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(1997) & nEAL319] <k 10%7} tirednessel] <3k AHo|lgtx
3FS-. NHTSA €] 100-Car Naturalistic Driving Study (Dingus
et al., 2006) ©lAli= crashes®} near-crashes <] 22-24%7}
drowsy driving ®iZolls. &= A9, 20159 ES5&A
WEALDE 2701403, AMEAE 1089 (10049 49W)o=
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Driver drowsiness’} X EAFaLe] FT Q3 YA 1 3}o],
driver drowsiness® FAsIHE A=/t BSOS,  Driver
drowsinessE SFAs= WHES IA4 /A= EFE - 1)
physiological measurement, 2) behavioral analysis, 3)

performance measurement, and 4) subjective rating (Boverie et

al., 1998, Sahayadhas et al., 2012). Physiological
measurement < S =}l Al A WA S = Ay A P =
=4 /BAst= wWW. Driver drowsinessE® #Idd 4 9=

physiological signal®+ EEG, ECG (HRV), EOG, respiration rate
(RR), body temperature o] gomn, Uurx o=z Al UFo
AXE FAste] ASE SAHsAY, dvt == 3 s
Bole] AlAe] WIES =743, Behavioral analysisolA
HolHE SH3l= HHOZE eye movement, head movement,
facial expression, yawning detection, neck bending angles,
center of pressure (COP) & +d T 2A9 24 WHIE

=A3tE W Eo] 9. =Ao| = eye tracker, motion sensor,
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, speed, lane keeping (standard deviation in lane
position; SDLP), minimum time to lane crossing (min TLC) 5<%
=438k Subjective ratings EA Q] AFEO|Y AR, =2 AJA+S
HHA ARgA et o 58 = W4, VAS (visual analog

scale), 7-point likert scale 5 UTheF3l Fejo] HEXE SA,

HlE, &30 sor fidste] AAztew APz S
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A&l s. 53, AEFIY AH - AFole] control
takeover?t ¥ 3d}e]  Driver drowsiness A9 FQA]o]
gEz S, AEFY Fo= HA-AH  interaction

83l A -environment ZF9] interaction & FTAE olE|

9. WA, TLYHET TIF 2AA FHE AAO
A3 st 5 9 Jsol LY
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Auke 24 59 AF2A SALALS ALstal, eye tracking

dlol¥], x}F9] performance, 183 F#2 AE (real-time and
retrospective rating) ¥ S £ Ao A&

AgAE 2 A

232 2 (Sleep state) X 2 (Age) X 2 (Course) mixed factorial
design 4. Sleep stage (within-subjects factor)s= Sleepyes
(sleep well; AF o5 AFH FFstA &L apFo 7AZF o]
W3 49) 9 Sleepw (no sleep; HAALS dnk#ol %wS
HE AHdA dAERY dd FHs

gAZ Uy (Yang & Jeong, 2015, Correa & Leber, 2010, Noda

B
ol
By
&
rlo
ox
=

(e
i

et al., 2015, Jackson et al., 2016, Murata et al., 2012, Murata
et al., 2015, Murata, 2016, Brown et al., 2013). Age (between-
subjects factor)+ Agevoug (young age; %F 204 - 304 Ate]) <}
Agean (old age; W 604 - 704 Ale]) ¢ F dA=E ¥
(Horberry, et al., 2006, Yan et al., 2007, Cantin et al.,
2009). Adel= F 8% (A4 Iwel 4%)e IAddAt
Arrstglon,  olge Hd (SD) Yol Agevone  LF©l
24.0(2.11), 283 Agegp I1E°] 63.8(2.99) <. Course

(within-subects factor)®  Couresesmucr (AAEZ) ¢}
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RE SAdA4E 24 A4 3d olge AREsE wYs

EE dAdd@AE oS ¢ 55 A &2 oo &, &

(sleep”} within-subjects factor®l), Age ¢ Z} 1% (young 3
old 1#)° AWEE Sleeprs &S WA JWPs & WS A
tad Sleepw =& AFskglar, YA Ak Sleepozid S
HA HEgsta, oed sHE HS ot oed A
Sleepygs 271& 213k, Sleepyo =71 AP E st BF5ol&=
THES FHAA Fodkth= AL Aok FHEy] flE, @A
o AR WA S Fste]l o] Ak ERIEAE
AR ol Al Bl

FT4WM4= (1) physiological measurement <1 PERCLOS (2)
performance measurement <1 speed, HE+HX(SD) of speed,
wheel angle deviation, SD of wheel angle deviation, —L@]1l (3)
subjective rating (real-time rating and retrospective

rating)°]%1=. PERCLOS & <A A+ &<k & #a U=

Ar

A 7HS HAER bW A0 &2(QFE | et al., 2008), faceLab™
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(ver. 5.1, seeingmachines, Corp.)S 3] AAtez kS
=4 /A48 (60 Hz). Speed ¢ wheel angle deviatione
= o] rl AlE# ol H ¢ ScannerStudio™ell 4 AAro 7
574/74% (2 Hz). Subjective rating® 7% real-time
rating®} retrospective rating of sleepiness< R

Adgapd=d, &4 T S5 A 9dFS & F U= real-
Al
=

52
By
2=

time®}, real-time rating®t} 337
TA @3 Aol ¢ = HIF 7Fs 3 retrospective rating
ko] Aol FHE F2lEr] &), real-time rating of

sleepiness < T3 T 43 (HAALE=R 23,

N

al

-
=439S . Real-time rating of sleepiness ¢ =3 AH&
A AArme FAER7E 2ve AR, 7 Al H

FRARET Sy A AR B7F 2= 23 9-point KSSE

ml
BN

Sk 5-scale KSS (1: wig- Z4Ad, 20 744, 3 H&E, 4. &9,

w9 Z=%) (Putilov A. et al., 2013) ©] 3H FAtho|

gol el ke, Al Aol 2FE Al d=s By, 7
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of sleepiness). A3o] ggFEwW A= PHAS B

771

Preparation (5 min)

- OHEAE HAIE Bt HEHE 2O nEH|& #7HH of =&
H(EH 2 s 3R S5 og =5).

- DEHEAE 280 2 LYE, &M 0f Bef Hegsrt )

- MAHXE HQIFE 7 SES0| SR Q=)

|

Training time (25 min)

- DEERHE Sajo|d AR O|E 0 53101, 7} AIEQ 0|2 S2 7}
T B TS 3, 00| EH HHE o) HBXIT A AISHE )=

o2|et Al HdE SEeICEH (5 =)
« dE0| B =, Gl BE 1527 FHSHH A2 0[H AR Y=
S x| = AlZH2 FHEICEH (15 )
« 529 #|= AlZHE ZHEICH (5 2)
v
Main experiment (30 min)
- mEYAts E20|E A[Z2f0H0| B=5H0], 01T Y= 1 6t7| &
ot} (20 &)
- o HR0E AR B2 22 A7 A EE R, 2 S17H0]
ELt= Al B0 real-time rating= T SICE T H A= 187K Q] E&
T T AU ¥ 2 Atde g 2o *E &7tE V= Eeint
- 2t 2 OEgAe A=Y O[HO A L2 QF 8ol H 40| GHot, T
= Al g2 2 YA E A", 24 X E 7 E 3 (I‘l
S B9 E& =& 2HYBL} (retmspectne rating). (102)
« 20| 2t LT EHAIE Ef D | V}RrCH

(4 2-1-3) A9 A
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Ao 4% PERCLOS, speed, SD of speed, wheel angle
deviation, SD of wheel angle deviation H|o|E &= FHA/FHAEE
g oA BE (D, A A T (A%, 2, B
B (SD)S AAsFSE S, A4kEl PERCLOS, speed, SD of speed,
real-time rating of sleepiness 7L @1l retrospective rating of
sleepiness H®|o|Eol] thal 3-Way ANOVA (Sleep: within-subjects
factor, Age: between-subjects factors, and Course: within-
subjects factor) & A}&3}% 5. wheel angle deviation & SD of
wheel angle deviation < A3} FHAEZRZE Wz 59, 2-Way
ANOVA (Sleep: within-subjects factor, Age: between-subjects
factors)E& AF&3l3. Main ®+= interaction effect 7} <] gk
7d$-, post-hoc test & Student’ s t test 9} Tukey s honestly
significant difference (HSD) 7} AF&ZF%S. Retrospective
rating of sleepiness 2] A F3Fe] HA S AAste], real-
time rating of sleepiness ¥} bivariate correlation & & .
g o gz =Yg (Age, Sleep, Course)®t =HH
glo]E|E  (PERCLOS, speed, SD of speed, WAD, SD of WAD)&
A}8-3te] polynomial regression A& AAFE (N=2). IMP™ (v12,
SAS Institute Inc., NC, USA) 7} EE SAFEA AFESH.

FroFES p <0.05 ¢
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e

i)

&

(3£ 2-1-1) p-values from the ANOVA..

DV p-value
Sleep
Sleep Sleep Age
Sleep Age Course xAge
xAge xCourse xCourse
xCourse

PER_avg_R 0.4081 0.1342  0.1342  0.5777 0.6714 0.9422 0.2655
PER_avg_L 0.2108 0.0095 0.0084 0.5859 0.2419 0.0229 0.2903
PER_1_R 0.6082 0.2735 0.1465  0.3201 0.7330 0.9045 0.2866
PER_1_L 0.1286 0.0304 0.0025 0.8859 0.3728 0.0159 0.7527
PER_2_R 0.3426 0.2391 0.4447  0.6439 0.7562 0.8669 0.4535
PER_2_L 0.1027 0.0593 0.0318 0.3803 0.4161 0.0369 0.4122
PER_3_R 0.2720 0.0219 0.0481 0.8633 0.4678 0.5812 0.1530
PER_3_L 0.5035 0.0079  0.2093  0.6377 0.4415 0.3825 0.2851
Speed_avg 0.8183 0.3231 0.4754  0.3307 0.4356 0.6181 0.3787
Speed_avg_SD 0.1938 0.1661 0.0007  0.8690 0.4638 0.2562 0.7380
Speed_1 0.8936 0.4179  0.0764  0.3811 0.5712 0.6417 0.2366
Speed_1_SD 0.0415 0.3116  0.8119  0.3471 0.1777 0.9232 0.3867
Speed_2 0.8548 0.3469  0.5648  0.4245 0.3940 0.1242 0.9900
Speed_2_SD 0.3258 0.2159 0.0205 0.9922 0.3921 0.3909 0.9225
Speed_3 0.4574 0.2382  0.3529  0.5688 0.0239 0.9493 0.8324
Speed_3_SD 0.3637 0.4101 0.4814  0.3456 0.9385 0.8254 0.2065

C 0.1806 0.0496 - 0.6323 - - -
WAD_avg

S 0.4592 0.5186 - 0.3803 - - -

C 0.4624 0.3583 - 0.4339 - - -
WAD_avg_SD

S 0.6063 0.5451 - 0.4086 - - -

C 0.7253 0.3741 - 0.8415 - - -
WAD_1

S 0.0906 0.3574 - 0.0974 - - -

C 0.8565 0.8300 - 0.5730 - - -
WAD_1_SD

S 0.2789 0.8660 - 0.3151 - - -
WAD_2 C  0.4497 0.9139 - 0.6230 - - -
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S 0.9987 0.3473 - 0.3120 - - -
C 0.6243 0.8244 - 0.7577 - - -
WAD_2_SD
S 0.7685 0.2743 - 0.2117 - - -
C 0.0609 0.6920 - 0.2902 - - -
WAD_3
S 0.3804 0.8313 - 0.8230 - - -
C 0.3075 0.6572 - 0.2790 - - -
WAD_3_SD
S 0.9472 0.9756 - 0.8834 - - -
Real-time rating <0.0001 0.2166 0.0565 0.4832 0.1901 0.3822 0.4881
Retro. rating_1 0.0004 0.1754 0.8439 0.4231 0.1055 0.5601 0.8394
Retro. rating_2 0.0002 0.0232 0.0424 0.3997 0.6333 0.1532 0.4345
Retro. rating_3 <0.0001 0.0458 0.7663 0.1002 0.3202 0.7663 0.3202
WAD (wheel angle deviation)®] C ¢} S = Z+7Z} Coursecuve 2} Coursesmalar = 2] 0] g+
® PERCLOS = 4 AAMd/=d==9d HdA (PER.avg R and L)

B (D) 7h ER

=

T3t (A (PER_1R and L), &3+
(PER_2R and L), #(PER3R and L))9 (D) A,
PER_avg R ¢ 7%, o3 Ads HolA ks, s
PER_avg L ¢ 7%, AgexCourse 9| interaction effect 7} 23t
(p-value=0.0229). A4 A3, AgeanX  Coursesmucar 4]
PER_avg L 2] ¥ (SD)o] 0.097(0.0983)=2 7} =2 1w =4}
£33 5. Age 9} Course & main effect = 93 (Z+Z p-
value=0.0095 and 0.0084). AF$-i-41 A¥}, Age | 4] PER_avg L 9]
B (SD)E  Ageqnp = 0.0760 (0.0848), L¥]3L  Agevone

0.0158(0.0209). Course ©llA, PER_avg L ¢ H(SD)<

Cour SESTRAIGHT = 0. 0574(0 . 0805) , j_ﬂ al Cour SECURVE =
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0.0343(0.0523). 7+ =29 A WA S SAHUA
PER_1 oA, PER_1_R 2 Folgh A3E Hol#| &%k, PER_1L 9
74, AgexCourse ¢ interaction effect 7} 9% (p-
value=0.0159). AFF8-241 A3}, Ageop X Coursesmaignr A1 PER_1_L
o] 4 (SD)o] 0.0795(0.0831) = 7} & 189 2 &89S,
Age & Course 9] main effect = & (27 p-value = 0.0304
and 0.0025). AFF-&A A3}, Age o4 PER_1L o 3 (SD)&
Ageqp = 0.0588 (0.0745), 28|31 Ageyone = 0.0221(0.0370) 0] 2.
Course ©4, PER_1.L ¢ H# (D)2  Coursesmair =
0.0529(0.0703), z2]aL Courscwe = 0.0280(0.0485)°]}=. ZF
L2 FHA el A e SA %S PER_2 o4, PER_2. RS ol g
AWE Holx ok, PER 2L 9 4%, AgexCourse 2
interaction effect 7} <93t (p-value=0.0369). AFF-E2A] Az},
Ageop X Cour sesmrargnr @141 PER_2_L 9] H(SD)o] 0.0955(0.126) %=
7 =2 s EAF &39S, Course 9] main effect =
frelgt (p-value = 0.0318). Ab$&A A3, PER2.L o 3t
(SD)= Coursesmaigrr = 0.0559 (0.0979), 2¥]3l Coursecre =
0.0275 (0.0598) ©IA&. 7 =me] Al M) 7kl X SA%kel
PER_3 oA, PER_3_Rel| thal] Age ¢} Course 9 main effect 7}
foldt (247 p-value = 0.0219 and 0.0481). AF58-2 Az},
Age ol 4] PER_3_R 2] 3+ (SD)2 Ageon = 0.1373 (0.179), 1¥]aL
Agevone = 0.0348(0.0158)°]%1. Course ©llA, PER.3R <
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W (SD)S Coursesmainr = 0.1031(0.124), 1813 CourScire =
0.0690(0.103)°]AS. PER 3_L o thal Age © main effect 7}

(<

o395 (p-value=0.0079). AFFi4 A3}, Age oA PER_3_L
9] %‘E’(SD)% Ageop = 0.1015 (0.126), j.ﬂjl Ageyonng =

0.009531(0.0158)°] %1 .

RS (p-value = 0.0007). A4 A3, Courseqwe &
Hirgwe] SD o Hir(SDh)e]l 4.68(1.99)° =, 2.91(1.21)%
Coursesmaaur®ll VI3l ¢F 1.7 =%, 2 Ad/F4E=E9 A HA
TREe] A& EQl Speed 1 9] A9, Speed 1 © SD ol o3
Sleep 9] main effect 7} F23t AxE H S (p-value=0.0415).
ARSEA A, Sleepyo @ A5~ Speed_1 9] SD 9 7 (SD)<]
1.53(1.07) 2.2, Sleepys® 0.89HT}F ¢F 0.6 =2 @S HSY
7zt w®ol % WA 77 HPEEE Speed 2 o AS,
Speed_2 ¢] SD #toll WHall, Course & main effect 7} o3t Z3=
B3PS (pvalue=0.0205). A}SEEXM A}, Coursecwe 2
Speed_2_SD ¢ H(SD) ©] 1.46 (0.86)2. %, Coursesmaigerd 0.99
(0.52)Ht} oF 0.5 ¥& & BHs. 2 =29 A A 1k

HdE =2 Speed_3 9 7%, Speed_3 9] thall Sleep X Course &
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interaction effect 7} F &3t 235 H X7 (p-value=0.0239),
APERA A3 25 3 OF £35S

Wheel angle deviation-< AA/3Md =25 FEste] AAEAS

st L oo, AAd HE HE o= WFSRE wheel
angle ©] EA8t7] W&ol . Coursecwme & 7%, B wheel

angle deviation ©] el Age ¢ main effect 7} 939 (p-
value=0.0496). AFSEX A3}, Ageqp ¢ H(SD) wheel angle
deviation ©] 0.0109 (0.00160)S. 2, Agevone <& 0.010
(0.00163)ell Hl&} <k 0.0008 H&= ¥ #S HIUE. 2 99
EE #$ES Fo A2HE HolA ¥%s. Coursesmaanr ol A %=
e #ed 798 2495 HolA ¥dE.

Subjective rating of sleepiness < % 2 7}A], real-time rating
of sleepiness ¢} retrospective rating of sleepiness =
=439S . Real-time rating of sleepiness o] tall, Sleep 9
main effect 7} #g A#E HAS (p-value < 0.0001).
AP RA A} Sleepyy LE 9 real-time rating of sleepiness 3
7+ (SD) Fkel 3.66 (0.87) o= 4r <k FH FFo
<AeF o™ | Sleepys LF2 Har (D) 91 1.84 (0.72)=  ‘2:
o7 ZHAT FFo] -39S, Retrospective rating of
sleepiness ¢ A5, A 3 T 3 WAL AR
(Retro_1)9l A= Sleep 9] main effect 7} 93 A5 HloH
(p-value = 0.0004), Sleepxo & H# (SD) ato] 3.84 (0.85)°0. %
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‘4: k7

1

by

1:1/])
=

N
2

ol 4391, Sleepws & retrospective
rating of sleepiness ¥ + (SD)&= 2.00 (0.84)°o =2 ‘2: <k7h
740 e 238, 7 HA T (Retro_2)ol A= Age,
Sleep, 18] 3L Course 9 main effect 7} #9332 (22 p-value
= 0.00232, 0.0002, and 0.0424). AF$-#A A¥, Age o A9
Agevoug ] retrospective rating of sleepiness ¥ + (SD)+ 3.44
(1.32), Ageop = 2.59 (1.27)992. Sleep o 7%, SleepNO 9
retrospective rating of sleepiness H+ (SD)+= 4.03 (0.90),
Sleepyss = 2.00 (0.88)%1%. Course 9 79, Coursesmuar <
retrospective rating of sleepiness H# (SD)&= 3.19(1.35),
Courseqme © 2.84 (1.35)%&. Al A 3+ (Retro_3)dl A&
Age ¢} Sleep ] main effect 7} 93t S (22 p-value = 0.0458
and <0.0001). AFFEA A3, Age o AT, Ageve 9
retrospective rating of sleepiness H+ (SD)< 3.38 (1.39),
Ageop & 2.44 (1.22) ©°]dg. Sleep 9 AH$, Sleepno 9
retrospective rating of sleepiness H+ (SD)= 3.94 (1.05),
Sleepyrs = 1.88 (0.75)°]%0 5. Real-time rating of sleepiness

¢} retrospective rating of sleepiness ¢ Bivariate correlation

o] Az, R=0.829 02 1% & FAAAS B

oo
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™Y ZF £7t0 A 2| PERCLOSE H| 1t
0.3
80— AgeOLD —©—AgeYOUNG
02 F
(NH]
8
o 01 f —
[a'4
(NH]
o Ve
+
0
xS =gt 2
-0.1
T2 Hg, 52, & 7+

(L9 2-1-4) A= ZF F-7bell A ©] PERCLOS H] 1L

4) A3EH B A&

e ARl Wl HFH o= PERCLOS 7F 4 W AXE =4S
TP A4S 9lEl, Course & A8t 7F FH1te] L &%y 9%
9] PERCLOS (Eye_Section; within-subjects factors; 6 types -
PER_1_R, PER_1_L, PER_2_R, PER_2_L, PER_3_R, PER 3L) &
effect & 845 F7}sFe] 3-Way ANOVA (Sleep: within-subjects

factor, Age: between-subjects factors, and Eye-Section:
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within-subjects factor)E A}&3F A}, Age 9} Eye_Section 2]
main effect 7} 93948 (22 p-value = 0.0487 and 0.0121).
Age & AFZE2 A3} Agegp 2] PERCLOS H+(SD)o] 0.113 (0.169)

o] AL AgevomcE 0.0364 (0.0864)010S. F&q HS Fgslo],
E2Fg Al agze] Feo] KN PERCLOS 7 &S Edl,
pEA7} B How o FR2IS ¢ 7vtu B £ S
Eye-Section ¢ AFSEA] ZAx F OF o7 oy on,
A 1]+ PER_1R, PER_2 R, PER 3 R, and PER_3 L o] %3}3aL,
B 13 olli= PER_2_L and PER_1_L ¢] &3l9e. o5 &3, L%

wol WREst 9% wol e JRHoR ke AL ¢ 5
25
b

Speed N4, ATEEE 60kn/h 2 AN FFANA S0 W3}
e, HE wstFel Aok QAo dal RASAL.

Hd 422 SD kel Coursecre & Wi7F Coursesmagr ®l HlE oF
EN
h

FAERAN F o oEe taskteE RS AZFE F S, A
HA 7ol A, Speed_1 ol thaiA = ol gk

AT, Speed_1 9] SDell thHal, Sleepwo® 74-F Sleepys Xt
frejgk A= oF 0.6 =2 @S BEd, ole 74 it

AQE ol o U FFASE 2wzd task 7t o oj@hE
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A & T A5, 7 1A F3rol A, Speed_2 o thafjA = ojw &

A= HolA  &SkAIRE, Speed 2 °] SD o tha,
Coursecrs & 739~ Coursesmuar BoF F93F AHR=E °F 0.5 &
e EBAS. o we HaEwY Ao mrpAE,

Aueeng Sz S 24 49 o odvt AL

O A{2| PERCLOSE H|

IR - X L=
+9EZ r oYUT k&

r
nE
K
-
N

0.3

PERCLOSE
o o
o —_ no

-0.1
E2o Mg S ' 7

(¥ 2-1-5) = ¥ 7 3ol A9 PERCLOS H]iL

® Jheel angle deviation©] tallA =, FAZZA Age 9 main

Tl Adslel,

o

effect Tro] EAIA . °& T, =

Gol7b wess AAERdAnt FAEZAA W5 A
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ZFo] oetta B 4 3. A9 Age I 7+ wheel angle

deviation Ze =7} wj$- How K TlE RE Eo] 9 dA

2o AxE B AL Hol, wheel angle deviation &
THEeY o], =2 @ JIgs wA Zeva B 5
A, AAZ, 224 YA FY3EE 519la, JAFHAES

Ak Astz, 49 A6 BE xtolzh glrka A7,

Subjective rating ¢ 7%, Real-time rating of sleepiness A

[«

-

Sleepyo & ‘41 o EH TS, Sleepus © 20 2F7E
A S B2, Retrospective rating of sleepiness ¢ Z+
Al 3R] gk= Sleepwo &= 49, Sleepws © 29 A3 @S
HAls. ol& &3 wE e AgelAe 4

A Hol S Tl FHANE M e AL A58 &

Al ok7kel RS-

98, Retrospective rating of sleepiness ¢ 2 Wx 7F
(Retro_2) & Zt AA/34 =g9] 714 F3F o2, Sleep ¥
olye} Age ¢ Course ¢ main effect & #9389 2. Ageon 9
7397} Ageyoug .U} retrospective rating of sleepiness ©] H+t
°F 0.85 A% E2 #S HAS. ole @A A5 AEHIH
A A 228 @ =7t (Lowdena, Anund, Kecklund, Peters,

& A" kerstedt, 2009) o <A< FAkg A=, T
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A EYE Subjective rating H| 11

inan

—@—AgeOLD —©—AgeYOUNG

=
40
M
o
o

5-scale KSS

Real-time Retro_1 Retro 2 Retro_3
Real-timel} 77+ Retrospective rating

(727 2-1-6) A H*H subjective rating H] 1.

7} %YW (Age, Sleep, Course)®t Z74¥ dlo]ElE (PERCLOS,
speed, SD of speed, WAD, SD of WAD)S AF&3}o] Retrospective
Rating of sleepiness 9} real-time rating of sleepiness ©f o3l
A4, A8 polynomial regression A& A4S (N=2).
Gender & male = 1 and female = 2, Sleep state = Sleepy = 1
and Sleepyes = 2, Z128] 3L Course += Coursecre = 1 and Cour sesmarur
=22 39 U5,

M2 Retrospective rating & A%, HAS Regression 2

R, =086 =2, 86%°] AW=ES L.
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Retrospective Rating of Sleepiness
= 56.425 — 304.165 = (Gender) + 1.0430
* (Driving Experience) + 5.762 = (Age)
— 18.0733 * (Sleep State) + 0.252 * (Course)
— 0.00573 = (Speed) + 1.282 * (SD_Speed)
—5.0900 * (SD_WAD) — 0.225 * (PERCLOS)
— 2.178 * (SD_PERCLOS) + 0.187
* (Driving Exp. —10.375)
* (Driving Exp. —10.375)

(2243 26 70, 3243 1970, 423 570, 2gla 533 17E

)

AHHE regression & Z7F Alta] & A, 1@ 1A
Ri;; =090 &% 90%°] Awes B, e 49 Ry, =
073 o2 73%°] AHHS HAlsE.
Retrospective Rating of Sleepiness from Old drivers
= 0.0108 — 0.0120 * (Driving Exp) — 0.870
* (Sleep State) + 0.0828 * (Speed) — 0.413

% (SD_Speed) — 8.640 * (PERCLOS_R)
+ 5.435 * (PERCLOS_L)

(223 100, 3248 570, 22l 428 170E A=)
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Retrospective Rating of Sleepiness from Young drivers
= 6.958 — 0.143 * (Driving Exp) — 2.0625
* (Sleep State)

(F7F & gl
Real-time rating for sleepinesse] tWall, #Ae dAHE=
regression & ARSI RS, A AR B, Ri,; =087 &
2 87T%4 HAw=ES HS.

Real — time Rating of Sleepiness

= 22.0584 — 235.146 * (Gender) + 0.777
* (Driving Experience) + 4.470 * (Age)
— 2.706 = (Sleep State) + 5.378 = (Course)
—9.829 x (PERCLOS) + 0.138
* (Driving Exp. —10.375)
* (Driving Exp. —10.375)

(223 1370, 3A& 970, 2ela 4 243 2 7= AEf)

AFERE regression = 27 ALt B Ay, aE A
Ri, =098 0= 98%e] AW=g ww, e 4R RE, =

0.9999 ©. & 99.99%°] AHEH S B,

Real — time Rating of Sleepiness from Old drivers
= 4.471 — 0.0386 * (Driving Exp) — 1.139
* (Sleep State) + 0.0275 = (Speed) — 0.524
* (SD_Speed) — 8.668 * (PERCLOS_R)
+ 1.987 * (PERCLOS_L)

(223 1070, 328 570, 28]al 4 213 171 )
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Real — time Rating of Sleepiness from Young drivers
= —143.633 + 16.337 * (Driving Exp)
+ 15.598 = (Sleep State) — 21.729 = (Course)
+ 1.243 = (Speed) + 16.124 * (SD_Speed)
— 3029.44 « (WAD) + 1487.209 * (SD_WAD)
+ 136.099 * (PERCLOS_R)

rr

22k 1470, 334% 7, 2ea 4343 1A= A

Regression A3}, retrospective rating of sleepiness H.t} real-

time rating of sleepiness ] regression©] AA|, A=Y 4

E5 Ay Eo] =9k8 . A%k retrospective rating & A= 7Z+
TAA A, T, 28 29 Al - #He BT ARES

a7

9 real-time rating & AT 4 77 AAY T

st gk StUE AFESISl7] wliel, ©@<ed|  retrospective

oW el o FEshriu

of

rating ¢} real-time rating

9SG FE 9SS, F N 49 BT dude] s
=

54 (B, del, A9, A7)t JhletE ARE-E PERCLOS,
il 2He] performance b2 7HA L% FE3] A E&
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(a) &t =2 9 44 (b) 21743 Rt AR £33 74 4%

(19 2-1-8) FHAY AFE oA FW
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o,

@ FAS anel FPOE, MT B/ EHA
o

(FE2-1-5) A=y & 18 78 AR AR

42 | 94 |Am =zl | 94 | 94 |[da
A A
&%) | HR) | FF 3 &) | THR) |FTF
1 217 -462 1 11 -169 -258 1
2 -69 132 2 ° 12 200 -268 1
3 175 -470 1 13 -66 153 1
4 175 -471 2 ! 14 209 -466 2
5 233 -136 1 8 | 15 374 30 1
6 -69 132 2 16 -203 -295 2
7 257 -443 1 ’ 17 183 -232 2
8 301 =78 2 18 12 237 2
9 273 -421 1 10 | 19 271 424 1
10 256 -326 2 20 301 -78 2
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a-3-1. EEG

dlelH =
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=
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Beta ¥} (13-30Hz)2] H]

ahol A}

of

3

,AO
3o

!
T
il

4
-

el
A

)

Tk (12.73

|

B2 500ms 7S 20ms A %A W

=

72



0z
A
.

(29 2-1-16) 147 A4 W3l 25 w2 EEG HElg)

HEF 39)= 10 * log(PSDperq) = AlAFSFAL trial®® baseline
(AHd A d 22 Do) ks A ghellA wi=
baseline correctiong ¥ %, 1% A H4 s ¢

g AR mol=7F el AE 01, 02, F4, T6
Ags Al gt

AR A 12 % 0 5% G2del diske]  frontal

dofol Ao e FAE AL B 5 AS

T3 F SAHE d=F FA2 FaceReader 2.0.62 o] &35}
70 A E] (neutral, happy, sad, angry, surprised,

scared, disgusted) & A#3}E . o] = neutral 2 A3+
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67) 7ol gt wole 7t ARS8 .

Happy

Sad anger disgust
Angry o ol rone wnsing
Surprised PRBn ]
Scared S

Disgusted

baseline corrected emotion score

subject 7

o
@
|

o

% ’—'\/\“ /
2 3 4 5 6
time (sec)

(1% 2-1-17) = 3EA dlo|H 9] Event-related 24 3%

e
o
@

o

1 |
-1 o 1

S

o

Lo
N

- 3070 Ak A 2% HHEH 4z F 7HA 9 F3HE epochingdh
%, face modelingo] A=|3F dlo]E]2] H]&o] 50% oA (>32
samples) 1 epoch& #l| 78t

- 9 #24 dolHE EEGEA A Bol AMgEE EAWHY
Event-Related Potential(ERP) &A1WH 3} fFAFSIA 3 4.

Baseline (Ab A & 2z 3] Hdgks A gholA

o

wli= baseline correctionS 33 A3}, A7 o]F 6%

T A angry, disgusted ko] 71+
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emoiton score
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(s3]

(29 2-1-18) AH AE d= %4 W3} paired t-test 2 7}

st o] ugAte] 2971 A=9] FAEA A3} Happy (p<0.01),
Angry (p<0.05), Disgusted (p<0.1)7} AR A 2x%F-Fto|

ME olE F o6xTaelM fovd Fse Aol

i

Eb. whH Surprised (p<0.05) & Fon|dk a3 Atol

kg

Eb. Sad (p=0.8964) Scared (p=0.7379) emotion® 7%
owmgt o7k YEYA @S, Happy®  rolw|
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a-3-3. HRZ} EDA
- T FFY Aol 7IFg Global times 7| o®E E4
Aol HR¥F EDA ©llo]Elet Ak A AR 57]3F $8
- @A HR¥} EDA A% B4 My F
- A5 HR o]9]o] BVP (sampling rate: 64Hz) A& T3 g

Al sted ol v AR Al AbSE & o

A

- A4 AR A 2 2ARE SE AEA A= dHel® T

b. =tol] AlEdolE A3 % 24 A
- AR AR 912 ARE o]&ste] Ak EA AXE
718kl FAFY AP 22 WMo A S EAs
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o] A& on st (Anstey et al., 2005), 1% HRE9 <Az
URSHA A#E o] A5,

o] Ao A Al FoEE T3 2 vEHH AHLES 5T

gt Bastia S (Owsley et al., 1991; Ball and Owsley,

1993; Owsley et al., 1998; Sims et al., 2000; Rubin et al., 2007).

53, dAed Aduwre dwzom Jgded dad A" Fo,

g A F3% W Bed

Seg fAse A% T B W PR age od s
al

=
%S (Anstey et al.,

3 EaF o), dA A oA

AAoA iy A sl A A8t

2005)

Folgo] m&Hor HEH= A7 HAE FoY WSl st=d
(Anstey et al., 2005), %¥teF Fol=o] g&Ho=2 HEHA &Ze
1 (5o WHe)E Hlod Alopell el w3 A4 HHIE Us
B, 47 F8 s9o] "HolH (Goode et al., 1998). i1
FAAEL 53U FoY WHerF F2 AR WAoo ol ¥
A=Y AstE 2 7 TH 3 4

Ag71e 719 Fgrel fFAstaL sAll WEsta Ad Qe
Arol F& 49l (Baddeley, 1974). wmdloll whebr 2H¢] 7] &3o]
sk Aol uvebwEdl (Salthouse, 1994), AAl &% 4ol
g wie= A9 719 &%Fo] SuEojoryt = AS  getstal
o] o] Fes oFata 2B S Hele A ZEAEE] uigtAEH
Z+=38t 4= 9l& . (Johannsdottir & Herdman, 2010).
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g7l A 1 Az B AgEE Jd5e 9y, Fa

2 Wglete #d4S 1y, o]F9
FEg dSste FH AN T A Asgste Aol
A A Fagt. webd FAr] 1gd A WA AAE
ahHow QlEsta A7l Ao BEEN TF Asor sk
SEol BFHY (Bellet et al., 1999). x=3t= 27]eldlA 9
AsAR1 Wk S5 "Wojmy W ool v 719 & WA
A S et S dojmen wid A A=Ay &% wgh
A 8kA1 7
AEEAAE A A vE, 9 A AbaLEvhE B Apa
A#E Atk fFonEiAl o gBks. SRE A3 FHola oy
BEE FAC EAste], tE Ao FAAS A 2 2L
AAAA fFrIHez dgotetes Tl AstEHUY] wEd. AA
AR AbaLES 53] watmeA el 31 Aol Bl ape} v ulste]
-

= vERE. wAE Aba A 6
804 o]/l HAfeA F owl 7} =
Ao ofal] Arazh ol W&ol E9ks (Langford and Koppel,
2006). =43} wl=o M H3d (MrE 3| HAS L) FFe 1y
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B. ARHEAF L ARHAR

e

APAE 4D 647 oldel FH oRel gF ol¥ol Hd Ahd
212 Fastolopyt AQel AT 5 A%, EH Fok wH A
0.5 o1 (2% REF $AWS A F)e] FEsholopur 3
AEHolE Fael A £1 T e Ei wslel Bdy ow
27l W Wk AR AAL, AE uEg Az AL B TlelE A
SN AAE oF 4087 AR S

a8E A FEe oW A 7F 700ms
2-7s Apole] Qleje] Alzte] ARz
Lo Aol AAHE FA] SPACE S FEE FHAoiH, o
3w F 5038 AAHAE., WS Hx ¢ 10%9] Ht kel

G A Frolu Al @A YElE Aoz deA glS (Philip et
al, 1999).

shubell Qle]= A Al (Stone, 1960). #A=o] YERGE dl 91X

A B B TholEr 4 Zﬂf\lﬂl, Aol AAHE =3
AAl diFsts HeEs TEE AAY. Fde dds Tlse=
o, X, 7 A= Al 44 siEE . oF

53k & 803 WA,

21¢) 719 S S e 719 Al B N-back FAI7E AHEE S
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(Kane et al, 2007). N-back Z}A] (N = 2)+= x4 o2 194 6714 9]
A7 AAE o, dA AAE A= 2 GA Hde AHeo] e

A A4S CSPAE WES FEE AQ). wel mMES FEx
UAG AR wEE A, N EAZL A HEA ssuel
Jerdan oA e ok 8B & 1008)e] AFo] YEm, 4Fe

RbS Bpel wolmE fAEhy] fle) oldel dejm A9 TdE
A7 ZE 2@ Az A A8 5.

o
>

7H8 AN BAAL THE A AAe A 9l 1A e, 2
9 (divided attention), ¥ F9° (selective attention)&
SAskE Al dA= oA Qe (Ball & Owsley, 1993). ©
HAES Sl FHA okl #HS AZF B AAEHE Ao Oig

o

E ARANE WhAEO EHg FIHU FAG SAAG HE
RATA S FFS HAY dolwE 2AFoRA B4R FA F

4 Bah JEE 2t
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TAY AR BAY ¢ QRS s s s de
HHe& wheoluls bl flelA Zelels WA g shy] flsiA 719
A7 A& o) W Al E Rddstel A7 AEE Abgete] ASE
AAEL E4 SHE A B ojAFAE kel
A7 AFoRA AV wE5d 24 HdE Ad el
AAS=E, 1HE 974X AR o]FolA glE. FE ARl ER
FHI olAIAE AlFEY] el Ex ASA xAE ATHAE
AAAR F, FAR ZA7F AAE = obwe] 5 Aol YERd
°of ®AE th wehAl grems FrpabEe £4 SHE we.
oHE RAZE AAE AR o 2E 1000 ms ool ra)Eojof &t
SHE Al Holok shm Aol S S, SHElor shAw
SHE £ ¥ Aedde nEes sHsoRA AR =g
Al &3k =

ojatzhAle] wholle= B A xAE Tk AT S &
AgelMe B3R A7 de 23, s BR AT e 23,
aga Al 7R 2R A e 2, F 3 e 2150
S, shubel Ha Abeh Al hAe] Ex mAPE Sle 23 EF
A3 ArkAEe] gwdor e Hx AS A e TUF. A
7HA gl ol A e AT FE w9 A=
A WA Skl ke ATpAEelA FelA= ojxbuAl 9
=AE e W A 7kl HA S-S
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e A A FE, =oF F %5 (saccade) o5,



M A zAb ot eAAe] AXH s we Aol Ut
SN w e g, wof T 2% WE, %o 4T £F U

(saccade amplitude), ZLAA] W& (fixation rate), T3 ILAHA

€] (overall fixation vector)7} A< .
T 2wl Mg w9 AIZH(1x) 9w Zudle] wAg 4=
o, = Zud HES HANA FaA FA} A H7
HAE FdtEE ey 1 A ForEA SUkske o R
veld (Tsai, Viirre, Strychacz, Chase, & Jung, 2007).

EoF Qb % HlEL w9 AH(1x) 9 E=oF o s wASH
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B-1. Test-Retest A%
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sessionl Al drbt} FAHE AE HAw. 2 SAX A dERE
test-retest’d ¥ #h E 2-1-6°] YEIY A,

(3% 2-1-6) =3 A 3L} Test-Retest 3 7|

Test-Retest FroE
A (p—value)

b 0.73 0.025
G A7 0.76 0.016
ZhEH g A7 0.92 0.001
HEEE NE 0.67 0.049
AEFA A7 0.38 0.325
Als7dA AR 0.79 0.014
Als7dA W= 0.45 0.218
RS 0.51 0.164
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Test family Statistical test
F tests > Linear multiple regression: Fixed model, R? deviation from zero >
Type of power analysis
A priori: Compute required sample size — given o, power, and effect size >~
Input Parameters Qutput Parameters
Determine = Effect size 2 0.15 Noncentrality parameter A 24.9000000
o err prob 0.05 Critical F 1.9403478
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- £ 435 (SD: Speeding Driving) A3 o=
9SD = 0.724 + (0.095 X AP) + (0.294 x BS) + (0.024 x IAX)
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[RIR]IRIRIIRIR] MRERERN
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IRIRIIRIRIIRIR] BRERERE

RGBE-IR Format Bayer Format

(7% 2-1-41) 2MP CMOS OV2710 USB Webcam(=}) 2}

See3CAM_CU40 Camera(-3-)
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SRR A WU 2oy AL el ofg 193 2ol
deolgf Al A4 zzas, doledl Wk x=Is) Jeja S
9 H@yl TR =5 Tensorflow high-level API 2 OpenCV
714t OpenSources W3l 733l &
Dataset Generation Program Train & Evaluation
Program
Camera Dataset
Train Module

Module Generator Image Dataset

@ Evaluation
Module
Dataset Translation Program

- ~ —

TF-Record o Model
Builder I'F-Record Checkpoint
. —

¢

Driver Status Monitoring Program

Inference Driver Status
Module Detection

(L9 2-1-42) AA 2=
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S
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oX,
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=
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)
2l

S APt Aad

Dataset Generation Program

Camera LN Camera N Image Face Detector Face Detector
Module Configuration Retrieval Load Checkpoint

! ¥
Face .
Reference Cnrrelut!on Fl.ll.‘l:‘
. Calculation Detection
Setting
T
e —

Image Saver [—»|

Image Dataset

. —

(1% 2-1-43) Hlo|H Al A T2 x5k
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AR AH 2UEHY =zl g% 9 HAE:E Tensorflow
High-Level API 7]%¥F2] OpenSource® 3 E A 2™ Tensorflow
High-Level API: dHlo]E| Al © & TF-Record 1S A dg

&, dHolHA A4 ZzaHoz A4 = dgolgAl

dlo

ol W] X &S TF-Record £l o2 Wy A7} gl
dolef Al Mg gL ohg3t 2

- glolHA ojujx] BAE A

o

- olmA 2E 2 ojux] ZzA

- TF-Record EHl9] ojm|x] W3 = A=

Dataset Translation Program

Image Files
Image Dataset Find —» Image Process
‘ Image
Convert to
Example

TF-Record _
Writer TF-Record

(¥ 2-1-44) HlolHAl W§ TR 2%

deolg Al Wy xmagiel ojujx] ZAd(dAd)L gd

oM AZEH the] st HolHE e A<
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AR AE BUEY Zz o] (N 2L Tensorflow High-
Level APIZE 7]¥Fe] OpenSource® &5 % H717 3=, CNN
2 Y2 Googled] MobileNetE A3} S

el shy 9 Jrh AL e 2

fsi3
of

ojy

2wl
TF-Record=#-E] gt o|nA] Holy ==
- oluA] dlelE HA g
st 2d 38 9 HHg)
- 2do] sk vhEeE A%

- TF-RecordZ%-¥ H7} o]u|X] dlo]E ==

|
\

P7} oM AZRE Bd FE R FHE AL

Train & Evaluation Program

Deployment Model — — ]
Conﬁguralian}—‘ Deployment Dataset Load ‘—Emagu DH‘W

Image
Preprocessing

' .

Inference

~— i
'H..\_\_‘___'_,_,/
Optimizer Model #  Eval
Checkpoint
— R
(L9 2-1-45) &4 Sb5 9l FrF ZROd pRE
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LA A 2UEY Zzade JMgeiy FE3 &
B Convolutional Neural Network (CNN) E&& &

NS FESH, FHEAWIS AAE BAS F

|

Lo
bl
(it
b

e,
1)
i)
=)
a
it
(r

)
b
i)
=

- ZhelE A B A oA &
il il

Driver Status Monitoring Program

Camera LI Camera Checkpoint -
Module [ | Configuration Load Checkpoint
Image
e A\ FENCe
Retrieval Inference

:

Driver Status Display
Detection
—--___.-—""“_

(CL9 2-1-46) = AAF AH] EUEE T2 F2%
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Driver Status

Moaltorin Camera Checkpoint Inference Image Driver Status Display
itoring Configuration Load Retrieval Detection isplay
Program
| oo contucon
} Chackpoint, Lowd  lenmoc )
resore{ leoame )
mierenct (s ) : |
e (y i
: e !
1 T 1
ofinas. resl H i
Cale Raio{ sotna reset) : !
: !
H o g
i 0 1]
DSMP: DSMP: DSMP: DSMP: DSMP: DSMP: DSMP:
. _ Image Driver Status SMP: SMP 2
Main Video Capture 2 Inference y Display Display
Retrieval Detection

(29 2-1-47) =4
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o 99
Rl
53

o ==

)
a3 HAEs AEERE Ve/de A, 8

12 z2aRe 7P HAE5 2 H2EE 95te] AQutE A7)
AA TR HAEE 22 TR adursS gigdow

At =
Jetson TX2 HXE=

T g 717l A FdElen, AlE 4, A 77 A
2 sheleh AL S ohdsh 2
(% 2-1-19) A1 717] AR
71717 i H| 1L
Ubuntu 16.04 7|4t Desktop ey s
- CPU: Intel 17-6700
2 294
Desktop | — RAM: 32GB N
NE
- GPU: NVIDIA GTX 1080 x 2, NVIDA Pascal, Hl~ES
2560 CUDA Cores Desktop
Ubuntu 16.04 7]¥F Laptop
- CPU: Intel i7-6700HQ At
Laptop - RAM: 8GB E‘”iE%
- GPU: NVIDIA GTX 960M, NVIDIA Maxwell, Laptop
640 CUDA Cores
Ubuntu 16.04 7|4t Embedded Board 218 2}
- CPU: HMP Dual Denver 2/2 MB L2 + Quad
Jetson H~ES
ARM® A57/2 MB L2
TX2 _ RAM: SGB Embedded
- GPU: NVIDIA Pascal™, 256 CUDA Cores Board
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(3% 2-1-20) A1'E Zhellel AR

717178 2MP CMOS 0V2710 USB Webcam See3CAM_CU40
A Z A} ELP e—con Systems

1920 x 1080, 1280 x 1024 640 x 480

13 e 1280 x 720, 1024 x 768 1280 x 720
2 4)) 800 x 600, 640 x 480 1920 x 1080
352 x 288,320 x 240 2688 x 1520

Eshes

RGB(%1), IR(eFZH) RGB-IR(5*, ©F%hH)

SAA A 2UEE 2o AFRE Convolutional Neural
Network (CNN) E o] g5 Ao oz FHE3 on|R &

Agsgor, % dolds WAR H¥Y 2 AWAA
‘?_

H2E dolg g ofeje} o] THaAS

gt 9 A9 dlelH

- AP 9 AFA HlolH S Wi 47 48 F sHo=
_?L/\-]

- 284 & dglolE olu]x|: 1000071

- AFA H2E "olg oluA: 10007}

- A H2=E delg elnA: 2771770
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Neural Network(CNN)
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(3% 2-1-22) A1g 71719l wh& A Al v

71719 Image Read(s) Inference(s) Total(s)

Desktop 0.026 0.045 0.071

Laptop 0.014 0.054 0.068
Jetson TX2 0.093 0.133 0.226

(3% 2-1-23) Jetson TX2 7|= 7} BES] A A7t vl

2EY AZAIZE (s)
ImageRead 0.093
Inference 0.133

Driver Status Detection 0.001
ImageShow 0.008
Total 0.235
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wheel ),

£ dd(steering

s A

o
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X
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dol3 #Hd(brake pedal)S
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¥ 2 (accelerating pedal),

B!

H
rvze)

X
!

oh

o
q

aw.mo

il
Ho
o

!
o

Ho
o

</
o

—_

o)

il

=
=

dynamics)

A K (vehicle
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(driver behavior) ¢
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(driver identification)
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Faldre] #4e Aak doly T A% % F3 e A
S x=te] $H A A MH(maneuver information), =FHe =H

A H (measurement  information), % A3 AHM (traffic

O

information) So& Y& F UL, A FF AR, o

WE A% AnE THaE Az A4 R

- ed R2% AR 2%, 23 45E, % AT GEA,
zo), BAol AT FHAA, 2o, FY FE 04 AF

EF, ~2%5 WY X (throttle position sensor), WHZ7]

AA, BF AN He FH, stol¥ s FH =

- A 24 A AY G2, AW(RE) FE9 E3, 35

Z+%=(roll, pitch, vaw), 3% 7[%%=(x, vy, z), GPS HH,
TCS(Traction Control System), ABS(Anti-lock brake system)
e o, AR AHlE, dEHY AR/ At 2=/
== (state of charge) &

- A AR AR ddAL/ AdEs/ A9, A4
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o]et AKX (Lane Departure Warning System), X} 3} Elo]o] 7+

AY, A FH T 4B 5

A7) Az dolEE 6719 ©lolE AlE(dataset)®  TAE o]

9, A %2 22 (maneuver recognition)e] HA Q3 A
Z23 2 54 AR Fa o] gk 6719 A dlo]H
HE H EAL ol Fof 2

T Al A2 A3 B C1 C2
A% L E = A AR
SR 9
0 0 0 X X X
(F-79))
GAS pedal
peda X X ACAN)  ACAN)  ACAN)  A(CAN)
pressure
Brak dal
raxe peda 0 0 0 0 ACAN)  A(CAN)
pressure
Steering wheel 0 0 0 0 0
angle
Vehicle speed 0 0 0 0 0 0
sraxis. 0 0 0 0 0 0
acceleration
3-axis rate of A A A 0 0 0
turn
GPS 41 0 0 0 0 0 0
Fuel X 0 0 0 0

Consumpt ion
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Vehice speed (CAN-bus)

T Wy o
o o = X
&O ZT o]-w Of
_ ol woB g
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4) &7 5 dolE A

o dlojE HA HAH
detection), A7+ &

A 7 (denoising) SO &2

- oy o AELe
o it A

oV HRE WET

dlol¥] oA ZFZE(data abnormality
713} (time  synchronization), =°]=
o] Fol 4.

54 AA el HBAHoR EAY
CANH ~9o] v &3 Hlal-EA sk
5o weEld= A-FH G AHE

— CAN-bus.
=y

L .
3 35 4 45
Time [Min]

(29 2-1-56) CAN ¥ dlo]g 9] Y38l o7 A&
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Veahicle speed from CAN-bus and IMU

120

100 V
‘

80

G0

km/h

40
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32 33 3

35
Time [Min]

(719 2-1-57) CAN W2~ tlolEle] HlolE] 35 of A%

Velocity from IMU

130

2o

100

a0

L '
200 400 600 200 1000

(1% 2-1-58) CAN H = Hlo]H 9] Eg|A Als o7 HE
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o] = A A= FWHT (Fast Discrete Walsh-Hadamard

Transform)& o] &3} F3+ A9 (frequency-domain)ol A

Al 713 AR ABEY #o]E(sampling rate)’} ©E

S s 2L A7F d9(time-domain)ol A AT E
al

2 AEE W2 AEW dolER Wk (resampling) 9O 2 A

NEE 5% A9 ETA s ARV & A= EYA

Als AHAHRE o] g3y 57 <A A (synchronization

mismatch)& B A3g.

22 AA #%

A4 22 AAE 0BDAA 9#EE+= Z%FZ(SWA; Steering Wheel

Angle) A& E Al83sto] A=,

237 AT 0 b B 4L JFoR s8] WaP

X2 A7k} RMS(Root Mean Square)®] FI7]E sl &

R
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FHSA,  zleo]), Helm #HYE

- 2d 2F 949 4 dolEEd watel AAD(tine-

series)oll tat FFT Al4¢ EAHE =31 optimum support

K
i)
ol
o
)
ofo
QL
2
oo

vectorE 27| 93 one-against-all &

el S 2ol wiste] 22k FFT &3kl A

i
i)
>
)
ot
o

o " A FZ W9 AES 8 /e FHrAE EFIE kW

(k-Nearest Neighbors algorithm) &3 7]

S

SVWM(Support Vector

Machine) #F7]o ofgk & x2S A2%
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o AR M BY s&7)e

o oaAe ANET BAHY 99 axslE e AdmA,

(1

T Ad AsARFEH FAS5¥ DVIDriver-Vehicle
Interaction, Abs2t-HdA} FE2-8) deoly 4, Valence-
Arousal A Edo 7]¥tst A2} EEG(ElectroEncephaloGram,
HAE) "oy A, Aeat vs AE dHelHE ol &3 54

ol

=

M
u

%, 7]A g5 (Machine Learning)ol 7]wkal &4} A A

S

&

7]t

1) A% =} DVI ©jo]g] & A

o A% AFA el FEAE UL A KANECH(Korea

Automotive TECHnology Institute, AF&AHE-EAT)olA 53

)

DVI(Driver-Vehicle Interaction) Hlo|EH|o]2~E 83
® DVI dlolgu]o]2= KATECHOIA 2010 9€ 7Bl 20141 3€7HA]
253 ] I AAAZS thae R 30,305kme] AEE FPS =5
T5e dolEuo]a® gz e (HS, ARh, & As

A (AR, AT, AEA AT BE(H,

A%, =%, = 5), A% FA wm =AY A
A/ gmEw), €1 9 wEA% ARES, 9 94 5)
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(3£ 2-1-31) DVI dHle]EH|o] 2 7 Q

x| 2z |ge= HAEZ (F) FPE 2 (km)
| 9 [20d |30 |40 (500 |24 | & =2 |[ARER (AUEE |27
12} | AUl A 2=~ 56 20 37 0 35 22 0 57 76 50 15 141
2zF | A A 2~ 69 20 | 0 0 9 11 0 20 76 50 15 141
32 | Al Al 2~ 76 33 25 34 0 0 24 58 76 50 15 141
4=+ 2AE 72 28 29 9 19 19 10 57 76 50 15 141
5z} | @l o] (EV) 88 20 21 10 12 12 7 41 0 38 15 53
6z} | @l o] (EV) 89 10 | 10 | 10 10 0 0 20 0 38 15 53
B 3 144 131 | 122 63 85 64 41 253 304 276 90 670
o = JAFoxe DVI dHelguel~e tE  Ad F EEG,
ECG(ElectroCardioGram, AHE), F&, Boladd, 7l&ud,
2FAE dHeolHE ARgst XA AA A 8AV|ES
b
(3£ 2-1-32) 42 A 48 DVI AHE
AEsg R a9 | AED TS5 Fa
EEG1 A7 #H5 v 250 Hz AbaL, 917
EEG2 e 250 Hz ARl R1%]
EEG3 = 25 i 250 Hz ki
EEG4 S5 -5 i 250 Hz % 7}
EEG5 FAA HAF i 250 Hz «5, 77
EEG6 FAA 5 v 250 Hz 5, A7
EEG7 e FHS v 250 Hz Az
EEG8 s v 250 Hz A2
ECG A& A 250 Hz okl
Accelerator pedal 7bE Hd gk % 100 Hz
Brake pedal Bola #HE Zo] | mm 100 Hz
Steering wheel Zz3% e 4= Deg 100 Hz
Speedomet er e S Km/h 100 Hz
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DRIVER EEG DRIVER ECG

1 s
[
s
0e
é o § [+
o
- Ca— - ™ - Ca— - "
VEHICLE SPEED ACCEL PEDAL
wr
— o
i
g of
§
' Ca— - "
BRAKE PEDAL
» =
W -
| -
il :
g :
£ wh
Y g
i E el
wr
of
' Ca— - ™ o Ca— - "

(3 2-1-33) =HdAF FA A& DVI AE 4] HeolH
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VI dlolejulo] 2 exAeh AER el FEAge] o3
Ss A4 delHE aa gou $xxe] A B

golse] FFHol UA F7] wiLel A 5 FA

X8 Q)& Valence-Arousal AA EdL 83

Valence®} Arousal® Z3$He 2a1d AA 2de FASY F

@el xgow B ANE FARGT BT 5 e

Active

[ ]
Excited

L ]
Happy

Negative Positive

Sad Content
L ] ]

Depressed Calm
® [ ]

Passive

(223 2-1-59) Valence-Arousal 4] &2l
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o L Aol DVI dlojEHlol 2o v Y T 8 AL EEG
H

do]E & AF-&3}o] Valence-Arousal Al Rd=

(¥ 2-1-34) DVI dlo]E]H|o] ~ EEG 8AY =74

Ay | AX 9A |10/20 AFAN 28 s AA 7

EEGL | A7 &= F3 4

EEG2 | A% ¢ F4

EEG3 |54 &= 13 ‘

EEG | S5 ¢ T4 e .m 1, ~
EEGS | FAHS A5 C3 LI.‘”.'c . “ . .m':ll
EEG6 | FAY % c4 ,,

EEG7 |79 F5 01 YO

EEG8 | &% 5 02 :

® DVI wojEfrlel=e] 8 Ade] EEG dHlolH F ARaeh <1X|d
sk AR 25 BEGL Ad AFd $5 BEG2 Al

tlo] e & FFT(Fast Fourier Transform)& ©]&3}e] Fu}4 W 3ls}
o nstd 7+ AEe Fy AES P9E(§)3(0~4 Hz),
AEH(©)3H(4~8 Hz), &3H( )3 (8~13 Hz), HIEH(B)TF(13~30 Hz),
ek )3H(30 Hz o) 57 F34 uled @& PSD(Power

Spectral Density, 3¢ ~HEZ AE)E AA3
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(¥ 2-1-35) EEG 7% F3 tje 8 A4 54
Add [ F3% o9 53
Qe )T} 0~4 Hz FHg, U A BAE= oo
A e o)} 4~8 Hz Z53, ol wAE weo] vy}
4o (a)s| 8-13 Mz P, AA b A w5}
WEH(B)Y |  13~30 Hz ~EY 2T, Bob/0A A ¥
k(5 )3k 30 Bz o1 Swo A4/EE A ¥
AF4 #S5 EEGL AEd AFE 5 EEG2 A€
I (a)IH(8~13 Hz), WIEH(B)I(13~30 Hz)E A+fsst <
Valence®} Arousal 3hS AAHSH
EEG29] ¢33l EEG12 ¢ol 4
Valence = —
EEG2 9] ¥E}l3l EEG2<] HEFZ!
EEG19] ¥JE} g+ EEG2 2] HEFF
Arousal =
EEG19] &3l 3l+ EEG2 2] ¢} 7t
DVI dlolguo]~9] 5~62F g F3 Ao FHE5F 6179
=32 dHeoly F Al /= Q] dHolE e &Afo] EAyg
3ol A dolHE ALg 58Wel A EEG HlolHE
oz Arlel HAE F3I Valence-Arousal HA U=
W 33}

W3kal 42 Valence-Arousal AA EEAZS AE(EA, A,
AFHE 20, 300, 409, sS0tfolh)E ek 7 A
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1+ ¥ Valence-Arousal Al R4l FA3}

(3% 2-1-36) = A} 15 3 Valence-Arousal FA] & F7

25 Valence Arousal
mean std var mean std var
200 9= 0.027726 0.195188 0.038098 0.213290 0.123452 0.015240
308 2| -0.043491 0.165108 0.027261 0.203400 0.101902 0.010384
40 2A| -0.011617 0.167156 0.027941 0.245149 0.129948 0.016886
50t 2= 0.001023 0.133875 0.017923 0.246431 0.082602 0.006823
20 QA | -0.106912 0.311530 0.097051 0.173442 0.098701 0.009742
30t oA | -0.046709 0.263437 0.069399 0.200608 0.120035 0.014408
40t AR | -0.043502 0.247023 0.061021 0.211167 0.116239 0.013512
50t] o & | -0.017039 0.123948 0.015363 0.295043 0.178545 0.031878

o Hx AE(GA, oAb, AFE (200, 30tH, 40th, 50tHel )

+3stet 72 AR 1F M Valence-Arousal 8A Elo]

Adolst EAS JHde wt o]F 74 T5S Ed LA HA

Fekol] 1A 15 E Valence-Arousal FA] ZdS 283

3) AEA thE A dolE 54 3%

o I AFoxE DVI dolgluolxo thE AE F G, &=,

weolang, AEug, 23

£
e
=
o
iy
il
N
rJI.
o
fu
Ho
[
D)

A S 9% 54 (features) S FE3

® (G AY dolHE SAXZRE FHEHE= AA dolEz A
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AR AHAA BEAS Y ECG dlo]El 9 QRS complexelA] R
3 A (peaks) S x|t R =3 1+ 7+A<¢l R-R interval®] A4}

WHo]= (Heart Rate Variability, HRV)E 413}

BCG dHlolH el F&s AAS7] skl T4k ZE (Median

A4 QRS complex®  ©o]Fo]% ECG dHolHe R IAE
AE3s7] Hste] ®E2 ulH S E3Fe] RMSE(Root Mean Square

Error)7} #49 R JI2E AEsF o A& R JAE59] HA

F3h5 GeelAe] Au volng RS A M2 £

ECG 718k AWk Wolw= BE4S& &3
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(3% 2-1-37) ECG 7|¥F HRV #24] 2 =%

HRY 7|3 | HRV §3 | &9 23
SDNN msec |Standard deviation of all R-R intervals
. Standard deviation of the averages of R-R intervals in
SDANN msec P N
all 5-minute segments of the entire recording
p .. |The square root of the mean of the sum of the squares of
RUSSD MS€C |differences between adjacent R-R intervals
- Mean of the standard deviations of all R-R intervals for
SDNN1 msec o N
all 5-minute segments of the entire recording
Standard deviation of differences between adjacent R-R
ks SDSD MSEC lintervals
ﬁii NN Number of pairs of adjacent R-R intervals differing by
A Jmore than i ms in the entire recording
N NNi count divided by the total number of all R-R
pNNi % .
intervals
Total number of all R-R intervals divided by the height
TI of the histogram of all R-R intervals measured on a
discrete scale with bins of 7.8125 ms (1/128 seconds)
Baseline width of the minimum square difference
TINN msec [triangular interpolation of the highest peak of the
histogram of all R-R intervals
Total power 5 |The variance of R-R intervals over the temporal segment
p msec” [ = 0 4 jy)
VLF msec? |Power in VLF range (< 0.04 Hz)
b LF msec” |Power in LF range (0.04 ~ 0.15 Hz)
] ol
E A LF norm nu |[LF power in normalized units (LF/(total power-VLF)<100)
o HF msec? [Pover in HF range (0.15 ~ 0.4 Hz)
HF norm nu [HF power in normalized units HF/(total power VLF)x 100
LE/HF Ratio LF/HF

AgAeiE A5HE vgd ey AW F edde A,
woe weh z2AEE bedw, peolas

delHsl 4= dolHE ez £dx A4 AL 99

i)

E4s =3
DVI do]gHjo] A9 7&Hd, Byoladd HY  dHolgHE

AL ABAY £EE A Astel xR AR

A

=g dolH &

2
ol
(2
ox
th
rr
)
o2
<
X
()e‘lﬁ_l‘
i
o,
g
o
ES
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4) 717 85 7k AR AA E5

o iz AM w9 Sdx AdEs dd A AJEEA,
o1zb), A=E (20, 30tH, 40tH, 50tHeld) sk 2z At

=}
% H Valence-Arousal AAl Edo Iz ¥ A RS

E " Valence-Arousal A4 ®dol 71 ¥ 24y
3] Valence®} Arousalel] s <A F3-&

AAsta &d T A e 4RE SdE AEHE dole=l

=
k1
il
k!
&Y

0.33>Valence or 0.33<Valence, 0.66<Arousal), d¥F & A3+
=gy e B(Zd~ g o] E=0, -0.33<Valence<0.33,
0<Arousal<0.66) % 443}

® 7} A % ¥ Valence-Arousal FA EHo] 7jursk Zy s

AEE <5 bolgE AFE3Fe] DNN(Deep Neural Network, DNN)

o oAA AM BFRE 9% DN mPe 33 Sxow pi™
he] si= wlele], 47ie] &4 gele], el &¥ #oloj®

TSR ey oY doloje] wel  #FA$HS(activation

_?1_5
&
il

function)®+ ReLU(Rectified Linear Unit AFEE a1

¢ dololdl 9 BYFFEE sigoid FFE A

195



BA W Aex @ AE B

el

o

el

oy

oﬁ
B

—_—
o

o

of

)

e

X
oR

!

0

o
!
oR
o
=

Al

R

APE EA R OFE T

i

il

—

0
0SS

etz 7155
uf 1o}

vhele] o

i}

-

H

7131 NHTSAN A

<

Bl

o

olff®E  of7]aL

o] g 714 7hol=e}elS A A Bt

)

el

i

Jo

ov._

forg

fite)
N
H

196



5}

s}

.
T

3T
ar

o

&}l

°©

TAFE ol

Q

a

g]
Ast #E AFEA QAL

wrolof 7t}

)
=

as

)

A
O}O]: &

kel
el

AN S

k<]

ot
e
-

A
ol o

o
L2

wrolo} 7t}
5

A

ofel i

a 8.aofH

_(H
UFR.DAO.001

UFR.DAO.002
UFR.DAO.003
UFR.DAO.004
UFR.DAO.005

oA A ZHA s o] A stE

o

;OL
50

1

t}

Hlo
T

9, opzk A

Jo
KR

N

o?
5%

T
g

w

197



)

b AL A

] 3]

T W Jo N T T CRE
RB M N R o % =3
o K _ = I
- R A0 e =
o iy RS : 0 | w3
e N v TS| o R
i N o ﬂ.ﬂ OMU X Mru O.W
~ KO R ~ o)
bl m . X% ol ~ ol
—~ o) B ‘ml OW O#E ‘.WA [oned
i o ) ﬂtﬂ % o B
W b a7 = | AE
SO, K adl el o : " m.m
T . T s ol — Y ! N~
e | N oW e R | T S
et .Hl . ‘UI X LC E.t \UI - .
AT ﬂr %O _ A — < ﬂl
0 [nye) E.:l o o k) \I__/l —
—_ Yy i ~n B o =)
N o T i T X0 — X 0 o
N = ™ = = o =M ~X
e I IR g I A o
S| Ao T o o el Gy
Fl 2|, 7| 0@ fagy
B NI I I B e R T W | A S
SN LG N G G G
W W | Wl | R | | WP
BT | B X | R T R | oRopT | o o ofl o X
ao ‘mwo ‘mwo ‘mwo ao ao
B ™ ™ ™ ™ ™
o] N~ (e 0] (@] (@] —
o o o o — —
S S S S 9 9
O (@) (@) (@) (@) (@)
< < < < < <
e o o o = =
o o o o o o
w L L L L L
-) ) ) ) ) )

s Aol

ol
HH

p—

o
wjr

)
—_
o
of
o
ﬂ

o?
%
T
pig

S

)

el

ze)
il
)

—_
o

i
ToH

3

—_—
o

198



5}

ko)

9
y 8l

A=

< =717] ¥ &

o}o}

e

=

kel
el

b AL A
Fh,

KeN
=

y

-
Rs

9

]
Lo}o}
T 2] £

9
8l

)

3 A

olA= ol o

of i

sl
=
]
=

742 =

pui

UFR.DAO.012
UFR.DAO.013
v} %

)l
—_

o

=
=
B
Jo
L

N

o)
Plo

.Z.rl

3+
)

o,
P

kel
Rl

o

S}l

A AR 87

N

B
gl

S
BER

©

el Q14 5 A

d

S
Tl

[e)
E(:)]T':

QB ¢

=)

—

=71 ¢

o

X

=<
Th
o
N
3
o

AFEAE QAL oo o] EEE S
2-1-41) 31

3z
ar

(

UFR.DAO.014

UFR.DAO.015
UFR.DAO.016

199




Atk Aol g A e ool
UFR.DAO.017 | 1831 #k= Aol ovlE shgshal 7]9shs
TEo] wWojxXe AHell dFd ALE wopol
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UFR.DAO.018 | 2 &A= A =S olsfsted ¥ Fogd7
AAYE Fdam dve Al A ALdS
Rrofof gkt

UFR.DAC.019 | &A= a=F whe] =aluy ofilEe] os)A]
o A Fo7E BAtE v el Wi AdE
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o uHA} 5A BEd JAHAH A="E A dA w7
(Driver Manager), Q1@ A #]7] (Interaction Manager), 2}

&4 w97

(Vehicle

Environment

Manager ) 2]

37 AR
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}\]—‘él—«i :TL(S] g3 15_—4— ]\_. = © Tf%j_x]' J\’_]' 7]
< H o o & sl od o
/\1]:]}\] Aol 7]5& :IL?‘iOMU-
o) = = 5 . .
o uHTHA EA wEd A HMH A28 (Driver Interaction
3 o] sle = S
Engine)®] s8¢l 37] MBAI 2R 2= ool g,
class Driverinteraction€ngine /
Class Model::DriverinteractionEngine
+ dm: DriverManager*
+ em:VehicleEnvironmentManager*
+ im:InteractionManager*
+ MAX_DRIVER:int=10
+ DriverInteractionEngine()
+ ~DriverinteractionEngine()
+im \
Class Model:: Class Model::InteractionManager Class Model::
+ ivd:InVehicleDevices
+ dp: DriverProfile " + ac: AirControl
+ AfterEngineStartDeviceSetting(DriverManager*): void + lc: LightControl
+ DriverManager() + AfterEngineStartinteraction(DriverManager*): void '
+ ~DriverManager(| + InteractionManager() + VehicleEnvironmentManager()
+ ~InteractionManager() + ™VehicleEnvironmentManager(}
+ OnDrivinglnteraction(): void e
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class DriverManager /

Class Model::
DriverManager

+ dp: DriverProfile

+ DriverManager()
+ ~DriverManager(

+dp

Class Model::DriverProfile

+ db: DriverBehavior

+ dc: DriverCharacteristics
+ dp: DriverPersonality

+ ds:DriverStatus

+ DriverProfile()

+ ~DriverProfile()

+ setDriverCharacteristics(): void

(L9 2-1-61) A #E]7] ABEA A" Fx
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class DriverProfile /

Class Model::DriverProfile

db: DriverBehavior

dc: DriverCharacteristics
dp: DriverPersonality
ds: DriverStatus

+ o+ o+ o+

o

DriverProfile()
+ ~DriverProfile()
+ setDriverCharacteristics(): void

+dp +dc +d
Class Model::DriverPersonality Class Model:: Class Model:: Class Model::
- DriverCharacteristics DriverBehavior DriverStatus
+ Demolnfo: Demographicinfo
+ Ques:Questionaire + ac:AuditoryCharacteristic + DrvPtn: DrivingPattern + drg: Drowsiness
- . + cc: CognitiveCharacteristic - N + ds:Distraction
+ Drl\(erPersonalltvy() + he: HapticCharacteristic + Dn\{erBehawgr() + ftg: Fatigue
+ “DriverPersonality() + pc:PhysicalCharacteristic + “DriverBehavior() + ks:Kansei
+ sc:SituationalCharacteristic + wk: Workload
+ vc: VisualCharacteristic N
+ DriverStatus()
+ DriverCharacteristics() + ~DriverStatus()
+ ~DriverCharacteristics()
+ setForNoviceDriver(): void
+ setForOlderDriver(): void
+ setForWomanDriver(): void
o] 3 P yglel =
(¥ 2-1-62) >4 A Z20d S Fx
) Sk @ =2 : i =2 o
o WA, AR A3 B Z@2 (Driver Personality)= <A<
S = 5] 2= =% ] o o] A o]
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class DriverPersonaIity/

Class Model::DriverPersonality

s
s

Demolnfo: Demographiclnfo
Ques: Questionaire

L
an

DriverPersonality()
~DriverPersonality()

+Demolnfo +Que
Class Model::Demographicinfo Class Model::Questionaire
+ accidentAssailant:int - dbdl:double
+ accidentVictim:int - dbd2:double
+ age:int - dbd3:double
+ dayMileage:int - dbd4:double
+ drunkDriving:int - dbd5:double
+ drunkDrivingTicket: int - dbdAvg: double
+ experienceYear:int - drglMeaning: _drglMeaning
+ gender:_gender - drglValue:double
+ speedTicket:int - drg2Meaning: _drg2Meaning
+ ticket:int - drg2Value:double
+ vehicleType: _vehicleType - numQuestions:int =71 {readOnly}
N - question:int([71])
+ Demographiclnfo() 5 kb ceuEE
+ ~Demographiclnfo() 5 ArvhcuEe
- rdb3:double
- rdb4:double
- rdb5:double
- rdbAvg: double
+ calculateDBD(): bool
+ calculateDRG1(): bool
+ calculateDRG2(): bool
+ calculateRDB(): bool
+ getDrglMeaning(): _drglMeaning
+ getDrg2Meaning(): _drg2Meaning
+ getNumQuestions():int
+ getQuestion(int):int
+ Questionaire()
+ ~Questionaire()
+ setQuestion(int, int): void

(1% 2-1-63) =3 A}
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class DriverCharacteristics /

Class Model::
DriverCharacteristics

ac: AuditoryCharacteristic
cc: CognitiveCharacteristic
hc: HapticCharacteristic

pc: PhysicalCharacteristic
sc: SituationalCharacteristic
vc: VisualCharacteristic

+ o+ A+

DriverCharacteristics()
~DriverCharacteristics()
setForNoviceDriver(): void
setForOlderDriver(): void
setForWomanDriver(): void

+ o+ o+ A+

+ve

Class Model::VisualCharacteri Class Model::
apticCharacteristic

+ darkAdaptation: _darkAdaptation

+ focusingPower: _focusingPower + hagticFrequency: double

+ motionPerception: _motionPercepjion A

+ nightDrivingDifficulty: _nightDrivingDifficulky \ ”apb\c"a’“te”?t'ﬁ”

+ visualAcuityAndContrast:  visualfcuityAnfiContrast A\ ~HaptixCharacteRisicl)

+ VisualCharacteristic()

+ ~VisualCharacteristic()

TpC W / +5
Class Model::PhysicalCharactefistic \flass Model::SituationalCharacteristic

+ priorWarrﬂngAndGuidance:_priorWa/rﬂngAndGuidance + alarmf\tTurnRightOrLeft: _alarmAtTurnRightOrLeft
+ alertAf{erLongDriving: _alertAfterLongDriving

+ PhysicalCharacteristic() + alertRoleOfPassenger: _alertRoleOfPassenger

+ "PhysicalCharacteristic() + longDriviggMinutes: int

ac\y + warningAt\ntersection: _warningAtintersection
+ warnToPas\enger: _warnToPassenger
Class Model::AuditoryCharacteristic

+ SituationalCharacteristic()

+ announcementVoice: _announcementVoice + NSituationaIS\aracteristic()

+ attentionVoice: _attentionVoice

+ backgroundNoiseForSpeech: _backgroundNoiseForSpeech T

+ soundFrequencyMax: double

+  soundVolumeMin: double Class Model::CognitiveCharacteristic

+ soundWithMultimodalChannels: _soundWithMultimodalChannels

+ warningSoundFrequencyHigh: double + additionalSpeechinfo: _additionalSpeechinfo

+ warningSoundFrequencyLow: double + flashForVisualWarning: _flashForVisualWarning

+ warningSoundRepeat: bool + naviMode: _naviMode

+  AuditoryCharacteristic() + CognitiveCharacteristic()

+ ~AuditoryCharacteristic() + ~CognitiveCharacteristic()

(19 2-1-64) &7 54 e
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class DriverBehavior /

Class Model::
DriverBehavior

+ DrvPtn: DrivingPattern

+ DriverBehavior()
+ ~DriverBehavior()

+DrvPtn

Class Model::DrivingPattern

averagePPD: PatternPerDriving
currentPPD: PatternPerDriving
numDriving:int =0

pastPPD: PatternPerDriving
totalDrivingDistance: double =0
totalDrivingTime: double =0

o+ o+ o+ o+

DrivingPattern()
~DrivingPattern()
setAveragePPD(): void
setCurrentPPD(): void
setPastPPD(): void
update(): void

o+ o+ o+

+eowarpeget PPD

«struct»
Class Model::PatternPerDriving

averageSpeedPerDriving: double
averageSteeringAnglePerDriving: double
hardBrakePerDriving: int

isUpdated: bool =false
maxSpeedPerDriving: double
meterPerDriving: double
numcCollisionWarningPerDriving: int
numLaneDeparturePerDriving: int
rapidAccelerationPerDriving: int
timePerDriving: double

o I S T S R
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class Driverstatus

Class Model::
DriverStatus

drg: Drowsiness
ds: Distraction
ftg: Fatigue

ks: Kansei

wk: Workload

U

+

DriverStatus()
~DriverStatus()

-

+ds +ks ft
ClassModel::Distraction Class Model::Kansei ClassModel::Fatigue
+ ad: AuditoryDistraction - arousal:double + Fatigue()
+ vd: VisualDistraction - valence: double + “Fatigue()

=

Distraction()
~Distraction()

- calculateArousal(): void
- calculateValence(): void
- decideDriverKansei(): _driverKansei
- decideDriverkanseiNormalO

=

+_fatigueByDrivingPattern(DrivingPattern*): bool

: _driverk

=

Kanseil)
~Kanseil)

ClassModel::Drowsiness

+d

0

ClassModel::

- getCurrentEyeSightArea(): _eyeSightArea
AuditoryDistraction

isltVisuallyDistracted(): bool
VisualDistraction()
“VisualDistraction()

o

+ AuditoryDistraction()
+ _“AuditoryDistraction

-

+ Drowsiness()
+ “Drowsiness()

+_isTheDriverDrowsy(): bool

Class Model::
Workload

+  Workload()
+_“Workload

(¥ 2-1-66) A=} ALE) =1
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class InteractionManager

Class Model::InteractionManager
+ivd:InVehicleDevices
+ AfterEngineStartDeviceSetting(DriverManager*): void
+  AfterEngineStartinteraction(DriverManager*): void
+ InteractionManager()
+ “InteractionManager()
+  OnDrivinglnteraction(): void
+ivd
Class Model
InVehicleDevices
+ ht:Haptic
+ip:InstrumentPanel
+ navi: Navigation
+ snd: Sound
+ veiVoice
+ InVehicleDevices()
+ “InVehicleDevices()
+ht +snd v M 4
Class Model::Haptic ClassModel::Sound c i c igati ClassModel::
+ hapticFrequency:double [ [+ soundFrequency: double + voiceType: voiceType | [+ E
+ soundTempo:int + ciColor
+ Haptic) + soundVolume: double volcel) £ Navigatiop() + ctiContrast
+ ~Haptic() + warningSoundFrequencyHigh: double | | *_~Voice() ElaNaVIEation]) + s:Shape
+ warningSoundFrequencyLow: double + suSie
+  warningSoundRepeat: bool
+ InstrumentPanel()
+ Sound() + “InstrumentPanel(
+ ~Sound()

d

.
=

Contrast

+ size() + Color()
+ Contrast() + ~size() + ~Color() + Shape()
+_~Contrast() +_~Shape()

(719 2-1-67) SIE1 A #e]7] A BA~E px
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AHHoR O 7es dadol=gd dAd
cIassVehicIeEnvironmentManager/
Class Model::
VehicleEnvironmentManager
+ ac:AirControl
+ lc: LightControl
+ VehicleEnvironmentManager()
+ ~VehicleEnvironmentManager(;
+c / +a§‘
Class Model:: Class Model::AirControl
LightControl
+ currentlnnerTemp:int
+ LightControl() + currentOuterTemp:int
+ ~LightControl + desiredTemp:int
+ hvac: HVAC
+ shutOrOpen: bool
+ AirControl()
+ ~AirControl()
+ controlHVAC(): void
+hvac
Class Model::HVAC
+ air: AirChannel
+ cabin:Cabin
+ com:Compressor
+ fan:Fan
+ ref: RefrigerantCircuit
+ HVAC()
+  ~HVAC()
+fan +cabin / +air\L +r B
Class Model::Fan Class Model:: Class Model:: Class Model:: Class Model::
Cabin AirChannel RefrigerantCircuit Compressor
+ Fan()
+ ~Fan() + Cabin() + AirChannel() + RefrigerantCircuit() + Compressor()
+ _~Cabin() +__~AirChannel() +_~RefrigerantCircuit( + ~Compressor|
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> by(occupancy1$C02, occupancyl$Occupancy, shapiro.test)

occupancyl$0ccupancy: 0
Shapiro-Wilk normality test
data: dd[x, ]

W = 0.72731, p-value < 2.2e-16

occupancyl$0ccupancy: 1
Shapiro-Wilk normality test
data: dd[x, ]

W = 0.97152, p-value = 7.186e-13

Al A4 AdydEs w7l 9, pvalue Q1 sk, Z4zhe]
3}

(4) A== 299 24

T oATe] FH A=l W& A Ad gl ATl wiel,

H 22 gl A=E9] 9% A (Wilcoxon s rank sum test)S

# AT 7 A Aol o]atstebAoll = Aol7t gl
# E7FE: A¥ A (occupancy 0)°] B FHw(occupancy 1) ©o]Ak3}

gamEFe] 4.

235



wilcox.test(occupancy1$CO2 ~ occupancy1$Occupancy, alternative =
lllessll)
> wi lcox. test(occupancyl$C02 ~ occupancyl$Occupancy, a

Iternative = "less")

Wilcoxon rank sum test with continuity correction
data:
W = 95180, p-value < 2.2e-16

occupancyl1$C02 by occupancyl$0ccupancy

alternative hypothesis: true location shift is less than 0

Zhde] digt =& F9% AA ARE BRY, 79 FE(-
value)©o] 2.2e-16(0.000)2. 24, 0.05KHt} Zomz  gHINAES
st AR ¥(occupancy 0)°] BFE wH(occupancy 1) HT} o]Ak3}

Bt BAOR folaA Adn @ ¢ Ug.

(5) AV Fio] me

Occupancy”} 021

Occupancy”} 191 ZA-g-ol&= AW &3t Abgo] = AES onsh
Occupancy(0, 1) Absh f+57-9F Adatgle], Al gho] FHA <
(3f 2-1-51) 8+ AlA gk ¥
Temperature B | Humidity Ho CO2E o
Occupancy 0 20.884 24.226 547.614
Occupancy 1 21434 27.318 1014.518
Occupancy(0,1) 21434 25.36 717.907
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ogistic Regression 4]

import tensorflow as tf
import numpy as np

### Load Occupancy data and preprocess. ###

import csv

X = np.empty((2665, 3)) # Feature: Temperature, CO2,

Humidity

y = np.empty((2665, 1)) # Occupancy 0 or 1

with open(“data/occupancyl.csv®, "r") as csvfile:
reader = csv.reader(csvfile)

idx = 0
for row in reader:
if row[0] !'= "date": # date Of [} +&Z
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X[idx] = np.asarray(row[2:], dtype=np.float32)

# Features

y[idx] = np.asarray((row[1l] == "17%),
dtype=np.float32) # Labels: 0 -> No occupancy, 1 ->
occupancy

idx += 1
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4o JUE A%Hor mUHY AA9d 1Y Be A%

ECGE 537 98 oJadu] 29 12-Lead(107] A=)

AdE S U0 dAl, 43 43S 98] 3-Lead ECGE

3-Lead ECGE 2E8Z(RA), €ZLA), dvg@De A==

ddste] YRS ZAsHE wHoR UglA wAsE @A
NEE 7 AFE B, ARE FHoR YARE se
AR

A ECGHREE FH537] fle tha3 o] F4 ECGAIA
=% Fd¢, [EEE802.15.4 Phy7|Hte = 2.4GHzH 9 o] EA|
HE A&
AFs A FF ICoH, H= iAol ofsf WHH= F5&
=ola wAlgE A ALE F=, TF H A sto F¥€S
W= AAE FJAS.

Analog DeviceA}t2] Single-Lead Heart Rate Monitor Front End
ICel AD82323 AL AlAx==2 ADC(Analog to Digital Conver -
ter) ¢+ GPIO(General-Purpose Input/Output)E ©]&3 ECGH

nE PHOR AFIEE T,
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‘Dmooomom!®
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(7% 2-1-73) OBD-1I A4 E] o}

® OBD-II¢] 4L AF AxAv 2348 o274 A

T3

Ao, SAE J1850 PWM(Ford), SAE J1850 VPW(GM), ISO

9141-2, 1S014230 KWP2000(Europe/Asian), ISO 15765
CANG 9 o= Aoy,

(% 2-1-54) OBD-1I Pinmaps

PIN No.

Description

1

Manufacturer Discretion
- GM: J2411 GMLAN/SWC/Single-Wire CAN
- VW/Audi/BMW: Switched + 12 to Tell a scan tool
whether the ignition is on.
- Ford, FIAT: Infotainment CAN High

Bus Positive Line of SAE J1850 PWM and VPW

Manufacturer Discretion
- GM: Object Detection CAN Bus(+)
- Ford: DCL(+) Argentina, Brazil 1997-2000, USA,
Europe, etc.
- Ford: Medium Spped CAN High
- Chrysler: CCD Bus(+)

Chassis Ground

Signal Ground

CAN-High (ISO 15765-4 and SAE J2284)

K-Line of ISO 9141-2 and ISO 14230-4

O[O >

Manufacturer Discretion
- BMW: Second K-Line for non OBD-
II(Body/Chassis/Infotainment) systems.
- Ford, FIAT: Infotainment CAN-Low.

Manufacturer Discretion
- BMW: TD(Tachometer Display) signal aka engine RPM
signal.
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- GM: 8192 bit/s ALDL where fitted.

10

Bus Negative Line of SAE J1850 PWM only (not SAE J1850
VPW)

11

Manufacturer Discretion
- GM: Object Detection CAN Bus(-)
- Ford: DCL(-)Argentina, Brazil(pre OBD-II) 1997-2000,
USA, Europe, etc.
- Ford: Medium Speed CAN Low
- Chrysler: CCD Bus(-)

12

Manufacturer Discretion
- GM: Chassis High speed CAN Bus(+)
- GM: Diagnostic codes to DIC(1994-2004 Corvette)

13

Manufacturer Discretion
- GM: Chassis High speed CAN Bus(-)
- Ford: FEPS Programming PCM voltage

14

CAN-Low (ISO 15765-4 and SAE J2284)

15

L-Line of ISO 9141-2 and ISO 14230-4

16

Battery voltage:
- Type “A” 12V/4A
- Type “B” 24V/2A

Requestg& CAN ID¥ Ox7DFZ 14 Message? Data Filed?

AWA v EC0)E HEE HolE dolgl.

(3 2-1-55) Request Message Format (CAN2.0A, 11bit Address, 8 bytes)

Byte 0 1 2 3[4]5]6]7
SAE Number Mode PID Not Used
Standard | of 01: Show Current | Code

Additional | Data
data 02: Freeze Frame
Bytes: 2 03: Show  Stored
Diagnostic  Trouble
Codes
Vehicle Number Custom Mode: PID Not Used
Specific of (e.g.: 22=Enhanced | Code
additional | data)
data
Bytes: 3
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® Response® CAN
Message?] Data Field9]

o4l

ID+=

AWA W EC0)E fET

0x7E8/0x7E9/0Ox7EA7} A X,

gl H

(3% 2-1-56) Response Message Format (CAN2.0A, 11bit Address, 8 bytes)

Byte 0 1 2 3[4]5]6]7
SAE Number Custom Mode: PID Value Bytes
Standard | of Same as Query, | Code
Ox7E8 Additional | Except that O0x40 is
0x7E9 data added to the module
Ox7EA Bytes: value
3~6 0x41 == Show

Current Data
0x42 == Freeze
Frame
Vehicle Number Custom Mode: PID Value Bytes
Specific | of Same as Query, | Code
Ox7ES8 additional | Except that 0x40 is
or data added to the mode
Phycal Bytes: value
ID+0x08 | 4~7 (e.g. 0x62 ==
response to mode
0x22 request)

® (CANZ2.0B Message Format: 29bit Address, 8 Data bytes

CANZ2.0A9} Address%F ko] gl
-Request® CAN ID+= O0x18DB33F1o.% 114,
-Response-8 CAN ID+ 0x18DAF110/0x18DAF118/0x18DAF128°]
oA EE
e A &) 2] ECUE

Alg o] A g ECUSIm20005 o] -&3te] Al=gls 7iash

AR 3 ZTRaRs sfeaetr)
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-SAE J1850 PWM/SAE J1850 VPW/ISO 9141-2/ISO 14230-
4(KWP2000)/IS015765-4(CAN _ 250/500kbps, 11/29bit Addr) *|¥

114174 4/MAF)

Sl AL
-

-5 ] ThdolE AlE(d7ta&/RPM/ A /244

(23 2-1-74) AFA R 3 A& H2ES ECU A&l

A<
43

171 $18) obgieb el 2keke] OBD-II 2]

il

o A U Ar
Hlo]l 2o CAN AWEES o] &3lo] PCol A&

A ZR oA CAN ZAHEe E2l
sl= AR PIDE

Aere] e

- ATARS XEE &X43t
stal, 2% U ECUE  #H
ol-gsted @43, A" W ECUR HE SHd

2317}

RS BAse] 4RE vl A,
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PIDO] gh= Z1efze] 71 o glom, sHd 2as JGd=

FEol 15,

A Al A dlolE

H BRE

Hals 1A g 4
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A 2 A gAY Cockpit 847]< 7N

L. Yxd 32 7l 2 AAF

7. 9 Ad 282 & UAE Cockpit 71&

gAY 2 2He T2 7w e B

UAY FesE EgHe Pobt AnE AEA 2L A%Y
AEA}Y A FHolw, Az IT A&W §HEWA 1A%
ZEAAE ol ek dMYE V)%, taddel /%, dux

PE= SEe udle] JEdt 2TEC] JER TR

oo, RIEAE AR HA Be ARE AsatdA A
9 B, #estdA 2D, 3D FHeE HARE AT T T Ue
HEAel AEak uts Bed FA MU 725 2835
A2k AlZ=ELMCUSH  "HEW Yo ZgAlxrt fAd

Adx gRE 39 % 5 FHOER = AFAe @x
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- Yzzee] sl%e] WAHHA F A Hli 7152 o] g3t
mAFE AR AEA BEo] meb] 4B AE
2, AHRE, WEAClAS MEAA A FIS

e

Z
xdste gAd EFHxHEo a4 Qe

12.391%] o] 9lo]l= L(DE AH&3dto] LHAZS HEaA
gsAel Al TR skd 2 Be ARE Ad I e

® X" Cockpit A]Z~Hl

- UAE Cockpit A|2HIL AE} IT §89 hEHQ AnteE

A =5 Agslo] SHAAE HE3 A2 G527 st
A02E 48T 5 A= AMEAGwrt & dEFE

- " AEAs "WE gaEdelE vEd A AR

HEMS W3S &5Ae] Ao dEHCIMES +83
A

- A9 Cockpit A=¥lE diste tAd 2¢=H, HAd

AMe ARXR @7 (CID, Central Information Display)el

Sel2E AR 9 U Aleld, AEF Aol Eutd 7]7]9

7150l ATHE Ve AER oS ANEIE FaAYL
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B T N B B S G o B B i P e R s
Fato] FF T H=, RPN AR B AEAre] g
d¥ e A AEZE UA" Cockpit AR 7]

A, ZAHQ] AdzoN b Ad=s 2@ F
P

Q= BBt Bl HEsel taBdelst A, a4

U, g9 ZY2E AAE 2A
o XY F#~H F=9o] A7

1.MX6 Motherboard with NXP® 1i.MX6 ARM Cortex A9 Quad Core
1.0 GHz
- 1 GB onboard DDR3 Memory / 4 GB eMMC onboard Flash

Dual Display: 1 x HDMI, 2 x 18/24-bits LVDS

1 x USB, 1 x CAN
- 1 x Micro USB OTG Connector
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Y 9V - 32V DC Input

Yocto BSP 3.10.17
Glib 1.2.42.1
Qt5topengle 5.4.2
opencv 2.4.9

gstreamer1.0

(719 22-1) Y 22 2E seso] BEk
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(3£ 2-2-6) 71 A5} cockpitol]l AFEE Ao EA

S|
A

i

E49 a3 HDT
Tensile
Tg/Tm ()
Materials strength
! @3 () at
(MPa)
0.46MPa
17
Homopolymer 2]
Polypropylene &,
735, "HFA | 10/173 105 33
(PP) ARG
7]H 2]
rg A
Acrylonitrile A AL T A
butadiene 5, Zul gz Ay | 105/~ 98 46
styrene (ABS) | 2574 %= 7+57d
771
qAA,
Homopolymer 2]
Polycarbonate 1FA
35, @A | 147/~ 96 75
(PC) e
73
A QMY
4
Modified g, W4,
polyphenylene | A7]1AAA | W EA o] 100/- 140 55
oxide (m-PPE) | , 4= oFs}
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- [71AA =48] 71 AEAF cockpitd] AR TP Bol
2ro]l= 1EA+E= acrylonitrile butadiene styrene (ABS),
polypropylene (PP), polycarbonate (PC), modified
polyphenylene oxide (mPPO, PPE¢] ¥8)d. E uEA}ELS

A7t FAR, WEAQ drbge] Thed 54 7M.

i A% 28 nEA L A BF Ase 4%,
AEAES WMEG2E AT F g, 479 n¥Ael

polymer 22] A}&o] E7}53sh ABSS] 7-9-, homo polymer<}t

53 ESF cockpitol ARgel Thest™, aFH s

A, bEAdel £&. PC B9 mEA  PCE A7EAA,
1FA AE, AF IS e el AT,
HGA A W dAAE EOlEE,  homopolymer29]  ARE2

Brbssta, ABSSHe] ER R RgAe WEYs updw
Agol bsF. 4 FF 249 AAY B4 Awnw, P

A7G7 == 33MPa, ABSE 46MPa, PCi= 75MPa, m-PPE:= 55MPa<]

- [94 =4]  3EA 2AE Adsn, AEe o, g
9% 84 F vl 249 9 549 PP 444

AEAZ (crystalline polymer) -10ColA Tg#te 7FAH,

1739 Tmgts 7F4. ABS, PC, m-PPEE= H|ZAAA 18X
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(amorphous polymer)= Tgzter 7}XH, ABS+= 105C, PC+=
147°C, m-PPEE 100TC9] Tgaks 7Hd. g, 9¥3d 2% (heat
distortion temperature)®] 7%, PP+ 105C, ABSE 98T
PC 140C, m-PPE:= 137TC9) #h& 7H4.

7154 BakAle EA BA 9 AgA Hu)

o H

(3% 2-2-7) Homopolymers} B4 A E3tAje] 71A4 54 vl

Tensile strength Tensile modulus
A
(MPa) (GPa)
Homopo lymer 33 0.7
PP
CFR PP (9%) 55 2.25
Homopo lymer 57 2.34
ABS
CFR ABS (30%) 93 4.7
Homopo lymer 75 2.2
PC
CRF PC (30%) 170 18
Homopo lymer 55 2.3
m-PPE
GlassFR m—PPE 110 8.5
Homopo lymer 85 10.5
Epoxy
CFR Epoxy (30%) 890 51
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(3£ 2-2-8) 7I's4 HAe] Bl

ul, 1047.1% <] tensile strengthE 7}4.

226.6%2] tensile strength &5 Y+ AS <&

homopolymer £}

Homo- | H@MH 23 | sads 23 | QNG 23
polymer A E3HA) E3}HA)
b
71AH @) 000 000 00
=4
874 o) 00 00 000
VA AAE 00 00 00 000
A% 793t
o a9x% @) @) 00 000
- S5 AR BAe TR Qs A%s 2 A8 PE
Azl Abgol Hul, Tk 75 Bl Aws $gol
Feal A e, A %I JIsAd B g 2
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A3 %2 719 53
- =AM AA e A3
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(3 Dimensional Printing)
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Ade 3 T F7F vt 2 3w AFAEES sk
MeshLabolgt= AT EYolzm  #gs 3}, o] Aol A
Z7Ae1e] ¥92x2 7} 0B] HYS wE. 0B HYS

Blendergl= AT EYO]E o] 83to]  surface retopology
2AE ste] Fegda AR Wg] 12HS AdE.
o]l BAHE AHAM cockpit BES 1xF o7 ojn 3} I

71 dHeolHE ol&ste] 3D ZHES 9% CAD =W H
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F cockpit =E9] 3D
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“

g ol gshe] 44

(L9 2-2-47) 3D =714

s Al

2) cockpit EEY A

® Cockpitd

3

i

o
=

FA o= AAFE cockpitS reverse engineering

%%

A8 Al, cockpite]

EELIE B
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ued)

S Sy HYSE= ‘trial &
error’ HAS AR HAFAQA Z2M A7) ofd | AlAIE A%

Aol Fes AFste] tadl 3 2A4E Adests /g 349

A4 CAD =Wel]l E 712 AAE H8sto] AlEgold 3.

2 Aol AR A ES)

ofy
Ho
b
ko

Numerical method
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1. HxE -

1) Geometry 2) Finite element model 3) Analysis

- TR
2. 804 (AL 5T W

_— L —

5. 542 @7

Results visualization

(L% 2-2-48) Cockpite] 2234 &7

Fala sk FRHAS o83 head Impact AlEH oA A W

2 OFxA fHLe ‘FMVSS201  Regulations; Occupant
protection in interior impact’ & UWE. Cockpitel
g52e] HYyrt AR FE OSIES AAES 7] Heko
FAA7E okl TR ARS silem, Aol FET of,
6.8kg, 165mme] 7+ HEl2] head form®| cockpitel]l FHAE=Z
E o] wWe &% 19%m/h olx, TEEE 3ms oA
80ge WA fotek o= B wE. 2

=
Ao M7t cockpitell FE SIS W, 7SR H AR
o3
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el AEdelHdS T T FEAlY HEd HeEle
RS B AR B3R ARAE ol gste] vl haxl
TAS Fow it st w2l Asl 7IEdt (Head Injury
Criterion, HIC)S =38t Axbstazxl k. HICS AL
otz el ol F 3AE
1944, 5 Jd A W el  time-dependent 3F
THEmo A Al zkete] . of e ZHAE AL FEY dA AR
A t1ollA t2 Fete] Hit HEREE T3

297, FEe vEd AIRE HA (t1 oA t2)ell wigk Et

PEEE AAE. tlolAd t2 Apolo] FEE AIZE Tl A

2

R
o

)

ors
A,

kv

AIZE WSS AR
3eAl, HIC & ARG, HICE 2dAldlA Axket ghe
Hats olvle.

ﬂ“

oA TE HIC i AdAd FAe oviud,
AriAel Wag @ kel 7)Fe] 1.

HICS] AAE kel &8

A-sak SEAIS] AlEdEold H o]E o]&gk HICY At #ha
719 cockpitoll AMEEO] & Aol AA 9} Hlw B

o
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A 3 A gAY Cockpit 95

12 2 "o 5 of

A8

|
o5& EE

26262 Part 112 Wed¥lmz t]x 8 Cockpit AlZ~Eld
Part 11 S 1183} o]—E%]o] 2 7F
Wd AEA LasEs 150

WA, AR A
N2ES A7)Ekelor @

26262:2018 2 WS- 7)%5¢rA

s

'7]/*7<1-tﬂ'o] =]

dhdjetd 2pd st AAE S
Cockpit A]Z~Hl

P)ser

ax
oo
rU?L'

LA &

2k 150 26262 ¢ tiAloln
Ao gk 7he]=7F ISO/PAS 19451 ©] #A] = IS0

Aoz Hel.

A IS0 26262:2018 2 ol A
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1.1SO 26262 A8 W<t

o ]AE Cockpit AlZ=Fle] QA g o R Qe ALE Folal E =4
FE¢ IS0 26262 A8S ot Vlebdo] whEE ZEAls
FH R oIEA 24, 27AY mE Axd ds 99
7hol= #1ele AlFste YA ™ cockpit Al2=®lo] BT} ¢hdEaL

33 robustness AAE 9ol g,

e IS0 26262:2018 ©] 2%} ZjA o] 20189 5Uo] MAE oA oln

olwf 3.5 EojAe WA, EgxE dHlgdE 1, REALO]ZFE Part

=4

=] 3ex
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7F. IS0 26262:2018 2 & &t digital cockpit system®] 7]%<HA

R 7tol=

IS0 26262:2018 2™ & digital cockpit systemol] % Z-&3&}eiwd
s AF 7k Al A8 FA, 29 Ui WE B T

o

53ko] Global FAI°1 27 7hel =8 4.

1) IS0 26262 A5} 7159t 3 A

ek ARAEgA dig Asa vsdd He FAOH
Sgaket FHapol A AAstaatel= 150 26262 A8S dvby
atar QA dhomo] A F e s A

A2kl A IS0 26262 A& FEAFA A QFstal 9lod,
ZhI X E]= SR(Specification Requirement)o] JHEHA}Eo] SO

262625 A8sto] WEd Aolgk= T7F vk EO] 8 AFE ol
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g8 AZolW, yWx S FHELS IHE A
o}t Y EA} A4 =S technical centerolA IS0

262628 A8 S WeIsta gof, wAW nE 9.

FeAHWA, R, Tele, ZEUY, ZF ) FrHow
4

2) 1S0 26262:2018 2™ Editione] W3k F+& WA A& AE 2 2
® [S0 26262:2011-2012¢] wrei¥l ¥ o] 20184 5 29to =
MAE ogol, AA S0 26262 1382 H-gshAA AF =)
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AWMU E mith TS E gt Hedl, 12l A =
60, 90, 99% A A

LA = oy, §oA ] (el FIT: Fault Injection
Test)

Absabo] BEA] @Fe fof FojF Aps A dAd A A (!
FTTI)

W= 4] o] 47 (Semiconductor Issue)

AgFy @ n&E a7t wU g S5 L ong
o] ol Z7}

1ol = 3,500 Kg ©]ate] AFExpolA] 2me A AL
FA &

EY 9 yAAEP)7MA] He sy

A& AE A a1

HE Azl 7]uke E olo]®] Z7}

A At Apels) wek <17

715 b3} AtelH] HRe] 17

IS0 26262:2018 23 Partd S04 W&
Part 1 =8 W& 7NA A

142 > 183 79l & (41709 & S7h)

1771 W2, EE, BEALO]E &0 Alf A9

7] WA 8o 4 A

17709] 1SO 26262 1st o F=E 8o Ao F7bd - 4!
Fault Injection Test(FIT)
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- Part 2 F2 W& HH Arsk
oA #4 issue (activity, technical ¥3) |2 Z2A2~ 2
:}
Impact analysis 8 71 73}
Confirmation measure 73 A ¥
> Confirmation review <3 ¥4 w3} (Technical
evaluation A< 73h
- Confirmation review W W7 2 594 o7 ¥4
- Confirmation review, functional safety audit, functional
safety assessment7re] A A H
Annex F7}
- Annex F - Guideline on potential interaction of functional
safety with cybersecurity
- Annex G - Consideration on the ISO 26262 objective by
the confirmation measures

- Part 3 & W& /g AFgt
Eg 2 B A(T&B) &3 HARA (hazard analysis and risk
assessment) 11HAM F7}
Functional safety concept — 71&%4 gAY A3}

- Part4 59 W& /N4 A&
71¥9] 6. Specification of the technical safety requirements
9} 7. System design®] “Technical safety concept”’2. 2 =3t
)

=
7129 modular design ## method table©] note® W%
- Hierarchical design, precisely defined interfaces,
avoidance of unnecessary complexity of hardware
components and software components, avoidance of
unnecessary complexity of interfaces, maintainability
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during service, testability during development and operation
> =, modular designe ASILY} F3stAl &7 ¥ ofof
sk A7 dEow WAE
Item integration and verification ¥% method tableo] <4
S¥E L, ASIL A& dA7F stk
Functional safety assessment % product release¥#
clause”} Part2, Part70.& o]=%,
Al9F Annex
- Annex C - Dependent failure initiators for the system
level

- Part5 F8& W& A A3
Safety mechanism® &34 (fault 7=, safety reaction %
diagnostic coverage AF&)ol tist 945 &+ A3}
> ASIL (A= 874
7]1¥ Annex D9| diagnostic coverage hint (ex. 60%, 90%,
99%)°] AHg W rggs)
> A 3% safety mechanism® diagnostic coveragegt
of 3+ T (evidence)Z AE E7}
Failure rate estimation &
- Failure rate source 57} SN29500, FIDES &
> Field return #ell W3k 4 confidence level &7 (70%)
- Failure rate source 37} SN 29500, FIDES &
Item 9] o} element =29 SPFM, LFM v ¥ 4
5
SPF, RF9] #tol wi$- 22 79, dedicated measure 33 7
s AlE (ASIL C, D)
Multi-system®.2 T4 % itemo] w3k PMHF 23 3zt &4
7 AlE (Hd 104
Annex U F7F 2 71E W& AAE

- Part 6 78 W& NA A

Multi-core, MBDel| t3l a1&7F 45

-

A

7H

!
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- Modeling, coding guideline method table

- SW unit verification (model, auto—code, both)

Description notation (natural language, informal, semi-

formal, formal)®] 2jn] &3}

AWbA o & method table®] ASIL 87 F7o] 73l¥

method7} A4 F714

> ex) static analyses based on abstract interpretation

(semantic code analysis WA]), pair-programming,

scheduling analysis &

A method table®] note® W7 (ASILY} F#sHA 48

AE Qo

> 7|F table 4: mechanisms for error detection at the

software architectural level

> 7] table 5: mechanisms for error handling at the

software architectural level

71¥ review, analysis, testing2. 2 %5 ™ method tableS

verification #Ho =2 S3g

Embedded software testing= 93+ 415+ method table 7}
- Part7 Fa g AR AR

7-5 clause — Planning for production, operation, service and

decommissioning — 7] production Ze°| ¢+ planning -

ES clause® s

- Production planning

- Pre-production series production

- Planning of production, operation, service and

decommissioning

Truck & Bus F7}

[SO/TS 16949l w2 RUEE 3 4744

)
o
il
FN
¥

- Part 8 F8 U8 /I AMg

DIA &5 7}
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> Functional safety assessment®] <=3}, functional auditor
o] AA &

DIA A& thie] otd A= B3t
> Qualified¥® off-the-shelf HW element/SW component,
SEooC

RFQ &5 g3}t (7]sehd #&d 7-8)

Semi—formal notation®l] 3t 2FAISE A A&

Nl el B A7

“NOTE Configuration management and charge management
are initiated at the same time.”

Verification®§¢] %444 & (should)

> " WP authorel ¢]gt 2 F A<l verification 3=
Hj Al st =5 AR

TCL29| th3+ tool qualification method table®] ASIL #-&
Qxlo] Ay sty

71¥£¢] HW component qualification® 7§13S AAHS (o}
& slide &%)

Eg 3 9 2(T&B) #d 870 714

- Interfacing a base vehicle or item in an application out of
scope of ISO 26262

- Integration of safety-related system not developed
according to ISO 26262

- Part 9 T8 W& MA A
ASIL decomposition®| 4] &3} independence &7 W&
3}
DFA, freedom from analysis, independence, cascading
failure common cause failurezte] 37 =33}
Coexistence A3 T+ ASIL decomposition 2 -&°] ofut
2} =, system £Ao| wE} independence’} &7 = 4 o
u, o] 4% DFAZl 738 2 + dos #7I
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Al Annex

- Annex B: Example architectures for coexistence of
elements and decomposition of requirements

- Annex C: Dependent failure initiators

- Part 10 =8 W& /1 Apgt
ISO 26262 Part 59| 3t=9o] A4 ALk W<l PMHF A
Akl ek AlE example A&

SW Toolell gt AA Flowchart #<
Fail OperationeS WF33sle] AA| AFapol A do] & 4+ U

= [e) =] e}
A S Hhg sl .

rr

- Part 11 F8 A4 A%
2pFg Wbz 7lol=gkel ISO/PA 19451:2016S 2% /1A
ET Part 11 wrdstglon, wEg el AAd gig U&=
A5t 714

- Part 12 8 29+ A}
BEEAlOl R AHE db=A Jhol=ERela ez 2
ISO/PAS 196955 2% 7l ¥+ Part 120 wrgslion,
FEALo]E A 9hA MSILS H71E.

3) IS0 26262:2018 2™ = 323t digital cockpit system®] 7]%<¢HA

StE hol=

2% Ngd AbdE ardske] tAIE cockpit Al&Ell A Ee

FASA 3] A% spel=z Wy
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=1
) =)

. A&

Dependent Failure Analysis) EE2AA 7}

MEY B7t AL Tbl= 59

=go], AZES AMEA IS0 26262 Part 4, 5, 6, 9

A43l7] Y3t A E A (Safety Analysis), £&£43F EA(DFA:

°oJ]= % Part 5 =90

® [S0 262620 A= Systemetic Fault & Z9]7] HalAdE W
TRALE FHEES ekl glon, 53] bdHEAI
TEHEAY AL Part 4, 5, 6 (A28, =], AZES )
MEA Hegm g6t e, 2Plal stEdole AFHow
st=dol AAE ZH3 %5 Hrlet=E Hol o] sh=do
ol71E A WEYS Hrlsli= LTEA A Y] UAE cockpit

Al 28] kel whe,

1) SFA A1 (Safety Analysis) TEA A

o <otd EAl(safety analyses)S item % elementd 7%, Z% H
AACNA A e AdE Alsta, kd H3 S kA
89 A AEE oplste =2 ¢ Al ARE AFE
FHo R P 4 2 "gza @yt F ooldd adHA
B MEL 7 52 75 A3 AEd Exo] H.
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A

=

A A

7

b

Al

=1
=
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analysis)
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A (qualitative analysis)
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A3t 2 d(fault model)el] of



Ad ZPd(fault model)2  ‘representation of failure modes
resulting from faults’ o|®  ‘“ZAgle] A=z Yeglyes %

geje] ®¥d oz Ao,

and effect analysis)

A A FTA (Fault tree analysis)

- HAZOP (Hazard & Operability)

A4 ETA (Event tree analysis)

e AR AZEge] WA B4 Yol

A d #4e A d #4S BHeE Ad st=4o
agor Qlste] st=glol oprlElA WEY Hrp 9 kA
=¥ (safety goals) 3£ HI7IE  H3E AA H3E(target)ll
st=glo] AAE ASeted AFA <k #A4S AMEEI = §h

AEFA b AL =99 element®] HFH % HlEol
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- 4= FMEA
- A4 FTA
- A=A ETA
- Markov models

1}

KeN
=]

el wet o

it

i

B

)
S

7

o

R

analysis)
analysis)

4 FMEA, ETA, Markov modelling
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2)

of\

2 AT A (DFA: Dependent Failure Analysis) ZE A~

dependent failure™ ‘failures  whose  probability  of
simultaneous or successive occurrence cannot be expressed as
the simple product of the unconditional probabilities of each of
them’ o™ ‘W& AFA vFFAA A THsAS THA AL

54 & A%How WA

o

As dved + fls a3 o=

cascading failure®} common cause failures dependent failure.

cascading failure(CF)s== ‘failure of an element of an item
causing another elements or elements of the same item to
fail’ o™ ‘item? element’} T2 element =& 5 item?
element 1S <Ho7|= 1 o2 Aot Y. =
elemente] o] TE elementd] FFTFS Fo] uFo] FASI=
FEHE 71, A=ZN AEAte] X AL S o)de] AsAk
715l 9&S v cascading failuredd.

common cause failure(CCF)&  ‘failure of two or more elements
of an item resulting from a single specific event or root
cause’ °o|™ gty 5A A ZH2 SE HdRlo=E itemd] F
7l 014 elementd] WAYSE 1 o8 AHold Ye. =
AP e R fIdle] F A o] 9] elementol] WASE Y.
o ZH AAtErt AA F2 AREC &) AR tE dAx FAe
IS oF7]|8= A2 common cause failure®].
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dependent failuret
S e A e

A2H 7150l oS PARY] g AR ZuEE, e
SUEHY 1 5ol BY AR ES el mE #ARCH,
pzs

o
oz ZUeY |

dependent failure #2419l HZALE Fo|% element9} A 2
Abe e ok H 3 ARolo] 2% independence =2 free from
interferenceZ bypassstAY Fa23t Al7]E ©@d Al =&
dls AHEstr] 93t

independence= ‘absence of dependent failure between two or
more elements that could lead to the violation of a safety
requirement, or organizational separation of the parties
performing an action’ °o]W ‘¢td Q@ Aldel &S opr|E=
5 78 o]ie] element AFolol dependent failure®] H-A &
P T AR BoE 24 0w Aosta AU+,

dependent failure #2412 th53 2 ol7|gx EAS 11d

ok

]—.
- A E fARSEA] 2+ redundancy element
T AT EYO ZL& o] Yol F3qE e T
- 7ls3 Z42ke) obd HItdE
- 7% &2 22 E9Y elenent?] ¥

=, t=9o] element Alolel] &2 Ag
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® dependent failure ¥#45 93 &7 AMg2 o539 2.

A dependent failure= ISO 26262-9, 874 o] wa} obx FA]
Az 2,

NS

S

zyzke] 2w A dependent failuret:, THY g4 o= 7}
53k Y¢lo] dependent failureE of7lstan AxFHowr QT H
independence =& FojZ element Alolol 7Hd HAZ &3
W, B1d AAS #ls8 Hot

@ ol#3st Hrl= +d AW ol BAEHI Y= item S
element? ©& 4 = 17

@ oleg Frk= ths FAlol A&ste] e
- WY st=ee] %
Mk A

- Az Ask.

- Az A%

- B Ad)

-3 89l - 2R F5, A, oE, 29, 54, 24, EMC
A9k o5 2o o w1 - AL FF A, Y HolH,
AlZ='7E dlolg w2~ 9 FAl

I ] A=

® dependent failure % G2 E}FFAAS 218 A O]F) AA.

® E}2 3 dependent failure?] 312 A& [SO 26262-8°A4 W
2 #ale wel i A T EAL

@ E}gst dependent failure?] a2 A& ZH oS o)
A WA, 2 g9E Aojsty] fg oY, 2 A4 808
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2A717] 1% g # o] 23

3) st=slo] WiED Hrh TR

o otd HAYSZo] <23 okd #BH =99 elemente] 2t
A A= 27 A3 (residual fault) 2 HA3sk ZA Ad(latent

4 (ASIL (B), C ¥ Dol #-&)

._h
o}
=
<
=2
i
e
ol
20
s
o

e Aot Aw g A (diagnostic coverage)¥ ‘proportion of a hardware
element failure rate that is detected or controlled by the
implemented safety mechanisms' &2 ‘A3JH <FA H 7 S0

o3 ZAF L AoH = =Y element L& HE'Z Ao

o XNo AHA= AH AT 5L =90l elementol A A=

A B Aol Bsle] Y 5 glow, oplUAA T

draol A A ol MAUEe 1eE 5 L.
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2. +HA ZH 8 HAC 9% 7=

o7l N8
® A5xte] ATt upE AFEE 4538t
- Aol AFEEHE Ao obd = ol glo] <14
AR o3 FAANES AP K= TS FHoe
I FaAol wle F Eul ollm 1 Fow

- oleE FasHs AeAkd de BEZE 19943 209 FRelA
200541 649 W= 216%9] HFER AEAt tige] SUhEuvE
s A 28] SUE SiNEY, AeAdd 3 A
R @A) 7070 Welel A 1007 o] ez Abgo] Fuid
Aoz ddgel wet Asa WFES AFololHe] Fas
ZletErHer SUHE Ao «d5y.

- AA, Al Abgshs RE Q] 95%o] el Aol o e
ON/OFF s#twrs dsta e dAeH, 2 99 s
RHE wEs] Agvbidl ot SHaloje] AREHIL e
A

- wEbA, As sk Rl o dwte] dHS A TS
e R AERE7E xEFA o] 5 (Vehicle Control
Unit, V= FHe @@l oF A7t 7Fedt Aod
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REE Wyojol &, I AojAEd oAM= T
ON/OFF7-&°] obd  HxAlol, XA, EIAA7A

s of ot 3,

Rof A 8= Ho|E Ay 53
eljedof /ety Aol |, [ras sy
ON/OFF o] PN E st | TenE 2 a0 Ao 715 2
R ES ] ofo|H, 229, = ChChA| = 2CF - 3CF — BREF
e 2B ECFRCCR) Sl v IR =S ERER Y
— o f <4, IMS, =~ [zaz ey
B ETS, SlC AT 2 A S | T e D3stol wat axim0 Al2Y HE 5t
M= skAb 7|E 7= 0] Motorizeds}
sadof | Eesieces/mops) ecs 4| vioes” (1% B/ B L W/ Y B2

(1% 2-3-1) Alo] A mE i FF
- agEE o3 AlolE faixe @AY wiE el AAH
A4 DCEE o] 2912 ON/OFFTE 2l A Aoj71E zte
A REZAQ DC BE 2 A8 R E| (Stepping motor )7}

Tt &8kl wet s ojof 3.
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2}2-8 HVAC(Heat

T

kel
pal

4
Intake (We]7] =4),

-

R

at7]

<]

Ao

Ventilating Air Conditioning)o®ll
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(AtgAue] vrgE),  Temp (FFAURE)9 ZF Doord]
ZEAAE 9 HEe] B dFddo]H (Motor Actuator)E &3l
LAY aFEHE AZE AYWLEEE fAGe AFoE
Z7)ee Zeb2¥ 7]o](Plastic gear)E WAE AF4%57](DC
Motor)& AR&3dte]l IAE Al A+

Ty AR dAeivters AEFE AmArt ofgom
Aol QA AE  AlA(sensor)E  AREdloF shH, dAFAZE
AHE & RE W79 Brushg o mtE Fow 1k AREFE e
2 Qg #A4 HFo oyge] & wiow Hz4E. oE
537 Y8 ~®8 REE(Stepping motor):E A FAE7]|7}

ZHAAL S ARS @A L, fAAlel S AN EEae

AR A7 dAZ dorex dFE. 2HE EHE
1920 ool G o] FE Ao §oE JhTE o] ARREHAOH

2584, A7ME, AAF EHoZ sty HTd= HFE
2 FW7|7)e] Ao "ERHom QT HE =

2 A (Incremental-motion actuator) 5rolo|E <],
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80
60
E 407
s
S 204
g
e 0 i
2
'S 20
& ]
-60 -
-804
Cogging torque : 158 [uNm]
-100 : i : .
0 5 10 15 20
Time[ms]

(1% 2-3-4) 20} E OlFojlolE] dEr)e] =Y B
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Back EMF : 466 [mVrms]
T T

0 5 10 15 20
Time[ms]

-800

(1% 2-3-5) ~0tE dFoolg AE7]9] ¢7]4
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0.20

Irms : 0.103 [Arms]
0.15]
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g
I

-0.10

Current[A]

-0.15

020 T T T T T

(1% 2-3-6) =1L E dFooly AF7] AAF

0.18
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0.14 4

[Al
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0.08 4

DC link current]

0.06 4
0.04

0021 Irms : 0.127 [Arms]

0.00 T T T T

T T T T
0 20 40 60 80 100 120 140 160
Time[ms]

(7% 2-3-7) =PHE 9ol o]E] A% 7]e] DC Link A5
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Orerating torque[gfcm]

Torque : 25.48 [fg.cm]

0 T T T T T T T ;
0 20 40 60 80 100 120 140 160

Time[ms]

(L9 2-3-8) 2=mtE A Follo]y AE7]o HA B4

Speed : 625 [rpm]

4000

3000

Speed [rpm]

2000

1000+

(1% 2-3-9) 2VFE o FoolE HAEr|e T Fi
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Blteslal

1,5000¢+000
1, 344824000
T 1 24ies000

1,£379¢+000

1.8345e4000
| 9.3103¢-001
5.2759¢-081
7. 2414e-001
6.2089¢-001
5, 1724e-001
4. 1379¢-001
3,1034¢-001
2,8630e-001
1,8345e-001
©.0000¢.000

(228 2:3-10) 20}E olFolo]E AE7]e] A% L

AlWL/n]
1. I%63e =003

9,46 Te 00N
[T
§. 7585004
5. Wlug-isiy
. OTO3e-00Y
2. 7262004
1. 38240004
3. bErTe -6
-1, G4
=2, E501e-004
-3, FHZe-0aY
=5. 3303004
-6, BEZY-00Y
“8, 0265¢-004

((19 2-3-11) 2vtE <oo]y HE7]e] A Ak
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(3£ 2-3-2) &=vIE ooy Hg7]e] AA A3

[tems value unit
Pole 8
Slot 6
stack length 3.5 mm
turn 580
Resistance 23.4 ohm
magnetic Br 0.773 T
Stator core material S60
Rotor core material Plastic molding
Rated current 0.103 A
Rated torque 25.48 gf.cm
Rated speed 625 rpm
DC_link current 0.127 A
DC link voltage 12 \Y
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® LIN =ntE Zof o] PCB Artwork 417
- AARE A AAeA AE EAES Ak
PCBE A7
- 7Hde] ek AA WEk ox =& g

- B33 »x219 AA 2 =2 HA3)

(ZL¥ 2-3-14) LIN Stepper Driver Bottom Routing 3 74|
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wulw
LIN 3P Step
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— 150226 revl3

A% ‘o-i0 =
I_IIIIIIII_li "

|_||||||||_/m "G 3
=men i . ]

(ZL¥ 2-3-15) LIN Stepper Driver Top Routing, Silk, Solder 2 7]

(=23 2-3-16) LIN Stepper Driver Top (Drill+NC+Solder)
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4) 5 T2

o U T ZEIW 9 ¥ =zl s
S ANSIC 7 PEE e a4
- /7 E 2R

1
- LIN B4 Zgae 3

[

“lBRle ~ el
o T MLE1300 Doagah HVAC 1512128 » rp— " v ekin
+ iy sdei Lne MOTOR_ PARAYS_H Doty

Bendlf J* SiLIE N %)

BdeFine €_SROMN_OUT_LEVEL

_BATwN_OUT_LEVE
Bdefine CWALL_LATCHES
Bdefine CBATIMIOUT SLIEP
sdefine C_AUTO RICALTBRATE
Bdefine C_LEN OV

LY (MOTOR_TYPE == FIT_DORGAH_IVAC)

1 y sho
= j00d/60 (aPS) *

Bdefine CONFIGURATION 10
o Edefine MOTOR_FAMILY
- Edefine MOTOR_POSTTIONING

* Bdefine MOTER_CONTIME
& MOTOR PARAMS H 3
ol o 4 Bdefine ROTOR_PHASES s
W CBROWN OUTLEVEL sdefine MOTOM_STER PER_FASE F )
& C_HALL LATCHES Bdefine MOTOR_MICRTSTERS H i
# CBUSTIVEOUT. SLEEs d 0 " e .
® CAUTO RECALIBRATE : .
’ ﬂ,wm.uv R ) B AR =
ey okl - . sawh disieg
- s Eamy o e serch et alible St 4 unarch from the dia

(1% 2-3-17) BE 7% T2 5= gy

362



arams| Lo . =
MetorParsma.h | [ PID Controlc Buikd.h =y
* PID_Tnit(} -
s sasf
void FID_Init( void)

47 WIPLILIBD-1; Convert (mA] Lo [ADC-158] ©

uint1s ulMCur=Gain = FF_GMCURR

SA 1 s « muldi | WVRAH_RUNKTHG CURR_LEVEL, © GMCURR DTV, ulgMCurrGain
& muldi wnm HOLDING _CURR_LEVEL, {3 ﬂ“DJNI DIV, uieHCurraln

Luwwemlcaae - mm | VSLP_HET s

& 1_ulfMinCorrectionRatic = NVRAM MIN_COR8 BATIO; /7 WP1SREEG-] 7/ -]
1 ulmn’arrecttumnln = NVRAM, MAX_CORA_AATIO: /* HPISasE9-2 *)
} /* End of PID_ZIndt() *

* VoltageCorrectiond)
* Compensate Motor PM Duty Cycle for voltsge changes =
+ »erfen-unce 7.5us B 20z =]

= warid Mlll(!rurre:lm( wvoid)

FLF _SUPPORT_VOLTCOM VMOTOR
#if TSUPPORT_SWFILT_VAOTOR
BELV yMator]);
Remdif /= _SUPPORT_SWFILT_VMOTOR */
1 { (g t1eMotarvaleage » 8) B (g ulsMatarfefunltage 3 8) )

4* correct Motor P duty cycle instantly based on change of supply voltage */

uintlt g_ulbPidcerlRatio, g ultMotorRefvoltage, (uir
Welse /* _SUPPORT_VOLTCOMP_VMOTOR .r
GetvsupplyChip();
1F (gt ge » @) AR (g_ulfMotorfe ge * @) )
/* Correct Motor Pt duty cycle instantly based on change of supply voltage *f -
R 0 | STF

e
-z

(1% 2-3-18) BB -5 Tz (PID Ao IE 2

[6PIDContiole (W B [d] Dingnostice [ UBke | (8] UM Communications £ e

. lnnlnlue LIN comsunicatica interface.
art-up, at 9608 Baud =

=woid LIN_Init( uintl6 ultsWarsStart)
{

/* Initialise LN Communication */
& LIN_XCFG A= ~QISTERM; #* Enable LIN pull-up resist
(vold) ml_tndtiintodule(}; /* Initialize the LIW module

7 Setup LIN bapdoate

TR ru_m_n VERSION_MAJOR__ == 4)

P T_AUTO_BAUORATE 1= FALSE)
/7 duto bywirale caly on first LI fraee of
S IRST_FRAML); = eIl <

nlsi £ (_SUPPORT_AUTO |
* Fixed baudrate */

& (void) =) Setlaudrate( (ol mm m-__m_msm.m, (ol_uints)uIM_BAOLY); /* Program the baudrate : det
Sendif /° ( SUPPORT_AUTO BALORATE
Belse /*({_ MLX_PLTF VERSION Hazon

(void) e (wl_uints) m_n_mmll. (m)_ufntB)LIN_BR_DIV); /* Progras the baudrate : de
Senddf /* (MUK PLTF_VERSION MAJOR == 4) *

AUORATE 1= FALEE) *f

/* Setup L‘N options, including slew-rate *f
'_VERSION MAJOR ==

LT {__HUCPLTF
af ([ uc:“}ﬂlwmm-m}
u:} ml_Setoptions( ? ¢* 1oStopBitiength */
@, {* Txstophitiength */
HL_ENABLED, /* StaveChangesignal */
g /% Lightslesp mode with time
ML_SLEWLON) J* Slenmate: HL_SLEWNIGHe i
#else /* {ILII L mm AL (_SURPORT_AUTO_BAUDRATE == FALSE)) */
{vaid) ml_Setdptions( I. {* IDStopRitiength */
/* Tastopbitiength =/ -
1 m | 3

[l

(29 2-3-19) WE 75 T2 (LIN $4 T3 35 95
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[ MetorParams.h L€) PID. Contrel.c b Busd.h L€ Diagnostic.c L) LN 2xic Le} LI Communic._. (& maine 31| T

ar (if needed)

dule (T

winté uBackgroundschedulerTaskio = ;

Hif _SUPPORT_CRASH_RECCVERY

iF ( bisthesetTnfo =e ¢ CHIP STATE FATAL CRASH RECOVERY )

[
#E LIN_Com
B_uULinInframedufstate = {(uintl) C_LIN_IN FREL:
mendif /* LIN_Lom o/
if { {g_uustallDetectorfna != FALSE) B [{g_e@otorstatustiode & (uintd) C_MOTOR_STATUS_RUNMING) != ©

£* Actustor is active; clear molor-raw-current sove-average buffer *f
HotorDriverCurrentMeasureInit() ;

')

clse
sendif /¢ SUPPORT CRASH RECOVERY */

#1f _SUPPORT WD_RST RECOMERY
1# ( bistResetInfo se C_CHIP_STATE_WATCHDOG_RESET )

1_ulGinitMask = C_INLT_WATCHDOG_RESET;
}
else if { bistHesetinfo == C_UMIP_STATE_UV_RESET )
Welse /* _SUPPORT_WO_RST_RECOVERY *7

. 0 - v

(¥ 2-3-20) RE] % TR (mainc Z= L)

® LIN 321 A Holx A4 ¥ 22 8T 47
- LIN 321 Ig#e] 2 GUI A A
- dA A B2 dEY, HolH dEFYH TREF A

- 91 sbebvy A GUT Al
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(1% 2-3-21) LIN 321 F& $8§ Z21% GUI

Connect | Disconnect |

|1041? v| LIM Protocal

fS4E 12602 7| [GM HYAL flap v

Scan LIN bus |

LIM Slave Devices
[ 1 NAD:60 Va1

@ [Connected (V2.13) [Baudrate: 10416

(7% 2-3-22) LIN A1 A< 3

1 H fus
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. [~ Periodic “Wake-up 3l | <he
Connect | Disconnect | Scan LIN bus [ Save Settings Registy 305

047 - LIN Pratocal "LIN Communication Log

ISAE JZBDZj IGM Hal fIa;LI W Loaw Top [T Time-stamp [~ Logtofile  Clear Log |

LIN Slave Devices LIN_RFR_DIAG: 3D | 60, 0B, FZ, 95, 35, T, 04, 01, 5F =~
LIN_DFF_DIAG: 3C | 60, 08, B2, 00, FF, TF, FF, FF, 67
Wake up: Wake up pulse

(719 2-3-23) B4l 4 A& 9 dolg =9 =1 3y

[~ Periodic Wake-up 3> | <A
[~ Save Settings Fegisty 50!

LIN Communic.ation Log
W Loglw Top [ Timestamp [~ Logtofile  Clear Log

HwAC_GM_STa: 02 | 00, 00, FF, 7F, 3E -
HY &C_GR_STA: 02 | 24, 00, FF, 7F, 14

LIN_RFR_DI&G: 3D | 60, 06, F2, 98, 35, 74, 04, 01, 5F
LIN_DFR_DIAG: 3C | 60, O, B2, 00, FF, 7F, FF, FF, 67
Wake up: Wake up pulse

HY &C_GM_STA 02 | no slave response
LIN_RFR_DI&G: 3D | 60, 06, F2, 98, 35, 74, 04, 01, 5F
LIN_DFR_DIAG: 3C | 60, 05, B2, 00, FF, TF, FF, FF, 67
Wake up: Wake up pulse

1 3
FReassign NAD

060 - 062
Reassign |

(1% 2-3-24) LIN 221 A4 A&
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[ Periodic wake-up 3 | b
|~ Save Seftings Registry >0
—LIN Communication Log

W Loglv Top [T Timestamp [~ Logtofile  ClearLog |

[Hvac_GM_sET: 1 | 0o, oo, FF, FF, 5E -
HY &C_GM_STa: 02 | 00, 00, B8, 03, D1 K|
Hy &C_GM_STaA: 02| 00, 00, D9, 03, EO

Hy AC_GM_STA: 02| 00, 00, C4, 03, EF

HY 4C_GM_STa: 02 | 00, 00, 84, 03, 20

HY 4C_GM_STa: 02 | 00, 00, 6E, 03, 4C

HY &2 _GM_STA: 02 | 00, 00, 38, 03, 82

Hy AC_GM_STa: 02| 00, 00, 02, 03, B8

HY &C_GM_STa: 02 | 00, 00, CE, 02, F4

HY &C_GM_STa: 02 | 00, 00, 95, 02, 26

HY &2 _GM_STA: 02 | 00, 00, 54, 02, 67

Hy &C_GM_STa&: 02| 00, 00, 1E, 02, 90

Hyw &C_GM_STa: 02| 00, 00, DD, 01, DE

HY &C_GM_STé: 02 | 00, 00, 91, 01, 26

HY &C_GM_STA: 02 | 00, 00, 51, 0, 66

Hy AC_GM_STa: 02| 00, 00, 14, 01, A2

HY AC_GM_STa 02| 00, 00, DF, 00, DD

HY 4C_GM_STé: 02 | 00, 00, 49, 00, 14

HY 4C_GM_STa: 02 | 00, 00, 72, 00, 46

Hy &C_GM_STa: 02| 00, 00, 3C, 00, 81

Hy &C_GM_STa: 02| 00, 00, 08, 00, B2

Hyw &C_GM_SET: 01 | E§, 03, F7, FF, 54

H &C_GM_INI: 00 | 00, 00, C7, FD, B9

Hw &C_GM_SET: 01| E§, 03, FF, FF, 52

Hy AC_GM_STa: 02| 00, 00, 00, 00, BD

HY &C_GM_STa: 02 | 00, 00, 24, 00, 95

HY &C_GM_ST4: 02 | 00, 00, &0, 00, S0 [~ Re-stal |1_ D|y|4_ Lp|471 STOP |

560 | _peasiy o [[ocsss [ooine foar

HYAC_GM_STA: 02| 00, 00, 96, 00, 27 [~ Testlog

HYAC_GM_STA: 02| 00, 00, B7, 00, 06 il _ e Ims? z IED

I TS T e T Miszed stallz 292 Out-of-Travel 293
4 »

—Reazsign NAD

0560 -> 02
R easzign |

(19 2-3-25) 2213 HZ2E 93] Alof ukE 5 H2E 3y
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2749] shaft

174 shaft

==

[T

R yE

(1% 2-3-28) 7]0] %= & A

Gear#2 —

(Input)

+ & Gear 5 : 4ea( Spur 4ea)
&2 14 :250pps

Motor rpm : 625rpm

Actuator rpm (No load): 2.1rpm
Torque : 11.718kgf.cn

Goar Emeincy
1at 2na atn atn
Doscration
Pinn | X > * *
TEETH NO (Z) ) s | 1 | m ° 7
E (%) 6.5 8a.5 5.2
Totel Gear ratia 300
Total Goar afficlancy (%) 0

% Torque = 0.042kgf.cn * 300 * 0.9

Gear#4

(Output)
| MagnetAssy

Motor Torque — Total Gear
efficiency
Total Gear ratio

(1% 2-3-29) 7]o] Wl 2 A
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L3k, Gear Analysis® o|&3ste 7z 7]o] AH, Teethd,

T

Zlefulel W& B4 5 rpme SASIAE. & 2-3-78 7 7]olH
Al shebeE B el whe EE s dnsl.

(3 2:3-3) 719] 4 shepwlE

ITEM GEAR 1 GEAR 2(L) GEAR 2(S) GEAR(L) GEAR (S) Output Gear
Type SPUR SPUR SPUR SPUR SPUR SPUR
Moduel 03 0.3 0.5 0.5 0.5 0.5
Helix Angle() - - - - - -
Number of Teeth 9 60 1 44 8 56
Face Width [mm] 7 26 53 34 84 75
Profile shift coeff 04 0 04 0 04 0
Pitch Circle Diameter(mm) 27 18 5.5 22 4 28
Qutside Circle Diameter(mm) 354 186 6.9 23 54 29
Center Distance{mm) 15 14 16.2
RPM 625 9375 2344 335
Torque(Nm) 0.0046 0.03 0.12 0.80
Gear Ratio 6.67 I 4.00 7.00
Material POM POM ‘ PAGG-GF33 PAGG-GF33
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1. 15t -Stage (Number of Pinion teeth : 9, Number of Gear#2 Teeth(Large) : 60)

e TE . . O . -~

. Evidence of Gear Analysis

Input Torque : 0.0046Nm
Input rpm : 625rpm

* 9_gear Safety Factor
: 15.5(POM)

Output Torque : 0.03Nm
Output rpm : 93.75rpm

* 60_gear Safety Factor
: 15.0(POM)

Gear Ratio : 1/6.67

< Dynamic Analysis > < Tooth Analysis >

(2% 2-3-30) I o] 7]o] - 7]of 1 sfA A3}
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2. 27 - Stage (Number of Gear#2 Teeth(Small) : 11, Number of Gear#3 Teeth(Large) : 44)

ST W T . - -~ =
= Input Torque : 0.03Nm

Input rpm : 93.75rpm

* 11_gear Safety Factor
: 6. 1(POM)

Output Torque : 0.12Nm
Qutput rpm : 23.44rpm

* 44 _gear Safety Factor
: 5.2 (PABE-GF33)

Gear Ratio : 1/4.0

2-1. Evidence of Gear Analysis

< Dynamic Analysis > < Teet Analysis >

(29 2-3-31) 71°] #2 & #3 34 Ay}

373



3. 37 - Stage (Number of Gear#3 Teeth(Small) : 8, Number of Qutput Gear: 56 )

Input Torque : 0.12Nm
Input rpm : 23.44rpm

* 8_gear Safety Factor
: 1.38(PA66-GF33)

Output Torque : 0.8Nm
72 =56 OQutput rpm : 3.35rpm
alpha= 20 dw2 = 28.34
df2 = 26.63 * 56_gear Safety Factor

=29, : 1.38(PA66-GF33)

eps.al. = 1.313 .
phi = 0° x Gear Ratio : 1/7.0

3-1. Evidence of Gear Analysis

< Dynamic Analysis > < Tooth Analysis >

(1% 2-3-32) 7]°] #3& &9 7]of &4 2 A
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6) LIN =H3 2y AA 9 Az

® Actuator Ass’ y

}mI DATE } REVISION IEu-w}quIcrcck} L
[ [ [ [ [ [
<LIN STEPRING MOTOR>
a VOKE sy - - 3
7 |REDucTion GEAR-3| - [Pesseoramm 1 -
6 [RemucTion GEan-z| - [Pessserae 1
5 |Praoy cEaR Assv - - 1
a |REDUCTION cEAR—L - |Pesarora| 1
3| outeut sEaR - 1
2 | werER HoUsING - PC+GFa0% 1
1| Lowes wousng - FC+aFR0K 1
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CPU AEze ARM Cortex-3
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CPU %
] .2 3 .
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Universal Serial
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N
K5
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71 Design

. Design Dimension
Tep View Actual Size : 102 x 76 x 34mm
Front View R.Side View
Rear View L.Side View

Design Dimension
Actual Size : 102 x 76 x 34mm

Bottom View
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