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Abstract

In the field of on-road motor vehicles, the level for autonomous driving technology is defined
according to J3016, proposed by Society of Automotive Engineers (SAE) International.
However, in the field of agricultural machinery, different standards are applied by country
and manufacturer, without a standardized classification for autonomous driving technology
which makes it difficult to clearly define and accurately evaluate the autonomous driving
technology, for agricultural machinery. In this study, a method to classify the autonomy
levels for autonomous agricultural machinery (ALAAM) is proposed by modifying the SAE
International J3016 to better characterize various agricultural operations such as tillage,
spraying and harvesting. The ALAAM was classified into 6 levels from 0 (manual) to 5 (full
automation) depending on the status of operator and autonomous system interventions for
each item related to the automation of agricultural tasks such as straight-curve path driving,
path-implement operation, operation-environmental awareness, error response, and task
area planning. The core of the ALAAM classification is based on the relative roles between the
operator and autonomous system for the automation of agricultural machines. The proposed
ALAAM is expected to promote the establishment of a standard to classify the autonomous
driving levels of self-propelled agricultural machinery.

Keywords: agricultural machinery, autonomous driving, autonomous level
classification, autonomous operation, autonomous technology
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Introduction

H
Els Jdr ]0] ZIJG_E io}x] AAE]'(KITI‘I etal, 2021a) x}gj%% 7|&e a8Aol =S E,g\ﬂ ojuz} %ﬁxH 1
2, A% 5oz Qs ot Hod o 349 7]——— S FHET 4 k= ool A
CH(Fagnant and Kockelman, 2015). ©]2{&F 2858 7]&-2 42} AFA W ol| ) Q1 FA]5, BlE|olE], Akg IEU,
TA= MM S} e @ A7|&E0] a7kl Q_IBH TS w2 A 7R 31 UTHAn and Park, 2018; Kim et al.,
2020b). AHES8 7]&2 Ea 7 F M Bl AR A2 7F 2 AsA| okol] 5] 4]-85] o] $EO W (Han etal,
2019a), & AFsAHETF of et A/ 7| A| Bl 54 71| S ohek A2 ofel] gl =] o] A8 50| th(Jeong and Cho,
2020; Kim et al., 2020a).

A&7 7| eolgk ARl 5 284 Alo] e 2AARS] THA| glol = Akgo] T 4~ UESF Sh=

= ojnlotH, A3 AFE E4 AT 71& eEE 24 A Qu|dt(Lee et al, 2021). A3 2FF

9] /45 B H 5= 77 fsliAl= 2kl At XPE YA AR 7| E2 FLI A RE F5 H7t
sflof sh, ol B a3t Zlo] A& 7]& 2ol th. AbsAf oke] 2HEF3 7= 9] 22 2013 5 ml= =
2059 =1 (National Highway Traffic Safety Administration, NHTSA)OA] 22 A A5 o, 7|& 2|H-S 05 E
A7HA] SEAZ FESIATHNHTSA, 2013). NHTSAZ} 2HE3Y 7]& ES AQFe FA|oll= 2AHE53Y 7]&o] +
A|A o] x| kerom g o5 Hkstr] 95t 20161 99 =A| X517 ]2 8l (Society of Automotive Engineers
International, SAE International)t= AH&5+3] I ‘SAE 13016 Ol 4] Level 02 B]AFES}, Level 12> SRR, Level
25 BE AT, Level 32 27H 2H2-F3Y, Level 4= 1 AHEF3Y, Level 5= 2 AF&FY 0 2 2}5at &
ofe] 223y S 0FE] 57HA] 6GAI = M28}5HATHSAE International, 2018). SAECIA] A|QF3t 2235 2]

-2 Azl v]= W55 (Department of Transportation, DoT) 2! UN (United Nations) AF5} g2} QF 7| & A 22 i
H(UN/ECE/WP29)2] AH&F3 252t 271152 MAIAFS 2 Y 8 3] (International Organization of Automobile
Manufacturers, OICA)Cl| A &= 2414 0 2 xfjelisto] ARG5Sl Qlo] A AlA|1 4 O &2 SAE 7] 697 2l -2 o=
EUd= A4S Ho]al QIthKim, 2018). 52 ARME 2 W =% (Bundesanstalt fiir StraBenwesen, BASt)}2 AH&-5+
A AElo]] st A28 7|4 Aol kel eHRle] 28 2Rz ABAEE 1 EAES} HHRIES}O]
Stz 2ok Sk £ BASS) A 714 B RS SAE 857143t 1 e A Solike) Ho)
7HERE 8t 2 SARSE A2 & 4= ATk Table 12 8 7|ol|l A A|QFeE 233 7|< 2do] e 7|< &2
golck

Eﬂl
oft o
5
L%
27:

Table 1. Data information used in study.

Level BASt (Germany) NHTSA (USA) SAE J3016 (International)

0 Driver only No automation No automation

1 Assisted Function-specific automation Assisted

2 Partial automation Combined function automation Partial autonomous

3 High automation Limited self-driving automation Conditional automation

4 Full automation Full self-driving automation High automation

5 - - Full automation
BASt, Federal Highway Research Institute; NHTSA, National Highway Traffic Safety Administration; SAE J3016, Society of Automotive
Engineers J3016.
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a9 5=A7A AFEF3 71e2 A= A (Blanquart et al., 2020), Zol= 73A](Stentz et al., 2002; Christiansen et
al., 2016; Li et al., 2020), 74 =2 7= (Kise et al., 2005; Tian et al., 2014; Teng et al., 2016), 74 2 F5(Fang et al., 2006;
Mohareri et al., 2012), < I=. A 0] (Kayacan et al., 2015), TF2] 5H 7] A @G 0| 7FsSF -3 Al o (Noguchi et al., 2004;
Zhang et al., 2016) ‘50l thoto] s] A7} =] UL, A= 7|20 7 2Fe33 7149] L=k 9|
A7 Fol = ot 55, 571 B 50] A|ojA= A7 213 B = Qhl(navigation-assist) 3! At
& £ (auto-steering) AEF0] o|n] Hgk o] EH5| ARG FolH, A|A| 2|1 7]&S BASHL Sl vl= EHojAb
(JohnDeere)2| 749 217 A|oJ7}A] 7badt 22] A5 7714 /-&3HE Xagstal Qlok. jbol, = U 2
5 A7 712 A2 2R AU ARAN = AHs R 7|eS BARE EFE, o]Y7] 5 IR
SU7IAIE SAISHL o) obA|7k7] sl o] AZIAL tie] 283} e B2 AJElE Eolal th(Kim and Kim,
2018). A =W sH7 A AFHEFPTH A1= 2 F 2 A= (Song et al., 2015), 2FA 24 Q14] (Baek et al.,
2020; Kim et al., 2021c), A2 HZE L A4 (Lyu et al., 2018; Kim et al., 2020b; 2021b), 7 2 FZ(Han et al., 2015; 2019c;
Jeon et al., 2021), Zoll&E ZHA](Song et al., 2020), 2 7] | o] (Han et al., 2019b)2} 22 A-50] Lits] 8= 11 Q)
o} 5217170 Hofoll 187 7148 M1 7|4 FEE A W] JAIE A5 Hofel 48
o 25} 22 271 Rokke] 24&7 714 2ol chet o)k Wtk kAl ob71A) Ae e 5
7)Aol theh & 9 4 52 FUjEERt o2t A A o 2 & A o] QA o, AR H=A7A A
3 7]z 2ol tisto] 7P, A|ZAPE 7]F0] 27| thE 52 A 9okl ok weEkA, s 47| AlEore] ot i
gotil FLHE AT 7] ol tiet 275 fIcto] 2R3 7] 2l A ojrt e st Aol

2 A= 471AY AT 7 a2 584 UM 8E= 2 w4l st FEE Alo] 34
of| w2 A&+ 715 S A|Qke}7] flato] 3= e 2 Aol A= AFFsY 7]l tiste] A7t 7
5] £y =] 1 QL Ak o] 2839 7|4 2#)(SAE International J3016) 7|REO 2 4591 7] A] A% of| 2]
ot 7@'3}04 U7 A A3 el AlQtstalat skl

il

ﬂl

|t

s

Materials and Methods

E2 X FA xkse} Vsl i B R

SAE International®l| A H|AISH 13016 =2 2}5f 523 A55}F A|A8|9] Bof B24A|2t 7 O] (taxonomy and
definitions for terms related to driving automation systems for on-road motor vehicles)2A], ‘524 3 2] (dynamic
driving task, DDT)2] G L= MBS £35h= AF519] FaY 253t A|AH]S th231 QITHSAE International,
2018). o] &2 A5Ate] 7Y XFEQP} gl DA (Level 0)0llA -6 24| 38 2H53F DA (Level 5)7HA] & 671
of gdo] thgt 7= Aol 5 E3tsh= ZﬂﬁlE Zil Sise

Fig. 1> 2Hg2} 2ok2] DDTE L}E} £ 7 2ol tigt gk eoloh DDTE =204 2hge] 2-8)0] 2

E 4N A5 J)s8 2 elofebe B BT A £ Alol, 7Ha) 42 B2 T4 A
A Aol Ak AL A, 1A, 5 Bt FHIE S8l 78 7 BUE Y, AR AR o3 A3, 7
l; 8,412, 22 Soll thigh A = 7)ol thgh 2 AR 5-& HHEt:

Jok JN r]
oo
off HN I‘P,E
N k;o
oft oft gk

X
I

-
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L

o]r [e)

DDT 48 523 2{5}t0] Level 12 3 2 229 A|o](lateral vehicle motion control) 4= SHEF X}
2] Q] Ao} (longitudinal vehicle motion control) 2 7] x}=F 22 ] #| ] (basic vehicle motion control)2} =4 H #||SF
AHE 2 AR ZHA] of-S-(object and event detection and response, OEDR) Y -5-2] AH5-5Hs T2} Level 2+ & -5

A A Aofe} 7] 25F 2] Aojet T H ASHE OEDRE] AH5-3HS- THETHNoble et al., 2021). Level 3
o| M EE 57| = 3} F 2 224 A Ao] 2}t A OEDRE] AH53tHE THEL.

it oo

-

19|l_[

SU7[AIe] xHEEt AlAH

SA7AE Asatet 2] 54UE ote Ao 2 A A (w7 1A) A B 2ol s - A FE, B A7 A
H 52 EA 5 O AEE 7HA 2L lth(Lee et al, 2016). s 71A12] 2F&F8Y 2H-E A ol5t7] YJsiA=
olzf3t sA7|AIe] E4AlS HE=A] efsfjof shct upeba] B Ao A= 25t 2oko] 130162 DDT (Fig. 1)

£ 7|Hte 2 HA7|AIe] E44dE s, U8 222 Al ARl (autonomous operation system for agricultural
machinery, AOSAM) ! 5% 2.5 -3 A| A (dynamic fallback response system, DFRS)= Fig. 22} 70| A|QFs}A Tt
AOSAME AFEo] K112}k 4 2 & )2k B inputinformation)k o] et -2 o} 5:41¢) %9 Alo] 2

235k 52 Al A8l (agricultural operation system, AGOS) THE S 3§15 AOSAMS 57 A|of| 4| EHE], FH}
3} 22 YA ASHO 2 2 U SHYL AFOR T 4 Y S ALK R olg} AT
£ ZGote A A|ARE on|gttt. ojuf, AOSAMOIIA AGOSE 520X A58 U7 1A1E Aeoh=tl 2
Q8 22 4033 U 7|58 Teetel, £2 7|58 424 E F8 FHEA], 2HRYE 53 YA
o, 52rd-S Qs 24 7] Alof(©ll: EE] Q] power-take off (PTO), 374 HA, 7 Ao}, 574A] 2t &7 74A] 2
oil-&-oll tigt o], 4] U EF Alojo]oh

/ DDT’\
Destination
* Lateralvehicle _, Vehicle

and Way.pomt ] CEDR motion control motion
Planning

Longitudinalvehicle
motion control

Basic vehicle motion control

Operational functions

Planning and execution for event/object

avoidance and expedited route following
Tactical functions

/ Route and destination timing and selection

Strategic functions

* DDT: Dynamic driving task
** OEDR: Object and event detection and response

Fig. 1. Schematic of driving task showing dynamic driving task in on-road vehicles. Adapted from SAE
International (2018).

SU7NA AT THE floto] AHEAF= AOSAMOIA AP A B A7 sliofsh, A& 7)< 2l
R ’%EJ of| A]= Table 29} 2t} Z+Q] 7 2 (path of operation)= %574 A] Ujol|A] 5-2+Q] o] A|2F- ol A 2| 7}
A2} = AIAR 0] (@) 2 A 7AITE Fohs A 52 £ FRE ofnlgit) ofu, 2]
BEE 1—11%%*%&%* B2t thy 5 A & 1Y et Alm e 3] #1he e, sA] g1 A} F
ol whet o) 5 374 2] A2 gkt 4~ Qlok
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Table 2. Input information by the level of the autonomous agricultural machinery.

Level  Parameter

Content

1 Operator information

2 Equipment information

3 Implement information

4 Path planning and tracking method

Farmer information

Farm information

Crop types

Farm field information (Location, soil, etc.)

Machine information (model name, standard, specification)
Turning radius

Rotation sensitivity

GPS calibration (GPS receiver location)

Implement information (model name, standard, specification)
Attachment method (towing, mounting, semi-mounting)
GPS calibration (distance from GPS receiver to implement end-point)
Path setting (straight track, curved track)

Path change function (steering method, etc.)

5 Headland information Setting of boundary
Setting of headland
(AOSAM * N
/4GOS * I
( Input information T
(Operation Environment) Driving & Operation
Farm info. - ————— | Autonomous
Agricultural O Detection and Lateral driving control of
driving control i plotni of control agricultural
Equipment info. operation and machinery
environmental Longitudinal
Implement info. Operation e
itori
JLOTHETE |l Agricultural
operation control

&Zontml feedback

Control feedback

)

‘ Error occurs

DFRS ™

Level 3
Error response in AGOS -> Alert operator

Level 4 & 5

AOSAM avoid risk and respond to AGOS errors
(allow operator intervention)

* AOSAM: Autonomous Operation System for Agricultural Machinery
** AGOS: Agricultural Operation System
*** DFRS: Dynamic Fallback Response System

Fig. 2. Schematic of autonomous system for agricultural machinery.

U, a3 3 9
3} 72 2ol W 87 Alo] mhee} Fg 75

£
olo

L
=
[e)

f

b o o
T2 Atk olu, sA7IA AR F Y FES 752
o AEZ | = X3S St

(detection and response of operation and environmental, DROE)
% 7552 Aol e e 8l Al
|

= 5ol 2H 3 274 Ao

54 712 Aol E=
4 712 Aol mE

o =X
Z3H 1
Fh g
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73 Alol= AR YE R, 2 2 &9 ZA|et oS o2 25kt 2 Y E| |2 AOSAMe||
= AlAElo] o&3t BRo] SHIE AE 35| of g Wohs AAFR A 22} U E]
RUEE, &5 86 ZUE™, AOSAM 2 YE - 239ttt 222} U E| 7 (operator’'s monitoring)
;(]-7]- Z}Alo] o] 5t gz of tfal] A|AE]o] k2 42385} | 95t x| o, A 8t

B} (operational environment monitoring)< -5 7| Al 23jol] D 3 A X7t 574 X] S 217 /o] st of
H| & $85h= &o|th 255 2 U E|®(vehicle performance monitoring)2 5 7| A7 +85h= 2

ol x
o)
)

o B
n:9

A

oo oX rfo
N
L

o] @A} o] 5k T 4w = x] W8] 915 5 0]m, AOSAM A5 LI |22 AOSAMP] AGOS S} U
RS AP SsH YA B71eh] g @Al B2 olnj3ith, DROBE AGOS] URE 3 2
529 715 Aol 2 Ba A eloll ] R4S BUHY L o2 Fa A Ue ST 3l cheFch
3 9 55l 7|2 Rjof

T3 9 524 7|2 Aol & QA= S s Aol FHEF 15 Alo] 121 s Aloj7t e HLt &
4 75 A} (longitudinal motion control)= & A7 | A7t 2R 7-7-5 35517 919k X5 WHFFH 22 Alofsh=
RE RS AN A& 082 2 5H= o] E Q5 A|of ] o] o). REEF 715 A| o] (lateral motion control)= A1)
e F5517] Yot YR AU O Z Alofshe BE -_r“\*%% "e‘/\lﬁ 24202 2Hsh= o Yo dh Ao
#=z] o]}, o|uf], B2+ A|of= A 7 2 o] Aol & 7], AAF & &, 2He] Hstol| wha} 7Hs tE e A 52 435t

5% OF T3 A2

DFRSE= AGOS & AJAE] 7o) dhget 79, x4ste] 913 2o tf-g8 4= Q=
SHE 9ngttt 2H=F3Y Level 3014 AGOSE 35H= AlARI0] AGOS L FtS= 3T 4 gl te &
Hztol| 7| 712 B, 2HA7E 7H451H7] H7HA = AGOSE Al A|o] S 423)5Fo]of St Level 49F 500 A]
AOSAME |4 SIFGEHIE 3|15t AGOS 7S 3T 4= Qlojof st 24 A} A eol| what 27 9 9l
&l X A Aol& 4= glojoF st

A} = AGOSS]

Mo

ey

pll
S
=

oL

2 AN ASHSH Y71 A2 HBe SAA =T W 5)olA 2S SYSHe AHEFYA Aol
AR A A7 A WO Sl AHeF He 714 42} AH8 o] 7o) el wet Level 03
B} s712]9] g2 gofsleic
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Results and Discussion

xETY A 25

FD7IA AR e 2R AA ] A2 ARk AOSAMS] A e 7|RFe = jhtt AOSAMS)] 7]
& P2 YIS 285k 2R e WetA7IH, U7 A AHeF3 2 2 /= A0SAM2| 7]& 4
s Eof| mt 251k AOSAMO] AGOS | #1521 R1 23] Tz 413 22| Aol € 35k 739 %781}% =
%3 4 Qlth(Level 1 and 2). AOSAMO|] A AGOSE 4-85Hs 749, A 28] 1] MLm=
olfe AL 4 =5 Bl LAl A= FA7IAIE # ]°1°H:HLeve1 3). AOSAMO| AGOS 27 H-&-&
St 4= Qe 749, 52U 7]Al= A|2Elo] A|ojSHH(Level 4 and 5). 5A 7174 AF&-F3Y 7]<& L 21X1-X13], 7
2812}, Al 8l "; A4, &7 th, 54 A 22 75l thet FAl(s A7 1A Sz Abshell w2t Fig. 33

Level classifications

Autonomous Level 0. Level 1. Level 2. Level 3. Level 4. Level 5.
technology Manual Operator Partially Conditional High Full
assistance automation automation automation automation

Straight & (r (@ (@ (@
= sl B 1 12

= ) 00 B8 B B
2o i vk 8 B B
Tl 3 O NI O ) & ) G A VN
NSO IS IO ) 94

Fig. 3. Level classification of the autonomous agricultural machinery.

Level 02 215 91517) @& Aol BYH Aol Sl 53U Slmlato) 591717 @47} BE ool 7
AL Ak Level 12 A8 7]60] SAARZS A% P2 AFGE D, 2L AT M7 J2E 57
AbAE R 2Eslol saAte Sgske £ 20Ick B Afvel 18] 22 AL A Aol slot e
Level 2 -2 A5 385 2 542 252 oJnlshel, A0saMo] 5737 AR 7719 A RS 4
8 25T 4 900, A7) Aol YL Ssto] Aule) HEE AFORE 4YT 4 Ak £FS Tk of
521 elol 3 B3 Q1A % ofg-2 LA} 4ok e Level 38 EAR A5 B 52eo] 7t
3714 O R AYAF AP ARG 54 JRE MO R AT A7 AL HElS T

o
iy fiy

=2
<)

i

o

o FUIO

(o)

>

r 82 ox

of
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A22 29U Butohek A7) A5 P2 02 YT YL SYSHE 714 £ Judict. o],
52h9] Aot 79 87 A4S AR} obd Al2slo] Sa¥shAR A3 B 5918 AHEFYA ATlo) 2 U
521 A B Aol £} hSBHER TIT Level 4 TLE 21873 52110] 715t e, Bla
FHAPH e 5] AR E o 2 e 57 AV 57X 12 ARE ke Aol A1) 4 7
2ok 2Q17] 245 WS 2502 AN A4S UG 4 U TAE oJujsict, ol ATl 521 e
o} 2 874o0] Tig 55 the bl Ak 2L AOSAM 3t Aol T8:3 4= Ylofok BTk Level 5= 52717
o A-gFol 7F5 e AEE 57 9o A, A2 B AAARL SUA AR SUSHEE At
222 o] ghom, 54 Y BE 5AAL AlAgo] FHH O Syt 212 ojnlgict

SY7 "2 E 2Rl WE WL oIE

=

SU7IA AT 2ME S5 A @S] flsiM = 2EE 7t 7]Ee] 27 2 Aol s T
A AFed 71e2] 2 B0l mhE 71 71ES S Level 02 21AAHS] #2422 2587} E o] 9L
A gkom g 37t 7|5 th/dol| A A|LJSHATE. Level 12 AOSAMO| F2HH 57| AI7F 24171 B A o) T e =
YA o5 SY5H=A] of Hof| whet H7HE YTt Level 2= AOSAMO| F2HH 57 AI7F 2|3t 48] 229
Ao} E SAlofl 4-35H=A] of Fof e} H7HE 345k, Level 32 AOSAMO| F2HH 547 AI7F AFde7g 4=
3 52 BUE Y-S $ch=A] of ol ket 7Rt Level 4= 2 sA71A7E 249 24 2 53
EUE o] theh oS} 21 Bl AGOS 2782 4-3sh=A] of ol w2t 5B 715HH, Level 5 AOSAMO] 3]
H5A7APE AR 2 B AR S AFs o2 £st=A] of Rol Wt 7S 3Rt o2’ Ut 7R 2 A

FY 758 A= wd7IAIY B &St Ve aES 275 s AREE 4 3l

o~

Conclusion

2 A= EFE, ZHIRI, 0|Y7] 5-& X5t 5U7A Eoke] AkgF8 7]&ol thet #H-E Y olstal B
517] floto] ==l om, 8 Aib= ohah 2

2 Aol A= AFFSY 7]eol tiste] Aot 7P Eids] 8= 1 QL A} 2okl 2k 7w 2
(SAE International J3016)< 7|5t0. & 5A7]A Aol Agstes s4sto] 5A7A A&+ 2l &7t
o} U7 |A Ak el 2243, = 9 A}, 2] 2 2 /1A, @ F o), A A S R 8
AkQ}o]| - 23k =1 Ao] Aol wet 0 (HIAFs2hRE 5 (& AFsEh7HA] 69 A2 EREH, 25 A A2
SR} AOSAME] AT A &S 7]Hko & S Level 02 AH53 ] A] 942 AMel 2 788 2] Q1 Algdo]| o5t
A= oJmlgtet. Level 12 A58 7|&o] AR 20| AT 2 AFSE M, X P2 F2F H e 75

I
o

o

o fdlo off o>
»or

EITE Level 2 B8 AH530] £ olnfsiu], AosAMo] 577 AR 77ke) 2] ARE AN U 25
4 91om], %71 9 48] 77k AHE 2QJ0] H5 5k So|ch Level 3& 2715 AHgFA0] 453t 02 4

AAL7L AP ol A et 52 JEE 7|REo 2 A3 E 3o A 2H H2E T 4= 2 wnt oy el 2]
2t HYE AFso 2 At AAS £3she 7]& 50l Level 4+ 1= A58 52
2 APHof Aot A HEE 7|HEo 2 SA7AZE A JY 5749 2 A2t A7) 2FE WS AMso2
A5k A

o
=
o ZHH 0 2 Sestn] AURE WAR 5] gh
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7] 5 A7) Zotoll A= et ok ek FAH 0 & 5 S A7 714 Bt 2 BELS AP
of 1] gtk 7] Eoll 225 (52714 714 el ol chstol E28ke) o] glo] F7ha, AzAP 2] T2 7]
22 A g3121 9lon] ot 71 Ay 710l chat B B B P BIhE ofA Sk £
FollA] AQHe -8 571 714 el e oleldt 5/ Roke] e 714 ele] BAR Qls) 2y
T 4 = BAIS S5t 71018 4 9 20 2 7| hEItk 3L, AT 714 DL U1 ARE op et
SIS RAL U2 2 A A B A Bl Bl 3L B o0
214717 Bololl A= 288 4 912 202 Ylcher
SU7IAG ABFY DL AEA Rope] /)& HMS Mo Hojglons F2
214 FHH 0 2 Mefsto] AIHEITE. S, 57| AE 5 B 79 A 9ol 42t
SR, AR 94 U A TR I3 2%17] Alo] 5o welrt We st ol
o 29 9 A9 A 950) 425 HBS 28] wel st
E&3te] % uekd 4 912 7oz wadd:
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