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ABSTRACT

For the commercialization For the commercialization of autonomous vehicles (AV), the operational
design domain (ODD) of automated driving systems (ADS) is to be clearly defined. A common
language and consistent format must be prepared so that AV-related stakeholders can understand
ODD at the same level. Therefore, overseas countries are presenting a standardized ODD framework
and developing scenarios that can evaluate ADS-specific functions based on ODD. However, ODD
includes conditions reflecting the characteristics of each country, such as road environment, weather
environment, and traffic environment. Thus, it is necessary to clearly understand the meaning of the
items defined overseas and to harmonize them to reflect the specific domestic conditions. Therefore,
© 2023. The Korea Institute of in this study, domestic optimization of the ODD classification system was performed by analyzing
Intelligent Transport Systems. All  the domestic driving environment based on international standards. The driving environment of
tights reserved. currently operating self-driving car test districts (Sangam, Seoul, and Gwangju) was investigated using
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the developed domestic ODD items. Then, based on the results obtained, the ranges of the ODDs
in each test district were determined and compared.

Key words : Autonomous Driving, Demonstration Zone of Autonomous Driving, Analysis of the
Road Environment, Operational Design Domain(ODD)
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<Fig. 1> Sangam, Seoul
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U= 20199 A-EFAH AH AeA B ASAFE Aot 7IEel B FA(Ol8) BAVE)S
MAste] FarsteiM, obD 7id %f\}f{ T7Fs Al disl Aeojstal ot FRTIEAM = A=
AeFHA L] Aol HSHA e e +WVIeId = AA sk shaL, +ATFe IS el=
E2 714 5 73 8, ALF PN LT e A, 1 gl AbgAate] kst wad fdd 230l £
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<Table 1> Definition ODD for each document

Document Name ODD Definition

ODD is defined as an operating condition specifically designed to operate a given operation

SAE J3016 . . Lo . .
automation system or its functionality not limited to it.

The ODD represents an operating condition in which the ADS may safely perform a

IS0_DIS 34503 DDT(Dynamic Driving Task) while driving.

ODD is defined as the safe operation of low speed automatic operation (LSAD) systems for

I AE PAS 22
SO5 $ 22736 operating on predefined paths.

ODD is an operating condition specifically designed to operate a given driving automation system
BSI_PAS1883:2020 or its function, including, but not limited to, environmental, geographical, temporal restrictions
and/or the presence or absence of specific traffic or road characteristics.

An ODD defines the operating conditions an ADS is designed to operate in. This includes all
ranges of roads, environmental conditions, part of the dynamic elements (mainly the ego
designated speed) and types of traffic participants within a macroscopic traffic during all allowed
weather conditions and time-of-day restrictions.

ASAM OpenODD

ODD is defined as the concept of a place (road type and speed) and time (under conditions such

KLRI as day and night, weather) designed for the operation of self-driving cars.

2. o

i@

o1 ;A

1) ODD &4

Czamnecki(2018)= 3 F A&FYAFe Aoz AH ZAFEE Je|o A= Restricted Operational
Domain(ROD)E 4783}, ADSS] 7|5< Adslof & oyt vk xﬂO stSith. ODDS| ¢l 71d <l ROD
9} o] Agto] A7 792 Degraded Operation Mode(DOM)E A F Al A 23} T
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Kim et al.(2020)& ODDE A& f%‘/\l 2H 75 At A HAT ARE AFstd EERIFE
L£52 IAER B, AYd ZHA(EA], el A 5), 5 MY, 844 20024 %
ool AFES 23t AASHTH

Hwang(2018)> ODD+= A&FqAbsake] &S fla AAE AA(EE G339 £5) 2 ANFoRE
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2) ODD £&

Kim and Kee(2020)= AlEAl A&F3 HEH2 Au2 A58 A8 A5 77 =244 2 &3 84
ZAE AL, o] ZALE HIROE HAFAE ADSS| ODD 7ho| =ikl E&33th ODD IS =84
JZHER 78, =¥ 5), +F AdXARAT £=, 1% 43, MAERYA 5), 84 2044 5), 79
(2ZE, 3ATRE 5), GARUEAE Qzeh Al 508 T8, AEFY ASAE o] &8 Thed =
A3 &8 7bs A ¥ 27 (Limit / Boundaries)S 7]1&3H3 T

Park et al.(2020)2 Ao MHI2E 7[Rt 2 AU & 7idslr] 93] AeFd AP 2 =221,
ADASY] Ak 58 AESY T THF3 e 0DDE A A8, ol WE Use Case= TR aNA|, 7
& g 24, A2RA, iR AlFo 2 BRIt Aotk

>

Colwell(2018)& AA ZEAM 2~ ODDE AYst] ADS7F Hgslof st AUeleE A¥sty 18 o
oDD%} 37 A28l AA D 7% 248 A3t olo) wet HAE 9 AZ0F ODDE AZH st A
golde 53 oo AE e 53 AFES A% gt 22 AE AFRS 71 AY ARE AT

Kim et al(202002 S=AF AEFPHE A5S % ODD £4S
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(2013)9] 718 83l A3

Gyllenhammar et al.(2020)= AH&->% A 2~BI(ADS)®| 2H53 4% 9 (0DD)> ADS7} a3 F4E Akt
AFE-AH| (Use Cases)o] H 9 HES 4319 T PEGASUS Z =4 E 9} TNO(Toegepast Natuurwetenschappelijk
Onderzoek) ol A AIQFgE Alvtg] @ dlolElHlo]~E B8l +¥20& AFSAF L UCe A5 %7 (Operating
Conditions)& 73k ZH YIS AAst] AZ TE UCTHY wlgo] BS &olstes 3T
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Korea Highway Capacity Manual
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. 3 ODD #5 AA E&

1. ODD 27/ AA &

ot

A =4 BF37F FH F IS0 3450391 4= ODDE 84, 3H 84 FH8AZ I 37HA] A4
ERE TR, Z}%ﬂz—ﬁﬂx}ﬂ A R e Y E£EA BSI PAS 18833 AlEHolAE 9%
OpenODDOI A & 1SO 34503} 53 &7 AAE L&3t3th

AVSCE A=A L} AH827 ADSS| ODDE ©lald 4~ JIE=5 ODDE AYstr] flsl Exe} ddd 3
Az, =8 21, 7ME Al 21, B2 AR AAE, 34, T27WAAE T dEoE ERIINeH,
WISEE= 222X AT W2E& AMgele, B2 7%, E2 AR 78, ZollE, 342401, =H

SoE TEIH
NHTSACN M= 2+ OBMARS] 874 el F-atste= Fefqlze}, w@ Ak, &4, Q4%
o= e7HA 9 EFE TESHITL

oL

7} 2904 Bol ODD ERAAE <Table 2>9F o] FEACE =2 Fxsh 2& A 4k, 714
3 e BAAY 8k, TYI EE o84, AF 9 L FALLE THH Uee BAHA

<Table 2> ODD Classification System

ISO 34503, BSI PAS 1883, OpenODD AVSC WISE NHTSA
Zone . .
Operational constraints Zone
Drivable area
Junctions -
Scenery - road surface conditions Road structure Operational Constraints
Basic road structures
Fixed road structures . Objects
road infrastructure -
Temporary road structures Physical Infrastructure
Weather Environmental
Environmental Particulateds weather-related Environ- mental conditions
conditions Tllumination environmental conditions conditions
— Connectivity
Connectivity
Traffic agent a road user Road users
Dynamic . .
i i Animal; Object:
clements Subject vehicle an undetemgned roadside mals jects
object Other obstacles

2. =W ODD &% AMA ==

£ =294E IS0 345039 ODD &7 A7 % FAXACVERA ) A 8as ERAATL AT
F A WSF ofUy] W) o] Aeta AvWess dHste] S oDD ERAAE AAGLA h
AU 8aE AT ZEEOI 7}%6& E2o] ol AT} 7R i B4 Aoshr] Al
T4, TN, AR, 5 7R AN, 9N ERTEER BRI 3 7hs 999
fF8E& B2 7% - A4 7% ﬁrﬁl %a% VEOR NEERY YNERE TR, dNERE V)5
of whe} rE2H, Al 1020 B E2o] FFE PAR B3 JPASEAD 7L ZRaEY A
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AOZAEAEH =AAALe] £E)o el AR, YPH o2 FHHoZ WY, 29, B, AW, nF
Extol MAYsh= FHoE otk

29| F2-AA 72 B3 FAAM £ ZL HA 30004 35m o FAST Yok, Ayt
HoolUER e} e IR FAE 3.0m AT Ha Y ol & /HANER, 30m o3k 4 $-¢} 3.5m o]
Y 45 FUsaTh

T2 Ao 3 A S5 7IE0E A EH, A &% 80kmh7|E, BA A FHAAE
3~6%°1H A £% 60km/h 715, Ho FEHAAE 4~13%0]th YubH oz TP £3%01H HA|, 3%~
6% Wele 28 6% Huteld Alg yEld, +6% ZFold A e2uho g FEITh

I AAe B2 SAAARE Jggo s wHo EA] FolAE FAE n|aty] wEd] Aol
Fhst Ate o 7| YYAAMA 1HE BeE glong, Axe] JTAAL ol fFets 1.5%A4
6.0%7HA % 3Tt =3, SfellA e Al uhet ol BAAE 6% 8%2 TR

Uuk 22 ool AEARY] FHE ZERTH AYE W1 whet MaH g E, tlsH AR, A4
AR E2=2T} 9l o, ?ﬂxﬂ S A=A $FEFE VIEoE adgAE FET e

PAAEE REREY A4z oot $PF =29 o] YA X u AR EE 2XEY F
Y e A T —’T—%EE vt} AHEE F 9lE ARE, IHdAE FREARIYE, SAEZE 5 2
AT AR, Az 73 ARAA A FolBR W9 grell 2
FA7Ms A2 =W FAE S2aEY AY 33 BEeo] wel A, A, o] T, BAos TR,

o B4 22

Al AR il LA A7) VRS VIEeR

wREA D Ao A TEH FAY &
Qg TG

FYHs Y A= Z2aTH AYTH Aol wet wEbAEA(F, A, A, BE, RHEA)
o AEWFHE ERIATE ABREZEA L TR WE BAFA, olHEA, WFEA, =AHEA, <
nARE EE”ﬁl e A =249 8l 7 E YEs 71EoR g dutgoR TEsglon,
AY wA2e AFS A7 vt 2292 FIAEIpARF o2 s, Ity wAEE wAh ¥
e, Aol whe} 32N(TE, YR), 42 &, A, o8 Z#GA, 64, 7IEh=Z o3ttt
oje} Zo] mu FHFH L 7Nto T T3 ODD &7 AAE the <Table 3>3 2t

<Table 3> The Domestic ODD Classification System(Scenery)

Top 2nd . Top .
Level | Level 3rd Level Capability Level 2nd Level 3rd Level Capability
A Fixed Route Lane
Predefined Warning
Geo-fenced Area Geo-fenced Area Signs Temporary Lane
Etc None
Not designated Drivable Road surfaced Road
P Area
Administrative Area Surface
Scenery | Zone Designated shoulder | pype Unsurfaced Road
- width
Variable speed Barrier
Limit Area Edge
Traffic control Area D i Traffi Boundary
ynamic Traffic Type Road Curb
Sign Area
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T 2nd T
Lo | o 3td Level Capability | | P [ond Level|  3rd Level Capability
Temporary Lane
Rubb
Operation Area ubber cone
Temporary Lane
Closed Area Hower Bed
A police signal Area Etc
Etc ) Asphalt
School Zone D:\;able Concrete
ea
Designated Protected Elderly and the
Surface
Area Disabled Zone unpaved
Type
Etc Etc
Tunnels Normal
Parking Crack
Interference Zone Communication Road
Shading Section Surface Pot holes
Etc Drivable Conditions Speed Control Hump
Automobile Area Bt
Driveway Road ¢
A General Road Surface Normal
vabl Junction Areas Freezi
Drivable Road Types Ramp type) reezing
Community Road humid
Parking Areas Road
Surface Drifted Snow
Etc
Type
. Surf:
Straight roads ace
Horizontal Contamination
plane Old Object
Curves
Etc
Up-slope X ;
Vertical Three T-intersection
plane Down-slope branches : ;
Drivable| Drivable Level plane Y-intersection
Area Area Lane Four Right angle
geometry Lane Width branches Square
General
Cross Slope Type Five-Legged
Cross Maximum Roundabout
section . Several
Superelevation CVer: .
branches six-Legged
shoulder width of the|Scenery | Junctions Roundabout
road Etc
T, Distinct Very Small-size
Visibility -
Drivable Blurred Small-size
F Line, Dotted.
roa}d ortng H.le’ ones General One Lane
markings, Double-Line, Double Roundabout T Roundabout
Lane Lan'e Track) ype
Properties Marking Double Lane
Col
oot Roundabout
202 OIRTSSUR|=FN|
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Top 2nd . Top ..
Level | Level 3rd Level Capability Level 2nd Level 3rd Level Capability
Temporary
- Plane-Type
Lane Special P
Type -di ional-
Roa}d Road Markings yp! Three-dimensional
Markings Type
Traffic lane Crosswalk -
Designated Lane General Type
Drivable | Lane type | Reversible Lane Signal Rotation Type
Road Bus lane Crosswalk
Properties EBtc Sienal General Typed
Driving Driving Direction stftnuz Non-Signal| Rotation Typed
Properties Speed Limits Crosswalk
Regulatory Signs Number of| General Typed
Regulatory - - -
Instruction Signs traffic Rotation Typed
Warning Signs signals Crosswalk
Road Signs Bridge -
Drivable Direction Si; Tunnel
Area | Information £ns
Signs Route Signs Tollgate -
. . Special Automatic entry
Guide Signs structures | blocking facilities i
. Warning Signs Railway Crossing -
Warning T X X
Destination Sign Pedestrian Overpass -
Regulatory Signs Etc -
Fixed - - a1
Type Guide Signs Building -
Warning Signs Roadway Lighting -
- Fixed road - o
Regulatory Signs Roadside facilities -
Variable structures
Type Guide Signs Street Trees -
Warning Si Etc -
Drivable g Jlels T —
Area . emporary protection
) Regulatory Signs facilities
Signs
Form Guide Signs Work Direction Board
T Temporary | Construction and work| Temporary Sign
e?porary road sections Board
ype ] ) structures Temporary Road
Warning Signs
Number of robot
signals
Accident Area Warning Triangle

S AEFRA AHEBATE DA EAAA W7ol A&FH MulaE AREA A5

V. 0 AEFAA ASBAT DREA

Z=~ ol
TN]\—L
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<Table 4> Sangam and Gwangju evaluation elements based on ODD

- Sangam Gwangju
3rd Level Capability
1 2 3 1 2 3 4
A Fixed Route N N N N N N N
Predefined
Geo-fenced Area Geo-fenced Y Y Y Y Y Y Y
Area
Etc N N N N N N N
Not designated N N N N N N N
Pyeongdong Light Green
Administrative Area . Around Around Around |y irial Stwan Tndustrial | Advanced
Designated |Sangam-dong,|Sangam-dong, | Sangam-dong, District, District 2,
Complex, . Complex, .
Seoul Seoul Seoul . Gwangju . Gwangju
Gwangju Gwangju
Variable speed
Limit Area N N N N N N N
Dynamic
Traffic Sign N N N N N N N
Area
Temporary
. Lane Operation N N N N N N N
Traffic control Area Area
Temporary
Lane Closed N N N N N N N
Area
A police signal N N N N N N N
Area
Etc N N N N N N N
School Zone Y Y N N Y N Y
. Elderly and the
Designated Protected Area Disabled Zone N N N N N N N
Etc N N N N N N N
Tunnels Y N N N N N N
Parking N N N N N N N
Interference Zone Communication
Shading N N N N N N N
Section
Etc N N N N N N N
Autf)moblle N N N N N N N
Driveway
A General Road Y Y Y Y Y Y Y
Drivable Road Types Tanction An
unction Areas
N N N N N N N
(Ramp type)
Community N Y Y N Y N Y
Road
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- Sangam Gwangju
3rd Level Capability : 5 7 ] 7 3 7
Parking Areas N N N N N N N
Etc N N N N N N N
Horizontal | Straight roads Y Y Y Y Y Y Y
plane Curves N Y Y Y Y Y Y
Up-slope N N Y Y Y Y Y
Vertical plane| Down-slope N N Y Y Y Y Y
Level plane Y Y Y Y Y Y Y
Drivable Area Lane 1~6 1~4 1 1~4 1~3 1~3 1~3
1]
geometty Lane Width | 30-35m | 30-35m | 30-35m | 30-35m | 30-35m | 3.0-35m | 30-35m
Cross Slope | 15~2.0% | 1.5~2.0% | 1.5~2.0% ~2.0% ~2.0% ~2.0% ~2.0%
Cross-section :
S 6% 6% 6% 6% 6% 6% 6%
uperelevation
shoulder width| ) 5, 0.7m 0.7m 0.7m 0.7m 0.7m 0.7m
of the road
Distinct Y Y Y Y Y Y Y
Visibility
Blurred N N N N N N N
Form(Line,
Dottedz Line, Dotted| Dotted Line Line, Dotted,|Line, Dotted|Line, Dotted|Line, Dotted
. . Double-Line,
Drivable Road |Lane Marking| poyble Track)
Markings, Lane
Pr gn' Yellow, Yellow, Yellow, . . . .
opertics Color white white White white white white White
Temporary
Lane - N N N N N N N
Road .
Markings Road Markings N N N N N N N
Traffic lane Y Y Y Y Y Y
Designated
Lane N N N N N N N
Lane type Reversible N N N N N N N
Lane
Drivable Road Bus lane N N N N N N N
Properties Etc N N N N N N N
Direction Right Right Right Right Right Right Right
Drivin;
propacs Speed Limits | 10730 | 2050 oy ggkmm’ Sk, | T | S0k
km/h km/h 60kmjh 50km/h K/ 50km/h
Regulatory Y/ Y/ Y/ Y/ Y/ Y/ Y/
Signs 13 Types | 4 Types 6 Types 4 Types 2 Types 2 Types 4 Types
Regulatory
Instruction Y/ Y/ Y/ Y/ Y/ Y/ Y/
Signs 11 Types | 8 Types 2 Types 6 Types 3 Types 5 Types 2 Types
Drivable An Warning Signs N N N N N N N
rivable Area ;
Signs Road Signs N N N N N N N
Direction Signs Y Y N Y Y Y Y
Information | Route Signs N N N N N N N
Guide Signs N N Y N N N N
. . Y/ Y/ Y/ Y/ Y/ Y/ Y/
Waming Signs 5 Types 7 Types 3 Types 2 Types 4 Types 2 Types 2 Types
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- Sangam Gwangju
3rd Level Capability
1 2 3 1 2 3 4
. Destination Y/ Y/ Y/
Warning Sign Types | 4 Types | 1 Types N N N N
Regulatory Y Y Y Y Y Y Y
Signs
Fixed Type "Guide Signs | Y Y Y Y Y Y Y
Warning Signs Y Y Y Y Y Y Y
Regulatory
Drivable Area Signs N N N N N N N
pans - Variable T2/ Guige Signs | N N N N N N N
Warning Signs N N N N N N N
Regulatory Y N Y N N N N
Temporary Signs
Type Guide Signs N N N N N N N
Warning Signs Y N N N N N N
Lane Y Y Y Y Y Y Y
. . Temporary
Warning Signs Lane N N N N N N N
None N N N N N N N
surfaced Road Y Y Y Y Y Y Y
Road Surface Unsurfaced
T nsurface:
Drivable Area ype Road N N N N N N N
shoulder width Barricr v % N N v v N
Road Curb Y Y Y Y Y Y Y
Edge Labacone N Y Y Y Y N Y
Boundary
Type Flower Bed Y N Y Y Y Y Y
Y/ Elastic
Etc N N Rod N N N N
Asphalt Y Y Y Y Y Y Y
Drivable Area| Concrete N N N N N N N
Surface Type|  unpaved N N N N N N N
Etc N N N N N N N
Normal Y Y Y Y Y Y Y
Crack Y Y Y N N N N
Road Surface Pot holes N N N N N N N
Conditions
SpeelflI Control % v % N v N v
Drivable Area ump
Road Surface Etc N N N N N N N
Normal Y Y Y Y Y Y Y
Freezing N N N N N N N
humid N N N N N N N
Road Surface Drifted Snow N N N N N N N
Type
Surface N N N N N N N
Contamination
Old Object N N N N N N N
Etc N N N N N N N
Three T-intersection Y Y N Y Y Y Y
General Type - -
branches | Y-intersection N N Y Y Y Y Y
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3rd Level Capability
1 2 3 1 2 3 4
Right angle Y Y N Y Y Y Y
Four branches
Square N N N Y Y Y Y
Five-Legged
Roundabout N N N N N N N
Several six-Legged
branches Roundabout N N N N N N N
Etc N N N N N N N
Very Small-size N N N N N N N
Small-size N N N N N N N
General One Lane
Type Roundabout N Y Y Y N N N
Roundabout Double Lane
Roundabout N N N N N N N
. Plane-Type N N N N N N N
Special - -
Type Three-dimensio N N N N N N N
nal-Type
Crosswalk - Y Y Y Y Y Y Y
General Type Y Y N Y Y Y Y
Signal Rotation Type N N N N N N N
Crosswalk Y Y N Y Y Y Y
General Typed N Y Y N N N N
Signal status | Non-Signal |Rotation Typed N Y Y N N N N
Crosswalk N N N N N N N
Number of General Typed N N N N N N N
traffic Rotation Typed N N N N N N N
signals [ Crosswalk N N N N N N N
Bridge - N N N N N Y N
Tunnel - Y N N N N N N
Tollgate - N N N N N N N
Automatic entry blocking . N N N N N N N
facilities
Railway Crossing - N N N N N N N
Pedestrian Overpass - Y Y Y N N N N
Y/
Etc - Underground N N N N N N
Road
Building - Y Y Y Y Y Y Y
Roadway Lighting - Y Y Y Y Y Y Y
Roadside facilities - Y Y Y Y Y Y Y
Street Trees - Y Y Y Y Y Y Y
Etc - N N N N N N N
Temporary
protection Y Y N N N N N
facilities
Construction and ..
work sections Work Direction| .y N N N N N N
Board
Temporary
Sign Board Y N N N N N N
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- Sangam Gwangju
3rd Level Capability : 5 7 7 7 3 7
T
Rty N N N N N N N
Number of N N N N N N N
robot signals
Accident Area YrVe'lmjng N N N N N N N
riangle
V.4 &
TAZOZ Level 3 FF2 AV bt 837 2A4H0E AFE o, SUdAE olT A4 &
o 2 FHelME & JJr o olo] AA Al MARZ FEAETY(Level 332 &3S AL Ut
428 SAaAE FHHolHE Susha olF Fol LRE AT A&FY Az g7}
59 (ODD)H ’\l‘)ril = EH?SH‘/V}O][ at7] W&o FAZE7|TFolAE ADS LA ool = AR,

AZAL, BPAF So] FAdt AxADE FAs] BF3kE ODD ZH YUY I E A8k, ODDE 7|Ho.2
ADS 54 71%5& %7t @ H2ET & & H2E AU /de BAE 7lksta
olgA /Nd ODD= A&F-AfeFo] Fahsts Aol gt o] 23EY] wEo] A A=
ol I gt gl B2 A HEsh7]dd= ofEgo] AUtk
welA, 2 AT M= ODDE AHEF Al2E 2 1 7lb°l A=A e A o) o bHstA FeE
F A= AEFgoz Aot ISO 345039] ODD EF AAE 7Hte s T2y T2 uSHA 72 =
g, A% EﬂjAl AAHeE] Wiwe, 7hEE *Cxﬂﬁwwﬂ A 9 wwd %% 283t9 OoDD &7 Al
A =W HA3E T8t
=3 dE U ODD F5-& 7|Hte 2 dA &9 T A&FYA A
YA A 1 AAE nROE AR ATE %6@7}% Foo] HHE BT
T8 45 Alu 4¥ F Al‘ﬂ YA T FH7Vs = 3

SR AR E2E mE T3
&ere tE-E A £3% 1 ske] HAolH, FFE Be Al ol £3%~+6%2] L E2 e AR
7} AT =3 A A3 s H*WW 20~50km/ho] i, FFE 30~80km/ho.2, AthZ o7 Lo

Ak
A & AEFHo] Thede Adsih

A& DA A, FAPEAAT ol QurEs} SRl B ZANAW, B 429 A% 5 o
P Y| A3 miﬂ =Avs B9, Was atad A AANT EATE FUtAt
FAaA vl 55 3

B T AN EAAT B L1302 2Asgon, JrEoR g
of e BAZE EAFL FASKAE M £, BA FF S AT A3 AFo] A sost
0% aolng AMedxTe ERRAE oF 2L e weste AMeBAT) DD Wl
A gkstelof ek,

B ATE A2FY A8 FFU EHAY 5 AT glo] FFHOE AE Jbsd EFHE ODD BF
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