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Abstract

This translation practice selects materials from the book Artificial Intelligence for
Autonomous Vehicles, co-authored by multiple scholars. The book was jointly
published in February 2024 by Wiley, the world’s third-largest academic journal
publisher, and Scrivener Publishing, which focuses on fields such as engineering. The
content of the text is relatively cutting-edge. Through 11 chapters, this book introduces
autonomous vehicles and the application of Al in autonomous vehicles, and explores
the use of new Al algorithms to address the existing limitations and disadvantages of
current algorithms for autonomous vehicles, which holds high research value for the
development of autonomous vehicles. The translator has chosen the fourth chapter of
this book as the translation text, which mainly introduces the architecture of
autonomous vehicles. This translation practice is of great significance in promoting the
dissemination of knowledge related to autonomous vehicles, technical exchanges and
popular science introductions.

The key and difficult points of this translation are as follows: Firstly, the accurate
expression of semi-technical words. The translator can determine the meaning of words
based on the professional field and parallel texts. Secondly, the focus should be on the
translation of long and difficult sentences, especially those containing attributive
clauses and adverbial clauses. Long and difficult sentences with attributive clauses can
be translated through the methods of preposition, division, and integration, while long
and difficult sentences with adverbial clauses can be translated by using techniques
such as inverse-order translation, and conversion. Thirdly, the reproduction of semantic
coherence in translation is stressed. In order to achieve the communicative function, the
explication of anaphora and the addition of semantic content can be used to reproduce
the logic of the translation and enhance its readability.

Through this translation practice, the translator has deeply realized that when
translating texts related to the field of science and technology, the translator should
possess solid knowledge in multiple fields such as automobiles, artificial intelligence,

and physics to ensure the accuracy and professionalism of the translation. In addition,



the translator should also have a reader awareness, and be proficient in using translation
techniques, so as to ensure the readability and fluency of the translation. During the
translation process, the translator has not only gained knowledge of the translation
characteristics of the professional field, enhanced the awareness of text cohesion and
the reader awareness, but also improved the ability to search for and verify information,

which has laid a good foundation for her future translation work.

Key Words: Artificial Intelligence for Autonomous Vehicles; semi-technical words;

long and difficult sentences; semantic coherence
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B8 EFHEN

L. 1 JEXENH

H 302 WAL M AVR AT IR A R AU R TV IR R R 2 —, A —FF IR
HILLERFL) Py i 1 B 2 SR 2R A i i N AT H A2 3E, R L 8 22 ) R 2k
“CROATR” AR . R 2 AN A6 O BN B A4, JHAR T B 355
FZEH N TR RE

CHBNV SR ZER N TEEE) (Urtificial Intelligence for Autonomous Vehicles) &
FELTH 5555 — KT (52 Pt B A0 48 = R 2 R AT R Willey 1B HE B2 1 L
JROL T 2009 AR vE TR EAURNS . Bl B A AR 45 A 15 1Y) Scrivener
Publishing J£[FHAR. 20K 11 AFFT, FENA T HSIEREMME. ALTE
H B WA R, PSR I AL S H R 3028 R 4 VR AR AE 1
JRRAN S o 1% A5 2024 4F 2 HEIRHR,  H TR HILH SCREA, IR
HAMRBAB 0, SHAET R BB R ER AL REA — 2N H N
fE.

AR BRSBTS B R (H A S SR N T BE) — PSR DY &, 3L 17000
&7, Fie MTIBIFESE B IR FOAHSR R . W FENA T BRI R
ghky, ARG AR Zh B B ZE MRS R . BIRMBA . i B A28 R A7 7E 1
AR, CAK A SRR, T A 2 B B AR K RS . BT
N E BN BRI O Tl A AR R A AT 1R 52 sl AT R A 21

1.2 SEERE X

B TRERHBCERSCIRIE A& 3T 3 [ PR R ML R BE 22 (0 ) TR, g %4
SRR SEIEN BS99 N TR E Y B EEATR 2

B, FE B H AL B S BEORE N OB Gk, X
AT BHE PTG TT THH) R AT Ry R R B o R R S AT B T Y A
GBS G &1, HESh E 5K 5] 2 5e 3t 1) B 30 2 B EORBE S AN A R .

R, BEUCRH R SE AT B TR B S B B AREAL S P 2 A, S
FINBES 11X —RIVE BRI S . A2 BLEOR RERT S, R B 3 B R 3 [
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FE FUHES
PERTE & T/ RBI R B 36 . 0 T TR R SRR, B AL 5
B L AT B BB S B AR TR B s (R, SR
SRR A, e L& 08 2 SRR B P 15 .

2.1 PFESCANRFE B B B0 23 SR U

2.1.1 JEICA HIRHE DT

AU S AR A PR ORI BT (E SIS BREM N LR RE) (Urtificial
Intelligence for Autonomous Vehicles) WIS T, TENA T HIBIIRER KRS
M, 2Rk, ROk —ME BE S A, K3 ENERARUEMR
P, WI5E S ATERER AR, ATISAEIE R 1 H SRR AR SO R (=T,
2011: 29). YEIBSCART LR, BH™E, B IR, P ARG
faves R, KB 7SI (RS D U AE 1) T bR T AN 4 5 3],
iRy MRS AN R, I REMH] T EEARIIE, AISCE R LRI 1
R FRIBET, SCH R TR EZ KR, 1K 48 5 ™ I ) 5 S L & F1 Th RE AT
N, FTEFMOIE)FEMFIEERR, HEREMEE RS X R EBIE I,
MERA T B B E, BN T N TN E ISR E R RS, SRE M
ZEKY . Thee. RF . ARSRKEEIASETT AT VR IR, &5 a8 B3 SR ER K
JERTS: AR A SR, RIS, B AR 1, AR ARG .

A SRR SCAR R 73 N =R SCAR AL FRIBRIUA (expressive texts) {7 B Y
A (informative texts) FIFFHFRISCA (vocative texts) o 415w A NS B SCA LTS
AR RSO ARIRE  RTSCE L BB SC BAAR SO 2 B0 5% 45 (Newmark, 2001:
136). PEEEFERIIE A TG T MBI R, B TEERCK, FEANCRK
B OAE T I SCAAS BN B2 M E S (true) o B8 L ILIESCA B #ERf 1A
Atk e 75 5k < HSCUER B E ey, ARIEBZIJE”, Ara iRz “ik”,
JERIMIFR TR “A57 (R E, 2023: 73). A HE 5 M4 H 2 SB—E 1
SEPRINRE, % T HSCARESE B 3 S B RS T b+ DL AZ USRI 2 473,
SCEELLEARE R T ), 3 A bR A BRI, 7EORAIE T L AT ER TS & R
i 7/ AN el 118
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2.1.2 PRI R RN

WRAE A D 5 () SCARRAY BRI, (5 B SR LI Bz £, smiiE ks
T, BE AR EHLGNE, TR S I A B s A Ty, 1
BIFCHEE KRR, FOAEEEZENEMBARS (Newmark, 2001: 177). FHE
A B A E T W] ZE AR ) B S S 1 Rl B DI L S E R,
] 422 B SC IR EER e FR A A DUR FRZHRE BT, anfrr b PR b S B 1) R0 T7 =X,
MEMBIXE, FEGOE (AR, 2023: 157). #ut, SLUREIPENGEANE LR
JE)

1. SR

“ABRBBICTR” R
RIARE AT 4> 2 A B S SEREAE “157 1JEN . 15 B ASOAR DML 5 B oy 2
HIt, &EARDIESWESIIRE, OSSR Ii SCRER TR AIEE N Y
LHAR. K, F BRSO R B AR 2 “ O SEER 7, BRSO AUE ST R
3, BWUEMHRIAFE AL RIER . FERE TR SRR, TR
SCRTERIE B A A L AT JE iR Rk, AN mT B s b ot J5 SOAROR 2 20y

2. @M

BT @, st e R s T R SCR B R SR b, SRR B IS R
TWHEATEIRE (KR, 2025: 14). PR R E AR N TR 328 /2 75 A5 SO IR 15 A0
[l ) B2, B BRSO S, 045 BAR R ORI . ATbL, DAATE AL
(IR, bR SCAE I v (1 B ORI S SRR A AR R o I3 75 B2 TR B A
SCAG L TR JFOCH S R, DUERTS 1 N TE B 1 >, 3 4t IR R

3. FEE

BHETOEBERA R T IFe RS, DRI RS R F. O, ©
J& TR e S BB R R, BASIFL. EIRR Gat. VA2, 2020: 29).
BHOCAR R — M EACC A, B A —E B8 R AR, BRI SR
TR EZER . BT, BRI T SR SR PR AT RE 1 A OSC
AR, AR SRS E U AR O SRR S A B BRI RE T, AT IR AH
KA R, DI IR S IIRE £ lk .
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AT IR AR SR SCN A T SCA . IR A B VB, WER P AT
SCRA FIF R MR A AT AR 2, R, AR TR ARE R R, $E i
SCIHERATE, NG BRSCAR R Tl

RN S A R R T B Sh B R AT, FREE G 8 H S B BRI
7%, 1 Michael E. McGrath 5 [£] Autonomous Vehicles: Opportunities, Strategies and
Disruptions; Anthony Raymond 5 ['] How Autonomous Vehicles Will Change the World,
St H BB IR RN IERATYEE 10 T . BEJE, ERIEERF R AR CE 302
WA EEARIERM) . (MIRCADEERE (F—5)); BT LI R HR Of
R RE S GERO) &8, THRENEWIRENIEFH
RIERIE, M IEEFA IR ZMS . RN, 8 S9SCARRT R, # e A %R
MR RGERIE, DAIAR PRSI Bl SPAT SOR PO AE — s R LaRAN TR &
MEANTE F A 2 -

2.3 RERNES

ARAE () G5 — RN 2 LB RE, R KRR R I00 H v S AR e 1)
S EE VMRS R G ARHERARIE 2B TAEM S AR R (T8,
2014: 4). ARIBFRX TN GUCRBLAT A, oI AG— B briE, BRI CAR
EHIERIE, DUAORME BRSO, RSB e I &

W P S A RN Bk B AT SIS, AR AR B, FEE 0 DL o
W, EARSURAERENE L, TEEEREERMACHEE. Wk, &
Utk 5K Kt b ONKT A S SCRRR A 5 o 19835 8 I LA 4 B 3 T L Trados $2HX
ARif, JREE DL ERIR, RAWE T IAARIERMER L, RERERR 1 H.

2.4 BIPET B EE

RIS, (R T AR PR A HOARTE . SRR R BRI, K
SRR B T RARSEBUB BIRSS thAn 5, IR TR AN R 25 6 A,
AR THBhiEE B eEERE AR T AN, B HATE N A F RSO
JRURE S i HRE S AR 30 3 AR TR R S, 4R SR SRR
1. #ARJsin] gt
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PR 2 A PRS0 e B OO 27 ST 3] i (T Rl BRI AR A =1, 55 9 i
W MBS AL, 2023) BT 1R 2 SGRTC T, H TR L) A i
AT U ik .
2. B R R A

VR B I 5 A A ] L ] S A 2 ] PR A ) % 2R LR T AN A
W E, TR, RTRA AR T R R I, RS S AT, E Tl
WisE B AR, thAh, B Trados BT RIE AL, Trados W H5BRE# Pk
Jiiiie S RS, JRRAUHOCRE, SRR IS, R SR EE.
3. ARiEM s

B R ER E L E R TE (hitps://www.autolab.org.cn) ARIETE
2k (https://www.termonline.cn/index ) %5 WX il 3E AT 5 24 ME B9 198 1 36 1F DA K 33047 AH 5 A
LLOEL S



TR R 2 2 18 S

B=FE RO

£ CHB BRI N TR GE) 260 &= @R, 1# 2 2 2% HOGHE Y i jl 4k
PR H5E, FBORAICAEA FITEST T RRERM, RS 15 B %38 1R
PEo [RIN, SCARHRRERAEAIIE NI, TS EEMAAIRIE WA A, 2
GRS, NI G RS M DI REREAT 4, A B LS, S BORE AP,
HEIN T B . SbAh, ECE SCET L FEIREA R B AR ZE AR, A
T D . SR LR AU S M ROR, A TR R0, IRAIRI V)L
AT 5, DS THI i

3.1 FEARFICHIERRIE

PR A HER X SR BRI — A A S HOR L, SRR BRI S R
M, FE SUR RN bR OB AR = AR A o Gx 24 ARG A L
(RIAHA 52 1 AR HL T3 7 B v M, e eSO &l S5 T S vk ok 7 Bk

YE N TH&SE (English for special purposes), BHEIEE LLEMEHY) b,
FHAA] R TR B, 18R BB R, Rk BN RE W (B, 2015: 1.
FHBTE P ARE — B & B AR AR ARG, XTI B S B S Tl S
HEMPE R EAHSG . CAA BT MIEINEIIARE, B NIEEX S, M IRE et
BVERIARLBIE o TH6 T RS M AR AT G — BRI RS, B3 7 e WA Va4 2
IR (R, XIEE: 2024: 59). XFTEARFEM S, —BAEE ST
SCARBEA B IRBOE L K T DU, T B W 3 75 2 3 MR Ll
BT PAT SUARHEE

3.1.1 EFE N R L

ANV AR B PR R R A, ] SCHGR T SCAR BT T Ml ATTEURT 5 4 5 1]
TERIIBRAL R R (T2, 2011 54). BHVPERBEEE T ki e 17 L, R
SR a0 A RE, DRI B B AR ] S, SN S ANk
SO SCAS P9 2 B B

{5 1:In scenarios with a High Dynamic Range (HDR), such as when entering or exiting

a tunnel, both dimly lit and brightly lighted areas can be visible in the same frame.

7
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VEIC 1. Gk BB TE, A R AE 2R R (R A O e R B o Xk ) v B 2V
(HDR) #3H.

B 2: fEEBNAJEHE (HDR) St (BIAnyRZ4E st B TE I ), fEF—i (i
T HAy [ B S B BRI ' HE DX R SO R X

3HT: “frame” JEPEORIAIC, B0 1 By “HERR”, KRILAH R Z
—o SR, FEAE)TE S AT itid i) 5t 5 R EDE F A SR R SR R, B &
A EE (HDR) AHRMES, “HEZL” X—R L BA SIER ARG “HEXR” @
BT A B SR S R B AR K, T AE R A, LA SO LERf A% 15 ) 7
Pk ok T BUR B v 37 AR B o 3E— 8 LSS iR A o0 #r, A IR
WARTE HDR GErghadSyulED, X2 BURAL BRI 2 N AR . FE iz 48U,
“frame” FEHHRM N W17, TR, BIERFE A A BT .

WG, WEHERERMRKIN, BEXEFAREENE “RER” MER, RA&EH
“architecture” —ia], JRICH 2 HILN “frame” 2 HILAE B 2072 B4 BRI JH [ 5
VIR es S T I8 SRR SR SS ) 1, X ey st Al R 5 R AL BEATA 5245 5 3R
SR, #E—DHNE VR “frame” ¥EJy M7 BUSEME, RN “CHETTD” —
T3 Bh e BRI T RO BJa, BEER (BN AR B RETE N ) 7 AL B9 AE
AT E (HDR) St IS BIAh 78, 5T 1503 SIS Ml 1 &) 3] 1 32 4555
R, FERESC 2 HF DAL .

%1 2: In contrast to the lower divergence laser emitter used in LiDAR, using a non-

directed light source has benefits such as capacity to produce high refresh rate (above 5S0Hz)

and detailed depth maps.

P 1: HEOG TR B BV BURZE R HOE R S a AR EE, SRR FDGIETE Az i,
Wge A m R % (50 FRZZ A B TR A

B 2: HEOLEIL (LIDARD i HIBUR B BOG KB a8, SRAAEZ MOt
R E i Ab Cange AR m R (50 FRZE LA BD RS AR B ED .

G3Hr: “divergence” & FHEIRIAE, FERIARHET S 1 = B8 A “the process
or state of diverging”, R WHIHLE g “AR ZR77. B RKHFERER
“BURERIBOCKAE, NESREMER, “BURER” 5 “BotKHEE" 1
I S, ARFE IR BIE S SRR SRR 77 . Adie I T “LiDAR
(WOGHILD” LUK “laser emitter CGEOGR AT )7 IXEERHARTE, HUbml LAWI#A %4

8
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VTR N 2 A T S B BRI £ O BB ORI Ll KR A & A, “ divergence
HERCEDY CHUE” , RIS RO R T I B, SROEERIEEOR
RO RS S VERERIIR K E A K. BEJa, B NRMESON L Z &, K231 3
Mo ETRS T, URMES “HHRA” (I 2).

3.1.2 ETPATICAHE R X

A AT BB BRI ATk R BEESETAT SR, BERBLA FILE
B AEACLTE 5T T XS 12 3V A A O SR U B, DA i3 R AR R 3 v Y 1 18 o 1]
SARME T RBEZR, DU P DR IR AN 3 B B R R

] 3: Light polarization sensors, which consistently function under challenging weather
circumstances and provide unusual sorts of information, are the subject of active study.

BEOC 1 Yot A IR nI S 25 KA P RFEELAR, UMK ISR, HArk
TR FE PR

PO 2: el A s T AESR 5 RAFAE ML AR, R A ER, H
HIFE AT TR TERS A o

JHT: “polarization” A G EHAE “MWAL” M “URIR” XN FEREN, EHRZE
LMV S AR PEDL T, AR ME B 4 4] W “light polarization sensors” T 5 M 3N “
WALAR IS b “HlmiRfe A ” o @I 7 [ 3¢ [ %3 Russell Chipman. Wai Sze
Tiffany Lam. Garam Young i % ] Polarized Light and Optical Systems Jx FAUgH
A (IR ERA (F—F)) H, “polarized” Fl “polarization” I 1EA “
R7 o HEBRL OUIRALIRES " M Ou A SR ARy RAE CNKI CH[E i
P X BB A ARG AT R R . R AR EIR, 4R 2 BUH S SCRAE i iR 1226
AR, B “ MRS 7 HIFREEC, 1 “Outll” 8L b Sk v BE 2 02 A

“optical poling” FIARIETL I, FIREDUE T “fWiik” 4 & “polarization” £ “light

polarization sensors” iX —Z IR H R AERR & X, 7 E 1 U T RVE 5 R0 I 15 . it
Ab, BERFRESC 1 “CETIRIRAE” A “BFRAR”, BN “OulmiRi AT 2
—AEHEME, B A TSR,

%1 4: The shift of phase of the approaching light that is converted to a distance can be
used to determine the duration of each pixel’s round-trip.

PO 1 HEECHIE BB AT e o BRI, ISR 2 B MBS AL IR H RS 1]

9
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PESC 2: BEEGIAALRAS AT O BE B, SR 2 MR SR AR IR RS2 ]
Grfre MR PERSR, “phase” JEBEORIENL, EARTES NA AR, X
CERMVEATOR THRORMERE o VESC 1 B IR B, MTFFIIA R AR . B 2
IR AR B B, RIS T, BB OB B R IR A KB,
PRUONTE B M BE AR OG0 B, 5 R B i B DDA G IR IR R “BrB” M, T2
TR FEFRE E Y BB E AL . AR X — BB, PR A TS
vS.0.Kasap FrE L\ HH Optoelectronics and Photonics B FRUE A (G HLT
FEHNT RIS BB ROY, EZEWSCAF, “phase shift” #HHHIE R
“HRE” , HEF Uk, BEEATLAAE “phase” 78 F A I PEIX — L AT S R AR AR
A7, AR “BrE” .

JE A ) 4% R4k 4544 “the shift of phase of the approaching light” B & 5 iff 1) /2
“shift CBH)” X—3hfE. Bk, HHRELES “HEOmEE” , T ReHEM LIk R
SCBRIARALRAS R R B FE LA, “ARAL R AL 7 — i BE AR R AR AR B)
A BRI — R S, [ SCIE L ARERIZ A S A s, Ak
SRS EAE R .

3.2 FERAEAIHIHER L

PEELA, B, 2 HKARE . ROy Eea) 71 3T M SRR 41,
BFEA RS AERRE RIS . MR S or )55 . IREEEE RN, Ay A,
1A T UG B 'R, 117 HA) T4 RS R R A& (20, FMVEA, 2016:
74). HRERICAR, HTHLAE, 52008 RSB 1 5 802 R 2k 1 A 7
T PR E AV, S BCAR OB s ARl th gt KOE R AL 2, 390 1 B RO AESE . 12
AT AN S B B R TR A R BRI . K, BB EVR T A TR S5,
FeiE E A NERIELE. A5, MK RKHA TR LNEMEZEY, I
MR ERRBZMPRZEITR CFET, 2000: 15). AREIPESZEAR & e i WA
MBI KRB 2, BB NaiEfBimzoEs, ZERE, XREX. R
ARG HEBOE SR AT BRI, B

3.2.1 & EEMNABHHER R B

ARUEESEEA R, EENAERE, FER, AR —. X7

10
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5 RBSORIIRERYE, P BAE— @ R B AR B R ST, SN 5 2 (1 ) Qi
Wtk . ARRF KRR, ERATELFE LM, EHHE, 3 HREsCLaifiE
JFSCFTAR IR IS BANRE D, RSB AN RE %, RSO BRI, RS %
AREAE CUERZR, 2009: 70D,

3.2.1.1 prEE

— FRORE R 1) 5 T ) PR DT ) E TR A B )7 S EE R . TR BITB I )
HOC AR 2 H, AR AR A& — N a) T, Xt AT E A GREE, 2010: 7).
%1 5:  Artificial intelligence impact is an event where the capability of tools is more,

moves that were once thought to need intelligence are now frequently excluded as more

competent according to the concept of Al
B 1 NLERERISEM XA — R S TR @R K, R N L
BRERIME S, A LAT N A YT E R REA RE e B, BAE W K] D9 BE 9 1 BE A0 ik

=

¥ I
B
N
v

B2 N AR AT THAE 3G 0 . TS LE 8 B\ T8 75 225 RE A A 70 B
RNk, BEE N TR RGBS REE, M5 EEARFRET

I ARAPTERA, BN AN LB AR, BRI — e M EAR RIS ) T2 4E,
AJ St A)FHE T W A) AL PR Artificial intelligence impact is an event (Dwhere the capability

of tools is more, moves that were once thought to need intelligence / are now frequently

excluded as more competent according to the concept of ALAAJIEHI EF N FE RETLH

1) “Artificial intelligence impact is an event”, sUBHAZCr 4K, IR IZ R 14T . [F)
i, B MNA)OE ST 14 event, i AUIRTE where 5[] T in this event, Z R H4F
5THBIRRE, BIREDIfe TR, EiEMNa@©BIM moves, WK “that
were once thought to need intelligence” £i441X%E “ZE” DLATFRER B, HEH)
“are now frequently excluded as more competent according to the concept of AI” & Xt
bt o
ZA] AN “ Artificial intelligence impact is an event”, X AL E A EIENA], B
31 MERRIFESCHEH, ERIREE TR NI R AT E %, ERE IR N EOM
FAJFIR, WARRERALIE IR SCZ 5, E 18 A QR AR . 330 2 XHE S
MAETHT & B, KB MA@ “ Artificial intelligence impact is an event where the

11
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capability of tools is more” P& “ N TR REHIsZ AN A T H B 358”7 5 w1 M)
(2) “that were once thought to need intelligence” ¥4 “ AP L ¥ 47 I\ 8 75 B RE 4 RE5E
JRIBE” o Je I E ) SO IR, SRIG A/ AHIX AT AT R AR, R =,
AR NINEW . Al PR RINBEC 1 “IIAE R B Ry B 9R M RE 1 i HFBRAESN” A5
TEEEER, W CMASEEARRE 77 Hl G, GRS AT SR,
RATEESC 2, XA B EIEM, 150 im0,

%l 6: A solid-state oscillating micro mirror and optical phased array are two of the

el

technologies that fall under the general term “LiDAR,” which covers several more optical

phased array (OPA).

PEC 1: [EISIRANM BB A BRI B AR R, R T40fk “WORTIE”
EEAEH TG AHIERE (OPAD.

PO 2: [ESIRG S AOCFAE MR T A “WOHR” FRMREAR, B
JGTR IR IEEAE S 2R AHTERE (OPAD.

ofre AAEE THAEEMNGA, EIEMAJD “that fall under the general term”,
“LiDAR” f&/ffi “two of the technologies”, i B [f 2541 12 U8 A1 2 AH 42 BRI P Rl 4
RFTEHIVEmE; ARFR &1 215 MA@ “which covers several more optical phased array
(OPA)” s2Xf “LiDAR” BEATAMFRULHT . BE3C | SBRBIBEm A e i NA), A)FHTHEA
Wi, JoHE R N ORIEIIEBLER AR G SCRIE 2, H “ SRS £
AN, P 2 K i WA OF AT EVETRIE, XFE AL g B
X R EORANEOL A Z [ @ 00 & e 4 AR BRI 2 15 N H) @ sl i b, A
DAV PETT, 2R, A ARSI A

3.2.1.2 A%

5T T A ELRT AT 1A (R SR ) VA 55, Il PR BRI i, I B A B 2R (R I 2k,
AT B NEIFNSAT ] 23, BRI £ A)IFF [ 70 6), DLAF G PURRIE S (L
55, 2013: Do ERHECCARRREY, ALk, ZRE . ARHSIEEL, &
FE KA 2 A SR

f5il 7: Time-of-flight: It is a form of active sensing that operates on the identical round-

trip time theory that an infrared LED emitter floods the image with changed light, which,

after being reflected by numerous things in the surroundings, is then captured by the sensor.

12
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BESC 1. VAT [A)L: B R EsE e, AR R R HAR s AT,
BILLAN Rt — A8 i s e AR A IR e 7 i PR, SR OEAE A BB AR 2 W1 s S
JE AR TR AR o

B2 RATIS R — R Eaie o, HETH R TR 2T, A8
LA RO “ARE (LED) A a8 5 i fi R I s R XAt e g B R st e
HI AR AR 3R

IIMT e AU SCERA R R, T RIS B AR, 1RE S TR R TEIA B
PR IR DRIP4, SXFE AT U OR S5 S8 5 1L, (R SERG N 1 B B PR A
H A B R DU Y, XA E A R VAT ), IR B H2 — R BB EoR,
N Je B 5E 1 IR N I B3 5E S Aitt o mT Se iR 1A X 7)1 #E4T R 73+ Time-of-flight:

It is a form of active sensing (Dthat operates on the identical round-trip time theory @that

an infrared LED emitter floods the image with changed light, @which, after being reflected

by numerous things in the surroundings, is then captured by the sensor.

5T W MAJOE 64T 1] active sensing, Ui A HAZ R EE, BEE A EiEM
FQ TR 1Y) theory, MEREIZILIRIBARNZ: &5 which 515 BIEFRE 1%
JE WA @2 changed light, SIGER S Ja #ahi#E A0 i . M 1 BRIR 31 SE ik
(¥ e B S S, TR T RAT IRV o BR0C 1 AR B SCRIB T, ANAE 3517 Ab R
5y, A IR JF L =ANE 1t MR G RS i, B AT IE M . [FIKE “changed
light” #5864 “AARDG” , RAERIUESCHIE L. B30 2 e SR 25 1 EAT 4R
4%, ¥ “Time-of flight: It is a form of active sensing” FAMFRELHISK, BA “ KATHHH]
PRI, R ATE AR TS U B, B — AL A
THWH I E 1A% OBES . FLUCK e B WA Bl ), EE N OREN “ AT
[ PR AT 3R I TR BRARE AT 7, AR oA — DML AR IR 2, SRR T X P T X
IS AT AR, LE 3L e SE B T B L AR SR K e B R @M A f5, VRGN
B T BRI B, AHE 4R IE . 8 R @ AR SRR T ORI A
BSOS AR, HE— DA T TARJEER, SRS AR R B i 2% B A

%1 8: A well-known stable signal with another continuous signal that modulates it with

an up-and-down frequency variation is what makes up FMCW (typically using a triangular
shape).
BESC 1 — AP A R AR SE S 5 A oy — > FH R A0 AR A o R gk A ] i e 5

13
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5 SR T ALY (FMCW) GRS =M.

X 2: —MEEMCHES SN NELESHES, Famd BT R
B ], XA T EAIE SRR (FMCW) GHE ] = MTE TR

Iitre JRA)RIUME 3 RERLEM . EEHTH “a well-known stable signal with
another continuous signal ” #J i, ' “with another continuous signal ” 78 24 £ B IR 15,
DAY 15 . T “that modulates it with an up - and - down frequency variation”
X—EiEMG], BEESE “another continuous signal” EJF, TEGH A a0 xi i e
{5 5 AT IS 515 A is, R1E N2 B what 5] 5 1318 M £)“ what makes up FMCW 7,

BEOC 1 KA BEREE 1B A), B “another continuous signal” 7€ i M
A EBEE T, B 5 B TR AR AT R R SE T 7 KR
ik XA BTG E TR A RTE RN, BEARAH, F1E DS WAME 5
A, BN ETKPEENTTE, SBEELSTERIUK, AR, sk
B, BT SN B2, BHEEE, K that BN “SEET , WIHE
“another continuous signal”, [FIl}, EFREMNAJERL what B8 “iX7 , FRRIZA)
WP R EEn), B “CRXRAEL T FMCW GEFEMH =MD 7 o wth—%k, &
Iyl R RS E S T SIESHE T LILHHIR R, &5 S AR FMCW 4518, #
EEEIEMT T, MO R T T IR .

%1 9: The functioning of a single monocular camera shifts an artificial baseline between

subsequent frames, which is employed in monocular SLAM (simultaneous location and

mapping) algorithms to evaluate depth and camera motion.

BESC 1 AR H AN DhRE A IS LR BB N THELL, XTEHR SLAM
C AN & S A ais ) B TP IR BE AR LIZ 3

PESC 2 AN EHAHBLISAT S AE 5 2 & M R = e N T3k fif%, . H
SLAM ([ 5g R A e ) B0k v R P b s B SR VA R FE A AR LIZ Bl IR 1 100 o

I3 BAIRIRZ OS5 “The functioning of a single monocular camera shifts an
artificial baseline between subsequent frames”, |34 ¥ H AHHLIZ (EAZ O R . “which is

employed in monocular SLAM (simultaneous location and mapping) algorithms to evaluate

depth and camera motion” Jy{EFR il 14 € T M FJ, (&M “an artificial baseline”, #AZ4M7E
ULEVE R, RGEUOIA N T AR 75 RV e A7 5t B A i SRk p OB E . 35T 1. 2
BIRH T ik, EMAGEE N, B 1 R4 ESChIE 5 177 R #l i

14
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IR, SR R (E OIS T SR, Y IR SCH) H . P
2 IRIFH ST PP AT, (LI 3] “shift” S &4k “fiafs ™. JhE, 140
s EATBLIOSORE, I E0A 40 SLAM FLFIECRM RS 10 FL 0, BESCHORVCHE T 38,
Tk

3.2.13 &84
Y B — B TG AN AR R SO 18 XOG%E B, ATARE ) =X (R BAREE, 25
iz 2 MET . AEIE A BB 1A BSOS 55 s S0, 30 S B3 SCE X

NP EETS P

%1 10: Aninvestigation of intelligent agents that perceive their environments that react

oo
-

in a manner that maximizes their success chances might be characterized as Al research.

PRI 1 RS L RS IR IR 158 I DA KA BRED L2 B9 5 A e B () 88 e AR i
ATHETE, AT LA N R BRI I

PRI 2: BERSIRAN B B PTAC IS B B Ak, FLRGN DT sURT DA B B T LR
R R TIXRE AR BE AR AT, AT REBE 9 N R RERIF AT

T A S =ASE TR AR B, AR, B EAROR. BN A

FHETRI 4, DMEFHEZ4E: An investigation of intelligent agents (Dthat perceive their

environments / @that react in a manner / ®)that maximizes their success chances / might

be characterized as Al research. It 5] 3172 “ An investigation of intelligent agents might
be characterized as Al research”, B f1) [ 0@ X HOR R IR . RILRA)F 9@ il
MENEMSEATH “intelligent agents”, ML E6& =ANEZ BRI EIE A, 1 F1E
AL of 4544, XFIXPUAS “f” (FAbER OB IR %A I ME A DR A) R AR,
PR SR PRI R 4 (e BB A =80, ARR0@B). BN EI OB
Wiff) 2 “intelligent agents”, MIEARDIRERFE S BEX FIEFATIEMG: EiBENA@EM
OFPIFREE, ZXF “intelligent agents” FIFE—5181MM: @B MNA@BMIIAQH I
X, AXT “intelligent agents” FIARNBRE . AN EENA) RIEA BRG], 25
FEUE, SRR T AR RS A R Lol

PR 1 RGN ETEER T, BT E, SRR A Sk E
7, METEEREL, 24 107 MR, BaibEEiMERE . i 2$, O
AR AT BRI CREN B SIS R AR, @R EN USRS U R
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WEE” , @) N BRI  QOFAETEEE T 0, OIS 151 —F),
X =4) 70 O @M ER T o K TE N AJOBSRIEH, @@ ARBLE SO 7 :0F
BE N, HRE ORI EPE, BEEn EEEE. 2, ek THlE
Wy R IHRERIEIE TR, PRI CR Y, B S NS .

1] 11: The model-based predictive control (MPC), which manages the lateral control
that provides the engineering signal, optimizes a cost function over a preset time horizon H,
producing a series of actions, one for each time step At.

PEOC 1 B PHIRAE TG S B ) 23 1) 1) B AR () 45 ] (MPCD,  fE TR
FI Tl H ARG AS s 8, 72 A — RIEE, B TR A X B — 1

BEOC 2: EETAA R HTAES] (MPC) & BESEt TRE 5 ke m 4. MPC £
TR RIS [RGBl H AR AR ek B, AT A2 — R AU AE, AN TR A R R —
Mtk

T HEAJAZ A “The model-based predictive control (MPC) optimizes a cost
function over a preset time horizon H”, 88 MPC HI#Z% 0TS, AEFR &M 2 1 A

“which manages the lateral control that provides the engineering signal” 1&1fi MPC, i

— B MPC [ IhRE, HHh xR e M e i ) “that provides the engineering signal
& the lateral control”. Pifi J5 ILAX 73 1A JH1E “producing a series of actions, one for each
time step At” AZEFARE, BEUIRARAREE P ER S R . FHIRE R E %€ 15 M
f)fEif “lateral control”, T HEANE 1 M AJEMI R E 3:1F MPC. %O A)HHEE . 5
TR, AN SRR H 14 E T N R AT R AT ELE R, 2 B0 1 R K, AR
T s, B30 2 RAZEAVERPE, % “which manages the lateral control that
provides the engineering signal” X7 1 M AR H AT BIE BRI EERR T — DA, M4
B AR IR T 80, JF R 1 LA 0] AR TR IE A, fE T
TN 5 W ) B

3.2.2 ERE MR B HE R OB

PRIE M AR IE L DhRE RS LA2r AL, BPINHE) . b, S55. whE. B, ik,
. HFRMERF (Quirk, R. etal, 1985:213), RIEMAITNAERZ . A1 8B RiE, Wi
A E IR, (T . FAR, RAREITESEER S

3.2.2.1 ¥FE
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B, KA R IR 5 DOE A R 83 58 A I, DR, RS H R
AR, WRIEFFMEEIRE (GREEHE, 2009: 186). I CAERIEMF AR KHA
[, o AR AR ) 56 )5, DRI 45, (2S5 IRAE ) 2 1918 17 AT o SOARE U
WARF G BENB I RIL I, R P AT B

f] 12: AVs do have the ability to replace humans in the bulk of traffic incidents if the

technique is capable of living up to its words; nevertheless, they must initially depend on
automated driving vehicles that can perceive better than the greatest human driver on the

roadway.

BESC 1. HENE BRSO Re JIE R 2l R BN, A SR I T R e
BRI SRT, ST ) Db Z IR e S RT RE g Ll B b S5 A 75 6 N 2K 2 B O
S H B S IR 2R

PO 2: WRIXTEOR GRS A BTN, H )2 WK AR S5 e SR Koy 28 il
HUAR N o SRTIT, "B ATT R ) D6 Z IR e SR R g Ll % b S5 A 55 ) N 2K 2 B B O
SR H B S B

oM AN ENE A4), H3A) “AVs do have the ability to replace humans in

/

7/

the bulk of traffic incidents”, 2 IRiE M H) “if the technique is capable of living up to its
words”, 7€ 1 M\ £1]“ that can perceive better than the greatest human driver on the roadway ”
e VESC 1 R HIIUREE A BRI NA], 5 RAERT, 25 PFE)E, ARFE TR
R, EAAR . B 2 RAWFE, IR “RER” R EET#H
o SGHR A, BURRHORIEE R, R ENIEW, (18 Hik.

f] 13 : Nevertheless, confidence for 5G-enabled Al-powered automated driving

technology is on the rise as advances in partially automated vehicles provide a realistic view

of what the following decade may involve.

PESC 1 BRI, AT 5G RN T8 Re 3R 3 (¥ H 2 2 B AR 45 0 B AE BT
PR 43 2072 3 A R 3R 20 g AR SR AR AT BRI R S DRt T I SE R B

PEIC 2: R, BAES H 302 IR 4 1D AR AR R R R AL T TR,
FTLAAATTAE 5G A A T REIKEN 1 1 30 2 BB AR 1945 0 IEE BTt

M7 %A= NE A 6], A confidence for 5G-enabled Al-powered automated
driving technology is on the rise” FHJEEEPIRTE M F] “as advances in partially automated

vehicles provide a realistic view of what the following decade may involve” ZHf§, iHit

R “as” R EANE IR ERBRA . B30 1 RGP R2AT 80, S R R
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WA PR, ARER) TSI, ARFE T SCRIE I BT sCI e R E R,
WORESL 2 PRI VA AT BB, AERHIE SO BRI AL b, i b
/S RRERLLY /i KL Y. N TR SCHE NG, PESC 2 ¥ “what the following decade may
involve” AR “ARAKTHFER R RIUTEIL” BLAEA H 302 B ARLE SN T R
Je, MMiGIHN “AKRATFERRMNER” , ([ETERE#EZ.

3.2.2.2 Bk

R — P AL BRI SE R $52 75, HAZ O AE T RABER JZ BV S5 R TR B 1]
T TE OB IR 2 SIS 18 B RS R A . fERRED, o TR PR T I EE R
AR, 2= FEENEHRINER R, MR, PL 7 Rk, W 1810 5
HIESCE X, FIRRESCHEMAS) . .

%1 14: Because of the way it is built, it is very resilient in the sense that it functions
well when a large diversity of data types is created by a large number of network neighbors.

BEOC 1: T H e 7 20, FEAR PR & I 2 41 J 61 2 1) 5 P SR AL I s AT R
A

PO 2: WA E 2R T Nl RS EEA BE R £ REM A EE
R MR RTINS, eV REFIE1T.

ST EEIAEMNE A4R], FAJN “itis very resilient in the sense that it functions
well”, HA “that it functions well” AR N FA); “when a large diversity of data types
is created by a large number of network neighbors & I [l IR 1 M A, 4211 3l 1] function ™.

PEC 1% “when a large diversity of data types is created by a large number of network
neighbors” BN [EPIRTE, [RIN 0T JESCIER 73 N AT 784G, HIZE KRS
R, WA BRI @i 7720 BT RIF EA IR Z A BRI, BLA “4b
RBP4 AR5 G ) &M 8T . B AL AR R, B DAENE iy
K . 13 2  FE 3 “when a large diversity of data types is created by a large number
of network neighbors” X /MBI _EFIB ARG A A], B ERIEARE, Sibs B
—N A RO RS AR BRI, XRS5 Uy
BT RUFHI %A TR, 00 2 3R 1 70365, R — A3t KA) i 1 A~ 7>
), AR INIE M

f] 15: LiDAR-Based Obstacle Detection: Contrary to commercial LiDAR, the
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simulated sensor provides neither intensity nor ring data because it is a ray-casting approach.
P 1 T ROCTE LRGSR 5REot RSBk, SIS RS EEA
SRR B AR IS, PV E R — MRS 1 T2
B2 BT ROCEBRFESYRN: SEBOGEEH R, SRR
TGRS IT I, BRI i B AR I
0T ZARFEMNE S 4], “LiDAR-Based Obstacle Detection” & AR5, mi B
ZAJTHS R O A B 2 3 T O R IR FEASY A I . “the simulated sensor provides
neither intensity nor ring data” A& %)§ £ T#B4r, Ul BIE RS HITE O, “because
it is a ray-casting approach” J2& R FUIRIE M5, ARREARIDL A% I s AN A4 o B2 B A 3R 2
P PR o B0 1 R R REAT R R, AE SO S SRS BRI & B AN 3 [
BESC 1 B R ASAUAE B 58 O — M5k, BRSO R MR A1 . 355 2 KR
RIE NI T RTE NG, Jefa e Ras TAER) T30, Bl Ja s il oy R A 45 R
“REASE AR AR AR A B 7, R 7T A R E MR, (T i

i
3.3 FENERERNEIR

8 BRSCAR A bRy 3, DA 1 B B SN B B 55, OB ROE T
IS SRR 1R ST B (1 M 52— o 1745 (cohesion) 3 TRV BEVE T+ B S STk AR,
A MZ%; M (coherence) #2245 LAN il XUy 3L A 1 g i1 S5t v Bkt @i HE
HUA RN CHBET, MEURERITEMZ (FE, 2012: 39). SRZERTE, S4
G A A, P E AR ECREANE, HEELRR (B0, 2024: 189). fEYA
A, FEZP LA 2 BN SCRAE, AR DRI T 1 RN
ot o, RIEEERIR; oA T4, QERERHR, BEREAET,
i PR ARYE S BN SO B AR AT AN TSR, AT S DOEZ A, RITE G

3.3.1 EIFEKBER

[ $5 o PR T A AR TE, BO8 R, R RMB R FIL, feER T
2 IR B AIACBE S, RIAR IR, BRI RN 8%, B2t
SRR o AT SR BN Seik . £ — Bk 2R IE R iR Ak iE s, JFE
S A P P AR L AR R] [RIHE RIE 2, i 24 KR 734 -5 e ATl A [R] A9 44 1] [l i
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ek samotal (RIRZEE, 20200 134). i G i D B IR, AT ZERARIR P i
7R R
%1 16: However, they both require the same extremely accurate calibration as well as

their operative range (often under 20m) is constrained due to the strength of the emitter and
the brightness of the surrounding light. Its performance can be impacted by reflections.

BESC 1 PRI, e ATTAR 5 ZEAR R A BR EAR i IR RS E I HL eh T S 48 1) 56 L AN
DGR, e AR GEFAE 20 KLAA) ZRIBRG]. HAERE T RE2 32 3
AR

P 2: (HR, LWREMICRAIC R RG, # 2R R,
HHEMARBGEE GEFAE 20 KELAD, 23R GE 050 L B SR
BRI, ZEAA L et AR E B 2 52 B SR R .

e TRERMBOCAN AL ATE R B EYIN, KEM AR, HMFEEY)
MBE T, R RERE R LA, e e G they B it #50. B3 1K
EAAAE 87, SE TG REER. AL H 4 Structured light I B%

HH: “Structured light: Monocular cameras attached to a system that casts a familiar pattern

of infrared light over the scene. The camera picks an evident distortion of the light pattern
caused due to irregular surfaces and is converted into a depth map. Due to the fact that they
are less expensive to compute and do not rely on textured surfaces, structured light devices
are able to circumvent some of the drawbacks of stereoscopic systems. (£5f4): ZEFZ2|
A2 LR AL, 2 ARG EY S ERG —M GBI LA AP 2
AN T 51 R B S B R IR AR, SRR LA TR L I o SR B TR AR B
R E AR SR T, A0S FILIRE S AR ML B 28 G0 1 R B8 R o ) 7 R S B fi A A A
“they”, ZERAALHILR “its”, RBEZIENHEES AN AR SR T4
PG AL FE SRR DE R GE . B, AT AR IR IR, KR AR 44 7] R R
Jo, BEFIRRER, B AR B0, B2 48 “they” WIZRON “ A5G A IE RS AR
VR , “its” BRI MO IXFERT LA RO S B B R .

%1 17: According to the study, since there are effective cellular or LTE communication

channels between roadside devices and the cloud platform, radio frequency identification
should be used by moving cars and roadside units for vehicle-to-infrastructure
communication. According to the study, it will have a huge impact on the healthcare industry
and can also be utilized for vehicle-to-vehicle communication.
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PEOC 1 B o, S T BRI % 5 2P & Z IAMFAE A A0 58 sl K s 30 (LTED
WASAETE, o) 20N 32 0 70 SR FH SR AR B AR AT 4 5 JE Al 15t < 1B 3 15
W EoR, B BT AT = AR B R, 3T TN RIS .

PESC 2: WU, S T BRI % 5 27 & Z A AE A AU 8 8K 2 (LTED
WASAETE, o) 25N 32 0 70 SR FH SR AR B AR AT 4 5 JE A 15 it < TR 3 15
TR, SEARUN AR G By GRABAT L= A2 E RSN, 38 m] T 40 2Rl

i WSCARZHAR . SRS, RAESEA R PR W Bk B . AR “it”
FEARHT SCHE A ) “radio frequency identification CHfAHRMEAD”, (HHFHFHEE
=, (FEER, HATsCHEL 7 2R M K410, 41 “vehicle-to-vehicle communication
(ZEXF 223815 cellular or LTE communication channels (145 8k LTE {5 {518)” 4,
13 “it” IR RAIMA—H TR, BT AR . B30 24 “it” s By
e, T AR

3.3.2 iE XA E

W B YERE )RR i se e A 1 B, BRARJFOC R AR, AR RIICE S
HREBTE SRR R . SCERTJA ORI SRS R . MR AR LR, L EhRE
BEYEPE SO LR SO e (KA, 2021: 760 FEAEAR G SCHEA R LM RTIE T
A RN — LTS . REE . AT ECHARTE F gy, DMERSCEERE LN
TEMT . R, SEATE H SR RRIAE, T 5 T PR O R B E AT E K
BHEOCATC R A JEDURANTE 5 AL — B N PRI AR S A SRR IL T ™1, H
RN, A EZ A RIRC, REDGTEH RN, 0GR,
M SRR Z A UG Bk CRE T EEEE, 2025: 18).

%51 18: Speed observation can aid to increase activity recognition and behavior
prediction in addition to target-tracking abilities, for example by detecting the different
speeds of a cyclists and a pedestrian’s body parts.

PO 1: BR T HARERERAODIRESL, LN 5 T LA Bl oi v 50 Ul A 4T D T 1)
REATo it 3a G By 2 3 AAT N B RS P AN )

B 2: BR T HARERERAIDIRESS, LI J5E ] DA B vt i R 0l AN AT D9 TN g
T30 Biltn, JEIEAS IR 4 AT N SRR AL AN R, AR FAABAT 4T3

N ZAET EEEEM, T in addition to 51T SIEIRAET, HARH
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“activity recognition” LA K “behavior prediction” iXWNIhAE. [FI, 5 SR A1
FEAE T SORAE, AR UL T 75 B3R TH ) o an RARHRRESC 1, S ihiseds Bt 541 1)
WL . BESC 2 IR H BPIRIE R SRADGIMBATATEY” , AkE SR R
HEHMLSCFRIE AR, B EIED, SRR, T AR

1 19: Autonomous cars should be capable of driving in all meteorological states. No
room for mistakes or shutdowns.

B 1. HENEWIREROXREAE S IR &AMT TS5 AR EUE 1kiE17.

B 2: HEV BRI NAZREAE A SRR FATRE . Xk B E LEAE (150
T, #ARR R U IRIEAT.

Iy JEAI WA, “Autonomous cars should be capable of driving in all
meteorological states”, BAHHE ! F 32 MR £ 7 EH G IE S AR KM FATHM AR
71, 1X RN H Bh 2 IR AR — R LR %52 - “No room for mistakes or shutdowns”,
YU 5 — 5 SRR AR X AR AT B B BR ) S5 A, RIS BE HE IS VR Bl LR 38 AT B L - 7
G AFAEE R B R R R, BRONEETA R TATHE, A Rir
S IRIBAT, JE— AR AT — A AN R UL R D A, AR ZET K RIIWH)
o BESC 1 HUOMEIRER A)1E, WA IR SRR A8 e, 7S 2 B AT B AR AN ST
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4. A Survey on Architecture of

Autonomous Vehicles

FINE B3l HESE

Abstract

i 2

Artificial intelligence is now a
necessary component for both production
and service systems in recent years, as
technology has become a vital aspect of
daily life. Automated driving vehicles
operate autonomously, also known as
driverless cars that can operate without a

human driver.

2

AR, N LR RERR AT AR
55 RGN B AR 73, UONEAR S
oA H & S — AN EET . B30
BYFREA L E BB, BROVEA
R, EfmER A EEEAT,

Research on autonomous vehicles has
substantially advanced in recent years.
Artificially  intelligent = autonomous
vehicles are the current need of the society.
Although some people might be
apprehensive to give a computer control of
their ~ vehicle, automated  driving
technologies have the potential to make
roads safer. Self-driving automobiles can
address environmental issues as well as

safety-related ones.

FOIAFE R . N T3

AR KT H 3 2 R 1

VEE H 32 I

FURR M AL 2 TR . R AR
FHSHE R E R, (3
BYR A TR T . E3)
YR AT DL USR S, 7]
LA P 5 52 4 AT A

Unlike humans, computers do not
really have difficulty keeping attention

when driving. Additionally, by responding

G IRFHERE 7. 41, il

HANFEAF, TN 2 B

B
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appropriately, an automated car can
prevent accidents to potentially dangerous
events on the road. Self-driving
technology has many advantages, one of
which will make more easily accessible
means of transport to people who are

unable to drive.

IR SRS R . Hah %
BARFRZM A, Hhz 2k

BRI N ER 5 R A8 L
Ho

~

For a variety of reasons, such as
inexperience, incapacity, or age, many
people are unable to operate a vehicle.
These individuals can travel considerably
more safely and independently. Therefore,
we will explore the architectures of both
software and hardware of autonomous cars
in this chapter, as well as their parts,

benefits, and future developments.

BT &MIER, k=25,
ITONRE TR IR ], VP2 NTEIRE
B4R, Oy 1 ikiXee NBEAAT, B2
EMIRAT . Ik, ABERATRIR R
BN BT BV A AIAE A 2R A, DA K
EATHRHBER 7 U RRKE

Keywords: Autonomous vehicles,
artificial intelligence, radar, LiDAR, GPS,
CAN bus, GNSS
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4.1 Introduction

4.1 f&isr

4.1.1 What is Artificial Intelligence?

41.1 fra NTERE?

Unlike the intelligence possessed
naturally by both humans and animals, the
knowledge demonstrated by machines is
called artificial intelligence (AI). An

investigation of intelligent agents that

5 NIERB) E IR AT 1) B =
ANTE], HLAS s B FIR R O N T
HE CAD . REWS BRI E B BT AL 3A 558 ) 3

fE A, RGNy AT DU 5 ol
LR AR o X T34 (1 8 fE 244

7/

perceive their environments that react in a

(It 7E, AT RERA N N T BEWT 5T

manner that maximizes their success

34




TR R R A A2 1 S

chances might be characterized as Al

research [1].

Before, AI was called to be
mimicking and  exhibiting  human
cognitive capabilities that are linked to the
human brain. This was rejected by many
Al researchers, and all are now
reexpressing artificial intelligence in a way

of acting rationally [2].

FEBEZ T, AT T IF o S
NIEAR SR INFENFIBE ST o X2
ATHFFEN G, BUCE A AT AR AR DLEE
PER T EFRIE N TR RE.

Innovative Web search engines like
Google, engines recommending as
YouTube, Amazon, and Netflix, speech-
recognition mechanisms like Siri, cars like
Tesla that can drive on its own, decisions
that are automated and overpowering the

top games that use strategies._Artificial

LA 3 8] 1) B8 X 2% 48 R 5
5, Dite, WA, AR ONBIHE
177 51 5, A% Siri IXFEREE R AP,
(L S e Ay S = Rk N SR KA AT
SRR, H SR A Y SR 1) T 2%
Pxk. N LR RERI M AT T H Gt
Ju3 55 . LY B AN E 7 LR REA e

intelligence impact is an event where the

SERHIANE, Bl N TR HE RO (Y

capability of tools is more, moves that

BEAE, WA HE AT

were once thought to need intelligence are

now frequently excluded as more

competent according to the concept of Al

Despite being a prevalent technology,
optical recognition systems are commonly
excluded from the list of things that are
considered to be AI [3]. While talking
about Al, supercomputers are the things
that we get remembered of A

supercomputer has huge processing power,

B RB R G — MhiitAT
IR, EElH PRI
NLHEGEREDIILR T . BERE
AL B EHUAGE BHRA TE A A 2R
P T S AT 9K Y Ak B A
71, HENEREE GEEERE,
X EEfE A B TRk E NSRBI AN 1)
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adaptive actions (via sensors), and a
variety of many abilities that help it to
incorporate human’s understanding as well
as functional capacity, which actually
helps in enhancing the communication of

the supercomputer with humans.

RERE T, SEbp LtgoR VRIS
BT .

~
o

In fact, a variety of films had been
produced in order to demonstrate the
capabilities of Al, which includes smart
buildings, like the ability of it to control
temperatures, quality of air, and music
depending on the detected feel of the
residents of the place. Apart from the
formal understanding of Al as well as a
supercomputer to encompass integrated
computer systems, there has been a growth

in the use of AI within the education sector

[4].

Sk b, N T RS N TR RERIRE
71, BEHHE T AR, L
e T ) e A M fe R R B S T E B
SR L 22U A SRR AR 1Y
BREES. BRI X AT IEZCHIER AR A
L g R LA GBS
BLAL, AT FE 2 H AU 138 AT P 1
K.

B

The ability of reasoning as well as
taking actions that have the best likelihood
to reach a certain objective is the ideal
quality of AI. Machine learning (ML),
being a subtype of Al, is a way in which
computer programs automate learning
from previous data and adapt themselves
to new data, and these are done without
human intervention. Deep learning (DL) is

again a subtype of ML and these

IERHERE I RIAT B, A Alfe
& FRrE BARIIEE ST, X2 N LERe
EAE HFR. Plass>] (ML) J2 Al
B —AFRA, RHENR T B3
|FECHE T2 >0, & ST ) — b
T, RETLFHE N LFTRED T 58 A
RFES: 2] (DL) 2L a2 2] 1 —4
FHRA, REEEE S AR E R
ZERA R (SR L R BLAAIAID
PSS ERCB P
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algorithms help in autonomous learning by
feeding mass quantities of unstructured

data, like text, photos, and video.

Al was developed with the goal of
explaining human intelligence in a way
that would make it simple for a machine to
replicate it and perform challenging tasks.
Al’s goal is to mimic human cognitive
functions. When it comes to specifically
characterizing various processes like
learning, thinking, and perception,
academics have made great strides in this
area. Few ideas are emerging that new
systems will be created that are much
better than learning and understanding of
humans. But still, few are standing on the
point that cognitive processes involve
value judgment and these come from
human experience. Others, however,
continue to hold this view, since value
judgments are a part of all cognitive
processes and are influenced by human

experience [5].

AL LR NI BEIT A H AR
R4S BEBE B2 b 1 52 ) N 22 e
SEEAREE AR SS AL DIBEAT AR
IWFITIREN A AR fERAMRGIAR >

SEAYVSRSSIE SR S o7 S f e
WA KRB . R RIER 24
# L N 2825 S R A B8 7 B SR I BT
ARGt HAZ, WIRDENYOIARIE
RE R FIWT, 13X L8 R 5 T
MRS . R, HANJREFH
XML B E A W A R
MR —HR Iy, FFRNREITFLNT .

4.1.2 What are Autonomous Vehicles?

412 a2 HE R 42

In a self-driving car, a variety of in-
car technologies like sensors, GPS, anti-
lock braking system, and radars are used

[6]. The sensing capability of its

EANERRES, ALK
. BEENL RS (GPS). Bl At
RGNS IBF R A . REH
B B 5 1) N e 0 456 B 3 2 R 4
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surroundings enables an autonomous
vehicle (AV) to drive by itself and carry out
analytical tasks without the intervention of
a human. To respond to the environment
like a human driver, AVs use a complete

automated driving system [7].

(AV) BEWELEBA NI O
N EZIATRAFPIT ST N TR
NRE Y G — R NS, HahE
WS 7 B B B 3 2 gl
E

Siegfried Marcus created the first
vehicle in 1870.That was just a wagon that
had an engine and did not have any
steering wheel or brakes. The legs of the
driver were used to control it. To convert
conventional vehicles into autonomous
ones, it nearly took more than one step. In
1898, the first initiative was taken.
Operating the vehicle using a remote

control was the prime idea behind it

(Nikola, 1898).

FA% I AR « LFENT (Siegfried
Marcus) T 1870 K B T 28 —4fiR
o WRRE—GHIE, WHET
AR R S 4, 7 2R AL
kil TSR AR N A FR
F, ENEREA L5, 1898 4F, X
W7 B —AMBUL, 8 7 T i 2ok
BAEREREE G EZEBEME

(Nikola, 1898).

From this stage and because
computers became sophisticated and
powerful,  contemporary  automobile

functions were transformed to automatic
ones that did not even require remote
control. The vehicles that were able to
change gear without the driver’s assistance
automatic  automobiles

were named

(Anthony,1908), but today, there are
vehicles that can travel completely on their

own, despite the fact that in many places of

WIEA BTG, BEE TR
REIRAER, BATR AT AR A I
PRI TR W AR L

25 I 5 1) R AT e ) AR A A AR
H3V5% (Anthony, 1908). #n4,
A LSRR LS 4 H AT, (AL
B AR 2 05 5 IHAS fo ¥R X R 4
TEAR PATHE . XK “
NERE” 8 “HANBWRE” .

38




TR R R A A2 1 S

the world, they are still not allowed to

drive on public roadways. These

automobiles are referred to as “driverless

cars” or “autonomous vehicles” [8].

1. AVs are not systematically
arranged despite this tendency.

2. Commercial vehicles shield their
in-vehicle system interface from users,
making it difficult for third parties to test
new autonomous vehicle components.

3. Additionally, no two sensors are the
same. Some cars might just use cameras,
while others might mix cameras,
milliwave radars, laser scanners, and GPS

receivers [9].

EAER M, HEH 3

R (AVs) FREAREI RGN
2.

2. WMWK R R G HE X
P BEAT Bk, (84558 =05 e LA K
HTH) B 3h 2 B A AL

3. Ak, B R IR R AR A
1o HLRAER e A%k, T
HRESMERRG TGk, 2K
BRIK, WOLHRA LA BREA R
gl

4.2 A Study on Technologies Used in AV

42 HIBITEEARIT

All forms of autonomous cars need
sensors because they can offer the
information needed to comprehend the
environment and, as a result, support
decision-making. Sensors are essential
parts of autonomous vehicles [24]. 10T is
crucial to these cars. For example,
connected cars are focusing on automation
of internal functions of automobiles. These

cars work by identifying the voice.

BTG AL 2 2 IR
TGS, DAy e [ 35 ] S AL A 2R
Bipr s A5 5, MM SRR . 5%
ot F BN B WK AT D (A
VI X IR R B R E 2. il
BEVRZE B T H 3 B R N B
THEEH B Bk . XK 58
R TAE.

W

4.2.1 Artificial Vision

42.1 NTAH

=
=k
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Popular  technology known as
artificial vision has been employed for
years in fields like surveillance, industrial
inspection, and mobile robotics. This
technology has intriguing factors like
affordable sensors for the most common
types and a variety of information types
like spatial, dynamic, and semantic
(information about the meaning of words)
(shape analysis). The industry offers a
broad variety of camera configurations,
including sensor size, frame rate,
resolution (from less than 0.25 to more

than 40Mpx), and optical specifications.

NS — A N H AT
BAR—E N T Tl
AL N AT . XA — L
BRI R, e i R T I A% B
ks S BAR R (R] L BhASFIE X
ORTHRIE S XS D OBIRZ T
SR BRI R T AR
HREMMNECE, LA T,
Wi, 7 (/T 0.25 2EE 40
BB E) VLA .

4.2.2 Varying Light and Visibility

Conditions

4.2.2 AN[R B 6 IERT E WL JEE 2% AF

People can drive throughout the day
or night. The application of dependable
artificial visible algorithms is hampered by
dark areas, shadows, glares, reflections,
and other factors. Some of these issues can
be resolved by expanding the capturing
spectrum. Cameras with a far-infrared
(FIR) range of 900-1,400nm are efficient
for detecting animals and people in the
dark, through smoke and dust. The visible
spectrum 1is complemented by near

infrared (NIR), which has a stronger

MATTATAE [ R A 125 35 24
AEE N AT G SR R R 52 2
X3, BAR. BZ. AT R
M o Hp — 4 ] J AT i R Ao
R . 4L 4 (FIRD G A 900-
1400 22K B ARBL T LA R0k 525 i A
FAKA, R BN F)
Yo AIIEGIEHITLLA (NIRD) %k
7, EIERSIATEE (HDR) MIFAEE
Hh LA T 58 16 %o L R RN B A ) A T
REMLEE (750-900 449K ).
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contrast in settings with a high dynamic
range (HDR) and Dbetter nighttime
visibility (750-900nm) [10].

4.2.3 Scenes with a High Dynamic Range
(HDR)

423 BV

In scenarios with a High Dynamic

1F B 7h 456 B (HDR) 37 5 H (41

Range (HDR), such as when entering or

YR Bk BB BN D, £ [F]— it (i

exiting a tunnel, both dimly lit and brightly

17 ) H AT [ e 2 F I R X AT R 5

lichted areas can be visible in the same

JEHEIX . K2 AL KA R G R 5D

frame. Most sensor systems have single
shot dynamic ranges between 60 and
75dB, which causes information loss at the
extremes (under or over exposure). In
2017, Sony released a 120dB automotive
sensor with 2K resolution in 2017.
Analyses are performed using an HDR and
NIR capable automotive grade sensor.
When photographing sport scenes [11], a
sensor with a 130/170dB  range
(global/rolling shutter configurations) is
given, which offers a more thorough
investigation of camera and sensor

problems.

ATHEANT 60-75 70 N2 JH], X5
FAEM IO (A 2 Bl i
FREEK. 2017 4F, REHEL T 3K
120 73 D1.2000 73 HE 3 IR ZEAR K AR
{8 F{ HDR 1 NIR BJ7A4 g% ik #s it
1TohT . Mz s, MH—&
130/170 73 W1 (A2 JR) /A& HRTTHC ED
(R IS, T AT AR H A S AR LA
R IR 0 R

4.2.3.1 3-Dimensional Technology

4231 =HEHAR

Although most vision sensors used in
conventional cameras are 2 Dimensional,
some of them are capable of sensing depth

information. While not usually aimed at

R K 2 BORHL A A o #8 2
TYERL AR R, (BT A K
i T DUREIR B A5 L o IR LB AR 1
HEAR R, EARTYESNSH

41



file:///C:/Users/ASUS/Desktop/4.2.3.1

TR R R A A2 1 S

the automotive market, this section
highlights the three main types of currently

available commercial devices.

I LI YR A7 S £
it

‘Stereo  Vision:  The  evident
movement of perceptible attributes of
images taken by the two precisely
calibrated monocular cameras pointed
toward a similar direction and spaced apart
results in the calculation of depth (known
as baseline). The capacity of stereo vision
systems to produce rich depth maps rather
than sparse sensors is one of their major
advantages (e.g., LIDARs). Low-textured
patterns, such as solid colors, might make
it harder to establish correspondences
between frames, which is one of the

limitations of stereo vision. The

o SEARRRGE B AR A R
(¥ 0 AR LA 25 00 P AR U e g 1k
Iz 5), IXPASFELER AR AL
J7 I FFAHPE— 5 BE 5, AT 5 H IR
JE (FRANEELR) o SRR SE AR R 0] DL
A B BER I, T AS 2 R
A, XA RG FEN B
— (N WOREIR) . a5
SUREIR, ATRESE M () A DL ST
XL, IX A AR 1) Ry PR 2
—o FANE EEBLIN IS AT S T S 1
i B 2 [ 7= A N TR mts, % H
SLAM ([A0 & A Anih PR ) Bk
Hh ) e gl A SR VYA VR R AH AL IS

functioning of a single monocular camera

ENHITE DL . VR W TEAF dh AR G A

shifts an artificial baseline between

subsequent frames, which is employed in

monocular SLAM (simultaneous location

and mapping) aleorithms to evaluate depth

and camera motion. Numerous works

present a good substitute for stereo sensors

for positioning and mapping.

BT FH T A M b [ e 3 0 ST A A%
AR

-Structured light: Monocular cameras
attached to a system that casts a familiar

pattern of infrared light over the scene. The

GG ERB ARG LR H
FAPL, Z ARG LAEY 5 B3 — R
BB AN e AP SR A
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camera picks an evident distortion of the
light pattern caused due to irregular
surfaces and is converted into a depth map.
Due to the fact that they are less expensive
to compute and do not rely on textured
surfaces, structured light devices are able
to circumvent some of the drawbacks of

stereoscopic systems. However, they both

PRI T 51 ) o' e S8 ) WA,
e FF A ONIR B o G5B 1Tt
SRA AR ARSI L 1, AElS
FLE ST AR 58 R G LB . (2
K&, LIRS BRI FE STAR AL GE
ARG, i EARE AR R, It H
EANT B A R B Gl 3 78 20 K PLAD
2 B RS A (4 500 P DA% A BRI 2R 5

require the same extremely accurate

PERIBR I, £ R ' B % i) P B th e 52

calibration as well as their operative range

S BRI R o

(often under 20m) is constrained due to the

strength of the emitter and the brightness

of the surrounding light. Its performance

can be impacted by reflections.

-Time-of-flight: It is a form of active

sensing that operates on the identical

« RATIS IRV 2 — Fh 32 AR I
3 AT A A3 R I [E] #if I8

round-trip time theory that an infrared

17, Bt 2o ks i (LED)

LED emitter floods the image with

RSP g e AR D R S P 4R o KA

changed light, which, after being reflected

JC WA B S S T, b A R s

by numerous things in the surroundings, is

AR o FEAE O H A A i % T A 46 R

then captured by the sensor. The shift of

2, HORH e REAME S AR IR I FF SR

phase of the approaching light that is

i), 5T (LIDAR) {#H 14

converted to a distance can be used to

(RHIEE WO R i g A L, R R 1]

determine the duration of each pixel’s

JePE T A e A CHn e AR R R R

round-trip. In contrast to the lower

(50 Hh2& LA ) ARS8 B R BE D o

divergence laser emitter used in LiDAR,

using a non-directed light source has

benefits such as capacity to produce high

AR, SR EMNHAMS, JEE R
P EAEVE AR (10-20 2K), XELA
M E T IEAT. FHEHE
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refresh rate (above 50Hz) and detailed

depth maps. For automobile applications,
meanwhile, its operative range is limited
(10-20m), and it struggles to operate in
bright environments. Avalanche
photodiodes, pulsed light time-of-flight,
and indirect time-of-flight are some study

areas that could extend operating in 50-

250m in range.

B, Bk RATHS ], DA K R)4EKAT
S TE) 725 4 4 A Y | E — LS T 5T A3k
AR F] 50-250 K.

4.2.3.2 Emerging Vision Technologies

4.2.3.2 HrMALE A

When the sensor elements (pixels)
detect a change in light intensity, they are
triggered asynchronously and
independently in event-based vision. In
order to create a picture that resembles a
frame, the sensor generates a stream of
events that can be divided into time
frames. The sensor’s dynamic range is
increased to 120dB by its independent
sensor parts,

enabling high- speed

applications in low light.

ARG TR (BED MEDE
SRPEACALI , FE AT IR AL B AT
ALK . T BT i
MR, A% s 2 A2 i nT ) 73 Ik ] o
IO S BT L St R L VA LR S
RS AE BN E] 120 23 D1, A
I E 55 E A 5T T S e A o

Despite the sensor’s ability to operate
at  sub-microsecond timescales, it
illustrates tracking at 1,000 FPS under
typical indoor lighting conditions. Events
could be used as an input for apps for

visual odometry as well as SLAM, freeing

CPU from laborious operations on raw

R e AR R A8 TE AR 44 11
I [A) )R N g AT, HLAE Y = G R
ST T e LL 1000 i/ F0 P BE AT 1B
B o A ] A e B O B K
SLAM N IR PR, TR e Ak B
ax (CPUD X JRARME Fr i 9 )48k .
'l R A% SRR 2 T A % A R AR T
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photographs. Light polarization sensors,

R TAE, SRAUIRRRRRIEE, H

which  consistently  function  under

RN

A BT TR FERE R o

challenging weather circumstances and

provide unusual sorts of information, are

the subject of active study.

4.2 .4 Radar

424 FHik

The round-trip time principle, refers
to the amount of time that it takes for a
wave to reach an item, bounce off of it, and
then return to the sensor, is used by radar
technology to calculate the distance to
objects. The majority of contemporary car
radars employ digital beamforming to
regulate the direction of the radiated wave
and are based on frequency-modulated
continuous wave (FMCW) technology. A

well-known stable signal with another

A 3 B T Ji 2R R AR I B0k —
Yok, Geid S Ja ik (] 244 [k s i 7
(RIRRE Ta], 7 8 S AR YA 1 i 2K
THEBIVR RS . BUGREREIL
K2 BOR U7 BRI BAR K
TR BT 1], JFEE T A SR
(FMCW) iR, — MR CAE
S5R - AESESHEE, JaHE

i TR R AR AR ORI ], IX

AR T RSIE S (FMCW) GE

flHH = AP0

continuous signal that modulates it with an

up-and-down frequency variation is what

makes up FMCW (typically using a

triangular shape).

The difference in frequency between
the emitted and reflected signals is used to
calculate distance. Radars also use the
Doppler effect to directly observe the
targets relative speed in relation to the
sensor. The independence of radar sensing

from light and weather conditions is one of

RSG5 AR A 5 22 18] R 4
HEET T . Tk 2
RN HLAE SR H b T A I s
IR IR o T IAAN SRR UE

OLRCI, SR LA N TE N B R T A
AR B Z — o T IA T AL R
T IR L RE [RIAF HERR S R0 21

izt
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the most compelling justifications for its
inclusion in driverless vehicles. It operates
in the dark and makes virtually equally
accurate snow, rain, fog, or dust detections.
In extremely challenging situations, where
no other sensor can function, long-range

radars will see 250m.

F.OM FEURA . WMEER APk
I oL N, A HoAl A jgds ol LT
5, WRETR S WA HRIN ] 250 KR

.

2

4.2.4.1 Emerging Radar Technologies

4.2.4.1 FrreEIEHA

High-resolution radar imaging for
autos is one of the most active research
fields. A greater resolution can obtain more
semantic information and enable other
applications like target categorization as
well as environment mapping in addition
to gains in target tracking and object
separation [12]. A rotating radar of 90GHz
1s installed in the car roof and is used as an
illustration for mapping the surrounding
area, which includes cars, stationary

objects, and the ground.

O R R IR R AL H AT
BT T2 — . B T4 H
PRERERAT H AR B HROCR S, R
R USRS E 2 18 E R, IF
HESEIL H AR 70 28 R M0 B 1 18] 2 il 4%
HARN o FAEZT2 04> 90 Tk
WA TE e d ik, T 2t s A,
i LA AR T 14 R A s i

The purpose of this study is to
demonstrate the practicality of radars
operating between 100 and 300 GHz by
analyzing the air absorption and
reflectance of materials frequently seen in
driving environments. High resolution
radar imaging is made possible by meta-

material based antennas for efficient

R FT Y H 2l i M AT
TEIRGT R LA R 2 SR AT
SHEOL, RUEWIZE 100 % 300 T-JEH
PN N s AT TR IE I SE I . i)
e A K SRR I I R A R
RESEILH, XA REH T =&
AR T IEAR . FETRXIHEAR, &
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synthetic aperture radars. Based on the

technology, certain producers, like

Metawave, are starting to offer goods

geared toward the automotive sector.

Metawave IXFEIR A7 T a6 32 (1 &
VAT b o

4.2.5 LiDAR

425 BNEIL

The active ranging technology known
as LiDAR (light detection and ranging),
uses the laser light pulses round-trip time
to compute distances to objects. Low-
power, non-visible, and safe for the eyes
NIR lasers (900-1,050 nm) are used in
robotic and automated applications’
sensors. Due to their low divergence, laser
beams can estimate distances of up to
200m in direct sunlight by decreasing
power degradation with distance. The laser
pulse is typically changed direction using

a spinning mirror to provide 360-degree

horizontal coverage.

WARABOETE X GEOBHMA
P M FEFMEERA, F Bk
3R B[] SR S B A R RS . KT
B, AL, Sk HR B 22 A AT 4141
(NIR) #0tgs (900-1050 452K) |~
22 N T LR R E B AN R
kiR . BT AU, sk
i IR E SRR S
ot SRCAT DATE PH % B T A6 5 H ek
200 KAJHE R 8 iR Bk
AWK T 1], AR 360 B

KPR i o

Commercial methods create
numerous vertical levels using a variety of
emitters (between 4 and 128). A 3D point
cloud that represents the surroundings is
created as a result. Because of their high
accuracy in detecting distances, LiDAR
sensors are a feasible alternative for

creating precise digital maps. Inaccuracy

with these sensors typically ranges from a

7o b 7R AE A b R A A (4-
128 N2 M8 Gl T F L EERN,
AR TR BRI =4
o T HOEEH B LR RN B 1
A P, FLRE 2R R B Al 1 B AT
ITARB T %o FERIERERTROLT, X
LA AR AN MERRIE /£ 0.1-0.5 K
Z I8,
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few millimeters to 0.1-0.5 m in the worst

circumstances.

4.2.5.1 Emerging LiDAR Technologies

4.2.5.1 FMBOLEIEH A

FMCW LiDAR [13] continually
produces light to measure an object’s
speed using the Doppler effect. Few
research prototypes appropriate for the

automobile market have begun to surface

in recent years. Speed observation can aid

FMCW Ot 8B4 H 2 5 B2k

N7, 38 IS R TN B A )
JEo LR, AV I HO

FORRIT IR I B 1 HbrER BRI Th
BEZL, MUPIE FE ] AR B4 i s iR
BT N TRINEE . Bilhn, JEIT S ]

to increase activity recognition and

U 72 3 ANAT N S PR B A R AN [RL SR TS

behavior prediction in addition to target-

RIRITAABATTBIAT 200 [ 2SR fi i

tracking abilities, for example by detecting

A0 S AR % B A SR T SEAR < O

the different speeds of a cyclists and a

B NPREOR, BOCE BT

pedestrian’s body parts. A solid-state

HeEZ ML AHIER (OPA). 5 —Ff

oscillating micro mirror and optical phased

array are two of the technologies that fall

under the general term “LiDAR.” which

covers several more optical phased array

(OPA). The first method uses tiny mirrors
that can revolve around two axes to focus

laser beams.

317 A RE 0% [ 8 7 il e 2 1) /)
BT RREEBOCH,

Devices based on this technology are
offered for sale by the manufacturer
LeddarTech. Similar to the technique used
in phased array radars, optical phased
arrays provide rapid and very accurate
beam direction control. One of the few

companies commercializing products

b S 4 AR 11 B % bl ol a7 S A
LR AT (LeddarTech) HE., 2%
LT AR R Ak T A R, O3
A2 B4R Bt T PR B HE IO SR Ty
a1 4% - Quanergy J& AL LU
SRR AT Z — . Y
WA HI7 (FoV), OPA HAR AT LU
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based on this concept is Quanergy. Over
the entire FoV, OPA technology can use
random-access scan patterns (field of
view). This enables dynamically changing
beam density (resolution) and monitoring
only particular locations of interest.
Combining these qualities enables quick
inspection of the entire field of view at low
resolution, followed by following objects
of interest at greater resolution for

improved shape recognition even at great

distances [14].

FIBENLAF B (L) Xl
AR ABH A AR L (35,
HF MG R E AL E . 25 A iX e
R, ATCAAEAR O R T PR A A
Ny, SRIGAE S R 0 HER N R ER K
MBI R, DMEAEBOZ I & _E g

JEAR R 1 e

4.3 Analysis on the Architecture of

Autonomous Vehicles

4.3 BB SRR

To improve autonomous vehicles day
by day, engineers are exploring and
employing more advanced sensors and
technology in both software and hardware.
The traditional idea for autonomous
vehicles has up until now made use of
cameras, radar, ultrasonic sensors, and
LiDAR. Each

subsystem no longer

performs its individual tasks
independently of the others. The results of
one task must be used as relevant
information for the next; as a result,
autonomous vehicles must be capable of

carrying out a wide range of activities in

N T H s el 5 B R, T
FEITAT] 1 2 R 2R MR H B 5 2 f) 3K
AN R AH AR . BT AL,
G B 2 2 R AL S B Al
R ERB L HIE . AR AL AR A
WotEiL . BT RGEAHMLH T
HAt 7 &R250, PATHAMPES . —
TGUAE 55 0 25 SRl BRI AR R — WA 55
FIAHSSAE B Bk, HZEBREn
IUREAE ST 5t AT S FPiE B R
AT A ANBEAE A LR, 78 73 AR
BEOL A RETIR TS AL S5, 4 7] URAS

EAELR .
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various scenarios. We achieve the best

results when hardware and software
collaborate and use each other’s finest

capabilities to complete a task.

An autonomous system has a number
of components and its architectural design
that offers an abstract perspective of how
the system is structured and operated. A
layered design allows for the sharing of
via

information between components

public  well-defined  communication
interfaces. By adjusting a few components
to maintain the same communication
interface, this characteristic makes it
possible to define a similar architecture for
all tracks in this challenge. This method
shortens the time required for agent
development and makes it possible to
compare the effectiveness of autonomous
navigation using several algorithms for a
given job. The most prevalent hardware

and software architectural structures will

be covered in this section.

—EHERGEAZ AN
HIRR e, $Eft 7 Rgtanfraite
ARAE R RANA 73 BT FUVFA.
2z iEE At 5 R IFHEAE %
BEIS S NSO PURTE b E RGN R
FRAHFE R AERE D, X Rt LA
FE B A 0 Bl A U0 SE R 1A
AU XRITESEE T AR T
KT ST, il e e AR5 M
MZ R, RILEH ESHRAE R
Vo AR A R EiiAT RIRE A F AN A
HEZRGE K o

4.3.1 Hardware Architecture

4.3.1 REAEZENY

Hardware components are essential
for enhancing the safety and redundancy of
These hardware

self-driving systems.

elements are used in combination to

(T EGRERC S I A= R R R
SN L ETERIURMEREREE, X
SeREfE TR S, HT T B3
B BRI ARG EAEREY
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conduct automated driving operations.
Driving assistance systems are designed to
increase the driver’s comfort and the safety

of the passengers and the surroundings.

B [ T DL KR AN A A
24tk

-Environmental detector
configuration:  Self-driving  vehicles
cannot depend on the singular type of
detector; they must include a redundant
sensor for safety. The most common
sensors for a self-driving automobile
include cameras, radars, LiDARs, and
GPS. Another common sensor setup for
self-driving cars comprises a millimeter-
wave radar, a GPS unit, a 16-line laser

radar, and other similar sensors.

- IEERMARACE : H 30 B WA
TEABE AR A A — R R 2%, T
WAL S TUR AR A U IR 2 4 H
2y 725 R 2R B DL I A A L A
Bk, IS, WOLERIA K GPS. H
By 725 BR 2 o — i DL 0 A% 8 2R T
B KIEEE. GPS 3 HE. 16 &
WO T IR AN H A AL 1225 -

-Vehicle-mounted computing
platform: Two of the Industrial Personal
Computers (IPCs) compose the computing
environment for autonomous cars. To meet
automotive gauge specifications, the IPC
must be able to operate for an extended
period of time in conditions of high
temperature and vibration. The hot standby
IPC is used instead of the primary control
IPC. They both perform online in real time.
To ensure safety, the standby IPC output
command is switched as soon as the

primary control IPC fails.

* EHITEE G e I HA
NTHEAHL (IPCs) #f% T H 32 3R
WIS . NIl IR DGR
%, IPC WAATRENS LE SR AR B ER
BN KRS AT o AR IPC &
4% IPC. P #E AT SEI FEZR AT
BlE. R A, —HEEIPCK
AR, 22 SLEIYIH & IPC Kt
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-Actuators and Sensors: One of the

most crucial parts of self-driving
automobiles is the actuator, followed by
the sensor. They are essential to preventing
the need for human interaction while
traveling. To gather information from the
environment, a lot of sensors will be
required. The numerous actuators will be
turned on by sensors, which will then
produce the instruction to turn on the last

component [15].

s PAT AR AL IRAR: BRI RNR
Tl R 2 — AT a4, HIk
FEAR AT o DB T AEAT B AR
DI NRT I FREREE, N T
MBI EEAE B, fRE R RN
Iy . ARIREE 2 WOH AR Z AT
e B JE AR AR AL i R B
Ja— At

4.3.2 Software Architecture

4.3.2 AFLER

The software architecture of the
intelligent vehicle includes public service
support and user interfaces for computers.
The most crucial aspect of self-driving cars
between

is the communication

components.

R TG O AR D A/A S
AR 55 SR LTSI - S . B30
25 B R 7R R R B ) T3 T S LA 2 T
IS .

‘Human-machine interaction: This
covers remote control intervention, driver
interface, and programmer debugging.
Emergency response is one of the most
important applications for autonomous
vehicles. Autonomous automobiles are
capable of lane keeping, lane changing,
overtaking,

and avoiding emergency

accidents. The intelligent vehicle’s

hardware and software configurations are

« AWUAEH.: HAFHm 6] T

T, 50 0 S DA AR U B
T S [ B2 R A e L
P2 — . B AR R RER
IO AN N KAV i 3 s
(RIRE T o IR e v 40 A A R £
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used to evaluate the automated driving
capacity of the intelligent vehicle in

various modes.

‘Public  Service  Support:  This
includes services for logging, process
observation, and virtual switching. The
virtual switch should logically be made up
of many virtual buses. Each and every bus
has several software modules connected to
it. Communication across modules on the
same bus is accomplished via the
subscription and release mechanism. The
virtual switch eliminates the
communication function of the module,
allowing it to concentrate on its
functionality. The statement on the digital
bus is logged by the log and sent to the
database in accordance with the time

sequence.

« NIRRT SCRF: HARHE

3 BEREUE A B AR S5 . K
S AL 3 BB R 2 A R UL G
o BEA R EGE A 2N A
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The messages may also be delivered
back to the application layer module that
needs debugging, bringing back the test’s
observed driving state. This depends on the
time. Data about heartbeats are gathered
and analyzed through process monitoring.
When exceptions are found, the system
immediately takes corrective action and

notifies the debugging team so they can

XA AT RE A% Rl 7 2
BT E AR, P I e
UL B KB IRAS , (HIXHUR T
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AR, @RI, DLE A
I RGEHATR A . BB IR
ARG S HAB B R T et

fritie.

53




TR R R A A2 1 S

examine the system. The System
Architecture for Autonomous Vehicles
involves five stages. They are discussed

below.

-Sensing: The sensing layer consists
of a collection of exteroceptive and
proprioceptive sensors, which measure
information about the outside world and
the vehicle itself, respectively. In order for
the system to reliably reflect the status of
the vehicle and its surroundings, the
perception layer must understand and
transform the raw data from the sensors
that the sensing layer components collect.
A layer for sensor management is a
valuable tool for architecture design, since
it increases flexibility and scalability,
allows for the replacement of individual
layers or even their entirety, and ensures
that the architecture will continue to
function as long as its communication
interface does. If the set of sensors is
altered, there is little to no change in the

architecture design.

o SN SRR HI AR 2 A% AT
ZNUNRSSEIINE S p s P el k)
RANE A EA S HIEE . N T
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1. GPS
In a geodesic coordinate frame, which
is defined as:

i.pgeo k = (lat k,lon k,alt k),

1. ®BFEMRS (GPS)
LEM AR FR e, FE O
1.pgeo k = (lat k,lon k,alt k)
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where lat and lon stand for latitude and
longitude, alt stands for altitude, and k is
the time stamp of the frame. This sensor
delivers the position of the vehicle at a

frequency of 10Hz.

o, lat fl lon AR EREAE,
RFUFIRTFE, k AHELEII ]
ZAERAELL 10 HR2E IR S AL 22 4
FEASR

alt

2. Camera

Six cameras are arranged into three
stereo pairs, positioned at a height of 1.8m.
The stereo right and stereo left cameras’
picture sizes are 600x320 (widthxheight),
while the center camera’s image size is

1,080x540 (widthxheight).

2. FEAHML

7S 6 HAE LA 4H & B =% ST A
UBEARML, DT 1.8 KR AL
FENLRIZE ARALI) B A RSE 2 600%320
CFEX ), AL B B R~
N 1,080x540 (55 X ).

3. LiDAR

This sensor produces about 500,000
points per second, or a point cloud, with a
360-degree horizontal field of view at a
frequency of 20Hz. It uses 32 laser-
simulated channels with 45 degrees of
vertical field of view (15 degrees of upper
FoV and 30 degrees of lower FoV). Each
point is described by position (x, y, z) with
relation to the location of the sensor in a

Cartesian coordinate system.

&

3. WOt

AR IR AR RERD K2 500,000
A, BE R R, R
DL 360 FE /KA 20 B 24 AR
BT TAE. AR EH 32 Mok
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& (RN 15 &, TNIiMmh
30 fE). B pEE T HAEH KRR
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i
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4. CAN Bus

This proprioceptive pseudo sensor
offers data on the interior status of the car,
including speed, steering angle, and shape

dimensions.

4. FEE R R

SRR Py AR R T
RV N ERIROL Bt BAR i,
e A1 UL R ARRST
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5. Object Finder

This fictitious sensor provides data on
the location and orientation of all moving
and stationary objects such as pedestrians
and vehicles as well as information on the
shape and status of traffic lights that are a

part of the simulated environment.

5. Dkt as

2 M AR SR SR AT ST
A LR A B A2 BT 1] B
AT NANZEAR, DL R AT A ST A2 T
5 AT MR RAIRS H45 2

‘Perception: During this step, the
automated  vehicles sense their
environment by a lot of sensors and
determine its location in correspondence to
those surroundings. It also includes
LiDAR, radar, real-time kinetics, cameras,
and others, processing the data as soon as
data are supplied to the recognition
modules from sensors. A control system,
Vehicle Positioning and Localization
(VPL), Unknown Obstacles Recognition
(UOR) modules, etc., are the typical

components of an autonomous vehicle.

al!

< JREL: ZERET, BIEINA
MBI AR 2 A AR B BB B, I
58 FAEJE A AL S . XN
FEAFRROL TS, ik, SERE)
%, TRk R . — BARRER G
HR AL U, a2 S BN HdE
BEATACEE . B3NS IR A R A
BFEER RS, FWEf (VPL), R
FHRREAT U (UOR) 4.

g i
S

The components of the perception
layer use methods and theoretical
definitions from several academic
domains, including computer vision, linear
algebra, probability, and machine learning
to transform sensor input into meaningful
information. These data permit the

representation of the vehicle state and

BAZAEM A TR A AR
AR 7B E L, AR
HURLSE  EAEARH B FINLAR 22 T,
R R as A IONE B UER . X
S KA R = 1) K T A ok R
NI A A, DL SR
INEERERERIS (ahs 47 e sk F A E
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surrounding environment in order to feed
the navigation layer components in the

architectural design.

The most important tasks for
automated vehicles are detection of road
borders, detection of  obstacles,
identification of pedestrians and vehicles,
detection of traffic signs, detection of
lanes, detection of traffic lights, and

estimation of vehicle body state.

H 3h 2 3R 2 e B AT S5
FERCITE PRI T BRIBERS . AT
NANZEI G A2 TR 76 PRI
RS S KT AL AR T 22 B R DL

For identifying obstacles, the support
vector machine method is frequently
employed. The main applications of
convolutional neural network techniques
in the detection of pedestrians and vehicles
and classification and identification of that
rapid convolution that occurs quickly
Traffic signs are recognised using neural

network technology.

N IRRIRER, FOR A SR A&
PLETT % . BRI R FRAEAT
L IERERI LA R A o 76 PR H B
bR A AR B R A o e B
FENH .

‘Obstacle  Detection: CaRINA
Agency uses two vision systems: a stereo
camera-based system and a LIDAR system
with perception capabilities for Track 1,
Track 2, and Track 3. They execute the
obstacle identification task and provide
three-dimensional point clouds in a

Cartesian coordinate system (X, y, z).

o BERFYIHRI: R HLAIHLHL R A
PR R G0 ST AN R 4
A A R Ao B R R, 40 H
THUIE 1, 2, 3. EAHATRERSG I
55, FFERBE LU R IR AR R BRI
=Y.

57




TR R R A A2 1 S

-LiDAR-Based Obstacle Detection:

Contrary to commercial LiDAR. the

o ST ROLE X I BEAS VIR -
5RO TR IEA R, 128 AL K A

simulated sensor provides neither intensity

KD 7, BEA TR AR

nor ring data because it is a ray-casting

B th AR BEA R . H, fELE3E

approach. Therefore, strategies relying on
ring compression and virtual scanning are

not usable during competition.

HR TG 92 A8 FH 22 T 2 T 246 R R DL 31 9
(¥ SRS

‘Stereo-Based Obstacle Detection:
Driving in  urban  environments
necessitates precise and accurate 3D
perception of the surroundings. LiDAR
was a useful sensor for this work on Tracks
1 and 3. Track 2 is instructed to travel to a
specific location using only cameras.
Beyond LiDAR, there are no sensors in the
challenge that can produce RGB-D images
or depth data. We performed scene
reconstruction and obstacle recognition
using a stereo system. The stereo method
was chosen because it allows for 3D
reconstruction using just two monocular
cameras the

equipped  with right

calibration matrix.

o BT ST B BREAS YR . AR
I8 T P B AT Tl e 0 ] [ A 5
ITREHER) = 4B S0, BaE 1. 3 A
WO TR TR, Mg 2 Hay
DA B8 Sk SRR E AL E . BRI
JEEIBAL, A H AR A R e 1Bk
% AE % RGB-D MG 5k 2 5
i1 F S2AK 75 R G2 kAT 3 55 B AN
TR . SRHZITE R NS R &
TP IETRAERE R 5 HAHBL, oK
AT =4 A .

‘Hazardous Obstacle Monitor: Risk
assessment is yet another crucial element
of an autonomous system for ensuring safe
driving, in addition to obstacle detection. It

analyzes potential risks to accidents, such

o GG FRESALI : BRESAS VIR
AL, WS Al B 32 B AR e fr
LA T REER . BN
e EF MR NS, Bl S H e
TR . S bREaEY) . ek
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as collisions with other traffic participants.
Collisions with stationary impediments,
moving  obstacles, and unforeseen
obstacles are the three basic categories into
which collisions fall (which may occur due
to occlusions). Therefore, both binary
collision prediction and quantitative risk
appraisal can direct decision-making
systems toward the proper course of action

for collision avoidance.

TSP LL R R AR P (Rl fi, S Al 4
H =R A S ) (AT e 441
A2 PRI, ool I DL A e B X
B8z PPl 1T A 5] TR SR AR SR HLE 2
(AT Bh oK 3kE Yo fll 2

Decision and Planning: This stage
makes decisions, plans, and directs the
movement of the autonomous vehicles
using the information received during the
perception process. This stage, which the
brain would represent, is where choices are
made on things like obstacle avoidance,
action prediction, etc. The decision is
based on current and historical
information, including real-time map data,
traffic contains details and patterns, user

data, and so on.

AR XA B, B3l
25 B RO A R B A
B TR PRIV AR RiE ).
ZIT BT KN T RE, 0 L 2
ARRE A SRR | AT D9 TIUIN <5 7 T (1) ik
B T AT AR, B
SIS L PRI A IR DL 40 AT
A HPEHESE.

<~

There could be a data logging module
which keeps track of mistakes and data for
later use. The primary responsibility of the
driving mission choice is to determine the
intelligent  vehicles

driving  style,

switching lanes, catching up, making a left

Z WY BT LA — AN HaE i R
fide, T UREEE AR, D& H
JEAE R U5 IR B B DT
T 7€ B 202 B I 2 Rk, LA
I, IE. TR A X
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turn at a crossroads and a right turn at a
junction, from starting and stopping at

junctions.

1A 2 DL R A 58 S 11 G A0 45
%

Local route plannings primary goal is
to create a suitable path for each selected
driving style, which is typically between
10 and 50 meters long. In order to produce
the steering wheel angle and move
laterally along the specified track, lateral

motion control is primarily responsible for

these tasks.

75 i % 2 BRI R EE H AR N
B Tk 3 1) 2 B KU 1) 22 5 3 1Y)
1, KEEEELE 10-50 KA. AT
PR A, IR R E UL )
Mozly, M A8 3% ] 32 B A FTX LA

ax

o

-Control: This module controls the

autonomous  vehicles physically by

performing tasks such as steering,

stopping, and accelerating after receiving
the and

information from planning

decision module.

o JEM]: IZAEHAE SR A
REFBIHE S G, X B3 S 3R 4
BEAT I REAR], PATECIA S 1 AR

HAFEST

-Lateral Control: The model-based

predictive control (MPC), which manages

o BTEA R TN EE] (MPC)
B RAE TRAE 5 RO [ 4241 . MPC

the lateral control that provides the

FETR I [B] Y H A PR A B8

engineering signal, optimizes a cost

B, A — RIUE, B ]

function over a preset time horizon H,

ARAt W N —AFE . LRIREAT

producing a series of actions, one for each

time step At. The immediate action is

carried out, and the process is continued in
the following time step, resulting in a

narrowing of the horizon.

2, HAERE S B )2 4k kit
2, FERLFAL N,
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‘Longitudinal Control: The agent
must have a speed rate change as the
Markov  decision processes (MDP)
problem’s solution. A new agent’s velocity
can be computed using the current agent’s
velocity. PI controls, or proportional-

integral, perform this tracking.

« Pl VRN IR AT KRR
A2 (MDP) i) @B kT 58, Ak
WIE A TR L AR o AT DA A 24
AR PR PR T BB ) ARG PT 4
B L BIRR S, W] PLHAT IZIE B

-Chassis: Last step is about making an
interaction with the mechanical parts that
are connected to the chassis, including the
gear system, brake motor, steering wheel
motor, and accelerator and brake pedal
The control module

motors. signals

manage these.

KA RJE PR SERIR
N REAT A L, BAh AR &
gi fIBENL D7 AR AL, ks
AN BB 1 IZ LS 5
HIX LA

ll
m

-Sensors: We discuss the design,
functionality, and utilization of some key
sensors after discussing the overall
communication and detector architecture

of an automated vehicle.

 ARIRAS: AETHE T BB RNR
Ze A RS AR I B AE SR, JRAT
RETHE — 2R T R B A% SR AR I LT
Thee A 5 2

Ultrasonic sensor: These sensors
operate at frequencies ranging from 20 to
40kHz. A magneto-resistive tissue used to
determine the distance between two

objects produces these waves. By

comparing the emitted wave’s time-of-
flight (ToF) to the echoing signal, the

distance is determined. The range of

FEFE AL RS XL RS T
TESRZAE 20-40 Tk 2 [A] o F1) F #4RH
TOIEFR AR, SRR BN R 2 T [
PR B I ARSI 1 AT I (] 5
[P A55, RAfE R . A  PAR
2R [0S B F /N T 3K, B B A 4
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ultrasonic sensors is often less than 3m,

which is quite short.

Every 20ms, the sensor output is
refreshed, which prevents it from adhering
to the ITS’s rigorous QoS requirements.
These sensors have a very limited beam
detecting range and are directional.
Therefore, to obtain a full-field vision,
numerous sensors are required. Multiple
sensors, however, will impact one another
and can result in significant ranging errors.
The conventional approach will provide a
unique signature or identifying code that
will be required to eliminate the echoes of

other detectors working in close proximity.

e A% 5 A 20 = AP HET— K,
XEETCIRH R B REASIHE R 48 (ITS) 1Y
TS RS T B SR o X AR AR 1,
PR IE FEH5r A R, JF H2 € M
ffr. Bk, AT RGN, FE
il R BRI . SR, 2B
HZ A TR, W] fe 5 S0
PERZE o ARG T R AR M — 25 4
RIS, DATERRADE TAERHE
PR 25 7 [0 98¢ o

‘Radio  Detection and Ranging:
RADARs are used in AVs to scan the
environment for cars and other objects.
RADARs are frequently used for both
military and civilian purposes, such as
airports or meteorological systems, and
they function in the millimeter-wave (mm-
Wave) frequency range. Various frequency
bands, consisting of 24, 60, 77, and
79GHz, are wused in contemporary
automobiles and have a measurement

range of 5 to 200m.

o LR HEERMAIIMEE: H3)2% 5
PRI A ke 4 A PR3, R
e R . kg ZigH T
FRMBHTIL, FHIH S R
41, H AL R . AR
R T &M B, B4 24.60.
77 K179 TR, METEE Y 5-200
Ko
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By figuring out how long it took from
the transmitter and the obtained echo, the
distance between the AV and the object is
determined. To increase range resolution
and the ability to detect numerous targets.
RADARs in AVs employ collections of
micro-antennas that produce a series of
lobes. Because mm-Wave RADAR can
directly measure short-range aims in any
direction by utilizing Doppler shift
variation, it has greater penetrability and
greater bandwidth. Since mm-Wave radars
have a longer wavelength, they feature
anti-pollution and anti-blocking
capabilities that enable them to operate in

fog, rain, snow and low light.

BT T B R S R 0 ) £ [l
e (R (R 22, BT LAR 8 E 3 2 5
RIS Z MRS . AT e
I HEFR DL AR 2 A~ H bR ) fig
H 22 3R 2R R ) R IA SR T R e
= RV BRI R RS . T %
KU Ik AT LLE I 2 3 AR AR AL
B AT R 7 ) R R H
b, R G ELA 5ERK 1 27 3 0 RTBE K
(55 . AR SRR TR KK,
R EURA Biis G i pe
MRS TESS . TN 5 AL IR IR SR
*

5
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o

‘LiDAR: Light Detection and
Ranging: The spectra at 905 and 1,550 nm
are used in LiDAR. Modern LiDAR
operates in the 1550 nm wavelength range
to minimize retinal degeneration due to the
905 nm spectrum that may harm the human
retina. LIDAR can operate at a distance of
up to 200m. LiDAR is divided into 3
categories: 2D, 3D, and solid-state models.
A single laser beam is dispersed over a
fast-rotating mirror in a 2D LiDAR.

Several lasers can be placed on the pod so

< WO : WOLHRN SR
BOGER B KOG 905 GIKH
1550 Aok . IARBOEEIALE 1550 44
KT ATE N TAE, DA RFE BE R
/L 905 9K A6 1 1T g S5 458 A%
(I I JEE, T 5 SRR D AR 4 o 3K
67 IA FT LATE =738 200 K 1 25 P il
. BOLHIES A= 2D, 3D Al
AR . 7R HEEOR T A, A
WOt SR I PO e 1B AT
fit. AT LATE A BsE 2 A0k A
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that a 3D LiDAR can produce a 3D image

of its surroundings.

DU = 2k 3800 75 0k A i B 3 45 1)
3D K.

‘Camera:  Depending on  the
wavelength of a device, shutter in
autonomous vehicles can be categorized as
infrared light or visible light. The camera’s
image sensors are constructed using two
technologies: charge-coupled devices and
complementary metal oxide
semiconductors. Depending on lens
quality, a camera can capture images out to
a maximum range of about 250m. The
visible cameras have red, green and blue
bands (RGB)and work within the same
range of wavelength as the human eye, or

of 400-780nm.

- gk MRIERA N, H
BN BRI TR TTR] 23 N AL AR AT
OGBSk UG IR AR A T
FR: Wi & #4F (CCD) FIH.
Hh< R A TR (CMOS) . 1R ¥
B R, ST RS 4N
250 Kz A S . AT IO ERAS Sk
HAL. &, =B (RGB), T
PR 5 ANHRARTE , B 400-780 44K .

There are two VIS cameras coupled
with fixed focal lengths that produce a new
channel with depth D data, mandatory for
producing stereoscopic vision. Using this
function, cameras (RGB) can get a 3-
dimensional view of the environment of
the vehicle. Passive sensors ranging from
780nm to | mm in wavelength are being
used by the infrared (IR) camera. The
vision control is provided by IR sensors in

autonomous vehicles in peak illumination.

PIANTT I (VIS) #5443k 5 [ 58
RS, WP — P B IRE D 4
PEPHTIRIE, T A STARAIL I T
T TR, M5k (RGB)
A ASRAFIR A B = 4E AL . £04h
(IR AHMLAE FH Y By 780 4K
EN W Nl S S =
R, L AME R TE VR E IR B T 2
PERL 2 ] o
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This camera assists autonomous
vehicles in their works like detecting
objects, side view control, recording of
accidents, and blind spot detection (BSD).
Nevertheless, adverse weather
circumstances like snow and fog and
variations in the quality of the light affect

how well the camera performs [16].

XRP AR Sk W] T B B B R
TEREAT YRR AR Sl
KA s (BSD) 5 TAE . 4R,
BHRAFM T ZIOCLR
B, B Gk ITERER
Bl

-Global Navigation Satellite System
(GNSS): The most popular technology for
obtaining precise position data on the
Earth’s surface is GNSS. The GPS is a US-
owning utility that offers customers with
aligning, precise site, and time frame
services and is the most well-known GNSS
system. GPS is a vital component of the
global information architecture, which
pervades all aspects of today’s society
because of its free, open, and reliable

nature.

« BERFHUEN RS (GNSS):
R H b, R 2 TR 1 17 BB 2504 1) B I
THARZ GNSS. Ak e R4
(GPS) =ZEEMAMAHENLL
w9 BRGSO E AR
[ [E AR, RmFI4 K GNSS &
i . GPS & A BR {5 EE 42 1 5 220 i
oy, BTG FRBCR AT SRR
Ji, R A A D T

The US DoD (Department of
Defense) created the GPS in the 1970s and
has three sections space, control, and user
section. The US Air Force created,
maintained, and ran control components
and GPS system’s space. Operational
satellite count for the space segment is 31,

at least 24 of which are typically available.

EEEPH (DoD) 1 20 4
70 SE£ARAIE T GPS, RIS A
ZSMA) PRI P = AN EE A
R, g RIZIT GPS RGN
il AR A2 (AR 7y o 23 (BB 3 B 1S AT
TEHBE 31 M, W 2D 24 BT
H o 3X 28 TR AL T R B0 20,200 4 HL
b ERLE | (MEO), fEIEE
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While in medium Earth orbit (MEO) at the
height of 20,200km, each of these satellites
completes two daily orbits of the planet.
Any receiver placed on the surface of the
planet can receive signals from 6 to 12
satellites in the S-band and L-band
fluctuations range because of its

configuration.

BERGEHLER S I RIS o AR A
A i TR T 1Y) B2 A AR RT DUAR 3
AL E, IOk B S SBUNT L HBGR 5l
LA 6-12 MU EEME S .

The method for separating into
separate groups based on shared features is
referred to as user segmentation [17]. It is
important to note that GNSS signals have
a number of flaws that reduce the system’s
accuracy, including the following: (1)
timing inaccuracies resulting from
discrepancies between the receiver’s
quartz clock and the satellite’s atomic
clock, (2) signal lags brought on by signal
propagation through the troposphere and
ionosphere, (3) multipath impact, and (4)
uncertainties in the orbit of a satellite.
Inertial Measuring Units (IMU), radars,
cameras, and LiDARs, among other
sensors, are coupled with satellite data to
create a more comprehensive picture to
produce trustworthy location data in order
to enhance the precision of today’s car

positioning systems.

BT LR o AN T
P ITERR A P oy d. FHEER
&, GNSS 15 SAFEREMIC RGNS
b, EFELLR LA (1) BT
AT 3% 11 A S B R T 1 R el 2 T
(22 1 SR E R A HE. () 55
HE 0L JE A EL B 2 A B R KA
T, (3) ZieHEd. (4) BAE
SR I N i Bl S 1 i LB -
(IMUD. F5iE . $AGCR B0 I8 55
feikds, 5 PRYEEMLG, Ll
AT EG, A BT S AL B 4L
i, I 24 AR R E AL R GRS
J&.
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4.4 Analysis on One of the Proposed

Architectures

4.4 JH R IR 2 — 34T 0

A software architecture is suggested
for the simulation of in a traffic scenario,
an autonomous vehicle. As a result of the
requirement that each simulator utilize all
available resources in Figure 4.1 [18].
Figure 4.1 design has a distributed nature.
There are four main modules: Microscopic
Traffic Simulator, Robotics Simulator,

Coherent Network Data and Autonomous

Vehicle interface and control.

BlyE 7 —Fp A AR A 3
sa S ke B IR /LS AR
ZORBEMEL S A 4.1 B PrA
FTHIBEUR, A T IR A A

Z BB A A AR . B35 DY
AN EERH: FOR A AR PLES

PNEEE NGRS €N Skt d
Tt VRIS il

‘Microscopic Traffic Simulator

It simulates nearly every type of
vehicle in a manner that is similar to the
macroscopic modeling of actual traffic
flows. Additionally, it keeps up with all
construction systems, such as induction
loops and traffic signal schedules. Because
of the simulator’s adaptability, a pretty
high level of statistical template could be
linked to examine the patterns of traffic
behavior of autonomous vehicle strategies

for individuals and groups.

* OV AR DL 4% -

AL A% DL AL, T S B s 38
TR T 3 LT LA R
RWAR. s, RENSIBERT A IS
AL, MR 2 R ERcFIRT Y
o TR HE N, TR R
IKPHIGETRAGE RS, BT A Bk
AR AR (103 7 2 T 2 A SRS 1) 22 T
R

it
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Figure 4.1 An autonomous vehicle simulator in a traffic environment is proposed.

B4 LRI T —HRBIHE TR BB RS FRNE.

‘Robotics Simulator

IR YR

It simulates every autonomous
vehicle in the surroundings, including
every one of its sensors, actuators, and
reflectors of everything in the immediate
vicinity. Additionally, it has a game engine
with strong physics and visuals modules

for immersive 3D animation.

A7 A A AU B 0 R 5 E B
BYIT, WA AR
AT A5 AN B T AR IR B 4«
bb, B lCA W G BATAL SE R
Pk g1 %, TR 3D shim ek .

-Coherent Network Data

NGRS Ve

It represents the topology of the
traffic network and the data for its accurate

3D surroundings.

A R R 7 AT I R 4 1) P A 4
R LA R #ERF ) 3D M54

-Autonomous Vehicle Interface and

Control

= ke & e MESE ]

When using an  agent-based
methodology, an external soft- ware
programme motive force is frequently used
to carry out high-level tasks for self-
sufficient cars. For smooth real/ digital
worldwide development and
sensor/actuator permutation, a hardware

abstraction layer (HAL)is used.

FEAE P SE T AR i, 8
il F A1 8 A R PP AT O B R
1T BRI J1i . 8 1 SEBUNY
R FC S/ By e F O Jee R A A /34
Iras A G, &R E
(HAL).
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-Virtual Server for Data Transmission

« HHE A R UL 55 2

Data transfer is essential. As a result,
the data transmission module needs to be
reliable, secure, effective, and bug-free.
Each module involved is seen as a node
connected, with no impact with other
nodes, when the related node is idle. The
other modules will not submit any data to
module A if A just requires data from

module B.

HEfem e 0 EZ, ik, $dE
FEB LI 5 24, BHRETE
b B HREYEBAA —A
FHEEREI S A, AEAR OGS fU NI
NG FABAT SRR . AR A
RFRER B B 14, T A
PRSI ASEE A SEASATAT i .

Efficiency should be given the most
consideration because a transmission delay
is detrimental for automated driving.
Though the ROS (Robot Operating
System) is a famous system utilized for
robotics, testing has revealed that due to its
cross-platform capability and real-time
performance, this system is not
particularly ideal for self-driving vehicles
when the related node is idle. Additionally,
decoupled nodes in their [PC (“Cocktail”)
increase system availability in the event of

partial failure.

H1 T A% e 3R 5 T H B Bk
PRA N, FIENIZSLEIE.
RENHNEIE RS (ROS) £ T
PLAE NSO 2 4 R 5. BINAR
Y, T HES T G R A S PR,
ZRGAEAH T A INES, 2 RGN
T HIEWIREIFAR A . I
Ab, FEIPC CGHRRIEBEAS) A
T RUAT DA I07E 35 43 W B R e
A

However, a destination-based model
is employed rather than a channel-based
approach. The virtual server that connects
to all the nodes and relays all the messages

carries out the connection checking. So, a

SR, SRAERT H A,
AT HIE A ERERI A
s I AR i A5 S R HUUIR 55 4% R
PATIERAR S, Bk, N TR kixet
R, B 1A “REREMEALE
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data transmission module for self-driving
vehicles called “Project Cocktail” was

created as a result to address these issues.

TH 7 E Bl 2 B A A A S
B,

A crucial mechanism for data
transmission and sharing, Project Cocktail
may receive and send messages to and
from network peers (using user datagram
protocol). Project Cocktail, albeit created
for this particular application, is a general-
purpose intermediate that treats all flow of
data as simple binary creeks and is not

dependent on any specific data format used

by network peers.

1 D9 Bt 1% J AN 3L = 1 S B AL
i, “HEREMEBEEIUH 7 W LLS R
X EEARIEAT T 2 AR SORT A% (fE
BRI UIO . REZIHE 2R
XA E MR 0 B A, (HE R
—NMEA TR, BRI SRR
ML Tl B 10 A R A i, AN
RO 19X 4% o 5 AR S P B A 4T 4R S K90
e

Because of the way it is built, it is

R E R SRR At RSt

very resilient in the sense that it functions

S A W AR o 7R KR 2% AT S

well when a large diversity of data types is

A R R B DL T, BT RE

created by a large number of network

RAFIEAT o X H AR 55 S BT AT N

neighbors. Testing on this single server
design demonstrates that it is less scalable
than the distributed SimpleComms design.
Compared to the “singleton of data
transferred, the ‘all to all’ mode single,”
controlling for the net amount has a higher
latency, indicating that “it is best to avoid
listening to the same module twice.”
SimpleComms

incorporates crowding

avoidance for each individual module by

AR, LRI AN I oA U il
FIBE BT 5 “ Bt e, ‘4
xa B ML, R
TFECE RN AE, Ry et
W R — e fi B AF AR
A b il 55 A% 22 18] o3 A S Rk AR
B, Ty RS AR AR 5] N5 e
bl .

70




TR R R A A2 1 S

distributing the message-relaying

workload across the local servers.

4.5 Functional Architecture of

Autonomous Vehicles

4.5 Hah BB R ThRE S

In this section, the functional
infrastructure for self-driving vehicles that
has resulted in our research is summarized
here. It combines all of the functional
elements already  mentioned  and
distributes them among the vehicle
platform and cognitive driving intelligence
components. Additionally, this adheres to
our suggestion of achieving a reasonably
clear separation between the two. Some
elements for technical and practical
considerations both the vehicular platform
and the driving intellectual ability, are
assigned power management and

diagnostic testing

AT T TR A E 8
BRI THRENESE . ZAESR Wi
R HTATRETTR 4 Gk, JHH
EA IS BCES TR 5T  RTA K25 B
REZLAT . BEAh, XWATE AR H A
£ I 22 18] SEBL & B VS T 20 15 1
W HTRORFISERR 5, 2T
RNEIT 6 DL B RERE ) )
B T R FEANIZ Wl ) Be .

However, the duties and area of
operation are slightly varied for each
allotment. Although conceptually united,
the capable sensing and global model
aspects are divided within those that deal
with the vehicle’s exterior surroundings
and those that deal with the ego vehicle
platform. When the functional

infrastructure is refined to become a

SR, AL AR DRI AR A0
RIS AT AN . AT E 3B RS
Kb S 2 5 A1 3 455 A0 A 21 & I AT
RE 78 73 4 I S e 70 R 4 SR A5 R
fEH, HEMEEAIEMS BRg—W,
0 TR P 7 A TR AL AR B
I, XA B aE I 1SO 26262 5
V2K T i A B it 41 A A B AR B i
VIR, 25 5t S AN R (AR S it
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technical infrastructure via ISO 26262
method, the separation makes it easier to
establish different technical
implementations, if necessary. As
demonstrated, depending on how much
operation and fusion is necessary, the
sensing components’ outputs are sent
either directly or indirectly to remaining
perception,  decision, and  control

components.
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Creating a data connection between
localization and sensor fusion is beneficial.
At set points along predetermined routes,
some sensors may show repetitive trends
such as an increase in false positives or
dropouts. An intriguing area of research
involves altering a sensor’s degree of
confidence based on geographic location,
and the design should not be a stumbling
block. The relationship between the sensor
components and the semantic
understanding component is another

intriguing data link.
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There are three situations where this
is helpful. First, so-called focused
attention techniques are advantageous in
some specific autonomous  driving

circumstances. Focused attention entails
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delving deeper into a certain area of the
surroundings. This might call for the
sensors to physically move or for
configuration adjustments (such as altering
the zoom on a lens or moving or adjusting
a cameras field of view). Most autonomous
cars’ sensors are now physically bound to
a fixed attitude with regard to the vehicle
coordinate system. However, it is
relatively typical in the area of mobile and
intellectual robotics. To have, for example,

a pan-tilt-zoom image sensor to help the

robot in a search experiment.
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Second, sensor adjustment during
runtime adjustments may be required (for
example, changing levels of exposure
based on the time of day, provoking
recalibration

if physical adjustment

changes are suspected). Third, the
semantic understanding component can
use communication transceivers as a type
of sensor or actuator to react to arriving
communication requests, post ego vehicle
data, and request asynchronous details.
Such communication requirements are
frequently a critical component of
cooperative driving scenarios, in which a

vehicle is constantly in communication
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with the surrounding buildings and other

neighboring automobiles.

Energy management from the
viewpoints of mission accomplishment
and total vehicle energy demands is one of
the decision and control components
(internal and external lights, HVAC). In
comparison, the vehicle platforms
component of energy management
controls  regenerative  braking, the
integration of hybrid propulsion systems,
and in a portion of electric and hybrid
vehicles, charging management and cell
load balancing. Since our perception
technical implementation decision and
control system have been slow to respond
to unexpected events as aspect of the
deliberate control, the reactive command
in this design is dedicated to the vehicle

platform.

MAT: 55 56 1 A0 B8 7E B & 7 SR 1Y)
FRER T, RE RS TR Ve S AN 2 4
- (AR, BRIl 2 —. M
ez R, BT 5 i
AN WA RERIER, LK
FEH 7 B AR & 3 IR i
b 7 B R L BT S BT R
AT P 8% 2R B A S it ke 2 5 s 1) R
J& T H TR — o, ek A
HER NGRS . BT G
BITRA T RNHAFE L

Additionally, having reactive
command inside the car, it is easier to
ensure a minimal amount of self-
protection for the car’s platform if the
perceptual driving system fails or becomes
completely incapacitated. The vehicle
platform also includes the control

components for passive safety features like

WAL, 5 TR 2 2R G R A
BGEAETIRIBAT, N AT OB
Vedr <, E AR G R RIKHE
HORIREST . T & B HEh %
ERFER IR R, SR, %
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airbags, seat belt pretensioners, and other
features that are tightly tied to and it is
unlikely that it will be easily repurposed in
other vehicle platforms. Due to the limited
space in this work, the connections
between the functional parts have not been

depicted on the automobile platform.

AR, KRR ET & Eoaeditthz
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Platform stability, responsive control,
and motion control actuator abstraction are
all features seen in more recent vehicles.
As a result, the vehicle platform’s
uniqueness 1is less than the driving
intelligence. However, it is crucial to
emphasize that the
“Propulsion/Steering/Braking” component

abstracts the actual actuation systems [19].
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4.6  Challenges in Building the

Architecture of Autonomous Vehicles

4.6 T3 B 32 B AR SRR ) Pk

Automated vehicles are now a reality
after more than 50 years of continuous
development and research. Several
challenges remain in the development of a
completely autonomous method for
driverless vehicles. We go over the
problems that are frequently raised in
research on Al in AV in this part. The many
benefits that AV offers are highlighted by

research on the subject. No real-world
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testing is done in pedestrian detection to
see how well the suggested approaches
identify things in real-time. Heavy
impediments can sometimes cause a
pedestrian’s orientation to differ from
another’s image mask, which can lead to
inaccurate orientation assessment.
Therefore, no algorithm is entirely precise
or quick. When spotting pedestrians in the
dark, accuracy and quickness must be

traded off.
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Behavioral forecasting of pedestrians
is frequently disregarded. The majority of
research articles on trajectory
identification in trajectory planning relied
solely on simulation or presented
challenges to solutions utilizing deep
learning algorithms, with little to no real-
world demonstration of their technique.
The papers that did use real-world methods
are now out of date. The Model Predictive
Control method is the primary algorithm
used for lateral motion control in motion

control.
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It nevertheless has a limited ability to
detect faults, and uncertainties that do not
fit the specified conditions are not

completely eliminated. The literature
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search was constrained because there are
few studies on transparency in self-driving
cars and no real-world implementation for
nonfunctional criteria. The cognitive bias
increases, as it is more likely that people
will be impacted by fatal crashes that
include various types of driverless cars
rather than the new novel experiences that
automated vehicles can provide due to the

rapidly changing nature of technology.
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4.6.1 Road Condition

4.6.1 M

The condition of roads could be little
surprising and may shift over time. In
several places, there exist massive,
seamless, well-marked roads. In further
cases, there are no markings on roads and
the road is gravely decayed. Roads are
poorly drafted, there are pits, highlands,
and underpass paths, and equivalent
conditions prevail on par to external

direction signs.
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4.6.2 Weather Condition

4.6.2 RASRM

The weather is another troublemaker.
Weather can be cloudless, or it can be wet,
windy, and rainy. Autonomous cars should
be capable of driving in all meteorological

states. No room for mistakes or shutdowns.
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4.6.3 Traffic Condition 4.6.3 AR
Self-automated vehicles should adapt H 3l 2 B yR 4 B IE N AE s JhiE
to different traffic scenarios on public | ¥ FHIANFEIAZEY 5. TIILAES

roads. They would have to navigate a large
number of pedestrians while sharing the
roadway with some other driverless

vehicles. Most emotions are present
everywhere humans are involved. It is
possible to have traffic that is heavily

controlled and autoregulated.

FoAth TE N 2 T 3R R 0E B A L

BYOEEKEAT N KZAE K
FAET NEZ 5B T . A28
DUR] BE 2 52 B s 12 AN B Zhif

However, there are many times when
anyone might be overriding the law quite
often. Unexpected things may result in the
exploration of an object. When there is

heavy traffic, movement of even a few
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centimeters each minute counts. A traffic | % & i 2R RE B 2% 1 AT I
jam may form if a larger number of such | %.

vehicles are on the roadway hoping for

traffic jams to move.

4.6.4 Accident Responsibility 4.6.4 HWTT

The crucial feature of autonomous
vehicles is their accident liability. Who is
to be blamed for crashes involving
autonomous vehicles? While talking about
self-driving automobiles, the operating
system will be the key element that
controls the car and assists in making all

significant decisions. In contrast to the
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original prototypes, which depicted a
person actually seated behind the wheel,
Googles most recent concepts omit a

steering wheel and dashboard.

How does a person inside the vehicle
intend to manage the car in the sudden
situation when the car does not appear to
have any controls, such as a brake pedal,
steering wheel, or an accelerator pedal?
The passengers and drivers of AVs will
often be relaxed and may not pay close
attention to traffic problems due to the
nature of these vehicles. If they need to
focus on something, by the time they have

to answer, it might be too late to stop it.
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4.6.5 Radar Interference

4.6.5 FiE T

Radar and laser beams are used by
automated cars to navigate. While the
lasers are mounted on the roof, the sensors
are mounted on the body of the vehicle.
Radar works by identifying radio wave
reflections from nearby moving objects.
While driving, a car continuously emits
radio frequency waves that are reflected
off of other adjacent objects and by other

cars.
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To determine the distance between

the car and the object, the reflection’s time
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is noted. On the basis of the radar data, the
appropriate action is then conducted. By
identifying radio wave reflections from
nearby objects, radar operates. On the
basis of the radar data, the appropriate
actions are then done. Radar operates by

spotting radio wave refractions from

nearby moving objects [20].
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4.7 Advantages of Autonomous Vehicles

4.7 BRI

Self-driving automobiles, which are
highly automated technology, provide a

number of potential advantages.

H 2h 2 SR AR v B E s
MEAR, HAVFZEENTLS.

‘Improved road safety

o/ e o

Automated systems could minimize
the number of crashes in the roadways. As
per government data,94%of accidents are
caused by the actions or missteps of
drivers. AVs can help minimize errors by
drivers. Drivers with greater autonomy
may be less likely to be involved in
dangerous and  hazardous  driving
practices. The best hope is that distracted
driving, accelerating, intoxicated driving,
unbuckled car occupants, and stoned

driving will be lowered.
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- Enhanced Independence

o BE SR ph Tk

Personal freedom is increased with

full automation. People who are blind are
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self-sufficient, and heavily automated cars
can help them live the lives needed by
them. Seniors’ freedom could be improved
by these cars. Highly autonomous vehicle
(HAV) ride-sharing can make personal
transportation less expensive and increase

traversal.
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- Saving cash

. Bk

Automated driving methods may
have a number of financial implications for
us. HAVs can help to reduce collapse-
related expenditures such as medical costs,
productivity loss, and car repairs. Less

accidents may result in lower insurance
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prices.
- More Efficiency © FRR

The widespread use of HAVs might
enable time travel for drivers. In the
upcoming years, HAVs may make it easier
to drop off travelers at their desired
location, whether it’s an airport or a
shopping complex, while the vehicle itself
parks. In a totally automated car, all
passengers could safely take part in more
useful or enjoyable tasks such as

responding to emails or watching a film.
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- Less Congestion
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AVs could help with a variety of
traffic congestion problems. When there
are fewer collisions or fender benders, road
backups are lowered. By maintaining a
safe and consistent spacing between
vehicles, HAVs help to reduce the
frequency of stop-and-go waves that cause

road congestion.
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- Gains for the environment

* IR o

AVs have the ability to reduce carbon
emissions and consumption of fuel. Fuel is
saved by lowered traffic, and HAVs reduce
emissions  of  greenhouse  gasses.
Automation and carpooling may increase
supply for all types of electric vehicles.
The cost-effectiveness of electric vehicles
is increased when the vehicle is used for

longer hours each day [21].
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4.8 Use Cases for Autonomous Vehicle

Technology

4.8 32 B A AR 1 R SR 451

In a world where vehicle automation
technology 1s widely used, there may be
less traffic, safer roads, and linked cars that
let drivers relax and enjoy the journey. The
market for AV technology is expanding
swiftly and is predicted, by 2026, to be
$556.67 billion USD. The sector still has a

way to go though. Technology for
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autonomous vehicles needs to cooperate
with various fields in order to perform
successfully. The following list includes

the top 5.

RFEGEA TR, A REBRR
e FEAH T T %

4.8.1 Five Use Cases

4.8.1 5 Wi H 245

- 5G

FRABIEGHEAR (5G)

It is anticipated that an autonomous
car will produce 2 Petabytes of data
annually. If the greatest Wi-Fi was
available, it would take months to transfer

that much data. 5G speeds are 10 times
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quicker than 4G speeds and are practically | &K 24 7] PLSZH
real time. The future of self-driving

vehicles is already achievable.

- Latency o Ff4E

Reduced response time is yet another
benefit of the 5G feature, which is
advantageous for autonomous vehicles.
When it comes to passenger safety, 4G’s
current time delay of 50ms is considered as

a significant delay.
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-Smart cities and IoTs

o BT AR KA

A self-driving  vehicle needs
knowledge of its surroundings in order to
make wise decisions. That is possible in
IoT-ready smart cities. A self-driving

automobile can go more shrewdly and
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easily about town if the city can report on

traffic, signals, etc.

- Data Management

- HEE

It takes time to examine all of the data
that a self-driving car generates. Edge
computing can speed up this research by
looking at information closer to the source
because there could be nearly 10 million

new cars on the road.
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- V2X

* FWiSMEE (V2X)

Data from automated vehicle sensor
systems and other source materials can be
transmitted over rising, elevated, and
moderate channels—thanks to vehicle-to-
everything (V2X) technology. Because of
the ecosystem it creates, cars can
communicate with one another and with
infrastructure such as parking spaces and
traffic lights. This not only improves car
safety but also alerts passengers and
drivers to impending roads, allowing them
to react appropriately. An automated car
would be capable of deciding for itself
when paired with artificial intelligence

(AD) [22].
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4.9 Future Aspects of Autonomous

Vehicles

4.9 B BEEITE AR5
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During the last 10 years, the public’s
fascination with autonomous cars has
fueled collaboration between makers and
the IT pioneers. How far we are from
integrating automatic vehicles
autonomous vehicle (AVs) to the systems
for transportation? By 2030, 1 in 10
vehicles will be fully automated globally,
according to projections, but until
significant obstacles can be overcome, the
industry can only make educated guesses.
Before driver-less vehicles were a
common sight on the highways, however,
several parts of a very complex puzzle

needed to fit together.
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The buzz surrounding AVs is still
being fueled by real-world testing and
exciting vehicle projects, but many
automakers now recognize that developing
technology is much more difficult than

they 1initially believed. Nevertheless,
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confidence for 5G-enabled Al-powered
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automated driving technology is on the rise
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as advances in partially automated vehicles

f£ BT MRS SR A BT B Bl 2

provide a realistic view of what the

following decade may involve. What

variables will contribute to the

development of a self-driving future that
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have the ability to revolutionize everything
from our transportation habits to the future

design of smart cities?

4.9.1 Levels of Vehicle Autonomy

4.9.1 ZERE F ML

As a set of standards that serve as a
benchmark for capabilities in AV, the
Society of Automotive Engineers (SAE)
has developed five phases of autonomy of
the vehicle. They begin at Level 0 (Manual
Balance) and progress to Level 5 (fully
independent). With Tesla’s automatic pilot
system, which is divided as second level,
the driver has to be prepared to take control
while the car handles tasks such as steering

and acceleration.
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For several years, Googles automated
driving project Waymo has been escorting
passengers around Phoenix using Level 4
autonomy. Automakers such as Ford are
conducting a test to see how far
autonomous technology can go in a
fictitious city with the size of 24 football
pitches in the University of Michigan’s
Mcity Test. Researchers are reading
critical lessons about how autonomous and
networked vehicles can be functioned in

the controlled testing environment.

ZHEK, B A EWIH
Waymo 1 ] Level 4 [ 3178 KB,
NIRER BT Wi #EFF (Ford) 4
ZEIE B IEAERHATI, LT R E 30
25 T R AE B B K 27 Meity Pt
O il 24 AN BRIZ /N RE R T
E:-ViSE Su 1 WNIART IS EE PR
H 3125 B R 25 AR I VR 4R 0] £E 52
FEMAFRBE g 47 1) B AR

86




23 W N 2 TR R A TS'S

Driver Pldal ("""‘ High run
Assista A ol A.mu

Figure 4.2 Levels of vehicle autonomy.
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4.9.2 Safer Mobility Technology

4.92 BRI

One of the primary goals of the
autonomous vehicle industry is to provide
a safe and secure journey for travelers, car
owners, and bicyclists. Nine out of 10
collisions, as per the National Highway
Traffic Safety Administration in the United
States, are the output of human mistake.

AVs do have the ability to replace humans

H 202 3 AT B H b2
TRENIRATE - FEMBATE R AL
Sl SENIIRRE « AR 5 [ [ 2 2 i 58
i 22 4 T R A B, 10 Rl oA
9 A NN RG] a0 R
BORBEMGIERITIUN, H 2h 2 BT 2

AT 8 FIAE R I3 A3 AR R

R, EATTERAT] 0 AT RTINS L2 IR R e

in the bulk of traffic incidents if the

/
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technique is capable of living up to its

B0 ) B 2B BT

words:; nevertheless, they must initially

depend on automated driving vehicles that

can perceive better than the greatest human

driver on the roadway.

Data will obviously be essential for
maximizing the potential of AVs. The
ongoing progression of safety systems sets
the stage for future development of
intelligent autonomous systems capable of

navigating major roads with minimal or no
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creature intervention.

living ADAS,
commonly known as advanced driver
assistance systems, which is common in
modern automobiles, utilizes sensing
devices including such sensor and laser
scanners to identify an object and becomes
in the

advanced new  generation.

Deployment of AVs will always be
successful to the extent that the 5G
technologies enable artificial intelligence
and observational abilities in self-driving

vehicles.
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4.9.3 Industry Collaboration and Policy

Matters

4.9.3 FENLAEFEUR S 00

It might take long-term cooperation
among government agencies, automakers,
tech innovators, telecoms, and others to
innovate cars for the future. As
competition is advancing in the scene, the
disabilities are very costly and complex for
any one side to manage on its own.
Progression is made in China where there
is a very high level of private-public
support for autonomous car technologies.
By 2030, a journey service in China, Didi,
intends to apply more than a hundred
thousand robotaxis across its launch pad,

and a surge in the commercialization of
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autonomous vehicles is being fueled by
new regulations governing AV

development.

Consumers are ready for driverless
automobiles despite the considerable
challenges that lie ahead. When industry
participants and experts concur that AVs
do have the ability to alter mobility,
making predictions of what should happen
within commercialization gets harder. If
the automotive industry is to advance over
the next 10 years, problems with many
layers will be overcome in upcoming
generations of technological

advancements [23].
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In order to usher in an autonomous
future, vehicles and other transportation
systems are now being researched and
developed. A technologically advanced
driverless society is on the horizon. Further
technological advances will result from
these developments in AVs. On the basis of
Internet of Vehicle (IoV) and VANETS,
numerous applications have already been
suggested. Powerful  next-generation
infrastructures may now be built—thanks
to developments in IoV, acting as an

interface to link wvarious items to the
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Internet, including actuators, sensors, and
complete vehicles. As smart cities based
on loT are being developed, research is
being done on technologies like BCG to
disseminate  content through cloud
support. An IoV-based technology is called
VANETs.

oA TR REEANFRH AR T4
6 X () 52 R R VANETs o

Its main responsibility is to provide
constant connectivity to resources like the
Internet. The number of users on the
Internet has expanded due to its quick
development, and VANETs can be utilized
to meet their demands by enabling mobile
access to resources and Internet
connectivity. It also had potential
applications in other industries like
intelligent transportation systems, military
systems, and health and safety, to mention
a few. In order to maintain an adaptable
strategy in monitoring traffic and pollutant
density, VANET enables us to cluster cars
according to routing, mobility, and driving
habits. The AVs will be able to choose
routes more appropriately with the aid of

this knowledge.
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Once government agencies have
legalized vehicle-to-vehicle

communication and all vehicles on the
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road have adapted to this technology, the
benefits of using VANET for tracking,
navigating, routing, and communication

will become more obvious. According to
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the study, since there are effective cellular
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or LTE communication channels between
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roadside devices and the cloud platform,
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radio frequency identification should be

7 S BERBARAG X B2 T 7 PR AEAT

used by moving cars and roadside units for
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vehicle-to-infrastructure communication.

&

According to the study, it will have a
huge impact on the healthcare industry and
can also be utilized for vehicle-to-vehicle
communication. The paper proposes a
novel routing algorithm based on
collaborative learning for information
delivery to the target, throughput
maximization, and delay minimization. In
the event that there were more cars on the
road and there was network route
congestion, this technology would aid
vehicular sensor networks (VSNs). The
learning automata swiftly decide on a route
based on past experience and the nearby

access points.
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4.10 Summary

4.10 455

In conclusion, even if autonomous

vehicles appear to be a distant concern for
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present road users, global tests of vehicles
in motion indicate that public cars may
soon be available. Another revolution will
undoubtedly result from these changes in
transportation, so it is critical to inform the
public about how to handle autonomous
vehicles. This instruction should cover
proper conduct on the roadways where the
vehicles would be able to move. However,
it is crucial to educate the general public
with the applied nomenclature and the
division of vehicles owing to the degree of
autonomous driving before cars are fully

integrated into the existing transportation

systems.
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Fully autonomous vehicles such as
buses, lorries, and cars that can travel
across large expanses of territory without
of drivers would

the involvement

revolutionize  ground  transportation.
Accidents and fatalities could be reduced
significantly. Humans may utilize the time
they spend trapped in traffic to accomplish

assigned work or for recreation.
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The environment might reshape,
requiring so little car park while increasing
productivity and safety for everyone.
would seamlessly

Robotic  vehicles
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transport people and products throughout
the world on demand, resulting in the
emergence of new models of business for
distribution commodities and services—
the “Physical Internet.” We might also
observe human drivers freed from the
demands on their attention that come with
driving, free to travel far larger distances

and jam up the roads and pollute the air.
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This issue is even more urgent given
the negative effects on employment caused
by the COVID-19 epidemic. COVID-19
has worsened the disparities in mobility
and employment that already exist in cities
and has hurt ride-sharing and public
transportation. Due to rise in e-commerce,
robotic package delivery is becoming more
popular, and more people are now working
from home. Safe and effective public
transit will continue to be essential for our
communities as commuter, educational,
and shopping habits shift toward a new
normal. More than ever, investments in
workforce training

are required to

guarantee that COVID-19-affected

workers can participate in automated
transportation

systems in the future,
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however long that future takes to

materialize.
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