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# # 6372036021 : MAJOR MECHANICAL ENGINEERING
KEYWORD: Autonomous vehicle, External human-machine interfaces,
Interaction pedestrian-vehicle, Vulnerable Road users
Natchanon Kitpramongsri : External Human-Machine interfaces
between Autonomous Shuttle Bus and Pedestrian in Zebra Crossing

scenario.. Advisor: Asst. Prof. NUKSIT NOOMWONGS

As autonomous vehicles (AVs) are increasingly developed to address traffic
accidents and heavy traffic, communication between pedestrians and AVs at
crossings becomes paramount. Traditional communication methods such as hand
signals and eye contact may not be effective with AVs as they lack human drivers.
External human-machine interfaces (eHMIs) are being researched and developed to
facilitate this communication. However, a clear standard for the best eHMI is still
undefined. This study aims to develop an eHMI concept focused on helping
pedestrians understand the intentions of AVs. Our concept includes messages such
as "WALK" and "CROSS", pedestrian and arrow symbols, and the colors white and
green. We crafted scenarios involving a pedestrian about to cross a crosswalk while
an autonomous shuttle bus displaying the eHMI approaches. Using CARLA, an
open-source simulator for autonomous driving research, we created 20 scenes. In
each scene, the tester pressed a button to indicate their understanding of the AV's
intentions. The results show that the color green was understood faster than
white. Furthermore, the text "WALK" was comprehended faster than "CROSS", and
the pedestrian symbol was recognized more quickly than the arrow symbol.
Notably, the combination of the pedestrian symbol and "WALK" was understood in

the shortest time among all scenarios.

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

Academic Year: 2022 Advisor's Signature ..o
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Design patterns of eHMI concepts

+ Applied lavention LLC (Hills et al.) 2016)* - (47)
5 wory cHM 40)

154
+ Strauss - Wave Concept (2018) ~ (78]

+ Teague Labs (2017) - [79)

+ Toyota Games et al) (2016)" - (48]

* Uber - Intention Signaling for an Autonomous Vehicle (2017)*
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Flash: The light band uniformly and alternately glows with full brightness and
then turns off’

Pulse: The light band uniformly glows and dims in a sinusouidal pattern of
increasing and decreasing brightness

InSweep: The light band animates in an inward sweeping pattern of two
light segments (edges of the bumper to the middle)

OutSweep: The light band animates in an outward sweeping pattern of two
light segments (middle to the edges of the bumper)

DualSweep: The light band animates in an alternately inward and outward

m m sweeping pattern of two light segments
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B Moderately W Very M Extremely

U7 4 sUkvvdyanwal eHMI uazvuInvesngunl ¥eaunmIInIsensed “Communication
of Automated Vehicles and Pedestrian Groups: An Intercultural Study on

Pedestrians’ Street Crossing Decisions” [12]



unAIdedes “External Human-Machine Interfaces: The Effect of Display
Location on Crossing Intentions and Eye Movements”[13] Hunuddeiilevinisine
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The Effect of Display Location on Crossing Intentions and Eye Movements” [13]
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unAu3TeiFes “How should external human-machine interfaces behave?
Examining the effects of colour, position, message, activation distance, vehicle
yielding, and visual distraction among 1,434 participants” [14] Humuddeiladnuna
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31/771 6 g‘lJAA‘U‘U eHMI Ya3unA 11398509 “How should external human-machine

interfaces behave? Examining the effects of colour, position, message, activation

distance, vehicle yielding, and visual distraction among 1,434 participants” [14]
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unALAdeEos “External Human-Machine Interfaces for Autonomous
Vehicles from Pedestrians’ Perspective: A Survey Study” [15] Huaniddeidnw
ATueUTaINguUsEI NI kAN atulLULUL eHMI i 6 SUkuU fagudl.. Tneidunis
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Design Elements Sets of eHMI Prototypes

Text *

Arrowed

Text and Symbol

Symbol Only

Tick and Cross

Traffic Lights

gi/ﬁ 7 3Ulkuy eHMI YOIUNAINTTENTOY “External Human-Machine Interfaces for

Autonomous Vehicles from Pedestrians’ Perspective: A Survey Study” [15]
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(Unevlufeuladndiu 30% wie 0.30) Z Aesgauanudulafinvun vieseautadfgm
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Tnegnsved Taro Yamane Wnnsduianuiadegsimuzanlasfiansansuis
Ussrnsianuauazaaunainedouiifesnsannisduiende Tnsauyfiszenadu
witeufunaglidddunaiansduiogimuunendundonisduiegauuungu vl
angdmivuidenianuunnssiululsseing dmiugasves Cochran @nnNsanIuAL
anunaniadeuarldsuteyaiiindefiolunseusulssanuivnzay widadede ansd
wiulufiauwiugrvesteyaninnitaiumainvaisvesuszving dse1adsalidoya

mqasjﬁﬂajgﬂazﬁauiuﬁaasjwﬁLﬁum yananddeliwmunziunisaisiauszunsnianu

wanvatevzeliuuuey wavluvinenandidelavinisendiegnduiusuindiegeiligns
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AMUAAIPLAZDUN 95% LAAIIUAITIN 1

M15999 1 9IWIUNGUI96797] ¥89g#5 Taro Yamane uaz Cochran

Population (N) Taro Yamane (e=0.05) Cochran (d=0.05)
1,000 286 244
10,000 385 312
100,000 398 321
1,000,000 400 322

2.3.2 M3gUFI081e (Sampling)
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ATsNslauveInguieg ANAIUNUUsEYINS Tnelunisadunisdungudiedi

giismsduivainvaeuiunldliaenadesiunnaneueveaalseyng

2.3.2.1 m3gulkyyy1g (Simple Random Sampling) L‘ﬁum'ﬁz‘juﬁﬁﬂﬁnﬂ
wigluuszrnsilomagnidenivianiu

2322 mS@fmwvﬁﬁ (Systematic Sampling) lun1sduuuumiewInazgn
Fenegiadu wdimiiedoluazgnidensdrsasinaneniuszoeiinnun 1wy yn 5
iel]

2.3.2.3 m3gquuvungu (Cluster Sampling) fan1suusdszynseanidungu
udwhnsduiteidenuisdiuy Fdmnzdnunsdusegidluiiuiivivindnafunie
flvunaUsyrnsiivg

2.3.2.4 n1sgusuuaagau (Stratified Sampling) Aensuususzanseeniiu
naugos nefludaznguildnuaslameiadeadaiu uiuans1sannaudus

2325 migjf'i/uwwmyﬂz?u (Multi-stage sampling) JumsHasnaIusEnIng
FnsduuuunguuarnduLUUdndIu Tnsduannisuusssnsoandunguludy
usn nduhnsguiiedonunsdiy Mé’qaﬁﬂﬁfuiuﬂ@jmﬁgﬂLﬁaﬂ%uﬂuﬂuﬂﬁjmﬂaa
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2.4 ngufnsinszidaya

MFIATIIMETINMsTwuNdndesnsnwisenidudiuges o efnwianvu
YoIusaraIl wazfnwmudLTuSIEINEILeY o WAy Mmylnseiteyaiduisnism
AMUNNIEAINTBYA UTEnaunien1sinysenn n1sdnseileu n1sdanseyin waznisasy
= v o a v a ¢ v J = o~ = | aa 4 v
ialilarneuraslyniniside [17] nsiwsendeyatiuiivaleisms eudagisasiienty
MUFNYUEUIlBYALAINQUTTAIRYRINITIATIEN 1adnsidmatianisadifidu n1sm
ARy ANTEAUUNINTFIY NISIIANUFUITUS N1TNAFRUANNATIY

2.4.1 Mmynszideyalernmnin (Qualitative Data Analysis) 1unsyuiunsily
A v a Y a 1 A U A v yva o a 2 o
e lakareSuienuanvaziiiavyeseyaitliaunsaiavseduldiludiuiuase guinag
Hedesiudeyandumnn vsedefniiuvosnnisaifiaul

2.4.2 MyBAsIzidoyaideliuins (Quantitative Data Analysis) 1un153A3 124
Tayafiausaiauazduidudaiay wu dnsrdau, 91uau, iedeyanisada lneay

Usgnaumeiulsdasy (Independent variable) Wusuusnldiiieasuianievinuieaida

£
=< v o

wusenu laglifps@uiudinysdu, fudsniu (Dependent variable) Wusuusisdeenis

v v

niuAmIeIANa FeAvesiiulsiionagidsuuuasiuegiudiiudsdase uagdiwlsaiuay

(Control variable) fafakUsA0AIUALLIEANANUAUKIUYDIRIMUTAIN kazddelvie

[y

aansaAnwANuduiusseninsuysBaszuazsuusnaildetnad dansinszsiteyaide
2t dAmeadAnddnlunmsiinsziteya Ao
® Auady (Mean) Haramvastayanaualunguudnsdesiuiudoyaiidey
Tungy Fuamenaunsi 3
o Anfsegu (Median) Wurniiegnssnansvesyatoya Auaminaunisil 4

'
I IS

o andauuuninsgu (Standard deviation) Wuarfivsuenfisnisnszateves

[ '

Paya vnANTeuuuNInTgINgeiuAetayanseateiuuin ndufunIne

Jeauuanasgruiiufedeyainisinienguiuiin Auwiulaanaunisi 5

N
_ Z':lxi
X = === (3)
— N v
Tne? X JWudadevesyndeys, X; Aedeyauwnassl wag N fednuiunivunvesyadoya
Tue)
N+1
Mdn = — (4)

Inefi Mdn ferifsegiu uaz N Aedwiuimunvesyadeyatiug
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X (x—%)?

S.D.=
N

lnei S. D. Aerntenvuunsgiu X Judidevesadoya, X; Aetoyawsazii uaz N

(5)

Fodunuimunvesyadeyatiy

2.4.3 N15IAT1¥YTBYATINTINUN (Descriptive Analysis) 1unszuaunislu
MsAnwnazAnunevesdeyaidudoustiazifen Inaiuiinnn muasdnuasians
vosdaya metinsgidmelimannsadladosn, suues, uassvaumsnivesidriay

Tums3dela wazdnldlumsidumudinuuwasuyedmans wensunlvdymuazatduayunis
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a o <
2.5 NQEfN1TIINDINITUBIIIY
2.5.1 NM1391809N150BT (Simulation) Aanisiliauenien1sdnaeanuuzues
SEUURaanY I aula MAeINUNTZUIUNITNNENBIMALNITTUINEIENT N15T1ABINTT
2 Ao a - o a 1% v o v aa o
wpaudinguszasdlunisesurevseszunannisnivlunisadaauiinesiuisnisinau
3 6 1 14 I o v aa
YossruuMItasiiulunywd lnsauisawdieenls 2 Usean Ae Iassanmuwindes 2 if
wag Paesan mknaeu 3 17 lnenadidelaviinisiieuiisusisasiBeanisaunsalfily

JorkazaLdudnsun1sa1and 2D waz 3D Tup1s19n 2

97519 2 MTUSIUTIEUTEYIN 2D Uae 3D Simulation

Usziam gunsal 3701 Uof Toide

2D Simulation | -Aeuiimes ~2,500 - 1ANYDULEN - ypUsvaunsali
Usyavisnmen vm (51 | - wenedunuily | auass
“AUNBUARINAVUIN WWENTn | Asues - AUANNIINAADY
24 i PWUANIKNE) | - ANATAINLUY 87N

ASlEeY

3D Simulation | -peuiImes ~10,000 - PgfeMIAIVAN | - 9IAES
Usgdnsnnga v (311 | NIVAaes - msldnuAuany
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2.5.1.1 m3d1aevanImuIngeu 2 44 aldlunsairaveniseiluszuivaes
1A Geusznoudeaunisuaraugavintu lun1ssiaesuuy 20 Sauannsaly
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2.5.1.2 mstiaesanimuanden 3 97 axltlunsaamanisalamidania

duilannvanudf Fafiuanuaudsuazauandslunisusaiuivieigldaiunse
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2.6 Wiwnsudmsuasramanisaldtaaamnnisel
2.6.1 Waunsudwidunmsasamenisaistaes annsnasdldianisnaass 20 uaz
3D Fuegiugunsniiililunisuanma Tnglunidfedazendegslusunsadidulusunsy
Open Source AilgFuAuiey uandlumsad 3
2.6.1.1 SUMO (Simulation of Urban Mobility) 1Julusunsusass
1599135 [18] MU Open Source aunsnatramnnsaiiassfidudeuisaiuns
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o -
UNN 3 LUIAALLEASNITINAADY
3.1 N1599NLUUVUNTNARBY Simulation

o 3 = a

3.2.1 NM33180INTHONTIATDUDTY
Tusadeilidenldnisdrassmsuesiuduwuu 2 I8 Wnedunistuiinidlewnnisal
ADWINLA LagyiNsuanINIstauauAdslulusUNSY Python AdNunsalanInIsiauinle
wararursaduiinanisneaesls WWesainnisianuazainluduneunisaiiauasnis
Usznrananm Faningdmivaunsalniivedndn wenanlidshglaunsadnauedoyaly
Wlaladng anvsdaildsaunsamuauanininseulignageuls lngldn1sveassiung
LaneIAleneninae LG Full HD IPS wuia 24 17 uagmvuauniavessnagaulziari
NsnAResnyuATIiuninIeneuiunes Jssevrseniteiuatemimaaeulussey 90
WURAS AI3UN 8 nsdinEmaaeuliUyvineatuatent Wuaem&du vIeaiene1 919l
msvsudeussegrineseninmihaeiiieigmedevtesiuldtnign neinadounvunas
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Wl iesgiwslditedesiuninunuinvesiageu
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wan13ad 1Y
Lifinsuans eHMI 1
eHMI sUuuudany 4
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3
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U 8 §396119771391IN1599@NUNTOYNIA 24 13 71588y 90 cm

3.2.2 M3aFIUMANITIINa0S

[
av

Tunsafrannnisaisiassvesanudded inislilusunsudiass CARLA ileadl
mwaansalunsairsanmundeniianaisadousglumanisel sadsamisnuiuusa
WIS VIANINBINIA, 11595133, kazanmauuls Hiunisasisuugunsalnouines
fiflmheUszinana (CPU) Ae Intel core i9-10900K 3.70GHz uazivuhouszananansmiin
(GPU) #o GeForce RTX 3080 &89 SSD 7 512 GB wag Ram 32 lngagidunisaiis
wmnnsaldans aeluaniudidaidesdifiouy 2 au waziiniwhate fagui 9 uazasilse
Tngansvurnlng Mitsubishi Fuso Rosa buses ifseaziden uansluniased 5 Mdu
funuressnsalusiilunisnaasaaiousssd anduazyinistufinuanisaisiaosdeg
TUsunsu OBS (Open Broadcaster Software) ifvuaninuazidunvasinledi 1920x1080
pixel wagfmnudalunsiauinled 60 wisu/Audt wagndsanitldmanisaifunuundy ma
fAfevinnsAnsis eHMI iumsdindiedfleuulusunsy AfterEffect Vinliuulladnmnimmnisaid

AL DUNY
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5Ui 9 anwiillunismeasa Simulation 9nlUsunsu CARLA

#7137991 5 Vehicle Specification 984 Fuso Rosa buses

Fuso Rosa buses Dimension Unit Scale
Length mm 6990
Width mm 2070
Height mm 2755
Wheelbase mm 3995

3.2.3 Mysankuumnn1salluaidy

lunnaqnanisal ez vualifige A sadnludfazindoufiuifieni1uisand 30
Alawns/TIlue Meszeen1s 16 wes a1 2 3ui nawintuiiediage B agvin1sveas

< - a = s:l' a a o [ va = & =3
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sULUUANY uagluseeennd 16 Wes sieunsadnluii@ldnan 5 Ui uazvgailanyn C Mg
invednate 1 wes Wunan 3 3wdl warseauaumsnisal lnennwnnisaliinnuss way
ns¥zasnuswiniy wazlinalunismeassinun 10 Jundl wansnInaIeyugIes

winnsad Tuguit 10
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3.2.5 manudeyalunismaass Simulation

'
1 o o

Tunsiivdayavesinadeu §I3elaldn1suanimnnisal(nsiEun1sneaae) HIued

Tulusunsy Python Tilinssesfunisuandinle wazsessunisnady laawlainisnady

9
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=3 ¥ (%

Fuf) wavagvinistuiindeyaatvesiunanisaiegluguveslid CSV (Comma-

Y

Separated Values)

3.2 33n159As1edauaaINNa Simulation

Y

TuanAdedlanvuadiuysdu (Independent Variables) fia JULUUNISWEAS eHMI
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(Dependent Variable) fie Yaganmalilumsidilalaglaunannatlunisdils Ine3snns
a 4 ao X Yaa a ¢ v a = < ! ¥
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nswandluguuuy Box plot Nildeyadnadenantunmsidilavesusazingnisel (Aadeles

Y
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Compare Text and Symbol in Green All
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3.4.1 neuyhnvnaes
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§7137977 6 Vehicle Specification 984 Turing OPAL T2

Turing OPAL T2 Blue Dimension Unit Scale

Length mm 4300

Width mm 1500

Height mm 1965

Wheelbase mm 2580
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7~ Command Prompt X + v

Ping statistics for 192.168.8.10:
Packets: Sent = U, Received = U, = 8 (0% loss),

Approximate round trip times in mg
Minimum = 3ms, Maximum = 8ms,
C:\Users\nines>ping 192.168.8.10

Pinging 192.168.8.10 with 32 bytes of data:

Reply from 192.168.8.10: bytes=32 time=91ms TTL=64
Reply from 192.168.8.10: bytes: time=8ms TTL=64
Reply from 192.168.8.10: bytes=32 time=Ums TTL=64
Reply from 192.168.8.10: bytes=32 time=Ums TTL=64

Ping statistics for 192.168.8.10:

Packets: Sent = U4, Received = 4, Lost @% loss),
Approximate round trip times in mijs
Minimum = dms, Maximum = 91lms, JAr

C:\Users\nines>ping 192.168.8.10

Pinging 192.168.8.10 with 32 bytes of data:

Reply from 192.168.8.10: bytes=32 time=lms TTL=64
Reply from 192.168.8.10: bytes: me=Ums TTL=64
Reply from 192.168.8.10: bytes=32 time=Ums TTL=64
Reply from 192.168.8.10: bytes=32 time=73ms TTL=64

Ping statistics for 192.168.8.10:
Packets: Sent = 4, Received = 4, Lost = 8 (8% loss),
Approximate round trip times in milpd

Minimum = Ums, Maximum = 73ms,
JU7 18 n13953980UA" Ping 1 Command Prompt
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3.4.4 N3AUAIIINNITNARDINIAGUIN
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4.2.1 nslifinsuans eHMI Aunisiiniswana eHMI
NAsiUTeuLisunislddnisuans edMI 1 sUuuy Aunisil edMI nasUuwuuly

ATeilavn 16 sULUY %a‘%mawaé’wémmdumqﬁqﬁ

4.2.1.1 nquery 18-30 U

nMswseuiisunslad Aunsll eHMI veangueny 18-30 HANITIATILWAINTT
neduiilehlaiseuiisuiuiisnan wandusuil 25 nansmeasauandiifiuimamnnisal
y9an1sifinisuans eHMl nanlunisdlanisdearslidaniinisldiinsuans eHm!
naFonsH eHMI Tuynguuuutaeliingueny 18-30 thlansdeansueasndalusfladngy

AS LS eHMI

Compare No eHMI and eHMI 18-30

8 T AVG £ 95% CI
® AV
E=)
c
o
8 6-
<} ]
w
c
[=]
o
b4
v 44
@O
E
|_

2 r rrr Q111 1r 1P 1P n1nTn1$n1Do 1D 111
& & ”’P@”_ﬂé’ &
n&“‘i c}aa&;&e;@*“:aéﬁi o e‘:{:ﬁ e‘j:“f&@é‘%
? L] ﬁf:&ﬁﬁ w f

517 25 Box plot m5lsifl eHMI Aun15dl eHMI wasngueny 18-30

a7
-a‘t



37

4.2.1.2 nguety 31-45 U
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Compare No eHMI with eHMI 31-45
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Compare No eHMI and eHMI 46-60
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Compare No eHMI and eHMI > 60
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Compare Color 18-30 T AVG < 95% CI
® AVG

Time Response(second)
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M15797] 8 IWSEULTIgUaYRINgUaIY 18-30 lg p<0.05 Ha3iinuusnsiueeeilleany

NN
sduuu Anadealy Andeauu Adauidsauu t Significant
sl WINIFIN INIFIY

Walk Green 3.14 0.74 24 0.13 0.8978
Walk White 3.16 0.71 22

Cross Green 3.26 0.63 19 0.22 0.8248
Cross White 3.30 0.62 19

Pedestrian Green 3.15 0.60 19 113 0.2639
Pedestrian White 3.40 0.91 27

Arrow Green 3.30 0.78 24 1.08 0.2843
Arrow White 3.59 1.11 31

Ped Walk Green 3.01 0.39 13 2.06 0.0416
Ped Walk White 3.48 1.09 31

Ped Cross Green 3.07 0.52 17 1.38 0.1745
Ped Cross White 3.35 0.86 26

Arrow Walk Green 3.19 0.58 18 0.63 0.5335
Arrow Walk White 3.33 1.01 30

Arrow Cross Green 3.07 0.61 20 0.40 0.6942
Arrow Cross White 3.14 0.61 20
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4.2.2.2 ngueny 31-45 U
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M3 9 WiguguaveInguedy 31-45 lag p<0.05 HodrdiaruunngNiuee1iliea 1ALy

NNFH
suuuy Anade Andeauu Andrudsauu t Significant
UMY 41M3I3U

Walk Green 3.67 0.98 27 0.22 0.8260
Walk White 3.74 1.31 35

Cross Green 4.03 1.12 28 0.94 0.3504
Cross White 4.42 1.73 39

Pedestrian Green 3.66 0.99 27 0.97 0.3377
Pedestrian White 3.98 1.33 33

Arrow Green 4.18 1.27 30 0.29 0.7724
Arrow White 4.07 1.58 39

Ped Walk Green 3.47 0.90 26 0.47 0.6426
Ped Walk White 3.61 1.26 35

Ped Cross Green 3.56 0.76 22 0.02 0.9863
Ped Cross White 3.56 1.30 36

Arrow Walk Green 3.60 1.22 34 0.01 0.9991
Arrow Walk White 3.60 1.19 33

Arrow Cross Green 3.59 1.20 33 0.62 0.5399
Arrow Cross White 3.82 1.26 33
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Compare Color 46-60 L AVG + 95K CI
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Walk Green 4.02 0.91 22 0.64 0.5243
Walk White 4.22 1.05 25

Cross Green 4.24 1.09 26 0.07 0.9421
Cross White 4.27 1.23 29

Pedestrian Green 4.02 0.82 20 0.70 0.4893
Pedestrian White 4.20 0.97 23

Arrow Green 4.06 0.83 20 0.35 0.7295
Arrow White 4.15 0.85 21

Ped Walk Green 4.42 0.60 14 0.45 0.6560
Ped Walk White 453 1.10 24

Ped Cross Green 4.35 0.92 21 1.68 0.0991
Ped Cross White 4.80 0.94 20

Arrow Walk Green 3.80 0.99 26 0.43 0.6674
Arrow Walk White 3.92 1.06 27

Arrow Cross Green 3.88 091 23 1.47 0.1489
Arrow Cross White 4.28 0.92 23
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m15799] 11 1WSeuiieudvesnguetguinniy 60 lag p<0.05 do31dpruunns1eniee 1l

WeA AN NFHH
sduuu Anadealy Andoauuy Andrudsauu t Significant
sl WINIFIY INIFIY

Walk Green 4.19 0.78 19 1.78 0.0815
Walk White 4.63 0.96 21

Cross Green 4.52 0.93 21 0.5 0.6205
Cross White 4.66 1.07 23

Pedestrian Green 4.09 0.47 12 0.01 0.9946
Pedestrian White 4.10 0.73 18

Arrow Green 4.08 0.59 15 1.26 0.2123
Arrow White 4.29 0.62 14

Ped Walk Green 3.96 0.56 14 1.35 0.1831
Ped Walk White 4.18 0.63 15

Ped Cross Green 4.36 1.01 23 0.3 0.7644




a5

Ped Cross White 444 0.92 21
Arrow Walk Green 4.23 0.72 17 1.39 0.1704
Arrow Walk White 4.58 1.03 22
Arrow Cross Green 4.39 0.93 21 0.41 0.6868
Arrow Cross White 4.49 0.8 18
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m13997 12 Wiguiiguiveannngueiglang p<0.05 H2318p11uunNe 1N U NTIEA ALY

R0l
suuuy Anadealy Andeauu Andrudsauu t Significant
nsdla 1IN WINI1FIY

Walk Green 3.76 0.94 25 1.21 0.2294
Walk White 3.94 1.15 30

Cross Green 4.01 1.06 27 0.88 0.3809
Cross White 4.16 1.32 32

Pedestrian Green 3.73 0.84 23 1.4 0.1638
Pedestrian White 3.92 1.04 27

Arrow Green 391 0.96 25 0.81 0.4205
Arrow White 4.03 1.12 28

Ped Walk Green 3.61 0.72 20 1.69 0.0927
Ped Walk White 3.89 1.06 27

Ped Cross Green 3.84 0.98 26 1.33 0.1866
Ped Cross White 4.04 1.17 29

Arrow Walk Green 3.71 0.97 26 1.03 0.3054
Arrow Walk White 3.86 1.16 30

Arrow Cross Green 3.73 1.04 28 13 0.1947
Arrow Cross White 3.93 1.07 27
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Compare Text and Symbol in Green 18-30
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m15799] 13 WSsuiigudonuuazayanvalilvaidel vesnguete 18-30 lag p<0.05 1937

AAIIUaNe 1N U NI ALY NEas

' a
Anadenanly

sduuu Andoauy Adrudsauu t Significant
sl WINIFIY NI
Walk Green 3.14 0.74 2 0.64 0.5279
Cross Green 3.26 0.63 19

Pedestrian Green

3.15

0.60

19

Arrow Green

3.30

0.78

24

0.76

0.4502

m1597 14 Wiguiieuteniuuasaganvaliiliayd vesnguety 18-30 lng p<0.05 d83d

AIIMANA NAUBE NI 1A N ISaTR

sduuu Anadaly Andoauuy Adaudsauu t Significant
nsdla WINI1FIY NI
Walk White 3.16 0.7 22 0.73 0.4722
Cross White 3.30 0.62 19
Pedestrian White 3.40 091 27 0.69 0.4952
Arrow White 3.59 1.11 31
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Time Response(second)

Time Response(second)

Compare Text and Symbol in Green 31-45

7 I AVG £ 95% CI
® VG
6 -
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2 | | | |
Walk Graan Crosa SGraan Pedastrian Grean Amow Grasn
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M5 15 WSsuiigudenuuasayanvalilvaidel vesnguere 31-45 lag p<0.05 0937

AAIIUaNe 1N U NI ALY NEas

suuuy Anadealy Andeauu Andrudsauu t Significant
nsdla 1IN WINI1FIY
Walk Green 3.67 0.98 27 120 0.2345
Cross Green 4.03 1.12 28

Pedestrian Green

3.66

0.99

27

Arrow Green

4.18

1.27

30

1.63

0.1092

m15797 16 Wiguigutenuuasaganvaliiliay vesnguety 31-45 lng p<0.05 Ho37i

AIIMANA NAUBE NI 1A NISaIR

sduuu Anadealy Andeauuy Andaudsauu t Significant
sl WINTIFIU INTIFIY
Walk White 374 131 35 155 0.1274
Cross White 4.42 1.73 39

Pedestrian White

3.98

1.33

33

Arrow White

4.07

1.58

39

0.21

0.8320

4.2.3.3 nguety 46-60 U

MnMsUTsuiiunaluauilavesngueny 46-60 NwegUiuuRgIveItenIy
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Compare Text and Symbol in Green 46-60
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m157 17 Wiguiieuteniuuasaganvaliiliailes veinguery 46-60 lng p<0.05 1877

AAIIUaNe 1N U NI ALY NEas

Juuuy

Anadeanly

mMsla

ALTEaUY

UIRMIIFUY
o9

Andaudeaiuy

UIMNI3U
o9

Significant

Walk Green

4.02

0.91

22

Cross Green

4.24

1.09

26

0.4823

Pedestrian Green

4.02

0.82

20

Arrow Green

4.06

0.83

20

0.18

0.8557

15797 18 Wiguiigutenuuasaganvaliiliay vesnguety 46-60 lng p<0.05 o3l

AIIMANA NAUBE NI 1A NISaIR

' a
Anadeanly

|
AUYIUY

sduuu Andaudsauu t Significant
sl WINTIFIU INTIFIY
Walk White 4.22 1.05 25 0.14 0.8865
Cross White 4.27 1.23 29

Pedestrian White

4.20

0.97

23

Arrow White

4.15

0.85

21

0.8423
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Time Response(second)

Time Response(second)

Compare Text and Symbol in Green >60

I AVG £ 95% CI
® NG
2 | | | |
Walk Grasn Cross Graan Padastrian Grean Ao Gresan

U1 40 Box plot Yenuuazdgyanvaliuanidile veangueIeuInni 60

Compare Text and Symbol in White >60
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M5 19 WSsuiigudenuuazayanvalilvaided vesngueiguinndy 60 lag p<0.05

fordlinruueng Nuee e s 19N 1aas

54

suuuy Anadealy Andeauu Andrudsauu T Significant
nsdla 1IN WINI1FIY
Walk Green 4.19 0.78 19 133 0.1889
Cross Green 4.52 0.93 21

Pedestrian Green

4.09

0.47

12

Arrow Green

4.08

0.59

15

1.83

0.0731

M135797 20 Wiguiigutoniuuasayanualiiliar vengueIguInnil 60 lng p<0.05 Ho

1A IIUANA WA NIT 1A YN NTa s

sduuu Anadealy Andeauuy Andaudsauu t Significant
sl WINTIFIU INTIFIY
Walk White 4.63 0.96 21 0.09 0.9306
Cross White 4.66 1.07 23

Pedestrian White

4.10

0.73

18

Arrow White

4.29

0.62

14

1.04

0.3042
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Time Response(second)

Time Response(second)

55

Compare Text and Symbol in Green All

6 -
T AVG £ 95% CI
® AVG
5—
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3
2 | | | |
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m15799] 21 WSsuiigudenuuazayanvalilvaidel vesynnguety lng p<0.05 §a31d

AILANS WAUBE NI A NG

56

Juuuy

Anadeanly

mMsla

ALTEaUY

UIRMIIFUY
o9

Andaudeaiuy

UIMNI3U
o9

Significant

Walk Green

3.76

0.94

25

Cross Green

4.01

1.06

27

0.0768

Pedestrian Green

3.73

0.84

23

Arrow Green

391

0.96

25

1.38

0.1679

m597 22 Wiguiieutenuuasayanvaliiliaur vesynnguety lng p<0.05 Ho3il

AIIMANA NAUBE NI 1A NISaIR

sduuu Anadealy Andeauuy Andaudsauu t Significant
nsiila NI NI
Walk White 3.94 115 30 126 0.2097
Cross White 4.16 1.31 32
Pedestrian White 3.92 1.04 27 0.71 0.4788
Arrow White 4.03 111 28
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Time Response(second)

Time Response(second)

Compare Combine in Green 18-30

T AVG + 95% CI
® VG
2 | | | |
Padaatrian Walk Graan Padestrian Cross Grean Arrow \Walk Grean Arrow Cross Sreen

U7 44 Box plot Yeniusaudtyanwaliianidiled vesnguede 18-30

Compare Combine in White 18-30
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2 | I I |
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MI5N7 23 Wiguiieutonusaudyanyalilvaden veanguedy 18-30 lng p<0.05 H977

AAIIUaNe 1N U NI ALY NEas

sduuu Anadealy Andeauy Andruidsauu t Significant
madla WINIFIY WINI1FIY
Ped Walk Green 3.01 0.39 13 0.49 0.6268
Ped Cross Green 3.07 0.52 17
Arrow Walk Green 3.19 0.58 18 0.71 0.4799
Arrow Cross Green 3.07 0.61 20
Ped Walk Green 3.01 0.39 13 1.28 0.2058
Arrow Walk Green 3.19 0.58 18
Ped Cross Green 3.07 0.52 17 0.02 0.9822
Arrow Cross Green 3.07 0.61 20

77159971 24 1Wsuiieuton MunaNaganvalilvay1a vesnguedy 18-30 lng p<0.05 o174

AIIMANA NAUBE NI 1A N INaTN

suuuu Anadgaly andeauy Andrudeauu t Significant
msdla NI INIIFIY
Ped Walk White 331 0.52 34 0.38 0.7081
Ped Cross White 3.56 0.76 36
Arrow Walk White 3.60 1.22 33 0.01 0.9954
Arrow Cross White 3.59 1.20 33
Ped Walk White 331 0.52 34 0.41 0.6788
Arrow Walk White 3.60 1.22 33
Ped Cross White 3.56 0.76 36 0.12 0.9022
Arrow Cross White 3.59 1.20 33

4.2.4.2 ngueg 31-45 U

nNsSeugunantuauilavesngueny 31-45 Mo JURUUHANYDITRAIY
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Time Response(second)

Time Response(second)

7- Compare Combine in Green 31-45

I AVG £ 95% CI
® AG

6 -
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Padscirian Walk Gresn  Pedactrian Crosc Gresn Arrow Walk Gresn Arrow Crogs Grssn

U1 46 Box plot Yemnunauayanvaliuaniaide) veinguete 31-45

Compare Combine in White 31-45

T AVG £ 95% CI
® MG
4 -
2 | | | |
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M15999] 25 LWSeusiguTomunaNaYanyalilvaded vesnguete 31-45 Ing p<0.05 997

AAIIUaNe 1N U NI ALY NEas

sduuu Anadealy Andeauy Andruidsauu t Significant
madla WINIFIY WINI1FIY
Ped Walk Green 331 0.52 34 0.38 0.7081
Ped Cross Green 3.56 0.76 36
Arrow Walk Green 3.60 1.22 33 0.01 0.9954
Arrow Cross Green 3.59 1.20 33
Ped Walk Green 3.31 0.52 34 0.41 0.6788
Arrow Walk Green 3.60 1.22 33
Ped Cross Green 3.56 0.76 36 0.12 0.9022
Arrow Cross Green 3.59 1.20 33

77159971 26 Wsuiguton MunaNaganvalilyay1a vesnguedy 31-45 lng p<0.05 o7

AIIMANA NAUBE NI 1A N INaTN

suuuu Anadgaly andeauy Andrudeauu t Significant
msdla NI INIIFIY
Ped Walk White 3.61 1.26 35 0.14 0.8890
Ped Cross White 3.56 1.30 36
Arrow Walk White 3.60 1.19 33 0.61 0.5429
Arrow Cross White 3.81 1.26 33
Ped Walk White 3.61 126 35 0.05 0.9580
Arrow Walk White 3.60 1.19 33
Ped Cross White 3.56 130 36 0.68 0.5012
Arrow Cross White 3.81 1.26 33

4.2.4.3 nguery 46-60 U

nNsSeuigunantuauilavengueny 46-60 NRoFURUUHANYDITRAIY
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m15N7 27 Wiguiieuteonusaudyanyaliliaden veanguedy 46-60 lng p<0.05 H977

AAIIUaNe 1N U NI ALY NEas

sduuu Anadealy Andeauy Andruidsauu t Significant
madla WINIFIY WINI1FIY
Ped Walk Green 4.42 0.60 14 0.31 0.7554
Ped Cross Green 4.35 0.92 21
Arrow Walk Green 3.80 0.99 26 0.32 0.7486
Arrow Cross Green 3.88 0.91 23
Ped Walk Green 4.42 0.60 14 2.69 0.0001
Arrow Walk Green 3.80 0.99 26
Ped Cross Green 4.35 0.92 21 1.80 0.0770
Arrow Cross Green 3.88 0.91 23

77159971 28 1Wguiieuton unaNaganvalilay1a vesnguedy 46-60 lng p<0.05 o7l

AIIMANA NAUBE NI 1A N INaTN

suuuu Anadgaly andeauy Andrudeauu t Significant
msdla NI INIIFIY
Ped Walk White 4.53 110 2 0.90 0.3705
Ped Cross White 4.80 0.94 20
Arrow Walk White 3.92 106 27 122 0.2272
Arrow Cross White 4.28 0.92 23
Ped Walk White 4.53 1.10 2 1.99 0.0514
Arrow Walk White 3.92 1.06 27
Ped Cross White 4.80 0.94 20 190 0.0625
Arrow Cross White 4.28 0.92 23
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7 Compare Combine in Green >60
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M1507 29 Wiguiieutoniusaudyanyalilvaden veanguergunniy 60 lag p<0.05

fordlinruueng Nuee e s 19N 1aas

sduuu Anadealy Andeauy Andruidsauu t Significant
madla WINIFIY WINI1FIY
Ped Walk Green 3.96 0.56 14 1.77 0.0825
Ped Cross Green 4.36 1.01 23
Arrow Walk Green 4.23 0.72 17 0.69 0.4924
Arrow Cross Green 4.39 0.93 21
Ped Walk Green 3.96 0.56 14 1.50 0.1396
Arrow Walk Green 4.23 0.72 17
Ped Cross Green 4.36 1.01 23 0.10 0.9189
Arrow Cross Green 4.39 0.93 21

M7597 30 WiguiieuTonIuNaudyanyaliliay1 veangueigunny 60 lag p<0.05

Ho1dA 1A NA WD WL 1AV 1985

suuuu Anadgaly andeauy Andrudeauu t Significant
msdla NI INIIFIY
Ped Walk White a.18 0.63 15 118 0.2437
Ped Cross White 4.44 0.92 21
Arrow Walk White 4.58 103 22 0.34 0.7368
Arrow Cross White 4.49 0.80 18
Ped Walk White a.18 0.63 15 164 0.1079
Arrow Walk White 4.58 1.03 22
Ped Cross White a.44 0.92 21 0.19 0.8531
Arrow Cross White 4.49 0.80 18

4.2.4.5 Nanguene

NNsUTUgunaluaulave s nnaNe g Nae JULUUNELYRITBAILAL

(% L3

Tryanuwalilidiven wanalu Box plot JUN 52 uazilddvniuanslu Box plot JUN 53 wadns

Wu31 JUsuunanTinsliddes fneaeulinandiladydnvalnufuouuman “WALK” 165

[ (% ¢

Mgn warguwuunauninsliduadveaaeuldnaidiledydnvalauAuauunan “WALK” 157

o

ya a

1an LagIAsIEnAIMI9ada Pair ttest dmsunnngueny Tugduuunauniinislydden

=

'
[

::4' Aa vy A ° I N o o
M99 31 LLagzﬂLL‘U‘UNaNWNﬂ’]ﬂfUaTWU ELUG]']T‘I\‘W] 32 Iﬂﬁlﬂ']%u@i%ﬂUﬂqﬂT‘lﬂJNuaa']ﬂiU

<

=»

o w

0.05 nEadnsWUIN Tdnudsrnuuanasiueg9ttsd Agynieans



Time Response(second)

Time Response(second)
o
]

65

Compare Combine in Green All
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M15799] 31 WSeuslgutonunauayansalildaded vesnnguels lneg p<0.05 d931d

AILANS WAUBE NI A NG

sduuu Anadealy Andeauy Andruidsauu t Significant
madla WINIFIY WINI1FIY
Ped Walk Green 3.61 0.72 20 1.41 0.1617
Ped Cross Green 3.84 0.98 26
Arrow Walk Green 3.71 0.97 26 0.22 0.8240
Arrow Cross Green 3.73 1.04 28
Ped Walk Green 3.61 0.72 20 0.79 0.4334
Arrow Walk Green 371 0.97 26
Ped Cross Green 3.84 0.98 26 0.71 0.4761
Arrow Cross Green 373 1.04 28

M15799] 32 WSeuilgudomunauayanwalilvaya veannguete lag p<0.05 Do

AIIMANA NAUBE NI 1A N INaTN

suuuu Anadgaly andeauy Andrudeauu t Significant
msdla NI INIIFIY
Ped Walk White 3.89 1.06 27 0.72 0.4709
Ped Cross White 4.04 117 29
Arrow Walk White 3.86 1.16 30 0.44 0.6569
Arrow Cross White 393 1.07 27
Ped Walk White 3.89 1.06 27 0.23 0.8187
Arrow Walk White 3.86 1.16 30
Ped Cross White 4.04 117 29 0.70 0.4842
Arrow Cross White 3.93 1.07 27
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4.3 JUuuu eHMI Aildandrlaadfigauazldnandladniige
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4.3.1 nauenY 18-30

[y

IINMTAATIERTeYaveINgueny 18-30 Hiulaunausdudusuiuy eHMI Mldatly
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Time Response(second)
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Result of 18-30

T AVG + 95% CI
8- ® MG
6=
" ¢
e
2 -
0 T T |

No eHMI

Arrow White Ped Walk Green

U 54 Box plot gUkuUtlaisuas91vgnves nguery 18-30

#7599 33 SUAUFUMUY eHMI TilFhaandalassvign vesnguery 18-30

sduuu Anadsnalumadila Andsauunasgiu Andaudeauuanangiu
Ped Walk Green 3.01 0.39 13
Ped Cross Green 3.07 0.52 17
Arrow Cross Green 3.07 0.61 20
Arrow Cross White 3.14 0.61 20
Walk Green 3.14 0.74 24
Pedestrian Green 3.15 0.60 19
Walk White 3.16 0.71 22
Arrow Walk Green 3.19 0.58 18
Cross Green 3.26 0.63 19
Cross White 3.30 0.62 19
Arrow Green 3.30 0.78 25
Arrow Walk White 3.33 1.01 30
Ped Cross White 3.35 0.86 26
Pedestrian White 3.40 091 27
Ped Walk White 3.48 1.09 31
Arrow White 3.59 1.11 31
No eHMI 6.67 1.10 16
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4.3.2 ngueny 31-45
PMNMTIATIERTeYAvRINaUDNY 31-45 JITelsunauaduiuguiuy eHMI Aldaatly
maladinanuastiiign wanslugui 55 lnenadnsveingueneiiaziiiudi sULUU eHMI 7

THnansingefe dydnvalaufuauunas“WALK” 837 wazguuuy eHMI Tdnandilad

figafie “CROSS” @111 Ingazuansdudugluuy eHMI Aldnandiladinganiuadu de

AN519N 34
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#7399 34 SuFUTUUUY eHMI Aldiaandnlasign vesnguery31-45

suuuu Anadenalumadile Andsauunasigiu Andaudeauuanangiu
Ped Walk Green 3.31 0.52 34
Ped Cross Green 3.56 0.76 36
Ped Cross White 3.56 1.30 36
Arrow Cross Green 3.59 1.20 33
Arrow Walk White 3.60 1.19 33
Arrow Walk Green 3.60 1.22 33
Ped Walk White 3.61 1.26 35
Pedestrian Green 3.66 0.99 27
Walk Green 3.67 0.98 27
Walk White 3.74 1.31 35
Arrow Cross White 3.81 1.26 33
Pedestrian White 3.98 1.33 33
Cross Green 4.03 1.73 39
Arrow White 4.07 1.58 39
Arrow Green 4.18 1.27 30
Cross White 4.42 1.73 39
No eHMI 731 1.23 16

4.3.3 NgueNy 46-60
IINMTAATIERVBYAVINGUDNE 46-60 Hiulainausduiusuiuy eHMI Mldnatly
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Time Response(second)
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Result of 46-60
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AVG
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1
No eHMI
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U 56 Box plot sULUUtlaisuas91vgnves nguety 46-60

#75997] 35 SUAUFUMUY eHMI TilFvaandalassavign vesnguery 46-60
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suuuu Anadsnarlumadile Andsauunasgiu Andaudeauuanangiu
Arrow Walk Green 3.80 0.99 26
Arrow Cross Green 3.88 0.91 23
Arrow Walk White 3.92 1.06 27
Pedestrian Green 4.02 0.82 20
Walk Green 4.02 091 22
Arrow Green 4.06 0.83 20
Arrow White 4.15 0.85 21
Pedestrian White 4.20 0.97 23
Walk White 4.22 1.05 25
Cross Green 4.24 1.09 26
Cross White 4.27 1.23 29
Arrow Cross White 4.28 0.92 23
Ped Cross Green 4.35 0.92 21
Ped Walk Green 4.42 0.60 14
Ped Walk White 4.53 1.10 24
Ped Cross White 4.80 0.94 20
No eHMI 7.14 0.86 12
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4.3.4 NgUL1YUINAT 60

MNNMTIATIEITeyavesnguegNInnit 60 Favlsinaussusiuguiuy eHMI ilY
nalumadlaafiaeuasiniian wandlusuil 57 Tnsnadndueanduangdasiiui suuuy
eHMI Wldhansifigade dydnvairuifuouunan “WALK” #7971 uagguuuy eHMI THinan
dlathigefe “CROSS” 11 Tagazuansdususuuy eHMI Aldnandlaigifian

o U U d‘
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Result of >60
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U 57 Box plot suuuviidlaisauass1igaves ngueIewInn a1 60

#1597 36 SUAUFUMUY eHMI lFhaandalaisvign vesngueIeInn1 60

sduuu Anadsnanlumadile Andsauuunsgiu Andaudsauuanangiu
Ped Walk Green 3.96 0.56 14
Arrow Green 4.08 0.59 15
Pedestrian Green 4.09 0.47 12
Pedestrian White 4.10 0.73 18
Ped Walk White 4.18 0.63 15
Walk Green 4.19 0.78 19
Arrow Walk Green 4.23 0.72 17
Arrow White 4.29 0.62 14
Ped Cross Green 4.36 1.01 23
Arrow Cross Green 4.39 0.93 21
Ped Cross White 4.44 0.92 21
Arrow Cross White 4.49 0.80 18
Cross Green 4.52 0.93 21
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Arrow Walk White 4.58 1.03 22
Walk White 4.63 1.07 23
Cross White 4.66 1.07 23
No eHMI 7.04 1.11 16

4.3.5 nngueny
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Toyaveannaueny fsliinaueduiuuuuu eHMI Algaanlunis
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U7 58 Box plot suuuiiiinlaisauuass1mgaves ynnguety

#7379 37 SuFUUMUY eHMI Aildiaandilaisvign vesnnguery

sduuu Anadsnanlumadile Andsauunasgiu Andaudsauuanangiu
Ped Walk Green 3.61 0.72 20
Arrow Walk Green 3.71 0.97 26
Pedestrian Green 3.73 0.84 23
Arrow Cross Green 3.73 1.04 28
Walk Green 3.76 0.94 25
Ped Cross Green 3.84 0.98 26
Arrow Walk White 3.86 1.16 30
Ped Walk White 3.89 1.06 27
Arrow Green 391 0.96 25
Pedestrian White 3.92 1.04 27
Arrow Cross White 3.93 1.07 27
Walk White 3.94 1.15 30
Cross Green 4.01 1.06 27




73

Arrow White 4.03 1.12 28
Ped Cross White 4.04 1.17 29
Cross White 4.16 1.32 32
No eHMI 7.07 1.08 15

4.4 §aNNINAABINIAFUIN (Experiment)
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1757991 38 SUAUFUMUY eHMI lunisvmaesninauy
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sUuu Anaggnalunisdala ANTBAUUNINTIZIU ArdaulBLUUNINTIFIU
Ped Walk Green 222 0.68 30
Cross White 2.89 0.70 24
Arrow White 3.57 0.75 21
No eHMI 4.08 1.32 32
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Specification Detail
Manufacturer Huawei
Model Matebook 14
CPU AMD Ryzen 5 4600H (3.00 GHz up to 4.00 GHz)
Ram 16 Gb

Display Resolution

(2160x1440) 2k

SSD

M.2 PCle 512GB

VGA

AMD Radeon RX Vega 6 (Ryzen 4000)

Operation System

Window 11
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Specification Detail
Manufacturer Lenovo
Model Ideapad L340
CPU Intel Core i7 9750H
Ram 8 GB DDR4 2400 MHz

Display Resolution

1920x1080

SSD

M.2 PCle 512GB

VGA

NVDIA GeForce GTX 1050

Operation System

Windows 10 Home
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lsunsudmsunisamuaunsasnlud@lunisnaass Simulation gnas1sdumeniw Python

YmsWaLIUY Microsoft Visual Studio Tagldadaanlulusunsusians CARLA

import carla
import time
from math import sqrt

def spawn vehicle (world, vehicle location, vehicle yaw):
blueprint = world.get blueprint library()
vehicle blueprint = blueprint.filter ("vehicle.volkswagen.t2") [0]
vehicle transfrom = carla.Transform(vehicle location, vehicle yaw)
vehicle = world.try spawn actor(vehicle blueprint, vehicle transfrom)
vehicle id = vehicle.id
return vehicle, vehicle id

def veh throttle control (vehicle, brake):
vehicle.apply control (carla.VehicleControl (throttle=0, steer=0, brake=brake))

def distance(vehicle, initial location x, initial location y):
current location x = vehicle.get location().x
current location y = vehicle.get location().y
delta x = abs((initial location_x - current location x))
delta y = abs(initial location y - current location y)
distance sqrt (((delta x * delta x) + (delta y * delta y)))
return distance

def final veh control (vehicle, initial location_x, initial location_y, brake):
veh distance = distance(
vehicle=vehicle,
initial location x=initial location x,
initial location_y=initial location_y,
)
vehicle.enable constant velocity(carla.Vector3D(x=8.33, y=0.0, z=0.0))
while veh distance < 16.0:
veh distance = distance(
vehicle=vehicle,
initial location x=initial location x,
initial location y=initial location y,
)
print ("Do Nothing")
vehicle.disable constant velocity()
veh throttle control (vehicle=vehicle, brake=brake)
return

def destroy(actor):
lastest actor = actor[0]
lastest_actor.destroy()
return print (f"Actor is destroyed")

U7 62 CODE mavmusadhlusiilu CARLA
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import time
import carla
from vehicle control import spawn _vehicle, destroy, final veh control

_HOST = "172.17.0.1"
_PORT_ = 2000
client = carla.Client(_HOST , _PORT )

client.set timeout (2.0)
world = client.get world()
actors = world.get_actors()

spectator rotation

spectator location
x=-34.7425,
y=72.3679,
z=2.9535,

carla.Rotation (pitch=-1.6855, yaw=-2.4305, roll=0.0000)
carla.Location (

)
spectator transform = carla.Transform(spectator location)

stp_location = -28.1
travel distance = 40
start x = stp location + travel distance

vehicle yaw = carla.Rotation (yaw=180)

vehicle location = carla.Location(x=start x, y=69.43, z=2.10)
initial location x start x

initial location_y 69.43

command = str (input ("input:"))
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def run (command) :
if command == "v"
vehicle, vehicle id = spawn_vehicle(
world=world, vehicle location=vehicle location, vehicle yaw=vehicle yaw

)
y = str(input (f"What you wanno do with the ego vehicle: "))
if y == ngn
final veh control(

vehicle=vehicle,

initial location x=initial location_x,

initial location_y=initial location_y,

brake=-0.48,
)
print (£"DONE")

else:
print (£"Duh, you did nothing")

elif command == "s"
spectator = world.get spectator()
spectator.set transform(spectator transform)
elif command == "d":
destroy (world.get actors())
else:
print ("Nothing")
return

run (command=command)

U9 64 CODE asmslvisnonlusiiinaoui

dnfumsldumnnisain1snaaes Simulation gRaseluaILn1¥ Python Minisiauuy

Microsoft Visual Studio Tneld Module 7ivdu Open Source

import pygame

import cv2

import csv

import time

from datetime import datetime
import tkinter as tk

import os

record time = 10

vdo lists = os.listdir('./vdo')

def show output (vdo name) :
name input.config(state='readonly')
recorded keys = []
name = name_input.get ()
if not os.path.isdir(f'./{name}"):
os.makedirs (f'./{name}")

video

cv2.VideoCapture (f'./vdo/{vdo name}")




fps video.get (cv2.CAP PROP FPS)

window = pygame.display.set mode ((1920, 1080)
clock = pygame.time.Clock ()
t start = time.time()

while True:

dt time.time() - t_start

success, video image

video.read()

for event in pygame.event.get () :

if event.type

pygame.QUIT:

break

if success:

video surf pygame.image.frompbuffer (

video image.tobytes(), video image.shape[l::-1],

else:
break
(Ol

window.blit (video surf, 0))

pygame.display.flip()

key

pygame.key.get pressed()
recorded keys.append ([dt,
clock.tick busy loop (fps)
pygame.quit ()

with open(f'./{name}/{name} {vdo name}.csv',

writer csv.writer (file)

writer.writerow (["dt", "action"])

writer.writerows (recorded keys)

def button(name button, VDO show) :

row = (name button+5) // 5
col = name button % 5
go_button = tk.Button(

master=window, text=name button,

width=10)

go_button.grid(row=row, column=col, padx=10,

window tk.Tk()

window.title ('Tester")

window.minsize (width=400, height=300)

, pygame.RESIZABLE)

"BGR")

key[pygame.K SPACE]])

mode='w', newline="'")

pady=15)

as file:

command=lambda: show_output (VDO_show),
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title label = tk.Label(
master=window, text='ﬁ%mamm')

title label.grid(row=0, column=0, padx=10, pady=10)

name input = tk.Entry(master=window, width=15)

name input.grid(row=0, column=1, padx=10, pady=10)

edit button = tk.Button(master=window, text='Ok!',

command=lambda: name input.config(state='readonly'), width=10)
edit button.grid(row=0, column=2, padx=10, pady=10)
edit button = tk.Button(master=window, text='Edit Name',

command=lambda: name input.config(state='normal'), width=10)

edit button.grid(row=0, column=3, padx=10, pady=10)

for i in range(l, 23):

button (i, vdo lists[i-1])

window.mainloop ()

§Uil 65 CODE msweaay Simulation

Tsunsudmsunisamuausadnludflunisnaasninauiy gRassumen1w Python 71vih

MINRIUIUL Microsoft Visual Studio lagsin1siensieveyaiusiu Network Protocol TCP

from _ future  import barry as FLUFL
import rospy
import socket

from std msgs.msg import String

class tcp_server:

def init (self, ip, port) -> None:

rospy.init node('tcp server')
rospy.Subscriber ('/launch cmd', String, self.cmd callback)
self.ip = ip

self.port = port
self.server socket = socket.socket (socket.AF INET, socket.SOCK STREAM)
self.server_ socket.bind((self.ip, self.port))

self.server socket.listen(1l)

rospy.loginfo ("TCP server is listening for incoming connections...")
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def

def

if name ==

node

self.pub = rospy.Publisher('tcp out', String, queue size=10)

self.payload = None

cmd callback(self, msg):
self.payload = msg.data

main (self) :
client socket, client address = self.server socket.accept ()

while not rospy.is_shutdown():

if self.payload:

client socket.sendall (self.payload.encode())

else:

client socket.sendall ("F,0.0,0".encode())

data = client socket.recv(3).decode()

if data != "0.0":
print (data)
self.pub.publish (data)

client socket.close()

print ("disconnected")

' main ':

= tcp_server ('localhost', 6823)

node.main ()

U7 66 CODE \9ousiainiodgveinauiages
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import keyboard
import time

import socket

def main():
HOST = '192.168.1.35"
PORT = 6823
payload = 0
client socket = socket.socket (socket.AF INET, socket.SOCK STREAM)
client socket.connect ((HOST, PORT))
while True:
if keyboard.is pressed('space'):
payload = "1"
else:
payload = "Q0"
client socket.sendall (payload.encode())
print (payload, end='', flush=True)

time.sleep (0.01)

if name == " main ":

main ()

U 67 CODE naandlewnlavesnisnaaesninauiu
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from cmath import inf
from ctypes import resize
from hashlib import new
import pygame

import rospy

import math

from geometry msgs.msg import PoseStamped

class Display:

def  init (self) -> None:

self.width = 1920

self.height = 540

self.black = (0, 0, 0)

self.window = pygame.display.set mode ((self.width,
self.image = pygame.image.load('Cross.png')

self.new size image = (1400, 1000)

self.image = pygame.transform.scale(self.image, self.new size image)

self.dist = inf
self.running = True
pygame.init ()
self.goal x = 108.5697
self.goal y = 4.6813

rospy.init node('display node')

rospy.Subscriber ('/current pose', PoseStamped, self.cur pose callback)

def cur pose callback(self, msg):
cur x = msg.pose.position.x

cur_y = msg.pose.position.y

self.dist = math.hypot ((cur_x-self.goal x), (cur_ y-self.goal y))

def main(self) -> None:

while not rospy.is_shutdown() and self.running:

self.window.fill (self.black)

for event in pygame.event.get () :
if event.type == pygame.QUIT:
self.running = False
print (self.dist)
if self.dist < 16:

self.height))
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self.window.blit (self.image, (300, -175))

pygame.display.update ()

pygame.quit ()

if name == "' main ':
display node = Display()

display node.main ()

51l 68 CODE yusadnludiailsians eHMI
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