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Hands On/Off Detection Based on EPS Sensors
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The state of the hands on the steering wheel is currently the most reliable indicator for evaluating the
ability of the driver to control his/her vehicle. It has been confirmed by the last release of the UNECE
regulation 79, which requires a vehicle equipped with lane keeping assist to automatically deactivate the
function if the driver is not holding the steering wheel for a period of time longer than one minute. This
paper presents a detection method which, instead of relying on dedicated sensors, uses sensors already
available in most mass-produced EPS systems. They are used to compute a model-based approximation
of the driver torque, which is subsequently processed using a threshold and a transition time window to
determine whether the driver is holding the steering wheel or not.

Key Words: Human machine interaction, Driver sensing, driver monitoring, Hands detection, Steering

wheel, Automated driving, ADAS, LKA

auoogg

O0o0Oo0ooooOoooADASOOOOOODOODOd
gobooooooooobooooboooooboobooooo
goooooooooOoOoOoOoOoOoOO ADASOOO
oobooooooooooocoobooooboooooo
goboooooooooocooboooooobooooo
gobooooooooooocoOobooOoooobocoooo
0000000000000 00OSAEDOOOODO
gboboooooooooocooboocooboocoooo
Oooooooooooooooos00000o00n
gbboobomooooooooooooooooon
goooooooooooboooobooooobooooo
ooo

ooboobooooboooobooooooooooooo
gobooooooooooboocooboooooboooooo
000000000000MmM19680F 0 mMO00n0n
gobooooooooooocooboooooboobooooo
0000000002060 3000000°F 000
gobooooooooooocooboooooboobocoooo
goboooooooooocooboocoooboocoooo
O0000O00DO0D0O0O0O0OOOOUNECEDDODO 790
oooooooooosliooooooooooon

36

gogboodobobooboobbooboobooboobga
0 10km/h00000°020170 1100000000
0000000000 10km/hOO000O0O0000O0
goboobboobooboboobobooboobobga
000000000000 00000000000°™o
000000 2000000000000 000000
goobobooooo

Level0 Level1 Level2 Level3 Level4 Level5
9]
=
o C C < S C c
S .8 -S [F8s| _s S
of || &= (| €€ || 2€ || & || 3
=5 || 5% || =6 ]| 85 || =% || 5
E 3 12 =} [o =1 > =
5 < < < o< < <
@
>
)
Hands Hands
on off

OOOSAEODOOOODOOOOoooO™
Vehicle automation levels proposed by SAE

JTEKT ENGINEERING JOURNAL No. 1017 (2019)



EPSO000O0DO0OOCOOOO0OODODOOOO

JTEKT

O0o0oooOoooooUooo204000000
oobooooooooooboooobooooboooooo
oobooooooooooocooboocooboobooooo
uobooooooooooocooboocooboooooa
obooooooooooocoOoboocOoooboocoooa
gobooooooooooboocooboocooboocoooa
ooooooooHobOoOoooooooooooo
goooooood

goo0oOoOoOooOoO0o0ooO0oOooOoOgogggEPSOO
goboooooooooboooboooooobooooo
ooooooooooHODOOOOoOoooOo

oooooooooooooooooUooooHOD
ooooooOoOoOoOoOooOoooooHODOOOOO
oobooooooooooboocoobooooboobooooo
gobooooooooooocoooboocooboooooo
obooooooooooocooboocoooboobocoooo
goboooooooooboooboooooooa

20HOD 000

O0oo0ooHODOOODODODoDOoDoOooooong
ggbooobobogoboobooboboon

2100000 10b000o0ooo

000000 20000000000000000
oO0o0O0OLKAOOOOOOOOOOOOOoooooo
obooooooooooocooboocoooboocoooo
goboooooooooboocooboocooboooooao
goooooOoooOOO0OO0OLKADOOODODODDOO
0000000000000 0oOoooooo®*™m

2200000 200000000

ooobooooboooooooooooooboooo
300o0ooooooooooooooooooooon
goboooooooooobooooboooooobooooo
oooooToROOOOO

TOROODOOOOOOOODOODODOOODODODODOO
oobooooooooooocoooboocoooboobooooo
uobooooooooooOoocooboocooboocoooao
gbooooooooOoobobooooobocooooooDo
gobooooooooooocooboocooboooooa
gobooooooooooooooboocoobooooon
oooo

JTEKT ENGINEERING JOURNAL No. 1017 (2019)

ggHoODUOOUoogog

goooooHODOOOOOOOOODODOOOOO
ooooooooOooooboOoobooOoooooooon
cobooooooOoooobooobooOoooooooon
uoobooooobooooboooooooooooon
oooooooobobooboobooooobooobooon
ooooooooooobooobooooooooon
ooobooooooobbooooooooooooon
oooo

3.1000

gobooooboooobooooooooooooon
ooooooooooobooobooOooooooon
ooooooooooobooobooOoooooooon
gooooHODOOOOOOOOOOOOOOOOO
cooboocooooooooocooon

32000000

HODOOODOOOoOOOoDOOoODoOooooDooooo
goood
OFalse positive 0000000000000 0OO0O
ooo
OFalse negativeD D00 0000000000000
ooo
gdoboooboooobooboooboobooon
O0oDo0oDooooooDoooDoo 200000000
ooboodboboobobooboobobooboobooo
OO000000000 False positive0 OO0 OO0
oobodboboobobooboobobooboobooboo
00000000 False positiveO OO 00O oOd
doddddoooooooooooobooooooon
0000000000000 0000D00OOFalse negative
gdddoooooooooooboboboobooooon
O00O0000False negative 0000000000
dddoooooooooobobboboboboobobon
gboodbooboobooboobbooboo
False negative D0 0000000 ooooonO

3300000

0001l02000000000 LKADODODOOOO
0000000000000 0O0O0O0OUNECEOOO
7000000000 01500000000000

37



JTEKT

EPSOO0000O0DOOCOOOOOOODODODOO

goooobooobouooobuooobobooooooa
goooooooboobooooouooooooooog
0000000000 o0ooDooooooooog
gdboooobooboooboobooboboooobg
goboooobooboooboobooboboooobdg
0o0o0o0o0ooDoo3000000LKAODDDODOOO
gdboooobooboobobooboobobooobdg
000000oDo01000000onooooooon
goooooo

0003000000000 0000000000
gooooboooboooobooooobooooood
gooooboooooooooooobooooooga
Joo00dooooOooooisooooooooon
gooobobooobouooobuoooboboooboobooa
gdoooobooboooboobooboboooodg
godooooobbbbbbobooogooogooo
gdbooooboobooboboobooboboooobdg
0oD4000000000000DO0000000O15
0040000000000000000000000
0000000000000 Minimal Risk Maneuvert
goooobooooboooobooooboboooobooa
godoooboooooooobooooobooooooad
jdoodoo4000000000000D00O000

(a) Tolerated period of driver non-availability
(b) Transition period
(¢) Minimum risk maneuver

Driver availability
not recognized (a) (b) (c)

¢

Obstacle

max. 15s | max. 4g
<€

< al

goddooooooooooobobobooobooo
gooooogo

Time sequence for planned transition from ADAS or
AD to manual driving

4004000

410000000
coOoooooocbOooobooobooocobooooo
OO00O0oEPSOO0OO0O0OOODOODOOOODODOO
goboooooooooocoobocoooboocoooo
0oo0ooo°"""000000000000ooooo
gobooooooooooocoobooooboooooan

38

oobooooooooobooobooooboooooon
oobooooooooobooobooooboooooo
oobooooooOooooboooobooooboooooo
oobooooooOooooboocOooboocooboooooo
tboooooocOooobobooooOoobOOoboOoboOooo
ooboooooooooboocooboocooboooooo
00000o00ooooooEPSOOOOOODOO
O0OEPSOOO0O0O0ODOOOOODOOOO HODODO
ooooooooooobooobobooooooooo
ooooooooOooobooobobooooboooooo
oooboooooOooobooooooooboooooon
00000000000 oO0o00o0O0DOo0ODOEPRS
oobooooooooobooobooooboooooon
oobooooooooobooobooooboooooon
ooboooooooooboooobooboooboooooo

EPSO OO0 HODODOOOOOOODODOOODOO
o*"*" 0000000000000 0Do0Oo0ooooo
obooooooooobooooboocooboooooo
oobooooooooobooobooooboooooon
ooboooooooooboooboocoobooooon
ooooooooooobooobobooooboooooo
ooobooooooooboooooooooog

goboooooooooboooboooooooo
ooooooooooobboooboomooobooooo
ooboooooooooboooobooooboooooon
oobooooooooobocoobooooboooooo
ooboooooooooboocooboocooboooooo
ooooo

42000000000000000000

gobooooooooobooooboooooogoo
ooooooooooobooooog

4210HoDO0O0O0OO0OOOOOOUOOOOoOoog

gooooobobooooobooobooboooooooobo
EPSOO00O0O0000ODOO0DODOOOOOOOOOOO
obooOboooooobooooboobooooboooooo
ooooooooooooooboooobooobobobobooo
oboobOooooboooooboOobooooboboooooo
obooObooooooOoboooooobOooooooooaoo
ooboooooooooboocooboocooboooooo
obooboooooobooooboboooooooooooo
oooOooooobbooooooboboooooon

JTEKT ENGINEERING JOURNAL No. 1017 (2019)



EPSO000O0DO0OOCOOOO0OODODOOOO

JTEKT

Hand off
—-0.05 ——— Hand on

Torque, NJm

6 7 8 9 10
Time, s

goboooboboobuoobooboobooo
Torsion bar torque in stationary condition

——Hands off
———Hands on

Torque, NJm

Time, s

gooooooooo

Torque, NJm

-2 Hands off

Hands on

0 2 4 6
Time, s

gooooboo0oooooboo

doooooooooooo
Torsion bar torque during manual driving on a
cobblestone road (top) and automated driving on an
asphalt road (bottom)

EPSOOO0OC0O0OO0O0OOOOODOOOOOOO
goboooooooooboooboooooboooooo
gobooooooooobooooboooooboobooooo
gobooooooooobooooobooooboooooo
ooboooooooooboocooboocooboocoooo
ooboooooooooboocoooocoooboobocoooao
goboooooooooboocoooocooboooooo
0020deg01HzO OO OOOODOOOOOOOOOO
0000000 oooo0muo 20km/h0 00000
goboooooooooooooboocooboooooan
gobooooooooooocooboocooboooooan

JTEKT ENGINEERING JOURNAL No. 1017 (2019)

oboboboooooogoog
gooboboboooooobooboboboooo

oobobooooooboobobobobooooog

gboboboooooogo

JaOsw O ToO Too 0

oooJ,0o0oé,00000000000000
OO0o0ooO0ooooooO0, T, 00000000T,
goboooobooboooodg

0ooooooooo T, 000ODO0OooDoooooo
0o000oo0oO0000o0oOooooo 6,0000000
0000000000000000000 k,OOOO
goboobbooboobbooboo

T 0 ki) 00 O 0 O

goboooooOoooooocoobooooooono
oobooooooOooooboocooboocOooboooooon
oooooooooooboocoobooOooboooooon
ooooogo

TwO Tq 0

goooooobooboobbbbbbbooogoooo
goboobbobobuoobooboboobooboboa
gooo

T 0 To0 Jowlsn 0

ooboooooooooocoobooooooono
oobooooooOooooboocoobooooboooooon
ooo

422000000000

ooo0ooooo0ooooooooDTEDDOO
oooboooooOooobooooooooboooooo
000000000 *™0000000000

DTEOOEPSOODOODOOODOODOOODOOOO
ooooooOoOoOoOoOoOoOooooooHODOOOO
oooooooood

goboooooooooboocoobooooooono
oobooooooOoooobocoobooooboooooo
oobooooooooobOocOooboocOooboooooo
oobooooooooobooooboocooboooooo
ooooooooooobooooboooooon

39



JTEKT

EPSOO0000O0DOOCOOOOOOODODODOO

T

|

Steering wheel
Jow, Oou, Oss

Kk

ﬁlbl

godooobooooooooooooon
Observer model for driver torque estimation

Jooooooooooooooooobooooon
pgoddddooooooooooooobooobooo
pgooooooogd

x0 AxO B,u.0 B,u,

{yDCxDDu1

dodOxbOboooooobu, 0000 bOO0OO0OOon
wOOOooooobobooooooobbomyooooa
goboooobooboooo

ad

Oeu
00000000000 A0DO0DODOD B,O0OO

ooooB,00000CODO0ODOOODODOOO

ggboooobooboon

XD{ },UU:J Ow, U0 Ty, YO Ty O

0 1 0 0
AD |, ke o) BO| Ko |, BO| 1 0
sw JSW ‘]SW

oooboobooboboobobooobooobooo
oot w, 0000000 xO00000004d
gooodx,0oooogd
Osw
xeD{X}D B., 0
S

0000000000000000000D00000
0000
X0 Acx.0O Bou;

y O CeX. Du,

000000000000 000O0oooooooo
good

ad

40

0 1 0
A B K 1
em{ Z}D o—— 0 —
A 01x2 0 sz sz
0 0 0
0 O
B ki,
0| Bifo |
BHlo M,
0

cIc ook, 0 oO

goooooooobooooboooobooooooa
0000000000000 DTEODODOOOODOOOd
ogoooobooooooooooao
00 0DTE O ESSO Extended-state-spacel] 0 0 0
0000000000000 000o0o0oo0O00gESS
gbodoobouooboboobbuoobobuoooooa
goooooooon
Ce
ranki OO rankl | C. A |10 3 0
C.A:
oopoooo0ooUoooooooDooooooog
ggbooobbooboobbooboboobbooboobga
00 ESSO00000O0O0OO0OOOOOO0OOOOOOgd
ogbodoooooooboooobooooboooooa
00000 LO00000000000O0oooooo
goooon

X.0 A.X.0 Bou,O 10 yO yO
¥ O CeX.O Du,

ooooLOoooO0o0o0ooooooooooooo
oooo0ooo A 0LC 0000000000000
uooooooooooboooboocooboooooon
ooooooooooobooobooooboooooon
OOoooDTEODOOUOOOOOOUOOOOOOOODO
oooboooooog

goboooooooooboooobboooooooo
oooooooooooboooboooooboooooon
oobooooooooobooobooooboooooo
ooooocooo

oooooooooooooo bDTEDOOOOOO
ooboooooooooboocooboocooboooooo
o000 DTEOOOOOOOOODODODDOOOOOOO
uoooboooooooooobooobboooon
DTEOOOO0OOODOOO0OOO0OO0O0O0OOOOOO
oooooooooooboooboooobooooon

JTEKT ENGINEERING JOURNAL No. 1017 (2019)



EPSO000O0DO0OOCOOOO0OODODOOOO

JTEKT

00000 20km/h000000O0O0O0O0O0O0OOOO
000 DTEOOOOODOOODOOOOOOOOOOO
gboboboboooooooobooboboboooo
gooboooo

——Torsion bar |
——DTE

Torque, NOm

6 7 8 9 10
Time, s

ooooooooon

Torque, NJm

=1 ——Torsion bar
| ——DTE

7 8 9 10
Time, s

gobooocooooo

Jdoodooooooooobo bTeddd
Comparison between the torsion bar torque and the
DTE for a hands-on situation in stationary condition
(top) and a hands-ol situation on a cobble stone road
(bottom)

42300000000

gboooooooboobobobooooobooogo
O000ooDbDTECOOUOOODODODODOOOOODOOO
goboobboooobooobboooboogon
False positive 00 00O O0O0O0OOUOOODTEOO
goddddoooooooooooooboboooboon
pgoddddooooooooooooobobooboboo
goo0oooDboooooobooboo™mooboon
False positive 0000000000000 OOOO

4240000000

coboboooobooobooOooooooooooo
oobooooooooooOoocoOooboocOoooboocoooa
gobooooooooooboocooboocooboobooooao
goboooooooooooooboocooboooooo
gobooooooooooocooboocoooooooan

JTEKT ENGINEERING JOURNAL No. 1017 (2019)

ooHODOUOOODODOoOoDOooOoooooooooo
0 False negative 0 0000 O000O0O0OODTEOO
ooooobobooobooboooboobooooo
gooodbooooboobooobooo

000000000000 False negative O 0O O O
000000 0000000000000 ooon
jodoooooobbbboboooooooooo
goboooboboobobuooboobobooboobooboo
dddddoooooooooooboobobooooon
00000 DTEODODOODOOOOOOOOODOOOO
goooooogo

4.30HO0D OO0

HoODOOOOoOOoOoOooHODOOOOOOOOO
DTEODOOO0OOOOOOO0OOO0OCOOOO0C0DOO0O0
DTEOODOOOOODOOOOOOOOOOOOOOO
ubooooooooocbooocbooobooobOooon
HODOOOOOOOoOoOoooooooooooooo
ooboooooooooboooooooo

gobooooooobooooooooooooon
oooboOooooOoobooooooooooo

Ty, —| ]
DTE  [—{ Threshold |—{ ™M | — HOD
B window output

goodHODOOOOO
Structure of HOD function

500u00ugg

HODOOOOoOOOoDOOOoOoDoOooDooooooo
ooHODOODOUODODOOoODOoOooDoooooooo
godooooooobooooooobooooon
ogbodooooooobooobooobooooonoo
gobooooooooobooooboooooooooo
0000020degd IHZOO OO OO0 00O OO0OOO
000000000 20km/h00000O0O0OOOO
Jo000oO0odoo DTEODOODDODOO HODOOO
gooooobooboooobooo

00oooooooo DTEODOOOOOODOOOO
ooboodboboobobuooboobobooboobooboo
OO0O0O0O0OHODOOFalse positive DO OO0 OOOd
goboooboboobobooboobobooboobooboo
0000000000000 False negative 000 O

4]



JTEKT

EPSOO0000O0DOOCOOOOOOODODODOO

gogbooobooboobbooboobobooobd
ooooooolooooopooooooooz2000
gbobobobooooooboobobobooooo

= Torsion bar output
—— DTE output
—— Threshold

Torque, NJm
o

ol

ON
———Hands state

Hands

| ——HOD output

OFF |

5 10 15
Time, s

goobobooobooooobooboboHOD OO
Torque and HOD output during manual driving on a
cobblestone road

€
2 L B A .
(g 0 FETEvgegei iy Py ."' a2 2N B 0 ;
= | Torsion bar output
) ——DTE output
i —— Threshold
5 10 15 20 25 30
Time, s
ONF _ ]
(2]
e ———Hands state
8 ——HOD output
OFF I '
5 10 15 20 25 30
Time, s

godooodoooooooooooOoOoOoOo HODOO
Torque and HOD output during automated driving on an
asphalt road

ey

cooobooooboooboooooooooooon
OooooooooooodHODOOOOOO EPSO
goboooooooooooooooooon

cobooooobooooboooobooooooooo
goboooooooooocooooooobooooon

oooHODOOOOOOOOOOODOOOOOOO
gobooooooooooooobooooocoooan
gooodo

42

0o0o00ooooooooooHODOOODOOoOoo
goboobboboboobobobbooboobobda
oooo

gooo

O0Preliminary Statement of Policy Concerning
Automated Vehicle, NHTSA, http.//www.nhtsa.
gov/About+NHTSA/Press+Releases/U.S.+Depart
ment+of+Transportation+Releases+Policy+on+Aut
omated+Vehicle+Development, last retrieved on 1st
March 20160

0 O Convention on Road Tralc. Economic Commission
for Europe, Inland Transport Committee, E/
CONF.56/16/Rev.1/Amend.1, Vienna, Austria, 8
November 19680

0 O Report of the sixty-eight session of the Working
Party on Road Trallc Safety, Economic Commission
for Europe, Inland Transport Committee, ECE/
trans/WP.1/145, Geneva, Switzerland, 24-26 March
20140

0 0 UNECE paves the way for automated driving by
update UN international convention, UNECE,
http://www.unece.org/info/media/presscurrent-
press-h/transport/2016/unece-paves-the-way-for-
automated-driving-by-updating-un-international-
convention/doc.html, last retrieved 30 August 20180

0O O Uniform provisions concerning the approval of
vehicles with regard to steering equipment,
Economic Commission for Europe, E/ECE/324, E/
ECE/TRANS/505, Rev.1/Add.78/Rev.2, Geneva,
Switzerland, 16 October 19950

OOUNECE, Addendum 78: UN Regulation No. 79,
Revision 3, E/ECE/TRANS/505/Rev.1/Add.78/
Rev.3, Geneva, Switzerland, 30 November 20170

0 O CurveSYS, https://curvesys.de/, last retrieved on
30 August 201801

00 IEE, http://www.iee.lu/products:transportation:han
dsolldetection, last retrieved on 30 August 20180

00 J. Lisseman, S. Essers, H. Ruck, The Steering Wheel:
Active Safety Evolution, chassis.tech, ATZ live,
Munich, Germany, June 20130

000 T. Bella Dinh-Zarr, Automated Driving in USA
Update 2, 5th NCAP & Car Safety Forum, Tokyo,
Japan August 20180

000 J.A. Urhahne. Hands-on steering wheel detection for
motor vehicle, November 28 2013. US Patent App.
13/892,6880

JTEKT ENGINEERING JOURNAL No. 1017 (2019)



EPSO000O0DO0OOCOOOO0OODODOOOO

JTEKT

000 J. Lee, Y.H. Lee, and B.B. Litkouhi. Driver hands on/
off detection during automated lane centering/
changing maneuver, September 9 2010. US Patent
App. 12/399,2900

000J. T. IHllan, V. Ciarla, and C. Canudas De Wit.
Oscillation annealing and driver/tire load torque
estimation in electric power steering systems. In
Control Applications (CCA), 2011 IEEE International
Conference on, pages 1100-1105, Sept 20110

JTEKT ENGINEERING JOURNAL No. 1017 (2019)

gdno

“sA d¥h

oooooooon” oooo” oooog”
M. MOREILLON T. TAMURA Y. SAKAI

-

nooooooon”
R. FUCHS

" 0000000O0O0OOoDOOOoooO

43



