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Objective: In this research, the literatures on the autonomous vehicles were surveyed
and classified from the viewpoint of human factors. Technological development on
the information interaction between user and the vehicle was discussed.

Background: The studies on the human factors in the autonomous vehicles have
been less actively carried out than those on the technological aspects, but human
factors are becoming more important in the autonomous vehicles.

Method: This study examined the papers published in domestic journals, as well
as the papers presented in conferences from 1996 to 2016 through DBPIA.

Results: The literatures were classified into those about basic functions and
convenience. The papers on the convenience were much less.

Conclusion: Human factors are projected to be actively applied, in communication
and in device control, in addition to conventional application areas.

Application: This study would be of help to find future research areas of human
factors in autonomous vehicles.
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2 Function-specific Automation@ 2 Tt = EX7|53 AF1 U= HEf
OC}. Of7|M CHY FH 2x S K RE| FR|, Xts £ 2E X S8 20[3CE £=F 2= Combined Function
Automation2 2 —|-r—| Tl 7|z YR RUAE EXdle AS LM, CHY T3 EX7|50] TR0 2MXE EXSHe Z0ICh
& 32 Limited Self-Driving Automation2 2 M[3HH QI HZ0|MO| AEFE +8st= AOICE O] £EMME 20N XEFH0| 7t
SOILL fF AF Al TR HYS ERE SICE £F 4& Full Self-Driving Automation22 2E SHE0A 27HXIe] 7S Zaz

SH| b= 2 KBTS olufsit

20173 HTYIIX| = 27K AE3IE|RA M, NHTSAM M2H 2030H0E =F 37HX| T3k Z{ 0|2t $HkPark and Jung, 2017). O]
£ 7|E XAt Aol #QIE HolLt #2, ofE, Ho|y S wE S22 YW T 7|& SEolet & 5 UCt XAEFd Xkt 4
827t ZHABE XIg, AMEF ASAe| 7|EX el ZHEO ofL2t, PAE b Mk, 7|&9| BFED ALEAS| Holdut s
P45 B2 A7 AN ATt & 5= ACKSung, 2016).

E9] XAEFY KAt 2 71Xl fEO| UM HE0f, AT AH8ste 2TKto| Hot A7E X|EXOR O|F0|{MOF Bt SHX|
”J, AR K2Fd KsXto| AN 2HRLe| Xtk Lf A0 of Hi3{ JTHXCZ FMM RACHLee et al,
2017). JB{L} 7|=& Q1 SHO| ZX[%A O_"ﬁ'o._l 20 O & OfF 3tC 2016 5& Ol EZ2(CHofA Lt
HEat ™7|Ktsk ZESo) S Cf. x[z 0O 2 E M 2|13 (National Transportation Safety Board: NTBS)
o HaMo| MEH, 2¥XH= HE2t ASAte x@%sscq BEX AAHR QFE mMANCR RAZ SIH T [l 215 FAIMCH, Xt

23 XtEAQE 27XIZE Information Interaction £&2 QUEKNTBS, 2017).
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Figure 1. Literature classification scheme
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Et Ao E AT RtSXtet BT IT 7|82 thed| StEQ0jQ AXEQ0|2 ER]56IRICHang, 2016). & QA7|&0|Lt A2
A 7|1 & Tt 200 CHsiM 2Rt HTE HSIFR|E, 2 AToMEe RHEFY AsAtet BHE 7|2 AR SYetstn
Xt stCt

M, gME XtrE BEFsted 7IF0| e ERNAE sHOULL 2FMAQ &9 71ES MM 2T YHSH interaction0| U=
7to] of 2 AMSIACE LB interaction0| Y= A|AHD @4 7|22 IR0z HESIUOD| CIA| XF2FH AFSkto| T
Z2M A0 O[ASI M 2FIQICE F, AT ASkte F FHHS QAstn 0|F Htlsto] FHMES +EsiH, X2
HofSte Z2MAZ XSS} Lee, 2016). O] IEMA0 O|AHSIY ME BEFE TIEStRUCE Est 2TXIRL| interaction0| Ue 7&2
‘*_*1°|’H o2 RFSIFCEL Ol CHA| Rtaktet 2/AIZH MO1H O, RtsAt| MEfL; CrYsh XAAfeE MEste ClAE 0|, AHBALS

flet dold 20k= MEeforRict 1 9, 22 S, Eat Mk
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HAHO| o|7510] 284749 I AEE 2FROIYCH, 2 25 AFHE Y 20k H+o| a2 & LIEHLY
2E£8 M™3I0(Table 1)~(Table 3)2 H|AISFALY.

2Lt AFS2 QIAIBID, QIS MR E Jjsom AT A LiZ ZRE ANt 1 0g 1 dee &
H 7HR| BRHAE AN XSHE (WS MY 4 9o of2i3 |5

o

3.1.1 Recognition

XteFd XHsAts o], Lidar (Light detection and ranging: 2l0[X &2 0|83t 2f0|D), 7tH[2}, ESLHIA, GPS (Global Positioning
System) 51t 22 ZF 7|50A 53t HEE 0|80 F4ES QIAISICHLee, 2015).

7|8 QIAmL o F FE Y8 QMo ME ZFRY 4 QUCL A 7|E QA2 FHHEL} LidarE O|850]
S Q4Ste 7|eoltt =20 XpMut M S2 F2 JHHEE 0|83 245D, Foj=0|Lt 2= Lidar

Table 1. Papers on the camera based recognition

Title Author Year
A study of crosswalk recognition for autonomous vehicles Park and Cho 2010
Unmanned Ground Vehicle’s Speed Plan from Image Data Through Pedestrian Detection of .

Min et al. 2013

Color Element
Effective Recognition of Low Resolution Traffic Signs for Autonomous Driving Im et al. 2013
lllumination Tolerant Traffic Sign Recognition Algorithm for Autonomous Vehicle Lee et al. 2013
Physics Based Cgmera Sensor Model Simulation for Development of ADAS and Cho et al 2015
Autonomous Driving System
Fast Recognition Algorithm of Traffic Light Sign by Color and Shape Feature Kim et al. 2016
Method of Detection to Object by Using Monocular Vision of Autonomous Vehicle Yoon and Kim 2016

http://jesk.or.kr
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7|&S O|85t0] QIABICE MM Z[8h Q142 AfES| 20| L3t & 4= AUCH

ZZ ¢4 (Yoon and Kim, 2016)0A= A7te| £Hot FiH2tE Sl AE2Fd AHHo| E2 f1F 2% Al 28Xez WY JojES 4E
g 4 A YHS HMLSIAUCL 2 A= Lidar MLt TR FHHELE SRS XIS HES Zitet S5 452 BN A0=E
7|Z0 O|RO{E 214 Z|-0|Af LIOb7t M7t HHIE O|&%t 28Xl QAo thet A7+ e Aoz HOltt
Table 2. Papers on the Lidar based recognition
Title Author Year
LiIDAR Point Cloud Data Clustering and Classification for Obstacle Recognition of UGV Yoon et al. 2012
Environment Perception Using LIDAR Sensor Tilting Mechanism for Autonomous Vehicle Kim et al. 2013
Data Set Imp]ementatlon a_nd Methodology using Multiple LiDARs for the Intelligent Byun et al. 2014
vehicle in various road environments
Research and Development LIDAR for Autonomous Car Lee 2015
A Research of Road Marking Perception Method for Autonomous Vehicle using 2D Yang et al. 2016
Laser Sensor
A Study on Development of LIDAR Sensor Tilting Mechanism Considering the Driving
; X Oh et al. 2016
Environment of Autonomous Vehicle
Calibration Method between Two 3D LIDARs for Autonomous Vehicle Kim and Park 2016
CHE GTHKim and Park, 2016)0 A= 7| 3D Lidare| ZE=2| SHAIQE AtM| Z2QI0| 7H{FH2 2 Qlot ArAX|Ge| QA S E 2SI IIXS
£ 978 TS BY TN Lo} fA Topme] B0 Jhset Ktdel LdarS T 0 Ol N8 328 vasy
Cf. == Fi2t Q1A 7|&1 ORI 2 M7tE FHIE 0183 28Xl ¢4 7|&0) tiet 77t TdE Aoz Bltt
QIF FE 7IHF QM2 A Z|EE QI E2| QRO FHE 0185t XtHQ fIXIE 2ABlE 7|£0ICh 7|E GPSO|T o EE 214
U2 S S A FH AEIe S4E 018

Of A BHO{L}, XtEkut XH2F AtO]o] 24M F4I(V2V: Vehicle to Vehicle), X-gknt o1=a}
5l0] FH AIE T2 MEES QOlAStE 7|&8 SEsitt

IIZICH SIXIZ GPs7 Bl

Aol SHH0M = GPSLE FH A1 =2 HEeRo| EAlZ 0|8 XHA|Q| K|
€ L 2016)00M = K X|E M=ot
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Table 3. Papers on the outside information based recognition

Title Author Year
Position Recognition of Autonomous Vehicles via GPS and Vehicle Sensor Data Fusion Kim and Hong 2013
Direction of Connected Car Development in the era of autonomous driving Kim 2014
How Does "Always connected” Influence the Tasks and Products of a Global Supplier? Chang 2014
Development of Autonomous Vehicle using Kinect Vision sensor and Indoor GPS Myeong et al. 2015
V2X communication technology for collaborative autonomous driving Oh et al. 2016
Indoor Localization System Based on Magnetic Map for Autonomous Driving Jeon and Kim 2016
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3.1.2 Route planning

42 ddu B e 2T 8K 2 B(Table 4] B T & XY 42 MMI|S([Table 5] BX) 22 &7 4 QUCL FHO|
4 JEE oMsl0] otMst 22 QlASHE IPY2 X|9H ARE Agdls Ho|n, AT SHXE 7|Ystn EMX|IE Telvts oY
2 H9™ 42E A5t A0|CHWoo et al, 2009).

MY FZ ALoME APHO| 58 YATSZE ARSI FZ AES o, MaE MY F=E XY 22 MMol BiEo| =Lt of
o #HE

ofo, 4 o

ATKim et al, 2010IAE AIZ2OIN MBS Solo] Yo|2 WLl DS HiEot YOI TS HABT, MAIZOR 4
MY U K| Z22 WAol] TR 3 AYTYZ0| THE|X| Y= 20| B KMol Hef 5 =
7

o
Zofol d27g A7t ey Aoz el

Table 4. Papers on the route planning for final destination

Title Author Year
The Development of a SLAM Algorithm for Global 2D Map using Unmanned Ground Vehicle Lee et al. 2009
Implementation of Global and Local Planning for Autonomous Vehicle in Urban Environments Kim et al. 2011
A study on establishment of database for autonomous-driving in downtown Park et al. 2015
T 3 XY 42 MEe GN Ftoatt LidarS O183to] QlAlst 2ot H¥At He 52 08310 X1 HiZ ol A2E MMt
7|£0[Ck RS WEls 22 YYRE B XS FEL PSS e 225 YP5ts 7Ie2 Ko olFiet XY Z= 4y
JlE2 WY 42 o 2USHe XHE HAHSe RE dEE B FRY UYdt 28 X9Y=E Wdstls #E EH A 3H
Moo F=S U = U= Y Z2E YYols BE Mot S=E 7|Hez {8 Zots FE22 FIE (Yoo et al, 2015)

Table 5. Papers on the route planning for local destination

Title Author Year

Research of the Optimal Local & Global Path Planning for Unmanned Ground Vehicle Woo et al. 2009
Path Planning for Static Obstacle Avoidance: ADAM I Choi and Song 2014
Local Path Planning based on Collision Risk Estimation for Autonomous Driving Yoo et al. 2015
Path Planning anq Decision about Driving Environment using Road Database for Choi et al. 2015
Autonomous Vehicle
A Research of Obstacle Detection and Path Planning for Lane Change of Autonomous

o ; Oh et al. 2015
Vehicle in Urban Environment
A'Stud_y on Path Planning to Ensure Lateral Stability of an Autonomous Vehicle equipped Ahn et al 2016
with LiDAR Sensor
The Research of Stable Path Access of Autonomous Vehicle Kim and Kim 2016

3.1.3 Control

Hof 22|52 KFe| 0lF HH, £, =g S5 Hodts 2n2|Sat 2HHE AFO[CK([Table 6] HZE). 0|2k 2B Kwak et al.

http://jesk.or.kr
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(2016) 01I/\1i 1201 100HY XtFo| HES FFo0 HAZPYS B, 0] YEHSS S F=Lot Xlet gEdzsS FEe 20
Hojsts 7S +HoIRACE Y22 APE MOl L2|FS Chfotn LHHCQ =2eFol|lA HJsts 20| Easiot,
Table 6. Papers on the control algorithm
Title Author Year
A Lane-change Collsion Avoidance Algorithm for Autonomous Vehicles and HILS .
. . Ryu and Kim 1999
(Hardware-In-the-Loop Simulation) Test
Development of Autonomous Vehicle Control Algorithm Based on GPS and 6WD/6WS '
. o Kim et al. 2008
Test Vehicle Performance Verification
A Study on algorithm for autonomous navigation of unmanned ground vehicle and its
A . Cho 2010
3D graphical simulation
Longitudinal control system of autonomous car for consideration environment Park et al. 2015
Development of Vision-based Body Slip Angle Estimation Method for Scale Car-based
L ; Kwak et al. 2016
Autonomous Driving Environment
g Stydy of Real-Time Position Tracking System and Control of Scaled Car for Autonomous Kwak et al. 2016
riving Performance
ﬁ\'st.udy. on Fuzzy control system apply to the acceleration profile for the autonomous- Yoon et al. 2016
riving in urban street
3.2. Convenience
ST WOl SIS 98 CIYPH HPES MOl HOIE REGNU TR XS, MM B A0t 71=II5 0 B 47
off BIsi AME XAzl 47h edASHA HRACL.
3.2.1 Control transfer
NHTSAOIAM 7Holot =& 32| AI2FH XFAMME FO(attention) &4t X A1M| & 214l 2 S50 RTXIQ| HEIE TEHID, 2
Txte| thE 7ks O] w2t RTXLOIA HMOo1HES OBt (Table 7)0IM & 4= AXO|, O £20|A YK 222 HO{HO| O]
= AIFOIH, ojuel P S 27| figt A7t O[F X[ ACHYun et al, 2016).
Table 7. Papers on the control transfer
Title Author Year
Design and Evaluation of Alert Threshold for Takeover Request in Partial Autonomous )
. e Kim et al. 2016
Vehicles Considering Human
Trend and Plan of Driver-Vehicle Interface Safety for Autonomous Vehicle Yun et al. 2016
Trend and Issue of Driver-Vehicle Interface for Autonomous Vehicle Yun 2016
Arerd RS MojAah BHEHBI0] FXE Al KO0 2ot 7| EoH AMGAte] Holdnt QT HESIRICE (Table 8)0M & =
UXO|, oFYE FXEZHE HolLt £2 2o oSS TSI sty AAZ AEFXE =0 Zash A7S0| Y S0 {ACt
Sk Ch eIzt sk 2| |
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(Kim et al,, 2015).

Table 8. Papers on the control parking

Title Author Year

Design of Intelligent Parking System for Autonomous Vehicle at the Slant Space Hao et al. 2008

Standardization of Assisted Parking System for Advanced Driver Assist System Rha 2014

Standardization Trends of Autonomous Parking for Autonomous Driving Vehicles Rha 2015

Automated Parking for Self-Driving Cars Shahroz et al. 2016

Parking Location Control Algorithm for Self-Driving Cars Shahroz and Park 2016

3.2.2 Display

Arerd ASAME WA= MY 2HE 80ts 2TV oY, ASKtel FHS HAlSts dAIRel 9&s 24 Eoh 137
fBE 2240l QEHM0|A PEez RTNA FEE M, Fetopi HEY = A0{0F piLf. 0] FOfe| Ao

Table 9. Papers on the display

Title Author Year
Smart driving from HVI viewpoint Yang 2014
Design and Evaluation of Human-Vehicle Interaction Driver Interface for
- Eom and Lee 2015
Auto Driving System
Exploring the User Experience for Autonomous Vehicle and the Role of Windshield .
) ) Kim et al. 2016
Display: Based on Framework Approach
Case Study on Cogpnitive Affordance Applied to Digital Center Fascia for Partial Lee et al 2017
Autonomous Driving
The Effects of Feedback in an Automated Car Lee et al. 2017

3.2.3 Aethetics

(Table 10)01A & == AXO|, A2FA XSAt2| 4827t =0 C7t2 UF A

e

OHE 9IS CIRFIO) CHSH 7 AIRHE[D QUCh 5

Table 10. Papers on the aesthetics

Title Author Year

A Study on the Interior Driving Sound Enrichment Technique For Autonomous

Electric Vehicles Lee et al. 2015

A Study on Driver Experience for Autonomous Vehicles in 2030 Park and Jung 2017

http://jesk.or.kr
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3|, 7|1E 2t ASAM BSAZL T YEE 50t 22 T ot 4 YEE ASHez WSY e g7 £ S0ISH

(Lee et al, 2015).
3.3 Others

[off ZEHe|QUCK(Table 11]~[Table 13] &

0
& HnH A2 20167 W2 AP/t AL AAZE & + AU

Table 11. Papers on the law and regulation

Title Author Year
Introduction and regulation of autonomous vehicles Jang 2013
Zur rechtlichen Fragen von dem autonomen Fahrzeuge Yi and Kim 2015
Improvement of the law and system for revitalize the autonomous vehicle Kang et al. 2016
Autonomous Vehicle : Ethics as a robot and legal problems Lee 2016
Liability Concerning Autonomous Car Accident Kwon and Lee 2016
Study on Autonomous Vehicle's Safety from Angles of Public Law Kim 2016
Legal Issues Related to Autonomous Vehicles Kim 2016
Study Concerning Civil Liability about Car Accident of Self-Driving Car Lee 2016
The Trend of International Safety Standard on Autonomous Vehicles Lee 2016
A study on the appearance of the self-driving car and amendments of the Park 2016
Motor car Insurance ar
Legislative Trends in the Autonomous Vehicle Kim 2016
Table 12. Papers on the standardization
Title Author Year
Autonomous Vehicle Standardization Activities in ISO Meeting at Vancouver 2014 Yu 2014
Standardization technology and task of autonomous driving and smart car Kim 2014
The Trend for Self-Driving Guideline on Autonomous Vehicles Choi 2017
The Trend of International Organization for'S'tandardization and Technology of Choi 2017
Cloud-Connected Map for Autonomous Driving
Table 13. Papers on the test
Title Author Year
Development and Validation of Autonomous Driving Vehicle Technology based on MiLS Cho et al. 2015
?E?l’l,JAdK/I ZPhL\)/Ide;E)%?/ology for Field Operational Tests of Automated Vehicles applying Kang et al. 2016
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4. Human Factors in Autonomous Vehicles
XeFd XSkt B E ZLo| XtE F, 7|A 2 Q17H7H9| Information Interaction CIE= HORO| C{st0] & O AHE DX} SO

HVI (Human-Vehicle Interaction)0fl st AL (Yang, 2014)0f [2H, HvIE QIZtat XtEAZHe] gstn SNHAQl HEWSS FEOZ
510, human errorg 0|1 FAHQ| VY EE =0 O 7o |HE F1 ULt HAx= Adaptive Cruise ControlO|LE 27X} AlM &
A

4
o
Mg 8t Fo 2o et A7, E5 2 BAl 212lF /N Aot Tl Sof AACK

[l

LSt 23 SHA0|AMo| TEM Hutof Cheh HT(Lee et al, 2017)0] MIE2M ATIXOZ ¥}t £2 AN M= HZ XFS S
o2 HZ B HEWE KIE I HFEQt T8 BF OIXICHE AS SE &= URUCE SIX|TH A2t B2 7|2 R7HCE &
Mot Ms A=2| Z=0f st AE2 O|FO{X|X| AL

Liop7t, Rtgsd AtsAte] WM =F0| =Otgof mat 7|&E0| £ BX FX| 7|22 SLsiX|1, 2FX et RSzt QIHL0|AE &
ot Information Interaction0| CI€ SR|E Ao2 MU} XS2FHS At XA o{ZEHA AHEA Ail(lee et al, 2017)0A, A&
A GAOIME 7|E CHEEQl J|50 MEstE S2|X MEHAOE SeX0|1 2827t &2 CIX|E MEDIAOLZ nXstn AUs FA|
O|X|2t Ol 3|8 -E— NEOA o B2 QXN HSE Yo7ICtn SiQICt 0[]0 oHHdnt AFBHIET 22 7|62 22|18 HE HElZ

HSE/0foF otth= ZIHE HAISHAILE.

EEDH Framework ApproachE 08¢ AHEFY 2HE0iA e MY Fa| CIAZ0[2] AHEAL F=0f 23t A (Kim, 2016)0f =, ADt
EZOIL} 7IZ 1T 77|01 +ASHE Ot QIHE YAz A8t FRHE HAIZ AS HMest ALt

5. Conclusion

2017 68 M X227 ASAtet #AE AF7E UM E 2LOHA OJROX|LL QlCt CHF Ehedh o Xjzo| +20 4HEH
2t Holg BHE ZOre| A= IS O HIg DITSIRACE F20ls AT ASARe 7Rt ol Theh Aot oA Hel i,

Information Interactionat 2t El Q17tZ8 20| HATE T ZLUSHH A 0{oF BiCt

of XteFd 7|E0| 483t g AOICt 0lof wat 7|EL| 2HAt B

ol REFH XS Y £=2 JhsE W, HAIR0F =& 3
7l €8s SH2Z O|R0 ME HvI 28 7= M22 IWs & 2 A2z ofdeitt

S0l MHEFY ASAIE AH|A EAHZ0| E[TM K 2| AFEAH FHO| 7|E AtSKiets 3A| EEHE AOICh XAEFe| £+£0| =
OtE+5F AEAtE LIE MtYs +AY OlR7t 47|22 A oM 2ot Ciefet s A 0|0, AHEe) 7|£0| AestEdaS
K U AR dg2 2 2oz Haoloh g AOICh W2t AeFd ASAE 2AE Wo| TRl ZeS SHEH2Z LA2{olof o
Ch SEX|2 A2Fd ASAE MH|2 ERZCZ He A0 BX| Gith F20= 2T XSS HiZtEE 2EE 7|8 AFe &
HojlAf sofLt, QIzZkel FRNA| fet SOl 2t |9 EE A7t URSICE

F2 a70s g9 o2, MEFY ASAe 2ol 7|20 HEE MEFO0|1, Pt OFF FSHA BHE FFOIC Wk Yash
Hlze T2l AgFd X-SKtof Chsf AL =le &2 FYat 288 RFFe Yoo et A7 eF Aol Eot
THEQ =FMEe 22 0830 AtEAIRtO| Information Interaction ¥ 4= U= CHASH HEHO| CHEH A7t Haet 2oz 2Bolrt

Gf LIOF7E, Interaction®] HEfLE Y Z2E B0 OfLlat FE ME S weto] Ao gt o
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