂl ‘:ll o v Y Y
flo usslaandeladenvilvideansavsule (N)

(%
Y

AD S¥ELAIRINIINUUILTITRANYY (M)

r = (5.28x9.8)x(17x10?) = 8.8Nm

Mmnseonuuulamesiagltrimulasnsiy (Safety factor) WinAU 2 AsULBLABST

T9A258u590m 17.6 Nm F930nNUaLM0s L TUDLMaNTEhanse (DC motor) Yu1m 24 Taam mMa.

# N8N

1905 350 M8 ANULSITOUVBILBLADS 450 TOURDUIN FanInd 24 wAtayanIunAlia

Aananlissyruiaussln JpanALIIEanneo

AULIUNE%ER

o= b 2
[0
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Tnei P A NNANaIUaINamas (kW)

o Ao AuEuTagy (rad/s)

azla
350W
T = gxas0 - CANM
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NNISAILINUIILTIUngagaveuewmasiiAwvindy 7.43 daduiuns uudily

Qe

=

3
igaweneussDafidasnsinseinnonisundussdunisd (1) 3siim 17.6 Safuunseaciud
Foufiusnsmailasanonuiiannsonausadaiutuld 3 1w Aussadildngsainnisme
D 22.29 Nm Guzus‘i?immL%ﬁiawaqmﬁmumqmé’aamaamﬁa 150 soumouil (2.5 SoU

FOIUNT) MTILTIDALAZANLSITOUNSIINNINATLNEINADNS I Ul U T U UTIFULREN

AN 24 LolneinszianssluszuuTAuRedN U Isdy Il
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3.2 9Un3aliAN1IWYUYBINUEY (Feedback Device)

MuAdpilidenldfdiuniulsuarlduuuniiugn (Precision potentiometer) ¥u1a
Ausuy 10 Alaleriu (ke) $1daseunisuyuegi 10 sou Al 25 Fslddugunsal

TunsindurianisvyuasveaLnunsdeiugailuesignesnuuukasuTulimangay

v

AUTBUUBINTUYUNIIUIRELUY lock-to-lock THduNusAuTaUVRIAIf NI s

1%
[y [ Y

ANNEEMEURIUNTIAINNIULWAUTOUNINAR dnvaizn1sinfayngUn saldousumie

&

NAUTALAARIDTULLNUNINLNGY WAL TRTOUNTVYUYRINIINAERUTTEY Aanni 26

)

NING 25 §2671UMUUSUA A UUMLYEN

2
o/

NN 26 aNwaizNITANAIBUNTAIINAIUMANITIYUYOININIAY
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nsAnRIgRRINIEAUd UMy IamaliinuuLnunNdevessUUTIA UG

Yo Tetdulumuning 27

NN 27 aNYle YR IN T UYTrUUTIAURE IR I 104m LN

3.3 lulasraulnsaeas uazlugadunaimasnszuanss (Microcontroller and DC

Motor Driver)

MsAIvANNSYUYeNewmeasiilafuLs A5y Wiadumianisvyu Suludes

[

fgunsallumsdsdyanumuauludwewes wu vesalulasaoulnsaiaes Arduino Asnw
7l 28 Fadululasrerlnsaiaesnszna AVR (Automatic Voltage Regulator) Lufiflosuazld
jalu ud lilaseoulnsanesildansofazdunemesifusafugs nsuags vidoniandudia
n1snyuvenewmasnszuansile edndudesdilugaasulunisaiunuuemasaaain

Y A

lalasneulnsawaed uideiidenldyelugadunowmeinszuanss wiin H-bridge Fanmil 29
Tugatiansadeuseruueinlilasneulnsaaeitseduln 3-5 Taad nazua 0.8 faduond
LardananiInvyLYesBIADSi e PWM (Pulse Width Modulation) #lagnss lo1swnd
Inlupauaiuiannsaduemesiifivuausaiudaud 12-36 Tiad wagliinszuageand 200

woud Faieanalunistunawmasnsehansiiaanwuuld
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il 29 ynlugadusewnasnssuansy vin H-bridge

3.4 F3N15AUAY

nsmuAuszUUTIRuAe R dulunuiesnts fnusnd uagusiug seuy
TndufelldnyazvoIszuUAIUANLULIITA (Closed-loop Control #38 Feedback
Control) Lilensa9aeusdnyaaiedinniidieenly wazuiunmsmunuliiiusznsaimann
Ju 91uideiidenlddnumenisaauauuuy PID Controller (Proportional Integral
Derivative Controller) lTunisand1Ai1uiianaInvesseuy wazysunisauaulvimangay

1NTY HININA 30
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FID controlier
» Kp —
Target i
steering position I'/“\'E"Of i PWM Mator Dc Position
"='\':_:/} > Ki : » driver Motor
» Kd —

Steering position

il 30 syuuAIURNLUUTBAAUAIYIS PID Controller

4. nalnAUANDNITNTITIUR Y IUMNSLHAn (Drive-By-Wire System)

4.1 n159M8A31372 (Speed Sensor)

(Y]

= 3 = 1 1w = [y A [ o a &

LL!ENR]'Wﬂiﬂﬂ@ﬁWiWﬁ’ﬂmMﬂ’ﬁﬁﬂﬂqaﬁi’TLi?ﬂa‘UEJEJmJ']L‘VTlIEJ‘Llﬂ“UiOEJ‘LW]EJL! ] \UIYU
= Vg aal [ < aa va o ! 2 <
"\]Ql@ﬂﬂﬂ??ﬁﬂ’ﬁﬂ’]@ﬁiqLi'JGUEN‘EJ’]u‘EJUGI“lWﬂ']MaW’Jﬁ LLE‘I%lﬂG]ﬂGN’N"\]iEJWUﬂT]@JLi']‘VN‘MlIG’I 2

[

WUU UUENUEUARULUU A9

1. Myindnsinnidugesvenasimuaudianvseiing

Fasdweseusudliindusuuianusaldnisiteumanuiivememodann Speed
sensor mﬂuﬂdmmUﬂmaLﬁﬂWﬁaﬁﬂﬁ CURTIS 1268 Controller fsn1nil 31 ﬂéa\‘iﬂ’m@uﬁ
Tiilemuaunisieuressoned vl Wy ssuuise \fes Iides 299sfsaniue
(Interlock) 5uf4 1ulwassuAInuifandgn dududiunivesnsasiiegnislundes

AIUAN AININT 32



Al 31 CURTIS 1268 Controller (https.//www.nocoev.com)

50

FORWARD

FUSE SENSE

WALKAWAY RETURN

REVERSE

WALKAWAY DRIVER

WALKAWAY
FUSE

;

s

REVERSE ALARM

BRAKE LIGHT RELAY

KS|

KEYSWITCH

MAIN CONTACTOR

i

MODE (M1, M2)

PEDAL INTERLOCK

vo——TEONL INITVN R J1-8

LOGIC ENABLE

LOGIC POWER

5 POT HIGH
o. T
E é POT WIPER
= ? POT LOW
=
[
o LED DRIVER
GROUND

PROGRAMMER

RX DATA

IX DATA

I BATTERY

T

GROUND

INPUT

+15V

SPEED
SENSOR

1268 CONTROLLER

PINT 32 UnLnININSBIaANseinanielu CURTIS 1268 Controller



https://www.nocoev.com/product/curtis/manual/1268%20manual(12D).pdf
https://www.nocoev.com/
https://www.nocoev.com/product/curtis/manual/1268%20manual(12D).pdf
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I3

Ay v <
ANLANLTULTDS

a a = a Ly YY) [
UQSE]EJITJE‘U‘UEN?"I’J’]MO FIAUNAZLUTAUATINUDAINIIVDITH

Y

[ [
v 1 [y LY 1

nedulnii nanafedinNdgdnINTIvedsaNasBegelum ey AIuN1I8UANERT 157

s (% (%

Mndueesi suduusndsfesmszernsilsniadeudildads ludrauresanuiiionuls
vzt nuideiiohnsfeduduseinsatuiastassosdsuasssnnanedd (20 -
LIDAR ) Fuiflugunsaifnssogniadszinnnila lunisaeuiilsuseninassegynsieugud
Fuuuvilindeudninguilafieufuaureseudfienlfann speed sensor Fanwdt 33

oy 34

NN 34 NITNATOUYULAADUTLI I IUNUADDTUAITLELN NDSUTEUAUATUAIINE
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o .:4' d' Py o = v o v a1 [y a
Naﬂqijﬂizﬂﬁmqﬂﬂ/ﬁﬁlﬂa@u‘ﬂLSU'TVI']'JG]Q LVIEJ‘Uﬂ‘UT’U']U'J‘UWﬂﬁ‘W@']u'l@I ANNINN 35 N1g

o gw = = =
naaaulvinlimsussegmeisawnaounlilu 1 A

600

500

400

300

N3 (cm)

e

200

P

100

0 20 40

y =-2.7871x+566.5

60 80 100 120 140
o U '3
UIUNAT ( Pulse)

160

NI 35 AIIUFUNUE SEI N TN NAUTININANAF

MNNANUFURUSNUINTL 1 Arunetule sawdeunll 2.787 wuduns wielile

ANILUUEIININTY F9LATINNITNAABITIVIMILA 4 TBU AR5 2

A5 2 ST NTTOmaeuTlane 1 AIVYesrIuaeuln

FIUIUATINTNAADY ixﬂ%ﬂﬁﬂﬁiﬂLﬂgau@BﬂﬂU (Ls‘fmﬁmm)
1 2.79
2 2.54
3 2.71
4 2.78

INNSNAFDU 4 AT STYLTNNTOLAFDUTLRALAD 1 ATUVBIAIIND AD 2.705

wuRn/AU Failudaunsdnsnsavess unnugiuLuy MaEun1sn 3
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éJGISWL%’J‘U@QEJ’WUW’WﬂUS

v=0.02705f (3)

v < £d =
DRNTUNIAVDIWIUNINULAULUY (LURT/AUN)

o))}
©

Tnen Vv

f Ao AnudNinlaain Speed sensor (1B50)

dlovhnsMeaeAIAINLAEER M SRSIFIENEATeELEUARUL ULV OARY

WUNANUAGIEAAD 171.8 1BINT FanInil 36

M Pos: 6000 us

Source

d

When
Set
Pulse 'Width
1.00ms

\
i

- More -
page 1012
CHi 00V M S00 s UUEHT 00V

171.868Hz

N 36 ANUAFIGATIAlAIN Speed sensor YalziTIBNTUTIGIFA

Hl9viN1sM8n31159898n91NANAEIEAIINANNTST (3) WUIIBATUSIGIanTLE

NAADU é’mwﬁa%agjﬁ 4.65 1WAS/AUN 39 16.74 Alaluss/aalue Laziilafeuiusmnssa

v [ <

gegandeyadimiznamaiavessanedn Ingseyliingnsisigeanegi 35 Alawns/

Y

[

3119 N9@09ANTIAIATULNN FI919ARIALAADUINNEUUIUSUNIUIINE T INUT LI
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Trgsau B3oANULLUEDeSURINAILNANNNISLADUADINYDILUALADS

2. MIIPANENTITIVBITNNTULDTINSNIINTNYUVDIAD

!
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8n3duilalunismdnsnsivessa Aen1shnduduiresindnsinisnyu wielduldn
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= Ay &
UATY ¢ Napuulu

s

wwasnansa FJududnmudonlunismensiiivessn uwinsandudues
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uiireudeen Wesnmarveadulinmesfesaiuunuvesdesasaznyulunouy
Tuvauefidau housing veaduldninesvzfedegiuazlivyunumanliie Sademigade

\ . Y a = < ¢ al Y] 9] & a
581119 housing ffuMsaivnzay MNMSANYIGUgesTvangauiunswideymtuasd
ety wuinfisangs nuideddddviniseenwuuduesindnsinismyuvesdeill

= 1 a ] ° v % .:4' v
Augangulun1sinds wazazaindenisuiluldau danmin 37 uaz 38 lnenisussendls

AN899ULNY 6 TAALNAT LWaUADIENINNAauAZINA1VaLIULAALADS

sv o

il 37 [GugesiadnTusivnmsyuvesdeuvuldagseu
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s

wulrmmesmaanldiiuuseinn incremental rotary encoder A318agL88M 60

[ v =

s aa & A & v 2 o d
WaE/I8U LAITUMUIZAUNITNARDINLUUNIINTI LLaZI‘Uﬂ'J']ﬂJLi')@]'ﬂ,Uﬂ']S‘V]fﬂa@\i LUBIYIN

1% 1

ANARIAAABUINNTAMTIWTDTIRTRTIN Iy Wisnilade Wy vazTisadngyaalds

Y

(%
YV a1 v a

AMULSIveIRanRazdvziA liviniy nIesalvesdatullaldailunsazdig n1wsiu

& =

anwarnsinnsadugesiiuludsning 39

£ = "
i A

—

»”

g o

N 39 Fnvalen IIARANTUEETIAENTSI995091NNITIASHTINITNYUYEIAD

INNIVAAOUMERTNSIGegaTieTueudansalineIsAndugesidonuinm

o I3 o a Y = A v a o Y} & ¥  aa
@@3']@'3@3\1@@&?’]'] 16.67 ﬂIaLﬂJ@]i/sﬁ'ﬂﬂJ\‘i "?j\‘]llﬂ'ﬂﬂaLﬂEJ\‘iﬂ‘Uﬂ'ﬁ‘VT']@GﬁqLﬁ')@nﬁ')ﬁuﬁﬂ
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4.2. NM3EIRTNTIETYYIUNlNTN

mMsdednsHluszuuiivvassanadnlviazldundnnisilasususasulndiaings

AunuUTuAlaNagusaAULSRInImg 40 dyarunisliiiangatiazddudiynniuny

a & a § v & ) <@ = o v Y aa a LY
ALANNIDUNE AIYLUAUNITED Gmmwmmmmlmmmﬁmnawuwazymculmlﬁwaq

o

Throttle pot Mieglugnaiuaudidnyselinddanini 31 uas 32

WA 40 YAUFUAsIRUSlT USalafus

Han15InALssunelnives Throttle pot MUAsulUsyrinansdesdnss nuin

NALTIAURETENTIN 0 - 4.4 1306 Lnefiuseiu 0 1iad gnsu51v99509ztdu 0 Alawuns/

1 (% (%
= LY 1 v A=

T34 1aZdRNTUEILANLTULIDUTITUNLTY AITUAIYDILTIPUTIIFURUS USRI NS19950

v
a v A=

noavl uITeliiwhnseenuuvisaslsudnsiileeldiasulasdygranineadueuiden
(Digital to Analog converter - DAC) iq'u MCP4922 au1a 12 bit Fsluduinasinauuy Serial
Peripheral Interface (SPI) flAnudaaumaziiewmssgs lun1susuusesiulih Throttle pot

YosynAIUANBaNVIsednd A 41
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Desired speed Traction motor

Microcontroller Digital to Analog Curis 1268

{Arduino) Converter

>~ o o I~ &Y ¥ o aa = I3 = [
A 41 msasensuSigruguinuuulnglrnesulasaygraainealiueuiaen iWeusy

ussgulnihves Throttle pot

NN snaesdinuialagld DAC 12 bit siianisldem 0 - 4095 (212 -1=4095)

wugansldeuegi 0 - 3600 fdufundtAilsaagliinny

5. ﬂﬁlﬂﬂ%U@NixUUtUiﬂ (Braking System Control)

lngunfinisinanuvesssuuiusnlusasuaniluazldvdnnisdeinuusauulansedn
nnsmBeunluiuIniazvenelsuuInaekdUuiusn (Master cylinder) 31nUULAE
nszarglldeyaiusnudazdaiiiovinnisiusnmensudeaniy nuideilaonsddoyanis

PONLULYALUTNANUAIEFY a1 1elvesawide [9] Tnenuidedldlaldisnismivay

[
=1 1 I

w5IAUUNTULUSNIUSEUULUIN ARSI kA bt uaLABstuN1sas19Lsaln Faunsstntavannulues

. - a = = & 4' o a v Y Y
linear screw L‘W@LU@EJ‘IJ"\]']ﬂﬂ’ﬁLﬂ@EJ‘L!‘VILLUUV&{HLUUﬂTﬁLﬂaQUWLﬂNLﬁusLUﬂ’]i@u“lg@@Jﬂ{] an

v v
ada a

29nKUULY AININT 41 A28350K5ITAVRINDLNBSAELUSHUNSITULTIAUYDIUITULUSA

wannmsviauvesgausn i Wuludanini 43

il 42 nssvenlansedanduimihiluyngniuasu [9]
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Brake Fluid Reservoir

Brake Master Cylinder

W=l =

Torque from the servo motor to the ball

screw attached to the piston rod.

~afm=

=

Hydraulic Brake (Rear) Hydraulic Brake (Front)

I 4

N 43 viannIsveIuYesyausnlnihvesadse [9]

==

nseenkuuYAUIN vt uuAmuLUUTLIITEE SUAULINABINT VLTINS
nszviroudUuusnvesse Fuduusaddualdvinserideutuusnaugn nisdausausn
ausavilalaenisldinsostealselunishauduiusnauga dlaainnimegey e 22

a o ] d' o a £4 [ (Y d'
Alansu diusvezvotiuinssinsgyingavyuvasmuusnluludaning 44
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0.06 m'y ‘

Brake master cylinder

NN 44 528NNV IININUETINTIFDIANLIY

wssansnnseiveaulduiusnminanaunsin (4)

>M=0 @)
(FBrakemastercyIinder X DPiston pin to Fulcrum) 7 (FPedaI X I:)Pedal to Fulcrum)

m
(FBrakemastercylinder x 0.06 m) = 22 kg X9-8187 x0.24 m

= — 823.28 N

rake master cylinder

oL

LY < £ ]
RINTIVDIWIUNMULAULUU (LUAT/AUN)

o))}
©

[GI Brake master cylinder

T

Pedal Ao AUDIIAlAAIN Speed sensor (185m)

Piston pin to Fulerum A8  sv&zaInmuuilufiagamyu

O O

Pedal to Fulcrum Aa  svuzanuluAussiegayuy
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INFUNITN (4) HAINAITATUIUNUIITIANTNNUgNgUNTEsaudUuLUTNLFY

'
oA

Y835031A1 823.28 Wiy Fsluniseanuuuyausnliiinazdedddusivuinlisiniiaii
Awadld daudaieaanuvasadeludnuszana 2 wih viseUszana 1800 Ty ALY
lunsihanuvesyausninihgneenwuulimiaunigluie 0.2 Junit ansdumiaSusiuves

[ A o 2 A = a & a [ d'
QﬂQU?\]uqijﬂuq{ﬂ (sqmw,usﬂmmmmmumw) FIUUUTTOE 4 LWUALLAT AININN 45

4 cm

AN 5%
\ Q’Q&QQE
Hydraulic Brake

o a = o I3 a a
A9 45 szgzlansoaniusnide g udseansnin

woshuawmesidanldfiauin 400 Tad Ausa5auasan 3000 sousawldl i

1

a |dl a U U dl d! va a !
IIURNBDYN 1.4 UIOULUAT ANAINN 46 mmﬂ@mauumu%‘wmwmaiuazazwmwam 0.2

il weshuewesazannsanyuls 10 seu

AN 46 (9oslaelnolTlussUUIUSTHANIUR a8 Q184 19 Wi
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Wesanuewesldaunsanausnlansednlilagnse Fsdududedddgunsallunis
= s & = A a v oA | a s A
Waguanmsuyuvesamesidunisinfeuniduduiiieldlunisdausidnainuemasuni

o

wsnlensedn nuIdeilidenly Linear ball screw w119 lead 5 Faungfan1svyuvesany 1

o A

o Y v d' & a ¥ 14 a a [ A a (3 o
souhlvidniadeundudadululd 5 dafiuns danmi 47 nsmusadaeing waginged

fean1stunsauusnlansednlininagansdaniseuiaunisy (5)

n’lWﬁ' 47 Linear ball screw lead 5

w3eUne1fnmves Linear ball screw

TBaII screw 0177( I:Brake master cylinder )( Lead ) (5)
=0.177(1800 N )(0.005 m)

=1.593 Nm

dnsnsnyuresilondng annisdeniileanddiwaiuily 12 waz 16 fu Wuludaunisi

6
Gear ratio = @ _ Ny (6)
602 N2
12

w, = E><3000 rpm

= 2308 rpm

lned @, fo ASUTYUVLHBIBUNY
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I < a I (3
@, A AMUTUTBUVDIL DA

2 Iuiiuvesledunm

o)y

A o = (3
A QWE?UWU‘U@QLW@QLEJ'WW!W

INNTAUIUTEEENINTUFUTLIINN TV UTetlatednnn1ely 0.2 Jund Ao

3.85 Wwufwns FedlAlndiAeeiuszegniaignauduge (4 lwudung) maswdesnisiunig

fuusnlansedndlnin daaunisn 7

2
X [
60

= (1.593 Nm)x (2308 rpm)><26—7g

I:)owerrequired 7 TBaII screw x a’z

385.02 W

lawi Toall srew 18 A5 ATuv00 09D UNA

Aaanfeansldlunisng linear ball screw Wissnaiuauantfvewamasiionty
A v ¢ v 6 < v - v a &
Ao 400 Tnd wadnsvesn1seanwuuyausnlnilulufnImd 48 uardnuauenisindauy

gusudsunuudulUsdanIng 49

2 48 dnuairynluINgsumEdyansliihvese s udiuLUY
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(%

>~ Y] a o a o v o Aa & Y a v
AN 49 aﬂ@ﬂn«lgﬂqi@@l@\?sqﬂL'Uiﬂ'lgﬂiaaﬂﬁ\‘i\ﬂu@'lﬂ QJ)QJ]WNWWQIW%WWW@WQLLa'JUﬁL'Jﬂﬂ@]

WUIZNAIVDL LU UARULUY

n1sduwesiinaweslulunuanisaiuAuessla (Torque Control Mode) Wy
Asnsdg g anssiulniniiaussdu -10 Thad 89 10 Taad Iae? -10 4 0 Thad weines
I a = (3 s I a (3 a
NYUMUTNUIRNT 0 59 10 Tiad weLmesagnyunuduwing uwag 0 Taad usidnves
I3 | w = 3 A % ] YR ¢ o= v o
WMWY 0 waziliasninuaianluauldenldaiusadnelnld 0 fs 5 Tiad Jadeein
N1590NLULIITNAINTORUanaTIeaInUBsARIUANIENNsalEulAfU motor driver

v

Adpsnsdayayins -10 S 10 Taadt Tneldeeuneut (Operational Amplifiers) fsn1wdi 50

R1

1kQ

0A2

, LM358
T

L

AT 50 waseaUkout (Operational Amplifiers Circuit)
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YAAIUANVBIWIIITUUTIAUIAET STUUAIUANERT ST WazssuuUsNIINTITofikIu
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Y

WRzgnAARIUTHAlMUIBLDIN 2 vassanadnluiihdegudn 51

N 51 9AIVANYNINTYUUTNAUAET SYUUAIUANSATISI Uy TxUUUTNgNARAtn1eld

WIEHaINIA99 vadsonaanlni
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6. 52uUlWA (Electric System)

6.1. szuulwdanan (Main Electric System)

WUALRBTLANYRITanadnYwIn 6 13ad 31uu 8 gn desunsuiuieldlunisdnel
Tifunaespuaudidnnsetindlunismuaussuuvessa uaznsdunewesiniiuwinigs 5

Alaing NNALSIAUNTELERNTI 48 1188 AININA 52

NN 52 uumna3TIuIN 8 ¥ Usiau 48 Laad amsussuulniman

6.2. szuulnrdwmsuaunsaliatu (Auxiliary Electric System)

nswaneueusdusuulutiwsn uddeilddenlduamesiniwiamieni da
Tnsuaadulunsdanunamednlussuudifuidsnazssuuiusn dedessyuuiiy
gUnsaifldrdsindouirsgaiiefieugunsallwildu 9 vusa dedunisoonuuuszuy it
dmiugunsaliasulurrawsnisldssuulninssuaadudmivssuulniesgunsaliasy
mendrnddeiifivdsuannisidweslusmesnszuaadulussuudaduide wWasuy
wonasInsruansawiseuuliind mivgunsaliasudendldssuunseuaadumilowiiy 39
Fududoafinfugunsaifiuasuussiuluinnssuaadundunndunszuanss (switching
power supply) dnfunenesnIzLanseeszuUtRULEeafing1? awsanszuulid

dwsugunsalidSuduludsnmd 53
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— - 220VAC Output (to servo motor]
- 24VDC Switching Power Supply

[to DC-motor)
Circui Breaker 220 VAC Emergency Stop

[to PC, etc.) Push Button

Switch

000 ¢ g [

Inverter Charger LiFePO4 |

— — T T T T T | 12voc
External Source
220 WAC

Al 53 pmsaszuulnihamsueunsaliasa

220 VAC Output
—
e
1

1

|

|

|

|

o P |
—F’-_-H_ I
|

|

|
]
|

|

|

Pl |
|

|

|

— 1
|

|

|

t

|

|

T

6.2.1. wunmasaInsugUnsaliasy
I r-:ll o o w v Y L4 a !
NSLRBNTIALUAMDIANNTAAWINAINIRTNFRaldiugUnTalialy Wy seuy

(%
Y

JsAUde) S2UUAIVANAIIIST TIgNRAAAIULEIUNINUE Fauandlumisnad 3

A15799 3 Maalsauvesgunsaliasuililusonaaey

aunsal Swau | dsluiigen (Sad)
Servo motor 1 440
Mini PC 1 330
LiDAR 1 8
12V Switching Power Supply 1 24
24V Switching Power Supply 1 720
LED Status Mode 1 3
734 1485
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nATedidenlduunined LiFePOs Fsuunmoivdaiilvuiafiidnuaziuininile
WU URULUAMBSY AN WU LUAMEIYIARE) TUIAYDILUALABIEISORAGITUENL
gusguuuule aeluvesnunmeignunammieniu BMS (Battery Management Syster)
WUU Active balance Tumsdnnisszuulnvesuunns’ Tnsassanisvhaudiowaduunnes

aeluiinsmsadiu vionszuaninimuuassninanisldonu weanudasnde wazenans

[ o
LY Y

Tuniiudy ennuvaeadetuduaindila-Ua waziadvuin 50 weud gninsai

LUALADILAAZNOW NN 54

NIWT 54 uUsees LiFePO4 12V 32Ah $9WY 6 Ao

[

AaalniInuanlaanLUALaILEsy LiIFePO4 w599U 12 1188 NSeld 32 wauwUs

U 6 NBU MMHATNSAIFUNITT 8

P=VI (8)

12V x (32 A)x 6 = 2.304 kW

Tned) P Ao maskud Aladnd)

Vo de wsenulnd Qhas)
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Ao nszualdn (wouwds)

NNsATIANNUIILUAReIausadelniiduaUnsaliig 9 vt ugudfuLUY
vaugldumnaunsainfoutunsalldlvangegalauinndt 1 Falus Fadeniieaneluusazsey

Aslg9u

6.2.2. gunsalulasussaulniinszuansalunszuaaau (Inverter)

gunsaliasufldvueuninugsuwuudulngldliiinssuaadu 220 Tiad 39
o & % a o A ) Y1 PRy
FdunosindunsoanUasnsasuluiivuin 3000 Tas Tunisudadludinsswanseilaann

wuaLeas LiFePO4 1Wuluinnssuaadu saninig 55

= 3000V 1" i

AT 55 ipSeautassasulnihannseuansudunszuaaay

6.2.3. LATRIYITALUANMDIAMIUIUNTAlLESY

AsvsalnlAduLuaaes LiFePO4 114 6 Nau 22 19LAT0991599UIA 14.6V 20A 4
AN 56 WATWENNITVITIDDNIINTEUUTISINUBILUALADINAIN LY LUNSTUARDULTUEUR

AULUU
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NI 56 1A UNADS LiFePO4

6.2.4. gunsalitdsuussaulniinssuaaauidunssuanss (Switching Power
Supply)
Wosanliidnlaainduneswesidulidanszuaaduiadoavasurdulaia

I £ & = o A ] Y o
nszuansenawdaunsainldliihinssuansa Asnni 57 wu fnseAudsnumedyy1nmg

InArvpIszuuTIAULAeN

il 57 eunsalilFeuuseiulnihnssuaaauitunseuans

6.2.5. Yungan159i191uanidu (Emergency Stop Push Button)

Tuaniunisalgnidu wu Yeaunsaldumisdyyiunisliinvinaunain vse

CY Y

seninafiegluseninanmisaniiunisvesseuudnludiadivelvnesmganisyinaunseiuriu g

AIUANAINNTANEANITYINULATUN ladnageduusanseny s anndinlual AInIng 58

[

NATplaLUUssandunganisvihaugniduseniiu 2 Tuua Al
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NI 58 (n) YunganIsviIuvesse uuenuifinIeaIaInIunu(Uuya) Hgndnssune Iy
JUARULUY Uaz (¥) YungnnIsyNIuYessuuenluls #IerIainIunungninga a a0l

AIVAL(YLALA)

WUUY] 1 9gANITYNIUYISTUVER WAl 28R 1AIMIUAY

Jamgansvinugnidululnuaiaggnindaisuususudfuuuy weranifaueu &
awmil 58 ionganisviinuvesszuuSaludRlitainuusavesnaniauauszeylna
Feisnsdedyaailudszuulssnanavusaliihnsendnnsiaundussuutiduien
wagszuuss wilussuuusndlevhmanatilulmed wsnaginudufiounssitissuunse

wudnsuTwessauguddvinnisuassiun
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uyvil 2 Inundnszuuliihyesgunsaliasuuuse

Yungansvinugnidululnuedasdunisdanisinglivesgunsaliaduuueueud

£ v
IS a v

AURUUTINNA 8N INEINTRITEUUARLNINES wagluganisdeans neduilazgninssed

Y

WgsuNIaVINTIUAININT 58 (n) Yudhe

7. L%uwaﬂumumuqmzﬁuqa (High-level Sensors)

7.1 1 HUwa3A5ITULALIATLEENI9A8UES (Light Detection and Ranging:
LiDAR)

FulresnsiadunazInssarniaiagnaswuuaIuda (3D LIDAR Scanner) 8o
Velodyne §u VLP-16 fanmil 59 griindauuetugussuuuuiiieldlunisinszasmeosing

lay5uaINNsUaREEa AT NI 16 tdu A1elun +15 YauuIAY UAEUYUITBUA DY 360

(%
=

a3 lUdringuavasviounauun MeIsnItiaunsoAIId e INNANILERAUNIS

(% (3

161 (Time of Flight: TOF) wagtludn1slauivesdayadiniuanuaIunuseAugeuedeueus

Y

Tolualf 1w AsassuNuRaudR nssTudurieuiugesieuiuwiu uaznnITu

a a
FINAVIN

Velodyne

NI 59 9UnsalnTI9duuay ATy N NMIEUAIUUUTINA
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Y

delilatayaaninuindenlagsouandugesunign 1uIdeldsRnfuduies

[
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o
Y
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7.2. lugasudygraninauszuianalsiumisiteszuuanaiisutiies (Global

Navigation Satellite System Module)

3%UU Global Navigation Satellite System %38 GNSS A9 S3UUUIMNAI8ANILTBY

YeAd I uALNURIR1 LB (Broadcast) niauvaens1d@ruvedian (Time Scale) wuy

D Ag )

S AN

s9UTiA (Omnidirectional) nsza1wasgiulan wasldgunsaiddnnseiindilusiudyayiu

o

nuideilidenldluga U-blox C099 FOP dannil 62 lun1sfudygianainiaseing

o

[ v

ALY LiaUsEatanaldwinunle i aafigunsalSudyayia vinegadeyanlaainnig

]

i
1 a o

Uszananavzegluglvesasign wazassdgavedluga Jeyawmariasgnihluldidudeyaq

Y Y

9198slunMsa N uNaNTAlIAULILEIINTY nIBldNet e sT YL IuRITUEUs

FukuUlut9IAUYIN S A lg9USEUU

N 62 aunsalsudyg1aaInlasivien1uiiey U-blox c099 FIP

8. @n1ilmauAx (Control Station or Cockpit)

Ananndesialefldlunisatenennmiiinnuazidunvuin 720p 911U 4 F1 7
ANRIUTIINGNS 9 VueusuAAULUUIzgndwndtanidaluay welvdaluauaiuse

o

AIIRdRUANINLIndeNlagsEUTRI UN VUL LAMERAIN (Monitor) 31U 3 28 YIIVETY
a =4 ¥ < ¥ ¥ a a a :%” VYo A (% =
Fuoaunmluyuning wazsdun15asean nuIngouauasE W ULAEIUT A 63
ﬁqmmuqmmamﬁmuawssﬂauiﬂéfaa ADUNIADS Logitech gaming driving
force -G29 (Usznoulumiy wisnay Tden udh wes Awss wduiusn Aed) fsnnid 64

wazgUnsalvessruuasuIuNSAIUAN Wi Jungan1svineuaniduredsnainsseglng
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Yuaduinuadnludfvaslnunniuauszezlng naoalWusuenaniuglnunildinu (Mode

[
a o

status) wag naealW LED Usuandisanuniisiailunisdsdygiauuuiiealvgd dsgnfina

Y

Usnaseumaludnwarameiunigluvessasuaniluime lvigauauinanuduiiumilou

ANSTUTIT

Monitor

A 64 Logitech gaming driving force - G29
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9. szuudaasdmiunisatuaszeslng

nsmuaueueusudiunuulaetudnegindlnasenld dudusesiinisdearsiiie

[%
U 1 v

FU-detayaTEnINARNILADTAN 1 IAIUANLAZE U NUBHIUNINATEYIY 5G N15HRES

Y

AUTENTNADUNILADS 2 LATDY L3NAINADUNILADSLATOINTIAIF N LA 8 F ey el

(Twisted pair cable) lUgvgunsaisunszatadyyrudunasdiin (Customer Premises

¥
6 al 1

Equipment : CPE) Inggunsailazdadayayrausialudaainseatedyqins (Active Antenna

o

Unit : AAU) iludqunilsvesanniigu (Base Station) dqyayiasazgnasniumisanenidale
utuaslugunuaiotie (Core Network) &aviutfidsdgaruainiasorienisdmluds

a A = | o A s .:4' Y ax = v @ A
@ﬂLﬂﬁ@GUWEJMUQQ']ﬂuuaiyﬁquﬂggﬂﬁﬂlﬂFJ\W]@NW'JLC‘]EJi@ﬂLﬂi@\T@'JFJ'Jﬁﬂ'ﬁWIEJ'Jﬂu ANNTNN
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Control Station

Re . % -
5G CPE
Computer [—————=2» é\

Active |L l
Antenna Unit ! m
E_w 8 lT X '-'-'

Base statlon /5

Active
=\ Antenna Unit

E_wn# AN
t | Vehicle
EE > | compute

p

Teleoperated Vehicle

NI 65 FIUVe9INITFOAITILNINY NI VAN ITAIUAL
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AeilldiaTenelagans 5G Sub-6GHz Useiny Non-Standalone lunisdsdoya
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manantiauauludieusudsiuiuusazaneueudsuiuunduludianiiaiuny Feoya

Y

fdsnaandauauludseunmuzasdudygranldnuaunsinuressuutduibe

TTUULSY Uagseuuiusn dygraungndduazdesdiaiugndeadauuiniaa \ianisgayme

% -

veelayatoeiian Judenldlusinaea TCP (Transmission Control Protocol) lunasds

a

Joya tewndulusiareaiiimsnsaaeuanugndeeseyaiigniu-ds dudeyaiignds

Y

ngrunuznduandaarfevaududygyrunmiaienenaauiannndesiiinegu
-d! g dl ! U N = :’I = ! ! ! 4 d‘ ¥
grIunIvue Padyranimignaanduludeaniddulivunlngnirddyaraildaiuay
grunviuy Jilildiarlunissudsdayaninnds welinisiudsdeyaiinusiagiuiniy
Jadenldlusinaea UDP (User Datagram Protocol) &uduluslaneafidsdeyalasinginiy

1 Y a YV

lUslamaa TCP ilpsandsuuuunmsdeansiiseudnendt ualliveldefee1daliveyagyne

o
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10. gunsallunuagusitunisaiuaussndssuuanludfnasssuunluaszeslng
10.1 Trludeanue wasdugauluuanisaiuau

mMsidsulnuasgninszuusmluifnazssuvatvauszesing gaauay a anil
muaNamsornsUasuldyndanisldiu wasiedunsideanuslnunnisldo n
usanugandsulumulnundifamuauden anuvevosduasalnduldsd Aderay
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Al 66 (n) IW@GTes uanedessuumasniunmseglulmuenivausseglng (v) IWGivaes

uanaiaszuyman iluniseglulvundnlula

10.2 Tludssaruzadnuad1vasdy gy

NIUIENUEANUMIINIRVRIF 1 UUS Ba lnal i urauA  a@nliniuay
fudagtoifindsransnimnizeuau anulasads anushilafunturagldonlulmme
Auawszeglng viaoslil LED gnindalndfumandoifieliauay w aodl awnsodaunnd
NnlWiAsuuvadlding dves LED Usuenistrsnnamianandiidmualiluusasdas
gunsalmuauivandes LED azidugamuauideaiuiuluadulun Jugnidu waelnlanuz

4 .

YINUANISITINU FININT 67 Fvasrasnll LED wiazduiuant19anuniulnialvaenisas

dyanas Wulusuany 68
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NI 67 YaAIuAuvaonln LED U380 IusA 1498199 ) 10) kazynnIuauveayy

wWagulyun Juveanisinugnidu uazviaenliudsanuelvunnislee

e

1

100-199

1

200-299

V=

Latency <100
(ms)

300-499

NI 68 FINAIUNUIIANTGUNUAYDY LED

10.3 Yunean1svineugniduainszeslng
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11. nMsviruvasszuuasusunsAuANSEnINTEuUsnludALassTuunduANszeslng

TugandnudazUsziangnuisoonaudnuvaznsinuiiuandeiuly defiutily
nssudeyanianfmesieainladdundndu q Wuiweduossn gunsaifide
lulnsreulnsaiaes viswenmaindurensdaisng q thunsznanauazdidoyasonluniu
WFunanssu-dedeyaseninaluga fanmamil 69 sadunvuuazanfiniuaugnutsdiy
weneenaniusiieliaudlaie nmsdeanssenitreniameivosisassdruiiazvivin
n3ev18liany 56 NuKUAINIzNUI1luga Logitech signals transmission Control
mode transmission Wy Latency measurements 171”)\‘1 3 IﬂJ@aﬁwﬁﬂmumﬁ%’U“ijagamﬂEJ@ua
duiinUsznanawazdisenluddiduriueietsliane

Y Ao v v & v . =
ﬂ@%aﬂuﬂqiiU-aﬂﬂJ’]LLa'Jf\]ggﬂ"\]ﬂLﬂ'UL?]']Qﬁ%‘U‘UGUEN Robot Operatlng System NI

ROS B4vImMTNfIUINITIANTITNINUTBITTUUNINNA TIatoyanSu-dunainnIedigliany

'
1 o o

nlugadu 9 21ely ROS 138 NUAANTU-AeAHRINQUNTIN1EUBNNIUNITNTHDAS
LuUBYNsY (Serial communication) ROS Az sudeyawantidinuuasdnussinveandudu

9 MUTRATURTNANA LTI UR FausazdiuausadsnuAulariIung topic Nadeld

Y

COCKPIT VEHICLE

Comn ) ) ® (= Cmm

Cruise
@ Microcontroller

N L h L
Cockpit Cockpit /10 Lo
Microcon?roller > Mana;emenl «—>»| Control Mode Transmission
_ N
A d

Vehicle Mode
Switcher

Logitech Signals
Transmission

Y

Latency Measureme _}1

Steering/Light
= /Button
Microcontroller

1 1 1 1
i : : v | venicle vo T
oo | . : | Management 14
\ ’ | . : : ||
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' ' " | autoware <. -
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[

nnUsvasAvanvoIN sasUHIusTUUAIUAL ABNSABUGN vl MUAAIUANAN

Tnuanislugednnuanils wonmiloanlnunnluaualessuudnludfivazssuumiuay

o
o

szgzlnaudy nuldeillaasilvueaaiunisalanduivesessumgnisaliiaunAseninemg

' ' [ (% '
= = a =

afiululnunnivaunis Fufaulaniannsigaiuauuusavsesy s @anndaiuauyiinis

natuaniay iessuuihse TienuRaunfvessanaaeunsiawuanunsaiiaaUnd
szuuihszfanuiiaund (Malfunction surveillance system) flagiuusanaaey au

Sutyaanmuandeuiiintulasseuessn Uszsnanadoyaiils uaglinanisitiaduoonin

UT8LN1Y0INaNn1531908 (Diagnostic types) wusaantu 3 Usglan fenmd 70

a

Usenusnae winn13adund (Normal situation type) Usstnniiasdfe seUUATIINUENIA

P9UI RUMURTININNIIaIANIMUAld (Obstacle blocking type) wagUszinnfiaufe

(%
a

FPUUATIAINUANUNILGLRRAAAIvUA (High-latency type) Ussinnvesnsidadeimantl

a

azgnasludaluga Control mode switcher Mviwthidnduladn sanaaeuatsnazaniunig

Tulnunezls mseglulnusaniduvseld

Diagnostic types

1. Normal situation
2. Obstacle blocking

3. High-latency

NI 70 TUAYDRIANITINIRYAIIUANUNAT SL UV 52 39AIUARUNANTIINY

uan1smuauvessyuugnudieniu 5 nuandn dsnnd 71 Inuausn Aelnue

¢ a a v o« . a £ A )
anun1salgniduiudufisuainsa (Vehicle emergency mode) Windudlaszuuiihszismiy

[
=

AAUNAYDI5ANTIINUAIURAUNAUIIREN WY HAdunidlanaiigaindu ddinuing

a

PINNNBYUTIUAUNEN vTeglagarsiieguusaitnisnaluaniidu lnuaiiaes Aslrua

'
= 1

muANsieile (Vehicle manual mode) Woglasansniogaruauileguusanaaeusiinis
aAntvunndunisauaudeile sruvazdanmaihnuvesinszdudanumodyyiami
Iylimnszuu wazudesliisanaaeuanansngnauauaneufieguusals Iuunsen Aeluun
anunisaigniduatnaniiinauay (Cockpit emergency mode) asiinduiiofarunuiiog

annfiaruAuinnisnadugniduintu Inuafduazii Aslvianluauaigseuudnlule
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(Autonomous mode) wazlnunAluANaINTEeElng (Teleoperation mode) AAIUANTIDE B

)~ | Y] Yo a v ] aa o a aa
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Y

UUIANAABUATIINULMANISHAUNATIONAd el Andun e laningArvauvinsasululy

uafangn seuuagldvinisasulnunaunitvgnisaignunluiaiiiieniiulasnsdie 1

[ £
v A

mnmasldanueglulnundnludd wazvaziuianuviinaiauiunvuaindu gaiuau
a annfiauauazlianuisainisaduinunludilnuanuausseslnals auninanumnuag

LaneAINIgnAmuall

Control mode

1. Vehicle emergency mode
2. Vehicle manual mode Vehicle control mode

3. Cockpit emergency mode
4. Autonomous mode ]Cockpit control mode

5. Teleoperation mode

il 71 nunseyaniunisalaivay

v usarlugauuiInIsNINUYBITEUUWEALURIUNITAIUANTENINTEUY

a o

snludfuaysruunivausseglng Il

11.1 Cockpit Microcontroller

o Sudyaraunnluadulvunnivan wlasdyaailidualnunnivay uay

daludsluga Cockpit I/0 management {1unewaivounsy

[

e SuAluuamIUAY LazA1ANA1T1veIdy 1l 3ntuga Cockpit 1/O
management HIUTEUU ROS
o uanawaliludsanuglnuanuay uaglvliansauaiiivesdyyin

Fan1svineuvesiuga Cockpit microcontroller Wuludanng 72 fis 74



COCKPIT MICROCONTROLLER

System initialization

Is cockpit emergency stop
push button pressed?

Set control mode to be
cockpit emergency mode

Is autonomous push button

on cockpit pressed? YES

Set control mode to be
autonomous mode

Is teleoperated push button

Set control mode to be
teleoperated mode

on cockpit pressed? YES
Send cockpit control mode <
to Cockpit 'o management node

A

Get vehicle control mode, diagnostic
type and latency from Cockpit i'o
management node

al
-

N 72 dan7sviuesluga Cockpit Microcontroller




Turn off all status lights

YES
Vehicle manual mode?

NO

Vehicle emergency mode?

83

Latency indicator

VES Is diagnostic type

high-latency?

A

Y

Turn on emergency light,
turn off autonomous
and teleoperated lights

Cockpit emergency mode?

Turn on autonomous light,
turn off teleoperated light

Autonomous mode?

Turn off autonomous light,
turn on teleoperated light

Is diagnostic type

A

obstacle blocking? Tum on emergency th}'

Y

Turn off emergency Ilg/ht/

29 73 /;J“mﬁﬁwwsz/aoh/@a Cockpit Microcontroller (¢8)



LATENCY INDICATOR

Set the latency
indicator to green light

j\

YES
Latency <100 ms
NO
YES
Latency <200 ms
NO
YES
Latency <300 ms
NO

Latency < 500 ms

Set the latency
indicator to blue light

b

Set the latency
indicator to yellow ligh

)

Set the latency
indicator to pink light

Athe latency indicator to red light

)

<«

\ 4
End

NN 74 ﬁdﬂ75%°707ﬂ%802ﬂ@8 Cockpit Microcontroller (s12)

84
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11.2 Cockpit I/0O Management
® SuArlnuaAluANIINlUga Cockpit microcontroller N19N"5A0ATUUY
oynsy ileddludiluga Control mode transmission ’1uM1g ROS
® SuAlnuamIuANAINtUgEa Control mode transmission WA¥A1AIUNU
a1 nluga Latency management H1un13 ROS wazdsAviavualugaluga Cockpit

microcontroller

Aan1svieuvesiuga Cockpit microcontroller Wulusanind 75

COCKPIT INPUT/OUTPUT CONTROLLER

( Start )

Y

Receive cockpit control mode
from cockpit microcontroller

N

Send cockpit control mode to ROS

N D

Y

Receive vehicle control mode,
diagnostic types
and latency from ROS

N\
NN

Y

Send vehicle control mode,

diagnostic types and
latency to cockpit microcontroller

AN
\

End

il 75 #9n3vi191uYedluga Cockpit /O management
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11.3 Logitech Signals Transmission
® SuAn ”@apmmuquﬁlﬁmﬂm Logitech gaming driving force - G29 Tuilq
yesanfinunu uazdsinludsluga Control mode switcher Faagluszuu ROS Ysiesn

1 = 1
NAFADY NIUNNATRVY 5G

Han1svieuesiuga Cockpit microcontroller Wulusiannd 76

LOGITECH TRANSMISSION

COCKPIT SIDE VEHICLE SIDE

[ System initialization ]
*J
S
¥ |

Read logitech signals | Ad logitech signals to RV
A4 ! T

Send logitech signals to / Receive logitech signals
vehicle side via 5G ] from cockpit side
communication / via 5G communication

N 76 8an75v9IMYesluga Logitech transmission



11.4 Latency Measurement

® yimihiinAAua1vesdygyn wavdmaansludsluga Cockpit 1/O

management Wag Vehicle I/O management Viazﬂuisuu ROS

Aan15vineuvesiuga Cockpit microcontroller ulddisnnd 77 &ia 79

LATENCY MEASUREMENT

87

FTTTTTTITTIsessssssssosisossissiosisossosseooeiooess T TTTTTTonosToosnssrsssnsssnnssrssssosssosessesosisoses :

COCKPIT SIDE

[=>

| VEHICLE SIDE
( Start }
Y
System initialization
\,/
h A

Get current timestamp
before sending the data out

Y

Receive the timestamp /
from vehicle side / -

Y

Send the timestamp to
cockpit side via 5G
communication

Z

Y

Send the timestamp /
back to vehicle side via
5G communication /

Message arrived?

Receive the timestamp
from cockpit side

AN 77 ﬁdﬁ?iﬁ’]\??iﬁ/é)dﬁ/@a Latency measurement
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| COCKPIT SIDE VEHICLE SIDE

urrent timestamp compare to
the returned timestamp and

Find the latency from the i
¢
divide by two.

Get current timestamp Send the latency to ROS
' before sending

| v

Send the current timestamp
to vehicle side via 5G
communication

Receive the timestamp / |

from cockpit side

/Send the timestamped
; / back to cockpit side via 5G

A

Message arrived?

Receive the timestamp
from vehicle side

\

Find the latency from the current ]

ime > 1 second?

timestamp compare to the

returned timestamp and divide by two. Combines the last latency J ;

with the time

E \ 4 i l i
: /Send the latency to RO / : And the combined time to RV i

NN 78 5700757//07\771.!7/@0[1/@57 Latency measuremens G
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[ Count time ]

Time > 1 second?

NO

Combines the last latency
with the current time

Y

/Send the combined time to RV

) ‘
»

AN 79 ﬁmﬁﬁwwwadhlgm Latency measurement ($a)
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11.5 Control Mode Transmission
® it sU-dadeuarlnunAIuAl wazHANTITREENUNTAl 9 Nluga
Control mode switcher Vehicle I/0 management &g Cockpit I/O management %Qaguj

[
LY

luseuy ROS vasvisilssanaaaulazanIdaiuny Nun1wA3Iadig 56

Aan1svineuesiuga Cockpit microcontroller Wulusianind 80

CONTROL MODE TRANSMISSION

_________________________________________________________________________________________________________________________________

COCKPIT SIDE @ VEHICLE SIDE

[ System initialization ]

| aY
: ’T'\
Receive vehicle control mode and
diagnostic types from ROS
Y
Receive vehicle control mode / Send vehicle control mode
and diagnostic types from vehicle A% and diagnostic types to cockpit side
side via 5G communication ! / via BG communication
v

Send vehicle control mode |
and diagnostic types to ROS
v ;
' Send cockpit control mode /
Receive cockpit control mode to ROS
from ROS | A

Send cockpit control mode / Aeoeive cockpit control mode
to vehicle side via 5G : — from cockpit side via 5G
communication / / communication

_________________________________________________________________________________________________________________________________

N 80 Alan75vvIMYedluga Control mode transmission
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11.6 Autoware
¢ U UoyalNUNANTR SEUAMULMUITlULNUT ILNULAETIEUN19VRY
50lu52AU global path waz local path #5297UEIRATI1Y wazdwrdInIuANsneanlUds

38UV ROS

o Usziianadeyanlaainwuigasiie q wazdsleyasanludsluga Vehicle
I/O management %ﬁaiﬂa‘dizﬂaulﬂﬁw current state closest object distance uwag
twist_cmd
> current_state Intiiszinanateyailaainwueesinssoenig
e{' v a a U sal va Ay » « 5
AAluNINTITVENAVIN HaawsTladiaesaniughe “Follow” uag “Stop
" “Follow” A@NIUENIONAFDUNTIANUFINAVINNUTLIU
¥ L4 1 a 1 d{
AUNTUAT AN ST oYU SERN TS
" “Stop” ARanUzTaNAdaUARIINISIUIA B INaglng
A9NAVINABUTIUN
» closest_object distance ﬁa%a%aisszvmiwdwﬁ’simmz%@ﬁm

A 1 a v v al v
ﬂ?qQW@%UiijﬂqUV'ﬂqmﬂamﬁﬂ

q

[ [

> twist_cmd Aadeyadnsiinladu (twistlinearx) wazidagyy

Y
(%

(twist.angular) ¥895091A2598L T 8 VT

FaN15YuTDoWWaLATY Autoware WulUsianing 81



( start ) AUTOWARE

Y
)[ Load map

A 4

[ Localization ](——[ Connect to all sensors ]

—

[ System initialization

\

%electdestination/;)[ Generate global path ]

J

ol
-

Have a safe
avoiding path?

of the local paths avoiding path

v

[ Generate command to ], J

[Select path at the middle ] " Select the safe ]

Reach the
destination?

follow the selected path J‘
Send the generated
command to ROS

NI 81 F9NISVINIUYDUOWNAIATY Autoware

send stop command to R(&L/

92
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11.7 Vehicle I/0 Management

® SuUAIMNUNLINIANINLNGA Latency measurement H1UN95EUU ROS

[

® Syudayadn Autoware HIUNIITFUU ROS WUAIAIENTUIMNITANTU

current state

® Sy-derrlvunaluauvedluga Control mode transmission H1UN19TEUY

ROS

® Uszinanatoya

(% '
v A o

> mnnisiiimesianuailadaiazdeld diagnostic types 1WA
aourn15109d819u obstacle blocking lslifulumuiaaunisaiidadeazidu normal
situation
— mlvanmuaseglulyunmuauigsEuUsnlula
— ayv@suNUIsTUUMUANseglnagnideuseud
— @01uUg current state findu “Follow”
— admsusaiilean Autoware Andu 0 (twist.linear.x = 0)

— ULIAIATU 20 U7

i
a0

> winwasadmesvanunilaineidaz a9l diagnostic types 1WAy

£
=

anugni1sinadeu high-latency o ldidulunuiaatunisaiitadeazidu normal
situation
— mlvuemvaseglulyueauauainsseslng
! 1 Ao va 1 ! a aa =
— A1ANNTLIIAITIAlALiANINNTY 500 FadIuni
® dadpyarlyunalunu wazAman1TItadenmualudiluna Vehicle mode

switcher LLazImQa Control mode transmission H1UN1958UU ROS

Fan15vieuvetluga Vehicle /0 management ulussnini 82



VEHICLE INPUT/OUTPUT MANAGEMENT

( Start J

Y
[ System Initialization J

Receive control mode, latency
and autoware commands
fram ROS

9

Has the vehicle
Stopped due to an obstacle
more than 20

Is control mode YES

autonomous mode?

to obstacle blocking

Set diagnostic types I

seconds?

Is control mode
teleoperated mode?

Set diagnostic types
to high-latency

latency = 500
milliseconds?

>

a

A

A

Set diagnostic types 1
to normal situation J

Y

/Send diagnostic types to RL‘.‘V

NI 82 wan1391971188 Vehicle 1/O management
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11.8 Vehicle Mode Switcher

L4 iUﬂ’]I‘Villfﬂﬂ’JUﬂiJ NAN1ITARYANIUNITRAUNRA HIUNIITEUU ROS

® yhwnihiiFenyes ﬁyjfmmﬁﬁmauﬂaau #IN Autoware Waw Teleoperation M

WNLBWG]WG]LWEJQL@’]MWG]LWEJ’J LLa’]ﬁﬂl‘UEJ\‘iIllﬂa Cruise

=3
()
2
®
Lo
MNe
>
>
i)
2
=)
D
e
®©
g
2)}
=
=
S
.}
8
=
MNe
eE
e

microcontroller Wag Steering/Light/Button microcontroller shumamiﬁaamwuayﬂsm

FaN1591191U299 Vehicle mode switcher wWulusianinig 83

VEHICLE MODE SWITCHER

( start )

Y
[ System initialization ]

»

Receive control mode
and diagnostic types from ROS

NO

YES
Autonomous mode?

Receive commands Receive commands
from AUTOWARE from TELEOPERATION
;f‘\,

Send command
to microcontrollers

A 4

Receive feedback
from microcontrollers

A

Send vehicle control
mode to ROS

L )

NI

NINT 83 Elan15VINIUYad Vehicle mode switcher
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11.9 Cruise microcontroller

® SurdamuANEnI ST AU fies 91nluga Vehicle mode switcher W1

Y o Y o

an1sdeansoynsuuddlUdinseAudsumedygyamigiiih

q

[

o SuAlnunAIuAN NaNTITdEan UNTHAUNG HUNeSEUY ROS

[

o Suadgrasnsiiilounauanndulannesvessaudidadiseuu ROS

Han15vieuvesiuga Cruise microcontroller Wulusianinil 84 fis 86

Cstat) CRUISE MICROCONTROLLER
Y
[ System initialization ]
<€
4 )
Is Emergency stop YES Set control mode to
push button at vehicle vehicle emergency mode
pressed?
NO
Is manual switch at YES Set cdonirol Release brake actuator,
vehicle pressed? moce to turn off all state lights
manual mode
NO
Connect to Vehicle NO -
mode switcher? -
YES
B
Recelive commanc_ls Send feedback commands to
from vehicle mode switcher vehicle mode switcher

A
D |E|

N 84 £lan13v1euyesluga Cruise microcontroller




Is diagnostic
high latency mode?

YES

Turn on
emergency light

s diagnostic types
obstacle blocking?

Is control mode
cockpit emergency
mode?

A

NO

Set velocity, gear
and brake assame
as Vehicle mode
switcher

s control mode

Turn on autonomous light,
autonomous mode?

turn off teleoperated light

Turn on teleoperated light,
turn off autonomous light

2109 85 ;Tqmi%"’mm/aofygm Cruise microcontroller (s1®)

Turn on emergency light,
turn off autonomous
and teleoperated light

The car stops?
YES
Set velocity to zero,
Release brake set neutral gear and
maximum brake

Connect to Vehicle
mode switcher?

NN 86 ﬂ?'\7f77574°7\771J7/a\7T1/@a Cruise microcontroller (s1®)

Turn off
emergency light
A

97
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11.10 Steering microcontroller

» Sudsmuaunasndsainluga Vehicle mode switcher dumnenisdosns

aunsuLaalUgwnseRudumedyaamnaliin

q

» Susluuaniuay nan1s3ladeaniuntsinunAaInszuy ROS uazuandua

Adlvlanuzaiuauves Tower light

» Sumdganaudoundumanduvessa aauzdugnidu wasdumunumeile
waaR9dainsEUY ROS

Aan15vinuvesiuga Steering microcontroller 1uludsnnd 87 wae 88

STEERING
MICROCONTROLLER

[ System initialization ]

Connect to

vehicle mode switcher? Set steering motor / '

to free run
A

Receive commands
from vehicle multiplexer B

Is control mode
emergency mode?

NO

Is control mode
manual mode?

NO

s Vehicle mode switcher
high-latency?

A9 87 ﬁ’dmiw"%"?m/adﬁ/gm Steering microcontroller



/eceve feedback posy
from steering encoder,
9 Send feedback position
to Vehicle mode switcher

Y

Calculate PID turning speed output between
desired position and feedback position

Turn steering clockwise
with the turning speed

Turn steering counter-
clockwise with
the turning speed

Desired position > feedback position?

Desired position > feedback position?

o

A9 88 n‘i’vmiﬁwwwa\ﬂ'@/g)a Steering microcontroller (88)
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12. AMSAIUNISNINABY

[ «

WU B AN UITOAULUUBED NISLASIUNITNAABUNIS bIINUTEUULUABURNIY
sEnIesruululenludfnassruuaiuausseglnasgnaaouuuNuNUSIMRIAIN T

a LY o/ = a o & U & a < a [ A
WAINe1dy @unanlglunisnedevazdanuwastduiung AanemuduuRnIfnIng 89

Snasnsol

tuwﬁ%nuwiy,
- Py

NN 89 WUTVINISNATOUNIAIAIIUNUINYBIAYY I 84 UTHIAFWIAINTAINNIINE1aE

Sns15vldlunismaassivualiiiu 15 Alawnes/4mlus Pasldnumessuudaluds
ia%‘éqmmLé’umqﬁgﬂﬁ’uﬁﬂﬁdaumﬁﬁ SnuarN1539909509: 393 LdulauT1onaanN1T
naaeu N9 sl useszuuaugusteglnaieliaiuauausaldiduiau
LpaiuAINUTeNatnesIUudusN9D RS mimmaamwuLﬂ?iauchumimmmﬂuﬁu

2 38 A9n1nd 90 e nsdlksnuazsanaaevagluyiinsldanussuudnludfvagseuunsia

' '
a =

wuindfidsinuag Faenaslusansedngle ludnvugneadsegiuninludemaieiiu

sanadaUILyNITUINAIUngails mndsinvnslidnsedueenliiussesauntiiasiin

Avue ssuvazudasuldianitimunulaenisladyyialnduniues tower light Nag

Y

a aanfinruau ielidaruauiinisideulnuaundussuunivquszeslnaiioudly
anunsel NsaiviaeszsanadeusglurnslidnussuumuaNselnasruUATIINUIG

I 1 a [J Y A 7 = a =)
ATAIMUNUILIAFUNUNTIIUA 55UU%8LL"’U\‘iLG]’EJUI‘LJEJQﬂﬂ']Uﬂ'JUQ@JI@EJﬂ'ﬁLUGlﬁi’gﬂqﬂm‘lWﬁLLﬂﬂ

=~ P vy ° a{' I3 v Ay o wa
3] aﬂ']‘Uﬂ'J‘Uﬂll LW@I%W%U@@JWH’WLU&EJuT,meJ’]L‘LJ‘LJM?‘UU“UMEJ?:UU@MIUSJG] Q@‘Vl@ﬁ@‘U
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nsdsuszuuatuanuUieanilu 4 90 Tuseninenismadeu gaiuny o @afinauay
aunsasuituaumuilanasniiaiainnisdunadues latency indicator Bnvsgeaunge
YFudsulnuanismivauuazluvgaaniduainsseglnalavnyiaiennudulaseninms

G RIY)

Tele-mode

NI 90 YANATOUNITIUALUNITAIURNTENIN T2 U IuTAkas T VUM IVALT e Ina

%
Y a =

diolinanismadeudiunalddndedu vudsedldmmnsdieunanadonvudadu
izm'wLé’umqﬁgﬂﬁ’uﬁﬂﬁumwmaauLLazLé’umqé’N%a waznuanovaussdyy1uloundu
Yaanandsuaysnsivessanageu suiudygiamuauiidininyaaiuau Logitech
(29 WazINLoNWALATY Autoware & LIAUABARLITY HANIABUALBIAINAIILQNTTYAY
Tuiifaunuiindenfuainnuniisnaivesnsasdygia a sy Tngldindesilasey
suisuuiiulan (Global Positioning System — GPS) §u U-blox FED-FOP

N151AAIAIUNUINIAILUY Round Trip Time (RTT) v09n15davayaseningannil
muauitusamnaey Tagldlusunsufideutusenwlnmeu (Python) lumsiasianumiag
na’mmmidﬁa;ﬂammﬁmaﬂamﬂaLG}@% %mauﬂaLmai‘f\fﬂv’f]uﬁaqgﬂﬁgqL’Jaﬂﬁﬁﬁﬂﬂé’tﬁﬂq
ﬁ’ummﬁqw (time synchronization) #3835 Chronyd Fa.fun1s sync 1aa1fumne NTP

server W13 UU Network Time Protocol (NTP) lUslaasatignldlunisasdiiaiuu

AUNIMBTAIINNSTBUAUNANINTFIUHIUTEUUATEU B IAU R U Aaud19Ee
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uni 4

NANISAILLUNISIVY

1. nanagausTUUABUHIUNIAUAY
1.1 wan1swasuriuainszuualvausseslnaliunsnIuaNd ST UUSRIULR o

o =
UILIUYIAN 1

MsMageUsNAENIAUANSEaEinaInaENAlUSed 1 fanwdl 91 efagni
1 gauauyinisdsrnuviavesdyaauyRvun 500 dadiuit anaandauauluds
sanpdeU o nmsveadeuIimanuesdua it ldliadninfissuuinueidie
iihglvuagnidu il 92 uag 93 ndsanszuunglvnngnidy sovAAeUANANIOIUTNIUTS
ngafisfoszuudnlusi® Ianugissonadeutazaniauauagindulndunaionds
ougmuauliiuianiurvesszuuuaiiiasuluamuan 2INN1SMAABIRENUTY M 90

Aananvasn i LED wansgiannunulasesdaein (Ushamudovesmisngg) azfndu

AATD991NYMANUNUITLINNT 500 TadIUIN fAreLtunu

Tele-mode

& A
=]
o
A
O
fd
=
<

apow-ojny

Tele-mde

NI 91 LdunnnIsnageuInIaLsuaulUg enas N siaeuaInlnunmvnuszesing
iulnunmaveuaigseuusnluls o 997 1
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27 93 szuuitglvueaniduvaizaivauainsyezlng s 991l 1 (F0711A3UA)
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Y] v = o ! .:4' <,
waeaInNgruAy o aanfiaruauviinisnadudsuluunainnisauauszeslnaluy

v va o v

NIAIUANAIEITEUUSHIULR IWuansanuzazinduddunazduisermessuudnludfviuil 6y

A 94

N 94 s2UUTIGIuAAIUANAIYTTUVEALUAR a 9a7 1 (s9VAFeU)

1.2 wanswasurinuanszuuatuangnludfidunisaauanainssesing a
USIugah 2

(%
=1

sanmasvaglulnunniuauieszuusaluiAouigad 2 dsnmi 95 u 9ailas
naaoulneluyudunudefnung Fsanseguinasunthusssanaaey Wessuunsianuas
Anv1na savnpaouaIsaUnIURRengails wazduan 20 Junit mndsisundliviueen
PndunImageungluIaiingd ssuvazidnginuegnidu Inanugvessanaaauuay

anilmuauazindudues dsnni 96 waz 97
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; Tel-mod

<
=,
o
T
o)
whd
3
<

'apBTi];omV

Al 95 9arInTsiaguniniemauaun g sy uusalumituluueniseIvauInsEeElng

al 997 2

[ .

NI 96 TLUUTIGINUARNIANYAENUFINAYINTENINNITAIVANAILTTUUSHULTR ol 90T

2 (sannaav)
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N 97 sTUUIgunanduuayAIUANMIETEUYEn LR 2 907 2 (971A7UAL)

wasaIngAIvan s aandarunuriinisasiadinrinuviiwesdygyiuaindves
naoalw LED tearulasndunoutddsuluin wuiiauunii99e9dggiuainia 100
fiaduil @den) wdndugarvaunaduilisuinunainszuuaivaudmludfidunis
a @ A a v q v

mvANaInsezlng Inuansaniuzvessrvvazinludlen gaivay o aanllaruauidd

muAusanedeukasduludRadaly denini 98

il 98 szuulhglnunmvauanszezlna al a7 2 (savnasu)
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1.3 wamsildsuriuanszuualvanszezlnalunmsnauausiiessuusalusia o
U100 3

sonagaevaglulnunaluauInszerlnadudagai 3 A nd 99 Liefeganingdid

9

= 1

NUITeiINsAdIAIAMUNLIRIF Y MENLRTLIA 500 TaFIUNT LUREINUNITNAREY
a7 1 Woszuudndluunanidu sanaaauaIIsaluINIUTIAatlenleseuudnlul@
TWanugiasaneaeunaraniiimuauazindulrduaaieudsfioudniuaulisu fanuzves
o d‘ L2 d‘ 1
sEUULAYNNISAsULnNANISATUAN F9NINT 100 kag 101 2INNITNARBIALNUIN &4 99
AanabLan 19U sdy I (USUAUgIeveInImde) asfnduduns

HD991INAIUNUIIFINGT?

Tele-mode

Auto-mode

| >
c
-
9
E;
'O
Q
D

Tele-mode

il 99 gavinnddeulnunamnlvienivauainsseylnaidulvunpivauaie s uuen lugla
997 3
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il 100 suutnglnungniduyalzyiinIsniugNansyezlng a 997 3 (savadev)

2l 101 ssuudhglvseaniduvaiyinisaavaunsseslnag o 9a9 3 (@071pIURN)
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Y] v = o ! .:4' <,
waeaInNgruAy o aanfiaruauviinisnadudsuluunainnisauauszeslnaluy

v va o v

NIAIUANAIEITEUUSHIULR IWuansanuzazinduddunazduisermessuudnludfviuil 6y

AR 102

N 102 szundIglsnnIunNe g5z U ulf o 991 3 (s0Vndeu)

1.4 wanswasuinuaInszuuatuaNsaludflunisnauanainszezlng a usia
09 4

v
=1

savnaevsglulvunmuauieszuusAluRauiegad 2 fanmdl 103 a gatlas
naaeulnglfuywdunudainging danseguinauiunivessanaaoy Weszuunsianuas
Anvne sovedeuanansaisnauieangads wagdunan 20 3unit mndsiavansliviuoen
PNEuMmegeunglunaIiing ssuvasiingivunaniay InaaugressanageuLas

anilmuAuaginduduns dsnmd 104 waz 105
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Tele-mode
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0"
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£
)
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-
<

"Tele- mode

Al 103 99vInTsiaguainivinnIunus sy uUsnludmduluienisavauanseeslng

al 997} 4
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NI 105 SeUUIGINnRNAuYae WUANANYINTEINNITAIVANA 1S UUOn LR B 97

714 (a071pUAN)

druAu o danilauaunsaadarIAuIesdygIaeIndueasntil LED feu

a 1 [ ¢ v ZJI 4 1 a v v
Wagulnuadieglunaminuasasdy antugnivaunadudeuluunanseuuaiugudnluia
Juniseuauainszeglng luansaaiugvesssuuazinludile daivan a aanfiaauny

WhpuRAusanaaauwastuludgadaly denmy 106

N 106 szuuglvaeniuguaInszerlna o 997 4 (soneaev)
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2. NANISNAFRUINAMUNUIWIA WAL UNUNNABNUNVULNAFBUSZUUUABUNIY

ANAIUNUILIAVUENAFR UL UAUAWAUSANR aAYA UazaDITIN VBILNUT
Juludanmi 107 9aadiiuansisningnudsniudvesrasnll LED waninumiiwnan o

annfiauay
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T 1T ' ® 100-199 )
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3 qa73es @ 300-499 .
13.7380 . 2500 Stop |
13.7378 )®-I) \Z 5
137575 e .‘ N
Start O »
13.7373

13.7370
100.5295 100.5300 100.5305 100.5310 100.5315 100.5320 100.5325 100.5330 100.5335 100.5340 100.5345
Longitude ()

d‘ 1 = U a v ‘ﬂl
AN 107 AURUINIANVUENAFDULNYUAUNAALNUN

NansinAIALLIIaIRaeANsadey nuindiAedsuargeaneyil 109.7 uaz
316.65 fadIuT audFU drurAumsauyETIINNAT 500 Sadiund Eung) grldiile
naaouszuuihseTsaaunisalgniduvazauguanszeylng elvisanaaeuidiglvma
aniduuazvgnaealuudnufivnzausuisumsiieenuuuliifieruuasnde u 9af 1

wag 3 AAnuntisalagligniiuninnsansiuduaanundiananinliase

3. NaNAFUAULMLITB I FUNI9RSsITUInAINSanaaa UL iBUAULEUNI9919B 9z

NAFAUTTUUIUABUNIY
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sodnludAldidun1edndaniidnvauzilugase 9 fu (Way point) Fegnasislineu

¥
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NAADULAUALNAUIITIVUOUY AN 108 LAAIDINANISNAADULAUNIIDTIVDITEUUTA UL

v =2 o

LagsruUmILANTEEElnaNigniuiinuae N snageuisuiuiduni199198s Fesanaaay
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** EVT Plus D 6542

nwil 118 saneawluih 8o EVT gu Plus D 65+2

A5 5 Jayanrunainvessaneanlni 8ve EVT su Plus D 65+2

Specification Detail Specification Detail
Seating Suspension System
Passenger Capacity 8 Leaf spring with
- Front/Rear
Drive System Shock Absorber
System Voltage 48 Volt Dimension
Motor Power 5 kW (6.7 HP) Overall length 4370 mm
Transmission Automatic Overall width 1230 mm
Battery 6 Volt 8 Units Overall hight 1950 mm
Charger 220 Volt Load capacity 550 kg
Performance Tyre & Wheel
Maximum Speed* 30 km/h Wheel Aluminium Wheel 10 inch
Range Per Charge* 70 km Tyre size 205/50 R10
Climbability* 10° Body & Frame
Steering Steel Frame with
Steering System Rack and pinion Frame Anti Rust Treatment
Steering Side Right-hand Steering
Roof Plastic
Brake System )
Front Drum brake Body Fibreglass
Rear Drum brake
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n’)Wﬁi 119 Electronic Motor Controller - Curtis 1268

FEATURES

> Power MOSFET technology provides smooth, silent, efficient, and cost-
effective operation.

»  Adjustable parameters enable custom optimization of speed, torque,
and braking control.

»  Half bridge armature and full bridge field provides regenerative braking
down to zero speed.

»  Sealed package rated at IP64 and IP67.

»  Overspeed braking (regenerative) limits speed while driving downhill.
»  WalkAway™ braking feature limits any stopped or key-off rolling to
very low speed.

»  System uses Hall effect speed sensor on motor or drive train to

control vehicle speed.
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»  Tow switch enables free rolling for towing of vehicle.

»  Anti-rollback function provides improved control when throttle is
released on hills.

»  Anti-stall function helps prevent motor commutator damage.

»  Controller drives warning buzzer -- steady in reverse; intermittent
during WalkAway™ braking.

»  Optional electromagnetic brake output.

»  Optional brake light output.

»  MultiMode™ inputs provide for multiple speed and power modes of
operation.

»  Timed shutdown of main contactor after pedal is released and vehicle
has stopped.

»  LED status indicator with external output.

»  Fully compatible with 1311, 1314 and 1307 Programmers for
parametric adjustment, tuning, test, and diagnostics.

»  Extensive fault detection and diagnostic reporting using a Curtis

Programmer including (partial list):

* Main contactor weld check and driver check
¢ Throttle and wiring faults

* Open or shorted motor field winding

* Open motor armature winding

* Over-temperature

¢ Missing or failed speed sensor

A4 Armature drive failure



CONNECTIONS

Low Current Connections

Three low current connectors are built into the 1268 controller. They are

located in a row on the top of the controller:

I .
! J1 Logic connector
000000000000 000 00
looooooooooonl |oom‘ lon J2 Speed Sensor connector
i) J2 13 J3 Programmer connector

The 24-pin connector provides the logic control connections. The mat-

ing connector is a 24-pin Molex Mini-Fit Jr. connector p/n 39-01-2245 using
type 5556 terminals. The appropriate wire gauge is 18-24 AWG.

|
24 (123 ([ 22|/ 21|/ 20|/ 19 (|18 |[ 17|/ 16| 15| 14 |/ 13
12 (11 |[{10 ]| 9 8 7 6 5 4 3 2 1
J1i

J1-1 Keyswitch Input (KSI) input and return for main contactor coil
Ji-2  Logic Enable input from runfstore switch

J1-3  Fuse Sense input from WalkAway™ fuse sense line
J1-4  Logic Power power to controller logic

J1-5  (not used) —

J1-6  (not used) —

J1-7  (not used) —

J1-8  Pedal Interlock Switch input from pedal switch, wired to throttle
J1-9  WalkAway™ Return coil return for WalkAway™ relay

J1-10  Forward input from forward switch

J1-11  Reverse input from reverse switch

J1-12  (not used) —

J1-13  Pot High +5V supply through 453Q (or I'TS input)
Ji-14  Pot Low 45382 to ground

J1-15 Pot Wiper throttle wiper input (or ITS input)

J1-16  LED Ground ground for external LED

J1-17_ Main Contactor contactor coil driver low-side output
J1-18  Brake Light Driver relay driver low-side output

J1-19  Reverse Alarm alarm low-side driver output

J1-20  Mode Switch input from mode switch

J1-21  (not used) —

J1-22  External LED Driver LED driver high-side output

J1-23  Auxiliary Driver WalkAway™/EMB driver low-side output
J1-24  (not used) —

.f)’)Wﬁ" 120 Low current connections of Curtis 1268
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** WN99TAUN (Printed Circuit Board)
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** Velodyne VLP-16

il 123 gunsalnsi9dumayinTeezn g aguas 8ve Velodyne 3u VLP-16

A157991 6 TayaniunailnvesgUnsnlnTIaduLas Insrey N1 Iguas Velodyne VLP-16
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Specifications

Detail

Sensor

Time of flight distance measurement with calibrated reflectivities

16 channels

Measurement range up to 100 meters

Accuracy: +/- 3 cm (typical)

Dual returns

Field of view (vertical): 30° (+15° to -15°)

Angular resolution (vertical): 2°

Field of view (horizontal/azimuth): 360°

Angular resolution (horizontal/azimuth): 0.1° - 0.4°

Rotation rate: 5- 20 Hz

Integrated web server for easy monitoring and configuration

Laser

Class 1 - eye safe

905 nm wavelength

Mechanical/
Electric/
Operational

Power consumption: 8 W (typical)

Operating voltage: 9 - 32 VDC (with interface box and regulated power supply)

Weight: 830 grams (without cabling)

Dimensions: 103 mm diameter x 72 mm height

Shock: 500 m/sec? amplitude, 11 msec duration

Vibration: 5 Hz to 2000 Hz, 3G rms

Environmental Protection: IP67

Operating temperature -10° to +60° C

Storage temperature - 40° to +105° C

Output

Up to 0.3 million points/second

100 Mbps Ethernet connection

UDP packets containing

SGPRMC NMEA sentence from GPS receiver (GPS not included)
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** Huawei 5G Outdoor CPE N5368X

T—

n’lwﬁl 124 Huawei 5G Outdoor CPE N5368X

97’)'5’)\717 7 %’aymﬁéwwwad Huawei 5G Outdoor CPE N5368X

Specification Detail

5G NR: n78/n77/n41/n38

LTE FDD: Band 1/Band 3/Band 7/Band 8/Band 20/Band 28

LTE TDD: Band 38/Band 40/Band 41/Band 42/Band 43

WLAN: 2.4 GHz/5 GHz

Note: The supported operating frequency bands vary with areas.
The n78 frequency band range is 3400-3800 MHz.

Operating Frequency bands

5G NSA: 23 dBm@1T

5G SA: 26 dBm@2T

LTE: 23 dBm

Maximum Transmit Power |ODU WLAN 5G: 14 dBm

ODU WLAN 2.4G: 16 dBm

The supported WLAN maximum conducted transmit power

varies
Output Voltage: 19V + 5%
Supply
Output Power: 24 W
For NSA Network : A PS “ Packet Switched rate of up to 1.5 Gbit/s
High Data Rate and in Download and 110 Mibit /s in the Uplink
Larg Bandwidth For SA Network : A PS “ Packet Switched rate of up to 1.5 Gbit/s

in Download and 220 Mibit /s in the Uplink

A Maximum of 32 device can be connected at 2.4 GHZ
and 5GHZ Bands

A Maximum of 300 Mbits /s with IEEE 802 .11n at 2.4 GHZ
A Maximum of 867 Mbit/s with IEEE 802.11ac at 5GHZ

High—Rate WLAN Access
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Specification Detail
Processor Intel Core i7-11800H (8-core 2.3 GHz, up to 4.6 GHz)
Chipset Intel, NVIDIA

System Memory

2 x DDR4-3200 64GB

Graphics Engine

NVIDIA GeForce RTX 3080 Laptop GPU 16GB GDDR6 256-bit, up to 150W

Hard Drive 1 x 2.5-inch SATA 6.0 Gbps HDD/SSD bay

M.2 512 GB

USB Port 5xUSB 3.1 GEN 2

LAN Dual LAN (Gigabit Ethernet, 2.5Gbps Ethernet)

Video Output

2 x HDMI 2.1* (up to 7680x4320@60Hz)

Wifi

WiFi 6 AX1650

ZBOX Dimensions

210mm x 203mm x 62.2mm (8.27in x 7.99in x 2.45in)
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Specification Detail
Processor Intel Core i7-10750H (six-core 2.6 GHz, up to 5.0 GHz)
Chipset Intel, NVIDIA

System Memory

2 x DDR4-3200 64GB

Graphics Engine

NVIDIA GeForce RTX 2080 SUPER 8GB GDDR6 256-bit

Hard Drive 1 x 2.5-inch SATA 6.0 Gbps HDD/SSD bay

M.2 512 GB

USB Port 5xUSB 3.1 GEN 2

LAN Dual LAN (Gigabit Ethernet, 2.5Gbps Ethernet)

Video Output

2 x HDMI 2.0, 2 x DisplayPort 1.4

Wifi

WiFi 6 AX1650

ZBOX Dimensions

210mm x 203mm x 62.2mm (8.27in x 7.99in x 2.45in)
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A1509AT LULLWNALATY Autoware

Runtime Manager

Quick Start | Setup | Map Sensing Computing Interface Database Simulation Status Topics State
Localizer
0O velodyne Hokuyo 3D URG
Baselink to Localizer
TF rosparam: tf_x rosparam:tf y rosparam:tf z rosparam:tf yaw rosparam :tf pitch rosparam:tf roll
x:'ﬁ‘: y:'O_‘: z:'2_‘: yaw:'O_‘: pitch:'o_‘: roll:'O_‘:

Vehicle Model

chrome (154.5 %CPU)
Xorg (9.1 %CPU)
gnome-shell (3.1 %CPU)
top (9.1 %CPL)

python2 (9.1 %CPU)

o 14GB/31GB(46%)
CPUD CPU1 CPUZ CPU3 CPU4 CPU5 CPU6 CPU7 CPUB CPU9 CPU10 CPU11 CPU12 CPU13 CPU14 CPU15 Memory|

& Autoware

Vehicle Model Ref

Vehicle Info
Vehicle Info Ref
ROSBAG RQT
13.7%
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Runtime Manager x

Quick Start  Setup | Map | Sensing Computing Interface Database Simulation Status Topics State

Point Cloud /home/smrc/File_Source/MAP/PointCloudMap/2020_11_1_Loop_2_kf_1.pcd Ref

Auto Update | 1x1 v | ArealList: | None Ref
0K

Vector Map /home/smrc/File_Source/VECTOR_MAP/X_Version/s7_fullAssetsOneLane/whiteline.csv,/home/smrc/File_Source/VECTOI | Ref

Lanelet Map | fhome/smrc/File_Source/MAP/lanelet2/chula_route2.osm || Ref

/home/smre/total_ws/gps_ws/TF_Golf.launch Ref
Map Tools

| || Ref

PCD Filter —

Point Type: | PointXYZ - LeaFsize:[ 0.2 | b=

PCD Binarizer | | | Ref
. — —
9.4% iz (109.1 %CPU)

roslaunch (36.4 %CPU)
kcompactd0 (9.1 %CPU)
kswapd0 (9.1 3%CPU)
rosmaster (9.1 %CPU)

2 16GB/31GB(51%)
CPUD CPU1 CPU2 CPU3 CPU4 CPU5 CPU6 CPU7 CPUS CPUS CPU10 CPU11 CPU1Z CPU13 CPU14 CPU15 Memory

& Autoware

A9 128 n9393m7 1l Map

Runtime Manager

Quick Start Setup Map | Sensing | Computing Interface Database Simulation Status Topics State
IMU _ ¥ Points Downsampler
Memsic VG440 [config] voxel_grid_Filter [ sys ][ app ]
Xsens MTi-300  [config] ring_filter [ sys ][ app ]
distance filter [ sys ][ app ]

Microstrain 3DM-GX5-15  [config] ST e el | e

Analog Devices ADIS16470 [config] ¥ Points Preprocessor

B o s et o)
Velodyne HDL-64ES2  [¢onfig] points_concat_filter [ sys ][ app ]
Velodyne HDL-64E-53  [config] cloud_transformer [ sys ][ app ]
Velodyne HDL-32E [conFig] . FUSin;OmPafE_maP_ﬁltEf[ sys ][ app ]

Velodyne VLP-32C  [config] multi_lidar_calibrator [ sys ][ app ]

@ Velodyne VLP-16  [opfig]
Velodyne VLP-16 Hi-Res [config]

Hokuyo 2DURG  [config] calibration Publisher

Hokuyo 3D-URG [config] Points Image

Sick LMS511  [config] Virtual Scan Image

ROSBAG RQT

6.7% code (36.4 %CPU)
rviz (27.3 %CPU)
gnome-shell (18.2 %CPU)
code (18.2 %CPU)
top (9.1 %CPU)

= 15GB/31GB(50%)
CPUO CPU1 CPUZ CPU3 CPU4 CPU5 CPU6 CPU7 CPUB CPU9 CPU10 CPU11 CPU12 CPU13 CPU14 CPU15 Memory|

& Autoware

A9 129 7179937117 Sensing
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Runtime Manager

TS PET | SYs [ dpp ]
approximate_ndt_mapping[ sys ][ app ]
ndt_matching [ sys ][ app ]
ndt_matching_monitor [ sys ][ app ]
icp_matching [ sys [ app ]
¥ fusion_localizer
ekf_localizer [ sys ][ app ]
w twist_generator
vehicle_status_mnverter[ sys 1[ app ]
¥ autoware_connector
can2odom [ sys |
vel_pose connect [ sys ][ app ]
¥ |ocalizer_diagnosis
vel_pose_diff_checker [ sys ][ app ]
¥ Detection
* vision_detector
vision_ssd_detect| ys 1| app ]
vision_darknet_yolo3 [ sys ][ app ]
vision_darknet_yolo2 [ sys ][ app ]
¥ vision_tracker
vision_beyond track [ sys ][ app ]
* lidar_detector
lidar_euclidean_cluster_detect [ sys [ app ]
lidar_cnn_baidu_detect [ sys ][ app ]
lidar_pnint_pillarsl sys 1[ app ]
lidarﬁnaiveﬁlﬁshapeﬁdetett[ sys ][ app ]
lidar_shape_estimation[ sys 1[ app |
lidar_fake_perception [ sys | [ app ]
¥ fusion_tools
pixel_cloud fusion [ sys 1[ app ]
range_vision_fusion [ cys ][ app ]
 lidar_tracker
imm_ukf_pda_track [ sys ][ app ]
lidar_kf_contour_track [ sys ][ app ]

Synchronization

11.5%

2 Autoware

Quick Start Setup Map Sensing | Computing | Interface Database Simulation Status Topics State

* Mission Planning
~ lane_planner
lane_navi [ sys ][ app ]
lane_rule [ sys ][ app ]
lane sop [ sys ][ app ]
lane select [ sys ][ app ]
¥ freespace_planner
astar_navi [ sys | [ app ]
+ OpenPlanner - Global Planning
opiglobaliplanner[ sys 1[ app ]
* Motion Planning
¥ waypoint_maker
waypoint_loader [ sys ][ app ]
waypoint_saver [ sys ][ app ]
waypoint_clicker [ sys ][ app ]
waypoint_creator[ sys 1[ app ]
waypoint_velocity_visualizer [ sys ][ app ]
* waypoint_planner
astar_avoid [ sys [ app ]
velocity set [ sys ][ app ]
¥ waypoint_follower
pure_pursuit [ sys ][ app ]
mpc_follower [ sys ][ app ]
twist filter [ sys [ app ]
wr_simulator [ sys [ app ]
¥ OpenPlanner - Local planning
0Op_common_params [ sys ][ app ]
op_trajectory_generator [ sys ][ app ]
opimntionipredictor[ sys 1[ app ]
op_trajectory_evaluator [ sys ][ app ]
op_behavior_selector [ sys ]
¥ OpenPlanner - Utilities
op_pose2f [ sys ][ app ]

Aan han alawvar r .

roslaunch (54.5 %CPU)
python2 (36.4 %CPU)
gnome-shell (18.2 3%CPU)
roslaunch (18.2 %CPU)
rosmaster (18.2 %CPU)

= 16GB/31GB(51%)
CPUO CPUT CPU2 CPU3 CPU4 CPUS CPU6 CPU7 CPUS CPU2 CPU10 CPUT1 CPU12 CPU13 CPUT4 CPU15 Memory]

291 130 msaearlunils Computing
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Source code

#15799 10 Cockpit camera_receiver
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Code
#! /usr/bin/env python

import sys

import cv2

import rospy

import numpy as np

from teleopt_function import UDP_Communication

class CockpitCameraReceiver():
def __init_ (self, monitor_index=0):
rospy.init_node("cockpit_camera_receiver_" + str(monitor_index))
self.setupParam()

rospy.on_shutdown(self.requestShutdown)

self.monitor_index = int(monitor_index)
self.udp = UDP_Communication(ip_address=self.cockpit_com_address,
port=self.lan_port + self.monitor_index)

self.udp.setupServer()

self.udp.dumpBuffer()
self.Main()

def _del  (self):
rospy.loginfo("Cockpit Camera Receiver %d shutted down.", self.monitor_index)

def Main(self):
while(not self.shutdown):
img_byte = self.udp.receive()

img = cv2.imdecode(np.fromstring(img_byte, dtype=np.uint8), 1)
cv2.namedWindow("MONITOR " + str(self.monitor_index + 1),
cv2.WINDOW_NORMAL)

try:

cv2.imshow("MONITOR " + str(self.monitor_index + 1), img)
except:

self.udp.setupServer()
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self.udp.dumpBuffer()
if(cv2.waitKey(1) & OxFF == ord('q")):
break

# self.udp.dumpBuffer()

cv2.destroyAllWindows()
self.udp.server.close()

def setupParam(self):
self.cockpit_com_address =
rospy.get_param("/5G_CONNECTION/COCKPIT_COM_ADDRESS")

self.lan_port =rospy.get_param("/5G_CONNECTION/UDP_PORT_1")
self.shutdown = False

def requestShutdown(self):
self.shutdown = True

def initialized():
if(len(sys.argv) == 2 or len(sys.argv) == 4):
cam = CockpitCameraReceiver(sys.argv(1])

else:
print("please fill out the arguments following the below structure. \n>>> python
python_file monitor_index")

if _name__=="__main__ "
initialized()
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M157977 11 Cockpit latency measurement
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Code
#! /usr/bin/env python3

import rospy
from std_msgs.msg import Int32

from teleopt_function import TCP_Communication

class CockpitLatencyMeasurement(object):

def __init_ (self) -> None:
rospy.init_node("cockpit_latency_measurement")
self.setupParam()

self.pub_cockpit_latency = rospy.Publisher("/cockpit/latency", Int32, queue_size=1)

self.pub_cockpit_sub_latency = rospy.Publisher("/cockpit/sub_latency", Int32,
queue_size=1)

rospy.on_shutdown(self.requestShutdown)

self.tcp = TCP_Communication(ip_address=self.golf cpe_address, port=self.wan_port)
self.tcp.setupClient()

self.Main()

def __del__(self) -> None:
rospy.loginfo("Cockpit Latency Measurement shutted down.")

def Main(self) -> None:
while(not self.shutdown):
received_from_tcp = self.tcp.receive(self.tcp.client, 1024)
self.tcp.send(self.tcp.client, received_from_tcp)

cockpit_send_time = rospy.Time.now().to_sec()
self.tcp.send(self.tcp.client, cockpit_send_time)
received_from_tcp = self.tcp.receive(self.tcp.client, 1024)
cockpit_receive_time = received_from_tcp

latency = int((rospy.Time.now().to_sec() - cockpit_receive_time) * 1000/ 2)
self.pub_cockpit_latency.publish(latency)
self.pub_cockpit_sub_latency.publish(latency)

rospy.loginfo("cockpit send:%f | cockpit recv:%f |latency:%f", cockpit_send_time,
cockpit_receive_time, latency)
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def setupParam(self) -> None:
self.golf_cpe_address =
rospy.get_param("/5G_CONNECTION/GOLF_CPE_NSA ADDRESS")

self.wan_port = rospy.get_param("/5G_CONNECTION/TCP_PORT_3")
self.shutdown = False

def requestShutdown(self) -> None:
self.shutdown = True

n n

if _name__=="__main__"
CockpitLatencyMeasurement()
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M157977 12 Cockpit logitech communication
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Code
#! /usr/bin/env python3

import rospy
from std_msgs.msg import UInt8, Float32, Float64, Int32MultiArray
from teleopt_function import TCP_Communication, LogitechG29, GEAR_DIRECTION

class CockpitLogitechCommunication(object):
def __init_ (self) -> None:
rospy.init_node("cockpit_logitech_communication")
self.setupParam()

self.pub_teleopt_steering = rospy.Publisher("/cockpit/teleopt/steering_command",
Float32, queue_size=1)

self.pub_teleopt_velocity = rospy.Publisher("/cockpit/teleopt/velocity_command",
Float32, queue_size=1)

self.pub_teleopt_brake = rospy.Publisher("/cockpit/teleopt/brake_command",
Float32, queue_size=1)

self.pub_teleopt_gear = rospy.Publisher("/cockpit/teleopt/gear_command", UInt8,
queue_size=1)

self.pub_teleopt_buttons = rospy.Publisher("/cockpit/teleopt/buttons_command",
Int32MultiArray, queue_size=1)

self.pub_teleopt_hats = rospy.Publisher("/cockpit/teleopt/hats_command",
Int32MultiArray, queue_size=1)

self.pub_teleopt_time  =rospy.Publisher("/cockpit/teleopt/time", Float64,
queue_size=1)

rospy.on_shutdown(self.requestShutdown)

self.logitech = LogitechG29()
self.tcp = TCP_Communication(ip_address=self.golf cpe_address, port=self.wan_port)
self.tcp.setupClient()

self.Main()

def __del__(self) -> None:
rospy.loginfo("Cockpit Logitech Communication shutted down.")

def Main(self) -> None:
while(not self.shutdown):
signals_array = self.logitech.readlLogitech()

measuredTime = rospy.Time.now().to_sec()
signals_array.append(measuredTime)
rospy.loginfo(signals_array)
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self.tcp.send(self.tcp.client, signals_array)
self.publishAllSignals(signals_array)

# self.logitech.clock.tick(30)
self.rate.sleep()

# self.logitech.pygame.quit()

def setupParam(self) -> None:
self.golf_cpe_address =

rospy.get_param("/5G_CONNECTION/GOLF_CPE_NSA_ADDRESS")

self.wan_port =rospy.get_param("/5G_CONNECTION/TCP_PORT_1")
self.shutdown = False

self.steering_index  =rospy.get_param("/LogitechG29/STEERING_WHEEL")
self.velocity_index  =rospy.get_param("/LogitechG29/ACCEL_PEDAL")
self.brake_index = rospy.get_param("/LogitechG29/BRAKE_PEDAL")
self.gear_forward_index =rospy.get_param("/LogitechG29/GEAR_MID_FORWARD")
self.gear_backward_index = rospy.get_param("/LogitechG29/GEAR_MID_BACKWARD")
self.rate = rospy.Rate(30)

def requestShutdown(self) -> None:
self.shutdown = True

def publishAllSignals(self, signals) -> None:
self.pub_teleopt_steering.publish(signals[self.steering_index])
self.pub_teleopt_velocity.publish(signals[self.velocity_index])
self.pub_teleopt_brake.publish(signals[self.brake_index])
self.pub_teleopt_time.publish(signals[-1])

gear_msg = UInt8()
if signals[self.gear_forward_index] == 1:

gear_msg.data = GEAR_DIRECTION.FORWARD_GEAR.value
elif signals[self.gear_backward_index] == 1:

gear_msg.data = GEAR_DIRECTION.REVERSE_GEAR.value
else:

gear_msg.data = GEAR_DIRECTION.NEUTRAL_GEAR.value
self.pub_teleopt_gear.publish(gear_msg)

buttons_array = Int32MultiArray()
buttons_array.data = signals[4:self.gear_forward_index]
self.pub_teleopt_buttons.publish(buttons_array)

hats_array = Int32MultiArray()
hats_array.data = [signals[-2][0], signals[-2][1]]
self.pub_teleopt_hats.publish(hats_array)
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n n

if _name__ =="_main__ "

CockpitLogitechCommunication()
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#15799 13 Cockpit mode communication
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Code
#! /usr/bin/env python3

import rospy
from std_msgs.msg import UInt8
from teleopt_function import CONTROL_MODE, DIAGNOSTIC_STATE, TCP_Communication

class CockpitModeCommunication(object):
def __init_ (self) -> None:

rospy.init_node("cockpit_mode_communnication")
self.setupParam()

self.pub_control_mode = rospy.Publisher("/cockpit/control_mode", UInt8,
queue_size=1)
self.pub_diagnostic_mode = rospy.Publisher("/cockpit/diagnostic_mode/result",

UInt8, queue_size=1)
self.sub_cockpit_control_mode = rospy.Subscriber("/cockpit/cockpit_control_mode",
UInt8, self.callbackCockpitControlMode)

rospy.on_shutdown(self.requestShutdown)

self.tcp = TCP_Communication(ip_address=self.golf cpe_address, port=self.wan_port)
self.tcp.setupClient()

self.Main()

def __del__(self) -> None:
rospy.loginfo("Cockpit Mode Communication shutted down.")

def Main(self) -> None:
while(not self.shutdown):
received_from_tcp = self.tcp.receive(self.tcp.client, 1024)
self.control_mode = CONTROL_MODE(int(received_from_tcp[0]))
self.diagnostic_mode = DIAGNOSTIC_STATE(int(received_from_tcp[1]))

if(self.control_mode != self.prev_control_mode):
mode_msg = UInt§()
mode_msg.data = self.control_mode.value
self.pub_control_mode.publish(mode_msg)

if(self.diagnostic_mode = self.prev_diagnostic_mode):
mode_msg = UInt8&()
mode_msg.data = self.diagnostic_mode.value
self.pub_diagnostic_mode.publish(mode_msg)
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self.tcp.send(self.tcp.client, [self.cockpit_control_mode.value])

rospy.loginfo("cockpit:%d |control:%d |prev control: %d |diagnostic:%d |prev
diagnostic:%d", self.cockpit_control_mode.value, self.control_mode.value,
self.prev_control_mode.value, self.diagnostic_mode.value,
self.prev_diagnostic_mode.value)

self.prev_control_mode = self.control_mode

self.prev_diagnostic_mode = self.diagnostic_mode

def setupParam(self) -> None:
self.golf_cpe_address =
rospy.get_param("/5G_CONNECTION/GOLF_CPE_NSA_ADDRESS")

self.wan_port = rospy.get_param("/5G_CONNECTION/TCP_PORT_2")
self.shutdown = False

self.cockpit_control_mode = CONTROL_MODE.AUTONOMOUS_MODE
self.control_mode = CONTROL_MODE.AUTONOMOUS_MODE
self.prev_control_mode = CONTROL_MODE.AUTONOMOUS_MODE
self.diagnostic_mode = DIAGNOSTIC_STATE.NORMAL_STATE
self.prev_diagnostic_mode = DIAGNOSTIC_STATE.NORMAL_STATE

def requestShutdown(self) -> None:
self.shutdown = True

def callbackCockpitControlMode(self, msg: UInt8) -> None:
self.cockpit_control_mode = CONTROL_MODE(msg.data)

if _name__ =="_main__ "
CockpitModeCommunication()
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Code
#! /usr/bin/env python

import sys
import cv2
import rospy

from teleopt_function import UDP_Communication

class GolfCameraSender():
def __init__(self, camera_index=0):

rospy.init_node("golf_camera_sender_" + str(camera_index))

self.setupParam()

rospy.on_shutdown(self.requestShutdown)

self.camera_index = int(camera_index)
self.udp = UDP_Communication(ip_address=self.cockpit_cpe_address,
port=self.wan_port + self.camera_index)

self.udp.setupClient()

self.Main()

def _del_ (self):
rospy.loginfo("Golf Camera Sender %d shutted down.", self.camera_index)

def Main(self):
cap = cv2.VideoCapture(self.camera_index)
while(cap.isOpened() and not self.shutdown):
_, frame = cap.read()
compress_img = cv2.imencode('.jpg', frame)[1]
compress_img_byte = compress_img.tostring()
self.udp.send(compress_img_byte)
cap.release()
cv2.destroyAllWindows()
self.udp.client.close()

def setupParam(self):
self.cockpit_cpe_address =
rospy.get_param("/5G_CONNECTION/COCKPIT_CPE_NSA_ADDRESS")

self.wan_port =rospy.get_param("/5G_CONNECTION/UDP_PORT_1")
self.shutdown = False

def requestShutdown(self):
self.shutdown = True




42
43
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45

def initialized():

if(len(sys.argv) == 2 or len(sys.argv) == 4):
cam = GolfCameraSender(sys.argv[1])

else:
print("please fill out the arguments following the below structure.\n>>> python
python_file camera_index")

n n

if _name__=="__main__"
initialized()
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#157977 15 Golf latency measurement
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Code
#! /usr/bin/env python3

import rospy
from std_msgs.msg import Int32

from teleopt_function import TCP_Communication

class GolfLatencyMeasurement(object):

def __init_ (self) -> None:
rospy.init_node("golf_latency_measurement")
self.setupParam()

self.pub_golf latency = rospy.Publisher("/golf/latency", Int32, queue_size=1)
self.pub_golf_sub_latency = rospy.Publisher("/golf/sub_latency", Int32, queue_size=1)
rospy.on_shutdown(self.requestShutdown)

self.tcp = TCP_Communication(ip_address=self.golf _com_address, port=self.lan_port)
self.tcp.setupServer()

self.Main()

def _del_ (self) -> None:
rospy.loginfo("Golf Latency Measurement shutted down.")

def Main(self) -> None:
while(not self.shutdown):
golf _send_time = rospy.Time.now().to_sec()
self.tcp.send(self.tcp.server, golf _send_time)
received_from_tcp = self.tcp.receive(self.tcp.server, 1024)
golf _receive_time =received_from_tcp

latency = int((rospy.Time.now().to_sec() - golf receive_time) * 1000 / 2)
self.pub_golf latency.publish(latency)
self.pub_golf sub_latency.publish(latency)

received_from_tcp = self.tcp.receive(self.tcp.server, 1024)
self.tcp.send(self.tcp.server, received_from_tcp)

rospy.loginfo("golf send:%f |golf recv: %f |latency:%f", golf _send_time,
golf_receive_time, latency)

self.main_rate.sleep()
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def setupParam(self) -> None:
self.golf_com_address =
rospy.get_param("/5G_CONNECTION/GOLF_COM_ADDRESS")

self.lan_port = rospy.get_param("/5G_CONNECTION/TCP_PORT_3")
self.shutdown = False
self.main_rate = rospy.Rate(10)

def requestShutdown(self) -> None:
self.shutdown = True
if _name__=="__main__":
GolfLatencyMeasurement()
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Code
#! /usr/bin/env python3

import rospy
from std_msgs.msg import UInt8, Float32, Float64, Int32MultiArray
from teleopt_function import GEAR_DIRECTION, TCP_Communication

class GolfLogitechCommunication(object):

def __init_ (self) -> None:
rospy.init_node("golf_logitech_communication")
self.setupConfig()

self.pub_teleopt_steering = rospy.Publisher("/golf/teleopt/steering_command",
Float32, queue_size=1)

self.pub_teleopt_velocity = rospy.Publisher("/golf/teleopt/velocity_command",
Float32, queue_size=1)

self.pub_teleopt_brake =rospy.Publisher("/golf/teleopt/brake_command", Float32,
queue_size=1)

self.pub_teleopt_gear = rospy.Publisher("/golf/teleopt/gear_command", UInts,
queue_size=1)

self.pub_teleopt_buttons = rospy.Publisher("/golf/teleopt/buttons_command",
Int32MultiArray, queue_size=1)

self.pub_teleopt_hats = rospy.Publisher("/golf/teleopt/hats_command",
Int32MultiArray, queue_size=1)

self.pub_teleopt_time = rospy.Publisher("/golf/teleopt/time", Float64,
queue_size=1)

rospy.on_shutdown(self.requestShutdown)

self.tcp = TCP_Communication(ip_address=self.golf _com_address, port=self.lan_port)
self.tcp.setupServer()

self.Main()

def __del__(self) -> None:
rospy.loginfo("Golf Logitech Communnication shutted down.")

def Main(self) -> None:
while(not self.shutdown):
signals = self.tcp.receive(self.tcp.server, 1024)
rospy.loginfo(signals)

self.publishAllSignals(signals)
self.tcp.server.close()
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if _name__=="_ main__":

def setupConfig(self) -> None:

self.shutdown = False
self.golf_com_address =

rospy.get_param("/5G_CONNECTION/GOLF_COM_ADDRESS")

self.lan_port =rospy.get_param("/5G_CONNECTION/TCP_PORT_1") #28000
self.steering_index  =rospy.get_param("/LogitechG29/STEERING_WHEEL")
self.velocity_index  =rospy.get_param("/LogitechG29/ACCEL_PEDAL")
self.brake_index =rospy.get_param("/LogitechG29/BRAKE_PEDAL")

self.gear_forward_index =rospy.get_param("/LogitechG29/GEAR_MID_FORWARD")
self.gear_backward_index =

rospy.get_param("/LogitechG29/GEAR_MID_BACKWARD")

def requestShutdown(self) -> None:

self.shutdown = True

def publishAllSignals(self, signals) -> None:

self.pub_teleopt_steering.publish(signals[self.steering_index])
self.pub_teleopt_velocity.publish(signals[self.velocity_index])
self.pub_teleopt_brake.publish(signals[self.brake_index])
self.pub_teleopt_time.publish(signals[-1])

gear_msg = UInt8()
if signals[self.gear_forward_index] == 1:

gear_msg.data = GEAR_DIRECTION.FORWARD_GEAR.value
elif signals[self.gear_backward_index] == 1:

gear_msg.data = GEAR_DIRECTION.REVERSE GEAR.value
else:

gear_msg.data = GEAR_DIRECTION.NEUTRAL_GEAR.value
self.pub_teleopt_gear.publish(gear_msg)

buttons_array = Int32MultiArray()
buttons_array.data = signals[4:self.gear_forward_index]
self.pub_teleopt_buttons.publish(buttons_array)

hats_array = Int32MultiArray()
hats_array.data = [signals[-2][0], signals[-2][1]]
self.pub_teleopt_hats.publish(hats_array)

GolfLogitechCommunication()
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Code
#! /usr/bin/env python3
import rospy

from std_msgs.msg import UInt8
from teleopt_function import CONTROL_MODE, DIAGNOSTIC_STATE, TCP_Communication

class GolfModeCommunication(object):

def __init__(self) -> None:
rospy.init_node("golf _mode_communication")
self.setupParam()

self.pub_cockpit_control_mode = rospy.Publisher("/golf/control_mode", UInt8,
queue_size=1)

self.sub_control_mode =rospy.Subscriber("/golf/control_mode", UInts,
self.callbackControlMode)
self.sub_diagnostic_mode  =rospy.Subscriber("/golf/diagnostic_mode/result", UInt§,

self.callbackDiagnosticMode)
rospy.on_shutdown(self.requestShutdown)

self.tcp = TCP_Communication(ip_address=self.golf_com_address, port=self.lan_port)
self.tcp.setupServer()

self.Main()

def _ del__ (self) -> None:
rospy.loginfo("Golf Mode Communication shutted down.")

def Main(self) -> None:
while(not self.shutdown):
self.tcp.send(self.tcp.server, [self.control_mode.value, self.diagnostic_mode.value])
receive_from_tcp = self.tcp.receive(self.tcp.server, 1024)

self.cockpit_control_mode = CONTROL_MODE(receive_from_tcp[0])
if(self.cockpit_control_mode !=self.prev_cockpit_control_mode):
mode_msg = UInt8()
mode_msg.data = self.cockpit_control_mode.value
self.pub_cockpit_control_mode.publish(mode_msg)

rospy.loginfo("cockpit:%d | prev cockpit:%d |control: %d |diagnostic:%d",
self.cockpit_control_mode.value, self.prev_cockpit_control_mode.value,
self.control_mode.value, self.diagnostic_mode.value)

self.prev_cockpit_control_mode = self.cockpit_control_mode
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if _name__=="_main__ "

self.main_rate.sleep()

def setupParam(self) -> None:
self.golf_com_address = rospy.get_param("/5G_CONNECTION/GOLF_COM_ADDRESS")
self.lan_port =rospy.get_param("/5G_CONNECTION/TCP_PORT_2")
self.shutdown = False

self.cockpit_control_mode =CONTROL_MODE.AUTONOMOUS_MODE
self.prev_cockpit_control_mode = CONTROL_MODE.AUTONOMOUS_MODE

self.control_mode = CONTROL_MODE.AUTONOMOUS_MODE
self.diagnostic_mode = DIAGNOSTIC_STATE.NORMAL_STATE
self.main_rate = rospy.Rate(30)

def requestShutdown(self) -> None:
self.shutdown = True

def callbackControlMode(self, msg: UInt8) -> None:
self.control_mode = CONTROL_MODE(msg.data)

def callbackDiagnosticMode(self, msg: UInt8) -> None:
self.diagnostic_mode = DIAGNOSTIC_STATE(msg.data)

GolfModeCommunication()
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Code
#! /usr/bin/env python3

from enum import Enum

class CONTROL_MODE(Enum):
AUTONOMOUS_MODE =0
TELEOPERATED_MODE =1
EMERGENCY_FROM_COCKPIT_MODE =2
EMERGENCY_FROM_GOLF_MODE =3
MANUAL_MODE =4

class DIAGNOSTIC_STATE(Enum):
NORMAL_STATE=0
REQUEST_CHANGING_STATE = 1
HIGH_LATENCY_STATE =2

class GEAR_DIRECTION(Enum):
NEUTRAL_GEAR =0
FORWARD_GEAR =1
REVERSE_GEAR =2

class LogitechG29():

import yaml
import pygame
from time import sleep

def _init_ (self):
self.pygame.init()
self.pygame.joystick.init()
self.clock = self.pygame.time.Clock()

self.joystick_name = "Logitech G29 Driving Force Racing Wheel"

self.isLogitechConnected()

def isLogitechConnected(self):
while True:
joys ={}
foriin range(self.pygame.joystick.get_count()):
joy = self.pygame.joystick.Joystick(i)
joys[joy.get_name()] =i
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if self.joystick_name in joys.keys():
joy_index = joys[self.joystick_name]
self.joy = self.pygame.joystick.Joystick(joy_index)
self.joy.init()
print("[CONNECTED] Logitech G29 is now connected.")
break

else:
print("[WAITING] waiting for Logitech G29.")
self.sleep(1)

def readlogitech(self):
signals =[]
try:

self.pygame.event.get()

foriin range(self.joy.get numaxes()):
signals.append(round(self.joy.get_axis(i), 5))

foriin range(self.joy.get_numbuttons()):
signals.append(self.joy.get_button(i))

foriin range(self.joy.get_numhats()):
signals.append(self.joy.get_hat(i))

return signals

except Exception as err:
print("[ERROR]", err)

def getindex(self, name):
with
open("/home/smrc/total_ws/teleoptGolf _ws/src/teleopt_control/params/smrc_config.ya
ml") as f:

load = self.yaml.load_all(f)
for logitech in load:
return logitech["Logitech G29"][name]

class SerialCommunication():

import serial
import serial.tools.list_ports as stlp
from time import sleep

def _init_ (self, serial_number ="", baudrate = 115200):
self.serial_number = serial_number
self.baudrate = baudrate
self.port = self.searchSerialPortBySerialNumber()
self.setupSerial()

def searchSerialPortBySerialNumber(self):
for port in self.stlp.comports():
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if port.serial_number == self.serial_number:
print("the desired port is: ", port.device)
return port.device
raise IOError("could not find the desired port.")

def setupSerial(self):
self.ser = self.serial.Serial(port=self.port, baudrate=self.baudrate)

print(self.ser.readline().decode("ascii").rstrip())

def send(self, floatArray):

string_message = "<
string_message += str(floatArray[0])

foriinrange(1, len(floatArray)):
string_message +="," + str(floatArrayl[i])

string_message +=">"

self.ser.write(string_message.encode())

def receive(self):
string_recv = self.ser.readline().decode("ascii").rstrip()
return [float(i) for i in string_recv.split(",")]

class TCP_Communication():

import socket
import pickle

def __init_ (self,ip_address="localhost", port=3000):
self.ip_address = ip_address
self.port = port
self.message_received = b"

def setupServer(self):
sock = self.socket.socket(self.socket.AF_INET, self.socket.SOCK_STREAM)
sock.setsockopt(self.socket.SOL_SOCKET, self.socket.SO_REUSEADDR, 1)
sock.bind((self.ip_address, self.port))
sock.listen(1)
self.server, address = sock.accept()
print("[CONNECTED] IP: {} has made a connection.".format(address))

def setupClient(self):
self.client = self.socket.socket(self.socket.AF_INET, self.socket.SOCK_STREAM)
self.client.setsockopt(self.socket.SOL_SOCKET, self.socket.SO_REUSEADDR, 1)
try:
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self.client.connect((self.ip_address, self.port))
except:

self.setupClient()

def send(self, socket_object, msg=[]):
message_byte = b'Start' + self.pickle.dumps(msg) + b'ComPletely"

socket_object.sendall(message_byte)

def receive(self, socket_object, buffer_size=256): # maximum buffer size: 1048576
while b'Start' not in self.message_received:
self.message_received += socket_object.recv(buffer_size)

while b'ComPleteLy' not in self.message_received:
self.message_received += socket_object.recv(buffer_size)

start_index = self. message_received.find(b'Start') + 5

end_index = self.message_received.find(b'ComPletely')

# print(len(self.message_received[start_index:end_index]))
used_byte_message = self.message_received[start_index:end_index]
self.message_received = self.message_received[end_index + 10:]

return self.pickle.loads(used_byte _message)

class UDP_Communication():

import socket
import struct

MAX_DGRAM = 2**16
MAX_MESSAGE_DGRAM = MAX_DGRAM - 64

def _init_ (self, ip_address="localhost", port=3000):
self.ip_address = ip_address
self.port = port

def setupServer(self):
self.server = self.socket.socket(self.socket.AF_INET, self.socket.SOCK_DGRAM)
self.server.bind((self.ip_address, self.port))

def setupClient(self):
self.client = self.socket.socket(self.socket.AF_INET, self.socket.SOCK_DGRAM)

def send(self, msg_byte=b"):
byte_message_size = len(msg_byte)
cycle = int(byte_message_size/self. MAX_MESSAGE_DGRAM) + 1
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array_pose_start=0

while cycle:
array_pose_end = min(byte_message_size, array_pose_start +
self. MAX_MESSAGE_DGRAM)

self.client.sendto(self.struct.pack("B", cycle) +
msg_byte[array_pose_start:array_pose_end],
(self.ip_address, self.port))

array_pose_start = array_pose_end
cycle-=1

def receive(self):
message = b"
while True:
recv_message, address = self.server.recvfrom(self. MAX_DGRAM)
if self.struct.unpack("B", recv_message[0])[0] > 1:
message +=recv._message[1:]
else:
message +=recv_message[1:]
return message

def dumpBuffer(self):
while True:
recv_message, address = self.server.recvfrom(self. MAX_DGRAM)
if self.struct.unpack("B", recv_message[0])[0] == 1:
print("[SUCCESS] emptying buffer.")
break
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Code
#! /usr/bin/env python

import sys

import cv2

import rospy
import numpy as np

sys.path.append("/home/smrc/total_ws/research_ws/src/golf/scripts")
from teleopt_function import UDP_Communication

class CockpitCameraReceiver():
def __init__(self, monitor_index=0):
rospy.init_node("cockpit_camera_receiver_" + str(monitor_index))
self.setupParam()

rospy.on_shutdown(self.requestShutdown)

self.monitor_index = int(monitor_index)
self.udp = UDP_Communication(ip_address=self.cockpit_com_address,
port=self.lan_port + self.monitor_index)

self.udp.setupServer()

self.udp.dumpBuffer()
self.Main()

def _del_ (self):
rospy.loginfo("Cockpit Camera Receiver %d shutted down.", self.monitor_index)

def Main(self):
while(not self.shutdown):
img_byte = self.udp.receive()
img = cv2.imdecode(np.fromstring(img_byte, dtype=np.uint8), 1)
cv2.namedWindow("MONITOR " + str(self.monitor_index + 1),
cv2.WINDOW_NORMAL)

try:

cv2.imshow("MONITOR " + str(self.monitor_index + 1), img)
except:

self.udp.setupServer()

self.udp.dumpBuffer()
if(cv2.waitKey(1) & OxFF == ord('q')):

break

# self.udp.dumpBuffer()
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cv2.destroyAllWindows()
self.udp.server.close()

def setupParam(self):
self.cockpit_com_address =
rospy.get_param("/5G_CONNECTION/COCKPIT_COM_ADDRESS")

self.lan_port =rospy.get_param("/5G_CONNECTION/UDP_PORT_1")
self.shutdown = False

def requestShutdown(self):
self.shutdown = True

def initialized():
if(len(sys.argv) == 2 or len(sys.argv) == 4):
cam = CockpitCameraReceiver(sys.argv(1])

else:
print("please fill out the arguments following the below structure.\n>>> python
python_file monitor_index")

n n

if _name__ =="_main__ "
initialized()
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#ifndef COCKPIT_MODE_COMMAND
#define COCKPIT_MODE_COMMAND

enum CONTROL_MODE {AUTONOMOUS_MODE, TELEOPERATED_MODE,
EMERGENCY_FROM_COCKPIT_MODE, EMERGENCY_FROM_GOLF_MODE,
MANUAL_MODE};

enum DIAGNOSTIC_STATE {NORMAL_STATE, REQUEST_CHANGING_STATE,
HIGH_LATENCY_STATE};

enum SWITCH_STATE {DEACTIVATED_STATE, ACTIVATED_STATE};

#define PININ_TELEOPT 4

#define PININ_AUTONOMOUS 3

#define PININ_EMERGENCY 2

#define PINOUT_LIGHT_TELEOPT 7

#define PINOUT_LIGHT_AUTONOMOUS 6
#define PINOUT_LIGHT_EMERGENCY 5
#define PINOUT_LIGHT_LATENCY_RED 9
#define PINOUT_LIGHT_LATENCY_GREEN 10
#define PINOUT_LIGHT_LATENCY_BLUE 11

int commands[10];

char inputBuffer[20];

bool isBufferCompleted = false;
unsigned int inputindex = 0;
unsigned int commandindex = 0;

CONTROL_MODE control_mode = CONTROL_MODE::AUTONOMOUS_MODE;

CONTROL_MODE cockpit_control_mode = CONTROL_MODE::AUTONOMOUS_MODE;
CONTROL_MODE prev_cockpit_control_mode =
CONTROL_MODE::AUTONOMOUS_MODE;

DIAGNOSTIC_STATE diagnostic_mode = DIAGNOSTIC_STATE::NORMAL_STATE;
unsigned int latency = 0;

SWITCH_STATE teleoptSwitch = SWITCH_STATE::DEACTIVATED_STATE;
SWITCH_STATE autonomousSwitch = SWITCH_STATE::DEACTIVATED_STATE;
SWITCH_STATE emergencySwitch = SWITCH_STATE::DEACTIVATED_STATE;

unsigned int rate = 20;
float prev_time = millis();

void setup() {
Serial.begin(115200);
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pinMode(PININ_TELEOPT, INPUT_PULLUP);
pinMode(PININ_AUTONOMOUS, INPUT_PULLUP);
pinMode(PININ_EMERGENCY, INPUT_PULLUP);
pinMode(PINOUT_LIGHT _TELEOPT, OUTPUT);
pinMode(PINOUT_LIGHT _AUTONOMOUS, OUTPUT);
pinMode(PINOUT_LIGHT_EMERGENCY, OUTPUT);
pinMode(PINOUT_LIGHT _LATENCY_RED, OUTPUT);
pinMode(PINOUT_LIGHT _LATENCY_GREEN, OUTPUT);
pinMode(PINOUT _LIGHT_LATENCY_BLUE, OUTPUT);

void loop() {
// if(millis() - prev_time > 1000/rate) {
if(Serial.available()) {
teleoptSwitch = digitalRead(PININ_TELEOPT);
autonomousSwitch = digitalRead(PININ_AUTONOMOUS);
emergencySwitch = digitalRead(PININ_EMERGENCY);

if((control_mode != CONTROL MODE::EMERGENCY_FROM_GOLF_MODE &&
control_mode != CONTROL_MODE::MANUAL _MODE) && diagnostic_mode !=
DIAGNOSTIC_STATE::HIGH_LATENCY_STATE) {

if(autonomousSwitch == 1) {
cockpit_control_mode = CONTROL_MODE::AUTONOMOUS_MODE;
prev_cockpit_control_mode = cockpit_control_mode;

}

if(teleoptSwitch == 1) {
cockpit_control_mode = CONTROL_MODE::TELEOPERATED_MODE;
prev_cockpit_control_mode = cockpit_control_mode;

}

if(emergencySwitch == 1) cockpit_control_mode =
CONTROL_MODE::EMERGENCY_FROM_COCKPIT_MODE;
else cockpit_control_mode = prev_cockpit_control_mode;

}

if(control_mode == CONTROL_MODE::EMERGENCY_FROM_GOLF_MODE | |
diagnostic_mode == DIAGNOSTIC_STATE::HIGH_LATENCY_STATE) {

setMultipleLightState("OFF", "OFF", "ON");
} else if(control_mode == CONTROL_MODE::MANUAL_MODE) {
setMultipleLightState("OFF", "OFF", "OFF");
}else {
if(cockpit_control_mode == CONTROL_MODE::EMERGENCY_FROM_COCKPIT_MODE) {
setMultipleLightState("OFF", "OFF", "ON");
}else {
if(cockpit_control_mode == CONTROL_MODE::AUTONOMOUS_MODE) {
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82 setMultipleLightState("ON", "OFF", "NONE");

83 } else if(cockpit_control_mode == CONTROL_MODE::TELEOPERATED_MODE) {
84 setMultipleLightState("OFF", "ON", "NONE");

85 }

86

87 if(diagnostic_mode == DIAGNOSTIC_STATE::REQUEST_CHANGING_STATE) {
88 setMultipleLightState("NONE", "NONE", "ON");

89 }else {

90 setMultipleLightState("NONE", "NONE", "OFF");

91 }

92 }

93 }

94

95 setLatencylight();
96 writeToSerial();
97 // prev_time = millis();
98 }
99 }
100
101 void serialEvent() {
102  while (Serial.available()) {
103 char inChar = (char)Serial.read();

104

105 if (inChar =="\n") {

106 commands[commandIndex] = atoi(inputBuffer);
107 isBufferCompleted = true;

108

109 inputindex = 0;

110 commandIndex = 0;

111 memeset(inputBuffer, 0, sizeof(inputBuffer));
112

113 }else if (inChar ==",") {

114 commands[commandIndex] = atoi(inputBuffer);
115 commandindex++;

116

117 inputindex = 0;

118 memeset(inputBuffer, 0, sizeof(inputBuffer));
119

120 }else {

121 inputBuffer(inputindex] = inChar;

122 inputindex++;

123 }

124

125 }

126
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if(isBufferCompleted) {
control_mode = commands|[0];
diagnostic_mode = commands[1];

latency = commands|[2];

isBufferCompleted = false;

}

void writeToSerial() {

if(Serial.available()) {
int message_out[8] = {control_mode, diagnostic_mode, cockpit_control_mode,
prev_cockpit_control_mode, autonomousSwitch, teleoptSwitch, emergencySwitch,
latency};

for(unsigned inti=0; i< 7; i++) {
Serial.print(message_out[i]);
Serial.print(",");
1
Serial.printin(message_out[7]);
t
1

void setlLatencyLight() {

if(latency < 50) {
analogWrite(PINOUT LIGHT LATENCY_ RED, 0);
analogWrite(PINOUT _LIGHT_LATENCY_GREEN, 200);
analogWrite(PINOUT_LIGHT_LATENCY_BLUE, 0);

} else if(latency < 100) {
analogWrite(PINOUT_LIGHT _LATENCY_RED, 0);
analogWrite(PINOUT_LIGHT_LATENCY_GREEN, 255);
analogWrite(PINOUT_LIGHT_LATENCY_BLUE, 255);

} else if(latency < 200) {
analogWrite(PINOUT_LIGHT_LATENCY_RED, 255);
analogWrite(PINOUT_LIGHT_LATENCY_GREEN, 150);
analogWrite(PINOUT_LIGHT _LATENCY_BLUE, 0);

} else if(latency < 500) {
analogWrite(PINOUT_LIGHT_LATENCY_RED, 255);
analogWrite(PINOUT_LIGHT _LATENCY GREEN, 0);
analogWrite(PINOUT_LIGHT_LATENCY_BLUE, 255);

}else {
analogWrite(PINOUT_LIGHT_LATENCY_RED, 255);
analogWrite(PINOUT_LIGHT _LATENCY_GREEN, 0);
analogWrite(PINOUT_LIGHT_LATENCY_BLUE, 0);

1

!
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void setlightStatus(const unsigned int &pin, const char* state) {
if(state == "OFF") digitalWrite(pin, HIGH);
else if(state == "ON") digitalWrite(pin, LOW);

1

void setMultipleLightState(const char* autonomous_state, const char* teleop_state, const
char* emergency_state) {

setlLightStatus(PINOUT_LIGHT_TELEOPT, teleop_state);
setLightStatus(PINOUT_LIGHT_AUTONOMOUS, autonomous_state);
setlLightStatus(PINOUT_LIGHT_EMERGENCY, emergency_state);

}

#tendif
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Code

#ifndef COCKPIT_MODE_COMMAND
#define COCKPIT_MODE_COMMAND

enum CONTROL_MODE {AUTONOMOUS_MODE, TELEOPERATED_MODE,
EMERGENCY_FROM_COCKPIT_MODE, EMERGENCY_FROM_GOLF_MODE,
MANUAL_MODE};

enum DIAGNOSTIC_STATE {NORMAL_STATE, REQUEST_CHANGING_STATE,
HIGH_LATENCY_STATE};

enum SWITCH_STATE {DEACTIVATED_STATE, ACTIVATED_STATE};

#define PININ_TELEOPT 4

#define PININ_AUTONOMOUS 3

#define PININ_EMERGENCY 2

#define PINOUT_LIGHT_TELEOPT 7

#define PINOUT_LIGHT_AUTONOMOUS 6
#define PINOUT_LIGHT_EMERGENCY 5
#define PINOUT_LIGHT_LATENCY_RED 9
#define PINOUT_LIGHT_LATENCY_GREEN 10
#define PINOUT_LIGHT_LATENCY_BLUE 11

int commands[10];

char inputBuffer[20];

bool isBufferCompleted = false;
unsigned int inputindex = 0;
unsigned int commandindex = 0;

CONTROL_MODE control_mode = CONTROL_MODE::AUTONOMOUS_MODE;

CONTROL_MODE cockpit_control_mode = CONTROL_MODE::AUTONOMOUS_MODE;
CONTROL_MODE prev_cockpit_control_mode =
CONTROL_MODE::AUTONOMOUS_MODE;

DIAGNOSTIC_STATE diagnostic_mode = DIAGNOSTIC_STATE::NORMAL_STATE;
unsigned int latency = 0;

SWITCH_STATE teleoptSwitch = SWITCH_STATE::DEACTIVATED_STATE;
SWITCH_STATE autonomousSwitch = SWITCH_STATE::DEACTIVATED_STATE;
SWITCH_STATE emergencySwitch = SWITCH_STATE::DEACTIVATED_STATE;

unsigned int rate = 20;
float prev_time = millis();

void setup() {
Serial.begin(115200);
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pinMode(PININ_TELEOPT, INPUT_PULLUP);
pinMode(PININ_AUTONOMOUS, INPUT_PULLUP);
pinMode(PININ_EMERGENCY, INPUT_PULLUP);
pinMode(PINOUT_LIGHT _TELEOPT, OUTPUT);
pinMode(PINOUT_LIGHT _AUTONOMOUS, OUTPUT);
pinMode(PINOUT_LIGHT_EMERGENCY, OUTPUT);
pinMode(PINOUT_LIGHT _LATENCY_RED, OUTPUT);
pinMode(PINOUT_LIGHT _LATENCY_GREEN, OUTPUT);
pinMode(PINOUT _LIGHT_LATENCY_BLUE, OUTPUT);

void loop() {
// if(millis() - prev_time > 1000/rate) {
if(Serial.available()) {
teleoptSwitch = digitalRead(PININ_TELEOPT);
autonomousSwitch = digitalRead(PININ_AUTONOMOUS);
emergencySwitch = digitalRead(PININ_EMERGENCY);

if((control_mode != CONTROL MODE::EMERGENCY_FROM_GOLF_MODE &&
control_mode != CONTROL_MODE::MANUAL _MODE) && diagnostic_mode !=
DIAGNOSTIC_STATE::HIGH_LATENCY_STATE) {

if(autonomousSwitch == 1) {
cockpit_control_mode = CONTROL_MODE::AUTONOMOUS_MODE;
prev_cockpit_control_mode = cockpit_control_mode;

}

if(teleoptSwitch == 1) {
cockpit_control_mode = CONTROL_MODE::TELEOPERATED_MODE;
prev_cockpit_control_mode = cockpit_control_mode;

}

if(emergencySwitch == 1) cockpit_control_mode =
CONTROL_MODE::EMERGENCY_FROM_COCKPIT_MODE;
else cockpit_control_mode = prev_cockpit_control_mode;

}

if(control_mode == CONTROL_MODE::EMERGENCY_FROM_GOLF_MODE | |
diagnostic_mode == DIAGNOSTIC_STATE::HIGH_LATENCY_STATE) {

setMultipleLightState("OFF", "OFF", "ON");
} else if(control_mode == CONTROL_MODE::MANUAL_MODE) {
setMultipleLightState("OFF", "OFF", "OFF");
}else {
if(cockpit_control_mode == CONTROL_MODE::EMERGENCY_FROM_COCKPIT_MODE) {
setMultipleLightState("OFF", "OFF", "ON");
}else {
if(cockpit_control_mode == CONTROL_MODE::AUTONOMOUS_MODE) {
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82 setMultipleLightState("ON", "OFF", "NONE");

83 } else if(cockpit_control_mode == CONTROL_MODE::TELEOPERATED_MODE) {
84 setMultipleLightState("OFF", "ON", "NONE");

85 }

86

87 if(diagnostic_mode == DIAGNOSTIC_STATE::REQUEST_CHANGING_STATE) {
88 setMultipleLightState("NONE", "NONE", "ON");

89 }else {

90 setMultipleLightState("NONE", "NONE", "OFF");

91 }

92 }

93 }

94

95 setLatencylight();
96 writeToSerial();
97 // prev_time = millis();
98 }
99 }
100
101 void serialEvent() {
102  while (Serial.available()) {
103 char inChar = (char)Serial.read();

104

105 if (inChar =="\n") {

106 commands[commandIndex] = atoi(inputBuffer);
107 isBufferCompleted = true;

108

109 inputindex = 0;

110 commandIndex = 0;

111 memeset(inputBuffer, 0, sizeof(inputBuffer));
112

113 }else if (inChar ==",") {

114 commands[commandIndex] = atoi(inputBuffer);
115 commandindex++;

116

117 inputindex = 0;

118 memeset(inputBuffer, 0, sizeof(inputBuffer));
119

120 }else {

121 inputBuffer(inputindex] = inChar;

122 inputindex++;

123 }

124

125 }

126
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if(isBufferCompleted) {
control_mode = commands|[0];
diagnostic_mode = commands[1];

latency = commands|[2];

isBufferCompleted = false;

}

void writeToSerial() {

if(Serial.available()) {
int message_out[8] = {control_mode, diagnostic_mode, cockpit_control_mode,
prev_cockpit_control_mode, autonomousSwitch, teleoptSwitch, emergencySwitch,
latency};

for(unsigned inti=0; i< 7; i++) {
Serial.print(message_out[i]);
Serial.print(",");
1
Serial.printin(message_out[7]);
t
1

void setlLatencyLight() {

if(latency < 50) {
analogWrite(PINOUT LIGHT LATENCY_ RED, 0);
analogWrite(PINOUT _LIGHT_LATENCY_GREEN, 200);
analogWrite(PINOUT_LIGHT_LATENCY_BLUE, 0);

} else if(latency < 100) {
analogWrite(PINOUT_LIGHT _LATENCY_RED, 0);
analogWrite(PINOUT_LIGHT_LATENCY_GREEN, 255);
analogWrite(PINOUT_LIGHT_LATENCY_BLUE, 255);

} else if(latency < 200) {
analogWrite(PINOUT_LIGHT_LATENCY_RED, 255);
analogWrite(PINOUT_LIGHT_LATENCY_GREEN, 150);
analogWrite(PINOUT_LIGHT _LATENCY_BLUE, 0);

} else if(latency < 500) {
analogWrite(PINOUT_LIGHT_LATENCY_RED, 255);
analogWrite(PINOUT_LIGHT _LATENCY GREEN, 0);
analogWrite(PINOUT_LIGHT_LATENCY_BLUE, 255);

}else {
analogWrite(PINOUT_LIGHT_LATENCY_RED, 255);
analogWrite(PINOUT_LIGHT _LATENCY_GREEN, 0);
analogWrite(PINOUT_LIGHT_LATENCY_BLUE, 0);

1

!
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void setlightStatus(const unsigned int &pin, const char* state) {
if(state == "OFF") digitalWrite(pin, HIGH);
else if(state == "ON") digitalWrite(pin, LOW);

1

void setMultipleLightState(const char* autonomous_state, const char* teleop_state, const
char* emergency_state) {

setlLightStatus(PINOUT_LIGHT_TELEOPT, teleop_state);
setLightStatus(PINOUT_LIGHT_AUTONOMOUS, autonomous_state);
setlLightStatus(PINOUT_LIGHT_EMERGENCY, emergency_state);

}

#tendif
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Code

#ifndef GOLF_STEERING_COMMAND
#define GOLF_STEERING_COMMAND

enum CONTROL_MODE {AUTONOMOUS_MODE, TELEOPERATED_MODE,
EMERGENCY_FROM_COCKPIT_MODE, EMERGENCY_FROM_GOLF_MODE,
MANUAL_MODE};

enum DIAGNOSTIC_STATE {NORMAL_STATE, REQUEST_CHANGING_STATE,
HIGH_LATENCY_STATE};

#define PINOUT_PWM 5
#define PINOUT_DIR1 31
#define PINOUT_DIR2 35
#define PININ_ENCODER A10

#define Kp 1

#define Ki O

#tdefine Kd 0

#define LIMIT_PID 200
#define WINDOW_SIZE 5

int commands[10];

char inputBuffer[20];

bool isBufferCompleted = false;
unsigned int inputindex = 0;
unsigned int commandIndex = 0;

CONTROL_MODE control_mode = CONTROL_MODE::AUTONOMOUS_MODE;
DIAGNOSTIC_STATE diagnostic_mode = DIAGNOSTIC_STATE::NORMAL_STATE;
unsigned int steering_command_pos = 500;

unsigned int steering_encoder_pos = 500;

unsigned int turning_speed = 0;

int window[WINDOW _SIZE];

float prevTime = 0;
float prevError = 0;
float prevControll = 0;

unsigned int minimum_steering = 200;
unsigned int maximum_steering = 800;

void setup() {
Serial.begin(115200);




172

41
42
43
44
45
46
47
48
49
50
51
52
53
54

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

pinMode(PINOUT_PWM, OUTPUT);
pinMode(PINOUT_DIR1, OUTPUT);
pinMode(PINOUT_DIR2, OUTPUT);
(

pinMode(PININ_ENCODER, INPUT);

for(unsigned inti=0; i < WINDOW_SIZE; i++) window(i] = 500;

void loop() {
if(Serial.available()) {
steering_encoder_pos = analogRead(PININ_ENCODER);
steering_encoder_pos = pushAndCalculateAverage(steering_encoder_pos);
turning_speed = computePID(steering_command_pos, steering_encoder_pos);

if((control_mode == CONTROL_MODE::AUTONOMOUS_MODE || control_mode ==
CONTROL_MODE::TELEOPERATED MODE) && diagnostic_mode !=
DIAGNOSTIC_STATE::HIGH_LATENCY_STATE) {

if(steering_encoder_pos > maximum_steering) {
turning_speed = 64;
driveMotor(-1, turning_speed);
} else if(steering_encoder_pos < minimum_steering) {
turning_speed = 64;
driveMotor(1, turning_speed);
}else {
if(steering_command_pos > steering_encoder_pos) {
driveMotor(1, turning_speed);
} else if(steering_command_pos < steering_encoder_pos) {
driveMotor(-1, turning_speed);
}else {
driveMotor(0,0);
1
1

}else {
driveMotor(0,0);
1

writeToSerial();
1
1

void serialEvent() {
while (Serial.available()) {
char inChar = (char)Serial.read();

if (inChar =="\n") {
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85 commands[commandIndex] = atoi(inputBuffer);
86 isBufferCompleted = true;
87
88 inputindex = 0;
89 commandIndex = 0;
90 memeset(inputBuffer, 0, sizeof(inputBuffer));
91
92 }elseif (inChar ==",") {
93 commands[commandindex] = atoi(inputBuffer);
94 commandindex++;
95
96 inputindex = 0;
97 memeset(inputBuffer, 0, sizeof(inputBuffer));
98
99 }else {
100 inputBuffer[inputindex] = inChar;
101 inputindex++;
102 }
103
104 }
105
106  if(isBufferCompleted) {
107 control_mode = commands[0];
108 diagnostic_mode = commands[1];
109 steering_command_pos = commands([2];
110
111 isBufferCompleted = false;
112}
113
114 '}
115

116 void writeToSerial() {
117  if(Serial.available()) {
int message_out[9] = {control_mode, diagnostic_mode, steering_command_pos,
steering_encoder_pos, steering_command_pos - steering_encoder_pos, turning_speed,
118 Kp, Ki, Kd};
119 for(unsigned inti=0; i< 8;i++) {
120 Serial.print(message_out[i]);
121 Serial.print(",");
122}
123 Serial.printin(message_out[8]);
124}
125 }
126
127 unsigned int pushAndCalculateAverage(unsigned int value) {
128  for(unsignedinti=1;i < WINDOW_SIZE; i++) {
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window[i-1] = windowl[i];
1
window[WINDOW_SIZE-1] = value;

unsigned int sum = 0;

// for(int i:window) sum +=i;

for(unsigned int i =0; i < WINDOW_SIZE; i++) sum += window([i];
return sum/WINDOW _SIZE;

// return value;

unsigned int computePID(const unsigned int &command_pos, const unsigned int
&encoder_pos) {

float currentTime = millis();
float elapsedTime = currentTime - prevTime;
int error = command_pos - encoder_pos;

float controll = prevControll + (Ki * error * elapsedTime);
float controlD = Kd * error / elapsedTime;
unsigned int output = abs((Kp * error) + controll + controlD);

if(output > LIMIT_PID) {
output = LIMIT_PID;
controll = prevControll;

}

prevControll = controll;
prevTime = currentTime;
return output;

}

void driveMotor(int direction, unsigned int turning_speed) {
if(direction == 1) {
digitalWrite(PINOUT_DIR1, 0);
digitalWrite(PINOUT_DIR2, 1);
analogWrite(PINOUT_PWM, turning_speed);
} else if(direction == -1) {
digitalWrite(PINOUT_DIR1, 1);
digitalWrite(PINOUT_DIR2, 0);
analogWrite(PINOUT_PWM, turning_speed);
}else {
digitalWrite(PINOUT_DIR1, 0);
digitalWrite(PINOUT_DIR2, 0);
analogWrite(PINOUT_PWM, 255);
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173 '}
174
175 #endif
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#include "golf/cockpit_controller.h"

using namespace std;

namespace Golf NS {

CockpitController::CockpitController() {
baudrate = 115200;
serial_number = "8593731353035121C0CQ"; // "55739323937351F07091";

latency = 0;

control_mode = CONTROL_MODE::AUTONOMOUS_MODE;
cockpit_control_mode = CONTROL_MODE::AUTONOMOUS_MODE;
prev_cockpit_control_mode = CONTROL _MODE::AUTONOMOUS_MODE;
diagnostic_mode = DIAGNOSTIC_STATE::NORMAL_STATE;

pub_cockpit_control_mode =
nh.advertise<std_msgs::UInt8>("/cockpit/cockpit_control_mode", 1, true);

sub_control_mode = nh.subscribe("/cockpit/control_mode", 1,
&CockpitController::callbackControlMode, this);

sub_diagnostic_mode = nh.subscribe("/cockpit/diagnostic_mode/result", 1,
&CockpitController::callbackDiagnosticMode, this);

sub_latency = nh.subscribe("/cockpit/latency", 1, &CockpitController::callbackLatency,
this);

}

CockpitController::~CockpitController() {
cout << "Cockpit Controller shutted down" << endl;

void CockpitController::Main() {
string port;
bool foundPort = SerialExtension_NS::searchSerialPortBySerialNumber(serial_number,
port);
if(IfoundPort) {
cout << "[FAIL] port is not found." << endl;

return;

serial::Serial serialHandler(port, baudrate, serial::Timeout::simpleTimeout(3000));
if(!serialHandler.isOpen()) {

cout << "[FAIL] port failed to open." << endl|;

return;
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ros::Rate main_rate(20);
this_thread::sleep_for(chrono::milliseconds(2000));
while(!ros::isShuttingDown()) {

ros::spinOnce();

serialHandler.flushOutput();

string message_in, message_out;
vector<int> output =
{static_cast<int>(control_mode),static_cast<int>(diagnostic_mode), latency};

SerialExtension_NS::convertintVectorToString(output, message_out);

size_t message_sent_size = serialHandler.write(message_out);

vector<int> feedback;
serialHandler.flushinput();

size_t message_size = serialHandler.readline(message_in);
if(message_size > 0) SerialExtension_NS::convertStringTolntVector(message_in,
feedback, ',');

cockpit_control_mode = static_cast<CONTROL_MODE>(feedback[2]);
if(cockpit_control_mode != prev_cockpit_control_mode) {
std_msgs::UInt8 mode_msg;
mode_msg.data = static_cast<int>(cockpit_control_mode);
pub_cockpit_control_mode.publish(mode_msg);

for(int i: feedback) cout << i<<" ";

cout << endl;

prev_cockpit_control_mode = cockpit_control_mode;
main_rate.sleep();

void CockpitController::callbackControlMode(const std_msgs::UInt8ConstPtr &msg) {
control_mode = static_cast<CONTROL_MODE>(msg->data);

void CockpitController::callbackDiagnosticMode(const std_msgs::UInt8ConstPtr &msg) {
diagnostic_mode = static_cast<DIAGNOSTIC_STATE>(msg->data);

void CockpitController::callbackLatency(const std_msgs::Int32ConstPtr &msg) {
latency = msg->data;
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int main(int argc, char** argv) {
ros::init(argc, argv, "cockpit_controller");
Golf_NS::CockpitController cockpit_controller;
cockpit_controller.Main();

return O;
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#include "golf/golf_connector.h"

using namespace std;

namespace Golf NS {

GolfConnector::GolfConnector() {
baudrate = 115200;
steering_serial_number = "75830333038351B08011";
cruise_serial_number = "558333238393519082D0"; // "857333237393512112B2";

control_mode_from_ros = CONTROL_MODE::AUTONOMOUS_MODE;
control_mode_from_serial = CONTROL_MODE::AUTONOMOUS_MODE;
prev_control_mode_from_serial = CONTROL_MODE::AUTONOMOUS_MODE;
diagnostic_mode = DIAGNOSTIC_STATE::NORMAL_STATE;

velocity_command = 0;

brake_command = 1500;

steering_command = 500;

gear_direction = GEAR_DIRECTION::NEUTRAL GEAR;
m_steeringEncoder = 500;

current_velocity = 0;

velocity_limit = 3600;
minimum_steering = 200;
maximum_steering = 800;
minimum_brake = 1500;
maximum_brake = 3500;

private_nh.param<bool>("enable_steering", enable_steering, true);
private_nh.param<bool>("enable_cruise", enable_cruise, true);

pub_control_mode = nh.advertise<std_msgs::UInt8>("/golf/control_mode", 1, true);

pub_steering_encoder =
nh.advertise<std_msgs::UInt16>("/golf/feedback/steering_encoder", 1, true);

sub_control_mode = nh.subscribe("/golf/control_mode", 1,
&GolfConnector::callbackControlMode, this);

sub_diagnostic_mode = nh.subscribe("/golf/diagnostic_mode/result", 1,
&GolfConnector::callbackDiagnosticMode, this);

sub_golf _command = nh.subscribe("/golf/golf command", 1,
&GolfConnector::callbackGolfCommand, this);

sub_teleopt_velocity = nh.subscribe("/golf/teleopt/velocity_command", 1,
&GolfConnector::callbackTeleoptVelocity, this);

sub_teleopt_brake = nh.subscribe("/golf/teleopt/brake_command", 1,
&GolfConnector::callbackTeleoptBrake, this);
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sub_teleopt_gear = nh.subscribe("/golf/teleopt/gear_command", 1,
&GolfConnector::callbackTeleoptGear, this);

sub_teleopt_steering = nh.subscribe("/golf/teleopt/steering_command", 1,

&GolfConnector::callbackTeleoptSteering, this);
sub_current_velocity = nh.subscribe("/golf/current_velocity", 1,
&GolfConnector::callbackCurrentVelocity, this);

}

GolfConnector::~GolfConnector() {
cout << "Golf Connector shutted down" << endl;

void GolfConnector::Main() {
string steering_port, cruise_port;
// bool ret = searchSerialPort(steering_port, cruise_port);
steering_port = "/dev/ttyACMOQ";
// if(Iret) return;

serial::Serial steeringSerialHandler(steering_port, baudrate,
serial::Timeout::simpleTimeout(3000));

// serial::Serial cruiseSerialHandler(cruise_port, baudrate,
serial::Timeout::simpleTimeout(3000));

// if(IsteeringSerialHandler.isOpen() | | !cruiseSerialHandler.isOpen()) {
/] cout << "[FAIL] port failed to open." << end|;
// return;

/1'}

ros::Rate main_rate(20);
this_thread::sleep_for(chrono::milliseconds(2000));
while(!ros::isShuttingDown()) {

ros::spinOnce();

if(enable_steering) {
steeringSerialHandler.flushOutput();
string message_in, message_out;
vector<int> steering_output =

{static_cast<int>(control_mode_from_ros),static_cast<int>(diagnostic_mode),steering_com

mand};

SerialExtension_NS::convertintVectorToString(steering_output, message_out);
size_t message_sent_size = steeringSerialHandler.write(message_out);

vector<int> steering_feedback;
steeringSerialHandler.flushinput();

size_t steering_message_size = steeringSerialHandler.readline(message_in);

if(steering_message_size > 0)

SerialExtension_NS::convertStringTolntVector(message_in, steering_feedback, ',')

7
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m_steeringEncoder = steering_feedback[3];
cout << "[STEERING] ";
for(int i: steering_feedback) cout <<i<<" ";

cout << endl;

// if(enable_cruise) {

/] cruiseSerialHandler.flushOutput();

/] string message_in, message_out;

/] vector<int> cruise_output =
{static_cast<int>(control_mode_from_ros),static_cast<int>(diagnostic_mode),
velocity_command, brake_command, static_cast<int>(gear_direction)};

/] SerialExtension_NS::convertintVectorToString(cruise_output, message_out);
/] size_t message_sent_size = cruiseSerialHandler.write(message_out);

//  vector<int> cruise_feedback;
/] cruiseSerialHandler.flushinput();

/]  size_t cruise_message_size = cruiseSerialHandler.readline(message_in);
/] if(cruise_message_size > 0)
SerialExtension_NS::convertStringTolntVector(message_in, cruise_feedback, ',');

//  control_mode_from_serial = static_cast<CONTROL_MODE>(cruise_feedback[0]);

//  cout<<"[CRUISE]";
/] for(inti: cruise_feedback) cout <<i<<" ";

/1'}

cout << endl << "emmmemee e << endl;

if(control_mode_from_ros != control_mode_from_serial &&
prev_control_mode_from_serial |= control_mode_from_serial) {

std_msgs::UInt8 uint_msg;
uint_msg.data = static_cast<int>(control_mode_from_serial);
pub_control_mode.publish(uint_msg);

std_msgs::UInt16 uint_msg;
uint_msg.data = m_steeringEncoder;
pub_steering_encoder.publish(uint_msg);

prev_control_mode_from_serial = control_mode_from_serial,
main_rate.sleep();
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bool GolfConnector::searchSerialPort(string& steering_port, string& cruise_port) {

bool found_port;

found_port =
SerialExtension_NS::searchSerialPortBySerialNumber(steering_serial_number,
steering_port);

if(Ifound_port) {
cout << "[FAIL] steering port is not found." << end|;

return false;

found_port = SerialExtension_NS::searchSerialPortBySerialNumber(cruise_serial_number,
cruise_port);

if(Ifound_port) {
cout << "[FAIL] cruise port is not found." << end|;

return false;

return true;

void GolfConnector::callbackControlMode(const std_msgs::UInt8ConstPtr &msg) {
control_mode_from_ros = static_cast<CONTROL_MODE>(msg->data);

void GolfConnector::callbackDiagnosticMode(const std_msgs::UInt8ConstPtr &msg) {
diagnostic_mode = static_cast<DIAGNOSTIC_STATE>(msg->data);

void GolfConnector::callbackGolfCommand(const geometry_msgs::TwistStampedConstPtr
&msg) {

if(control_mode_from_ros == CONTROL_MODE::AUTONOMOQUS_MODE) {
velocity_command = msg->twist.linear.x * 1000;

if(velocity_command > 0) gear_direction = GEAR_DIRECTION::FORWARD_GEAR;
else if(velocity_command < 0) gear_direction = GEAR_DIRECTION::REVERSE_GEAR;
else gear_direction = GEAR_DIRECTION::NEUTRAL_GEAR;

velocity_command = abs(velocity_command);
if(velocity_command > velocity_limit) velocity_command = velocity_limit;

if(current_velocity !=0) {
steering_command = int((0.268598355 + (msg->twist.angular.z /
current_velocity))/0.000548244) + 11;

if(steering_command > maximum_steering) steering_command = maximum_steering;
else if(steering_command < minimum_steering) steering_command =
minimum_steering;
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void GolfConnector::callbackTeleoptVelocity(const std_msgs::Float32ConstPtr &msg) {
if(control_mode_from_ros == CONTROL_MODE::TELEOPERATED MODE) {
velocity_command = -1 * int(msg->data * 1800) + 1799;

if(abs(velocity_command) > velocity_limit) velocity_command = velocity_limit;

void GolfConnector::callbackTeleoptBrake(const std_msgs::Float32ConstPtr &msg) {
if(control_mode_from_ros == CONTROL_MODE:: TELEOPERATED_MODE) {
brake_command = -1 * int(msg->data * 850) + 2349;

if(brake_command > maximum_brake) brake_command = maximum_brake;

else if(brake_command < minimum_brake) brake_command = minimum_brake;

void GolfConnector::callbackTeleoptGear(const std_msgs::UInt8ConstPtr &msg) {
if(control_mode_from_ros == CONTROL_MODE::TELEOPERATED MODE) {
gear_direction = static_cast<GEAR_DIRECTION>(msg->data);

void GolfConnector::callbackTeleoptSteering(const std_msgs::Float32ConstPtr &msg) {
if(control_mode_from_ros == CONTROL_MODE::TELEOPERATED_MODE) {
steering_command = -1 * int(msg->data * 300) + 500;

if(steering_command > maximum_steering) steering_command = maximum_steering;
else if(steering_command < minimum_steering) steering_command =
minimum_steering;

}

void GolfConnector::callbackCurrentVelocity(const std_msgs::Float32ConstPtr &msg) {
current_velocity = msg->data;

int main(int argc, char** argv) {
ros::init(argc, argv, "golf _connector");
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Golf_NS::GolfConnector golf_connector;
golf_connector.Main();

return O;
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#include "golf/golf_controller.h"

using namespace std;
namespace Golf NS {

GolfController::GolfController() {
latency = 0;
distance_to_stop = 10;
closest_object_distance = 30;
maximum_distance_to_object_to_stop = 10;
current_state = "Forward";
cockpitConnected = false;
control_mode = CONTROL_MODE::AUTONOMOUS_MODE;
diagnostic_mode = DIAGNOSTIC_STATE::NORMAL_STATE;
prev_diagnostic_mode = DIAGNOSTIC_STATE::NORMAL_STATE;
timer = ros::Time::now();

pub_golf command =
nh.advertise<geometry_msgs:: TwistStamped>("/golf/golf_command", 1, true);

pub_diagnostic_mode = nh.advertise<std_msgs::UInt8>("/golf/diagnostic_mode/result",
1, true);

sub_twist = nh.subscribe("/twist_cmd", 1, &GolfController::callbackTwistCommand, this);

sub_latency = nh.subscribe("/golf/latency", 1, &GolfController::callbackLatency, this);

sub_control_mode = nh.subscribe("/golf/control_mode", 1,
&GolfController::callbackControlMode, this);

sub_behavior_state = nh.subscribe("/behavior_state", 1,
&GolfController::callbackBehaviorState, this);

sub_current_behavior = nh.subscribe("/op_current_behavior", 1,
&GolfController::callbackCurrentBehavior, this);

sub_teleopt_velocity = nh.subscribe("/golf/teleopt/velocity_command", 1,
&GolfController::callbackTeleoptVelocity, this);

}

GolfController::~GolfController() {
cout << "Golf Controller shutted down." << endl;

void GolfController::Main() {
ros::Rate main_rate(20);
while(!ros::isShuttingDown()) {
ros::spinOnce();
if(control_mode == CONTROL_MODE::AUTONOMOUS_MODE && cockpitConnected) {
if(current_state == "Follow" && golf _command.twist.linear.x == 0) {
if(ros::Time::now() - timer > ros::Duration(20)) {
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diagnostic_mode = DIAGNOSTIC_STATE::REQUEST_CHANGING_STATE;

} else diagnostic_mode = DIAGNOSTIC_STATE::NORMAL_STATE;
}else {

diagnostic_mode = DIAGNOSTIC_STATE::NORMAL_STATE;

timer = ros::Time::now();
}

}else if(control_mode == CONTROL_MODE::TELEOPERATED MODE) {

if(latency > 500) diagnostic_mode = DIAGNOSTIC_STATE::HIGH_LATENCY_STATE;
else diagnostic_mode = DIAGNOSTIC_STATE::NORMAL_STATE;
timer = ros::Time::now();

if(diagnostic_mode != prev_diagnostic_mode) {
std_msgs::UInt8 mode_msg;
mode_msg.data = static_cast<int>(diagnostic_mode);
pub_diagnostic_mode.publish(mode_msg);

1

pub_golf command.publish(golf command);

prev_diagnostic_mode = diagnostic_mode;

cout << "cockpit connect:" << cockpitConnected << "|diag:" << diagnostic_mode <<
"|control:" << control_mode << "|twist command:" << golf_command.twist.linear.x <<
"|state:" << current_state <<"|latency:" << latency << "|cooldown:" << ros::Time::now() -
timer << endl;

main_rate.sleep();

void GolfController::callbackLatency(const std_msgs::Int32ConstPtr &msg) {
latency = msg->data;

void GolfController::callbackControlMode(const std_msgs::UInt8ConstPtr &msg) {
control_mode = static_cast<CONTROL_MODE>(msg->data);

void GolfController::callbackTwistCommand(const geometry msgs:: TwistStampedConstPtr
&msg) {

float velocity;
if(current_state == "Follow") {
velocity = (closest_object_distance - maximum_distance_to_object_to_stop) * (msg-
>twist.linear.x) / maximum_distance_to_object_to_stop;
} else if(current_state == "Stop") {
velocity = msg->twist.linear.x * distance_to_stop * 0.1;
} else velocity = msg->twist.linear.x;
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if(velocity > msg->twist.linear.x) velocity = msg->twist.linear.x;
if(velocity < 0) velocity = 0;
golf_command.header = msg->header;
golf_command.twist.linear.x = velocity;
golf _command.twist.angular = msg->twist.angular;

1

void GolfController::callbackBehaviorState(const visualization_msgs::MarkerArrayConstPtr
&msg) {

current_state.clear();
string message = msg->markers[0].text;
for(char ch: message) {

if(isalpha(ch)) current_state.push_back(ch);

int pos = message.find(")");

distance_to_stop = stof(message.substr(1,pos));

cout << "current state:" << current_state << "|distance to stop:" << distance_to_stop <<
endl;

}

void GolfController::callbackCurrentBehavior(const autoware_msgs::WaypointConstPtr
&msg) {
closest_object_distance = msg->cost;

void GolfController::callbackTeleoptVelocity(const std_msgs::Float32ConstPtr &msg) {
cockpitConnected = true;

int main(int argc, char** argv) {
ros::init(argc, argv, "golf _controller");
Golf_NS::GolfController golf_controller;
golf_controller.Main();

return O;
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