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Transportation Research Part F:
Psychology and Behaviour Demand Layering for Real-Time DNN Inference
ARt e with Minimized Memory Usage

Mingoo Ji**, Sachanseul YA, Chungjin Koo' Sol Ahn'. Dongjoo Sev’, Nikil D, und Jong-Chan Kim' !
fioul of Autimtive hng\mmu. Kookmin University, Koreu

i

Effect of emotion on galvanic skin response and vehicle control e
data during simulated driving

| Department of Aiamobile and || e ‘onvergente, Kookemin Universily. Koren
3 .. L T 1] Con drnce. jonpchunk € konkn 1%

Myeongkyu Lee ', Singho Lee”, Sungwook Hwang ", Sejoon Lim”, Ji Hyun Yang S

+ G Schvd of R Fxgring Kook Unrsty, Somd 7, Ko

m...um..-mrmn Lt 1412 O, My Moo G, o, KD s
o A e 1765 e M:"‘mw s madel parameicrs are ladest imto (1" memory hefore exeeution,

i o e T i B ’:“w i & significant GPU memory burden. There are studies
— . — that reduce GPU memary Ty exphoiting CPU memary as
1 wwap device. However, his approach is st applicsble in most
exmbedded systerms with integrated Cs where CPU and GI'U
share 3 commun memary. ©n this rogard. we exmand

Abstrnci—When execating o neural metwork NN, itx

MRETCLE TR il Layering, which esploys u fust solitstate drive (SSD) m u
- - en-running partuer of 3 GPU and exploifs the layery-kayer
oty Purpose: This study aims 00 investigase the effest of driver emoton an the phpsiological and executhon of DNNx In our spproach, o NN s loaded and
Eroatom, wehiche control data and the possibilily of predicting the driver emotion b ehance (he drivieg exceutel in 8 layebydayer manner, misimising the memory Fig. 1: Prelonding vs. Benand Layering
s e, muage to the arder single layer. Alw, we devebyped 1
Meshat e pipelinc archiiccture that bides moat sddidioand delays cwmsed by 1) memory  the cost of meresed CPL memory does not

the inferlened parameier kufings alopide liyer cxcontim.
pibgreskiait oot ,'"-'f."}« mimary wdoetion with  Provide amy benet

Jumt 1456, delay overhead un average lor representatve DNNs, Wil this motivation, this stuly aiis 10 reduce the e
Furthermare, by exphiing the semory-delay radendl, nearaers — ory usage of G -hased NN imference o
deluy overhend funder 1 om) can be schieved with & dighlly  |ypeping the memory for model o
increased memory mage (sill an $5.4% reduccioni, showiag the .

great poteatial of Demand Layering.

¢e high and low Bevels of srousal and vabence: huppioess, wrprise, fear, Anger, depression,
beoevden, refief, aod arsirality, Fourives made and drsale voluntern with ages betwren 32 and
34 y puricigaated in the test, dexd 540 s of Imige, phy and vebicle data
wrre eodlerted. Aftey induting Lhe participants’ target emtiod hroagh the viewing of # film and
witing e puestages, v asked the partiipants 1o drive v a highway Sicegh  drivisg simeltor
it self-evaluate thelr emotion. Afies the lest, the panicipacss were allowed 10 go home afies
emution nestradiaation

Renik: The particiuses’ elf-evaluased emotions correbated highly with the intended indeced
ettt High aroual aned negative valees emoticen suel s digre and kow sl s pesltive
wnleser emotiom such s welel exbitiiied o swsticaly sigsiiican elevation for e followiag.
Indicntors: yadvanic skin response smplitade, lengtiudinal veiicl control dats weh as thosting
At ieaklng. and latetal vebilele contral data.

Comclusions: The test reselty confirmed that & driver's emotbonal state could be reflected in the
dilferences between the Bemetric data or vehicle conrol dora. In parieular, the emorion s
clmed with & high arousal and negative valence could be clearly diseinguished from chat asso-
latrud with § linw arersesd asd punitive valeser, Therclue, Ehe debvers eotfonal o
traflle condilion. and the detection of potentially risky emotions sich s thoie sssociated with
raad rape and devebopmit of & wiltable driving mode can help cehuricr the driving saloty
Applcations: Datvery” remtions can be ienrified baed oo fhysioiogical dath sad vehielr contecd
fata sad inbegrated nto the aysem 1o formulste appropriste responses. For inatance, anger
nntklgated front & driver can be alesiated by 8 preemptive measuee, thereby rrbancing the
trathle sadety.

| IsTRoovCTIoN CPL memory on desiand in the granularity of poges (ypically
sized 4 KB - 16 KB) Similarly, exploiting the lyer-by layer
execution of DNNs, we propose Demiond Layering that loads
model prameters oa semand i e granalarity of fvers while
dropping previows Liyers of 1o use. i this manaer, the memory
requireinent 15 sigaticantly reducel 1o the
tayer from the order of the entire mudel
the dilference berween the prelusding archiwecure and vur
Demand Luyering

However, the memory seduction is ol free. [t comes at
the cost of incressed delays. Thus, we coodusted 2 thorugh
delay analysis, which found out Ut the inference delay can
be analysed in termis of the following three opecations i it

Tor enuble efficent desp newrsd network (DNN) iference
with low-cust embedded handware, ils memory requirement
chould he muimised For that 4 typhesl approsch fo w
apply pruming st qeentization |1]-{3] that redisce the mmber
of model paramters, however, it the cot of imaveidible
accuracy s Ooce s moded b5 fixed, all th umeteTs are
Joailed 1o system meme
of our knowledge, most Irattiew itk
cmploy this method despile it excessive mentary osage. How.
the ern of Lirge-scale madels | 4]-{8] and concurment
serguse thiat this naive approach is a0 longer
stem spproach is needed tha can
alleviile Uris excessbve memory requiement » Read: Model parumeters e tead inw CPL
Recent sitidies 1y 1o reduce e memory wsage of DNN « Copy: Mudel porasiaciers re copied 1o GPU munory.
sference by efficiently imannging aetivation buffer between « Ke NN layers are: exectited by GPL Lernels
DNN luyers |12)-{14]. However, they are not applicable for In e prelouding archite
stursng el paramicters. Besides, SwapAdvisor {13] provides ations are only in the initialization phase; Uns, s inference
merhod by uliting incspensive CPL memory  delay is just the sum of GPU kemel exevutsoas. In conteast,
wap device of scare GPU e neth Demand Luyering repeatedly condocts séad nad copy vpes-
promising i derete G (GPUY sys with separste  avions during U fnfere
CPU anct GPU mem i ever edided wylems oxtra delays Foo thal
A where CPU gnd GPU share o bigghperformance solid-dtate drive (S5 Compared with
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sdies the
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1. Introduction

Acranding to the National Highway Traffic Safery Administration (NHTSA), 38,680 praple died in motor vehicls crashes bn 2020,
which 15 estimated 1o be the highest pumber of fatalities snee 2007 {10754, 10203, According 10 the aceident report published by the
Waskd Health Organization {1 . the trurmber of tralfic deaths gradually increased 10 1.95 million i 2016, Trafic accidents
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Real-Time Object Detector with

3-stage Pipeline vs. 2-stage Pipeli
Minimized End-to-End Delay
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Avoidance Method using Real-time Model
Predictive Control
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Course Description
{ 2022a school year. 2nd Semester )

Col lege Graduate School of Autemolive Engineering Depar teent Graduate School of Automolive Enginesring
Course Title Raniom Data Course Mo, 68661 0a—01
Offered
CreditHours 3.0/ 3.0 Lol fYoat
Class Sud
Hours Mon. 104, 108,194,118 124, 128( 18:00~20:40) Locat fon Sapaassy
Grading
Language class English Tipe
Prorequisi Home
erequisite Page
Dffice Hours TH B e Romark
% = Alad gt Prone 02-010-5679
Course Instructor  Office BNISAE L LIE E - mail : soulshinBkooknin,ac. kr
o
Page -
Naner Prhone
Course Assistant elefxy
Home:
Page
Al tachment Video Attachment

1. Course Description

In this class, studenis study on how to measure and analyze acoustical and vibrational signal. To this end, this leclure deals with
sensors, data acoguisition, signal processing including FFT, single irput single cutput (S190) system, multi-input multi-output (
NIMO) system, and so on

2.Coursa Object ives

In this class, students study on how to measure and analyze acoustical and vibrational signal. To this end, this lecture deals with
sensors, dala acquisition, signal processing including FFT, single input single outpul (S150) systea, sulti=inpul multi-ocutput (
NIM)) system, and so on

3.Prerequisites and Requirements (optional)
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This course presents the main ideas behind the automotive E/E architecture, especially focsued on real-time aspects of contral
systems. Throuchout this course, students will leam about basic architecture of ECUs (Electronic Control Units), microprocessors,
real-time operat irg swstems, AUTOSAR, CAN network, etc.

2. $USF

- Understand the basic architecturs of Automotive EYE swstems

- Understand the fundamental principles behild real-time operating swstems
- Understand the concepts of in-wehicle netwark |ike CAM

= Understand the main concepts of AUTOEAR

3. MERSUNE
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Course Description
{ 2022a school vear. 2nd Semester

Lol lege Graduate School of Automotive Enginesring Department Graduate chool of Automotive Ergineering
Course Title Yehicle Big Data Svstem Courge Mo, TaNE20 -0
: Offered
Credit/Hours 3.0/ 3.0 e aar
ploes Wed. 54,58,66,68,74, TB(13: (0~16: 00 Lozt ion sas
Hours AR ' ' SEEEERT
Languase class English $$gim Absolute Evaluation
L Home
Prerequisite Fofi
Of f ice Hours Wed 12:00~13: 00 Rema rk
Mame: RS Phone ! 02-910-5469
fourse Instrictor  Office . SEEEEHFA HE E - mail : lim@kookmin.ac, kr
Hinne
Fage @
Mame: Phone &
Course dssistant Sy
Hane
Page !
Attachment Wideo Attachment

1. Course Descriptio

This course provides mathematical and computational techniques to tackle wariods issues in Automotive Big Data fnalvsis. The course
material includes optimization, statistical analvsis, machine learning and neural networks,

2.Course jectives

Students can esplain the concepts of big data amaysis, optimization, stochastic process, and machine leamirg, Students can explain
mathemat ical backgrond for big data analvsis and machine learning. 3tudents can create and solve valid problems with data in the
automot ive domain using Python and Tersorf [ow.

3.Prerequisites and Requirements (optioal )

Fluency in Python and Object Oriented Programming is required. Undergrad lewel calculus, |inear algebra, and probability and
statistics backaround is required,
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Course Description

{ 2023a school vear. 1st Semester )

College Graduate School of Automotive Engineerirg Department
tourse Title Lightweight Materials Forming dnalysis Course Mo,
: Offered
Credit Hours 3.0/ 3.0 e Mear
Class " . .
Bris led, BB,64,6B,74,78, 84013 30~16: 30) Lecat ion
Language class Enalish Grodirg

Tvpe
i Home
Prerequisite Page
Office Hours Remark
Pame: HEA
Gourse |nstrictor  Office : EEERENSTM HE
Mame:
Course sssistant HEL

At tachment Video Attackment

1. Dourse Descriptim

Learn about the mechanics of various materials and the basics of forming and structural analysis for wehicle ightweidhting

2.Course (jectives

+ |nderstand the mechanics of various materials
+ |nderstand the basics of forming and structural analwsis for wehicle |ightweighting

3.Prerequisites and Requirements (optioal)

Graduate School of Automotive Ergineering

TO3890-01
Zatet
TERFHE 1325

Absolute Evaluation

Fhane 02-910-5611

E - mail @ krystal@kookmin.ac.kr

Home
Fage @

Phane

Home
Page @
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AsaEs BHEok w2 AAHS B3 v= Kettering University (GM A9,
gt ARAEA AR, AE&F s AT EokollA &
I3 W R/E P grlel do s AEHHA uS FY BAE olojvtd AF.
e 2E e Aok 2 AAE S B =ity 89 MOUE A4dste B4 &
AA F2L A2 FFo] MAEHTAE SR Fosdon, @A A&l Tt
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o

KMU-Kettering IBMA (Integrated BS/MS Program in Automotive Engineering) =<t S
o2 it FYAE YL 8] vt 94 m& Tzadogn oy mRE A3
o}, ZRUZF dobal dA) Akl AgeiA dd mg 2 oy afs A9 oA

@ = ATAAGA J nE&Z2 W SFA
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ETAS wSAE(FY BoschAlgAh) A4 2 &9 (2014.02~FA) : =H = A
B ETAS¢le] Z=2d g8 S 58 AUTOSARGRIH AZES ZHE AL 5),
LABCARMHILS Al&#elAd-& 93 RT-0S &), ASCET(2@ 7|5 AZEHo] /L &) 7
of A H wsAYE P3| o, ol T I A E AEA FEFI ALY
AAY S Aus 7ls FAY Fstol 7)o

=Y IPG Automotive wSAlE A7 2 Y (2017.07~FA): 25 AAEES HSAI2-H
2l HILSA 283} IPGA= AFE 9 AZEY Q] CarMakers A AMA A&k Al ZAF}E
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3ot 719 AR s Eds] 33y
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REEEIEL!

TASS wSAE A8 2@ 29 (2013.09~A)): Fwitho] =7 )-TASSQUIE WG

Hotal, TASSS o 2 RE] PreScan(H AP Absxt Algdo]ld AZES
FHkol Hubd Asak Foke] HEdly A 9 s ¥ .
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@ 8¢ AFH~ =293 S5 247
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Y performance’ 7]& L
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echnical Center
i Design Target Setting for a _
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Motor Europe High-Performance Car Using a
u
P Virtual Prototype
Boise Radiology darzy] FIA75Y3 Ay .
71 A] 3]
Group F= > 2023.01 LiDAR 414 718+ Locoaliztion ¢k~ | = gt
University of AZES o Agsls o83 HA3) -
Florida m= > 202301 71H | AR
ACM _ s
Transactions on HEj o] ZEAMAE &83 FF
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g 37t
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£ At IAH FEe

H Z2YU=E s wHgd A

A HEYIE AE &8st
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- AR g A=A HESE, F 19, vl University of Florida 994+(2023.12.23 ~
14.)

18
ol
o
o
Lot
et
£
ol
o
£
b
[>
(m
2
it
A
=2
o M
o)

al

1
0%
N
ot
El
+
2
iy
£
o
010{1
>
=
of

19, ~9]dl Lunds universitet <9< (2023.11 ~ 2024.02)

- 19 -



- A3 1 AR k&, F 19, 5Y Technical University of Braunschweig $1<+(2024
A5 dA)
- %3 w4, 5Y Technical University of Berlin, Sangyoung Park $1-+¥, k-

) =

A3 z2O9E T8 V2X A4S 283 TUE EY 7|3 3 AF7E T3S 9F
(2023.12. ~ 2024.11.)

- AdA wg AESA AdF5z F 19, vl University of California Berkeley, Model
Predictive Control (MPC) Lab® 71<n5F. A&F3 Ao 2 A= AA 7|& u{FS 23,
AN AT AE fldl vlw =2, A, BT A4S T8l ASFy 9Alof
A AT Y (2024.01.13 ~ 2024.01.25.)

3 FANTAY =4 FFIT R

Kettering ™isl, Wl@&= TNO 4, University of California, Berkeley, University of
Florida, 47} 2 Moovita, Hiroshima Institute Technology, Hokkaido University, San Jose
State University, University of California Irvine, Lunds universitet Technical University of
Braunschweig, Technical University of Berlin 53 A7 {FE AAE A3t A=

= 11719 713(=9Y, Technical Center GmbH, Hyundai Motor Europe, Auburn University,
Volkswagen Group ¥"|=r, ACM Transactions on Embedded Computing Systems, Boise
Radiology Group, University of Florida, Massachusetts Institute of Technology, <=,
University of Surrey, Wl€@&=, TU Eindhoven, 2=¢)|¥l, Lunds universite)¥} n7F2 233}

- AAsE ug AT AWE, AT, AFA, AN, HaF, T 59, Hl= Unlversity of
Florida, &~ZE o] AF3E o] &3 HZ 3 7|Hol e 7lenFE 3. H2id HE
3 89 AFE Hdl = =2, A", BRyA-so HolEE T AeFd 2 %Ei‘é
A AT 9 (2023.01.13 ~ 2023.01.25.)

- AAS we AR AWE 4™, AN, AW, HEF, T 5%, "= Boise
Radiology Group, W€ 274 WelA Fa3 o5 AHE &HF o= Jsittym A&+
AR 2E AFstr] 1% AU LIDAR AAME &85 914 14 7]&ol &3 A F3). 1
A3} Eletronics(SCIE)o| +=< 13 AlA} (2023.01.09 ~ 2023.01.14.)

- 5% g AR stedE, F 014, 5 Technical Center GmbH, Hyundai Motor
Europe, Virtual PrototypeS 283 Chassis Design Target2 A Aol #3+ =& 13 SCIE]|
18 AlA (2023.0D)

- 5% 2y ARYA FeFE, dsS F 294, 9=, University of Surrey, ‘Torque
vectoring system for energy consumption and driving performance’ | &3t 7|& o F 2
Fault-Tolerant Control of Steer-by-Wire with Differential Braking® < FA|Z 7]& A9
2 7le d™d Iz gk FFE %38 (2023.08)

- A wF A=A AR, ot A, HIEA, e, FAH, AdE T 7H, UL
2t=, TU Eindhoven, ‘Stopping by looking: A driver-pedestrian interaction study in a

c?
N

coupled simulator using head-mounted displays with eye-tracking’ & FA|Z e-HMIE <
83 ALFYAER-RYAL F5HEPH AT ) FHE APl B AT FTH
Z18y (2022.11)
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USAH 15 A=A TAE, F 19, 299, Lunds universitet, ‘v @ 22 €] 373 ol A
o HVI 1A AA 74 & H7p o 33 A7 313

AE3 w4 A =8H4Y <Fel %, San Diego State University, Bryan Donyanavard <= <78
, v T HAEWEE 83 35 dFE T3 (2023 03 ~ 2023.07)

JA & w4 A=Ay @ 7]A, MIT, Daniela Rus w5 A8, A A5219 A QA%
g8 mdd3Ao F5 A7 FH F MY A Zﬂl (2023.05 ~ 2023.08)

5 AT Aol =F AL ofHES Zeistn, AT AWt Be FF AT ¥
& A $HEAE Fol gl Y #AV ARE 5 Y=S T A

A9 ATASS FWE 2Ystel Addel BT AF, BH A4S FF B + 9
£8 3, 25 95 A YL s 2g A

- 121 -



1 i s S
[ATHT 8 S5

¢4 AT =E HEAF

Ao 2&EHA = FAE w4+ ‘Transient Frictional Temperature Variations of
SSP and DSP Wet Friction Pads by Repeated Engagement Using Slipping Modes’ =2 <]
Hold A7 AHAE AA o} thglzolA 3 HAsre AT =S At I+
EA Foste “HIrETTFET Y S T4 (2023.07.26.)

o) Ad wZo} Xl% 2 B AHA AT Impact Factor 4.960.2 & RHofoA A9
20.6% 5 A gk 943+ 92l Journal of Computational Design and Engineering®l| =&-<
Al A g+

FAA wFe JdAFE wFe FEIATE T AR FHAE EoFo(SSCI : Social Science

Citation Index) - Ad<l Transportatlon Research Part F: Traffic Psychology and
Behaviourell =& AlAE. dAE mget Aed EUYYH AFELE o9 & 339
SCIE +=&& AAF

H F3 A7 B EokollA 9 25% o<l MDPI Aerospace

3-stage Pipeline vs. 2-stage Pipeline

3-stage Asynchronous Pipeline | /501 i

2-stage Asynchronous Pipeline | <Unificd bufter

[29 1-1] 2022 IEEE Real-Time Systems Symposium (RTSS) =4#| s}<t) 3]
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Sorniotti W AT H AP AF ATS PP or, a9 w & iy A7
3h&-2 vFAlgg o]  ‘Fault-Tolerant Control of Steer-by-Wire with Differential Braking’

[e)

=

155
=

FAR 7€ 49 9 e #4d F=o i TRE AW & AT uR/E T AeAA
AAE FA8L A+

o
-

[198 1-2] 9= University of Surrey ¥& F5ATF 3

of

EF wagE dugxtExl 4 7€ AE 4<% Esteve Josadt EE5AFE =3 Virtual

Prototype< &8¢+ Chassis Design Target A& o] #3 =& 1¥H-& Applied sciences(SCIE)

o

2> o 2 u&

0

=]

Al A 3

=3 w59 AFIdWue AFA S University of California, Irvine ¢ Nikil Dutt @<
T8¢ Information Processing Factory ZE2AEo| &Aoo g ot 7S wrAA
Nikil Dutt n<=, Saehanseul Yi ¥tAL A 3 HE] Fo] ZZMAE ALESt] 53F vt
b #YstEA YA B&E Fole FsATE AP 1 A3 ACM Transactions
Embedded Computing Systems (TECS) o =% 1#HS AAg

- 123 -



AR A (F DT

Rl 87je)

2

A F A
ZpA o] =R 2] E](mobility)

S
L

A7

A7 B E A o]

7178 A=

Bis

g 9

] xEV 2

[

5

1,384,000,000¢)=

—L
H

A7 60kW

71 A& A
tRem, 582k &

J]

2 203

1) A

(e}
-
1t

T-H] 55,000,000

B/

o

ol

il

o

mK

“QE FH o] FF3}

& FENEH}

Ay A4

<

LY

€]

3 Wt A%

2

o
T

VILS A543 =7 (Fd 74 486,000,000¢) #AE 38 FolH,

s el A (FATH 460,052,000DE

! A2"l HrL e e

il

Aol e A7A

=i
=

WL5e} AEe st

£ V2X Hub 71<7)

;of
{Jo
o

¢ 7]4(SOTIF) 7a” (=4

2

d dd 270 HA(

T-H] 460,000,000

Y F4

A1) 219,200,000

&

8 47

wjr
-

Folem 539

S|

=9
=1

o
=

& 17

=

o

Nlo
oA
oy

0

]
w
-

bo

2 SCla A

-
st

#Hd FARE Shevis T

i

il

)

Foolug oo 9

7w

A

Ll

2 Ak

ol
bl

i
)
ujr

‘o xalel o2 DC(direct current) 3 AZAE Q] A

S
L

T ZHAo] A4

B

i

K

)|
—~

B

K

AFEAst % Ao} B AT

e
SHE W5

A3

=
=

il
3
i

)

el

o
;01_
H

o

Nlo

bl =zl

J]

°]-&

o)l o
H=

T2 EE

Aol Bgel ATHe THy

A5 o

a2

ol

O 2~
T O

K

—_
o

)

- 124 -



7}

%

-
st

(HOD, hands on/off

=
=

2|

A

18] Al=dle] A A

= 2L

I

R

G
a3

e}
Jo

)

g
B

—

0
~

;01_
B

=

=
=

Bo

=
=

1739 =4 59

R
FEATE F

=i
=

detection) A3

o

Ho
i

-

110 =

9|

A

f

3]

FllA A5 &

Al &o

ul
=

d bHAO], xEV 114353 A-&F3 SW

11 344% 9 d9712 471 53 44

1 gelms A7

o

oy

)

d

i)

!

(2l

Z
)

e

5

20223 99~2023\d 8443

Bard = 717
4,856,518

16

303,532

E T

vk o

Jofa 1919 547 3

9,487,659

2021 9¥-~20221d 8Y Al A
@ad= 717h)

16

342,979

of st olA o

>
=

S
(3 1-1] H2 19732022.9.1.~2023.8.31)

Hr

-
o®

¢

¢
B

R

J_Al
Ho

A AlRe] 2022.9.1.~2023.08.31L 7IkE el = Al
AR A = AR 718 R&D A + A58 A

A7)

&

50

*AH A 7)1

o
B
A

A
it

SER

alg

-
L

1

O I~ =
TRt

Fel JCR 749 40% ©]¢¢]

J|

% 9

SR

=9

s
&

oAwg 1909 8125 Ao 4

=

130 0=
- 125 -



= =

ZA) S&/AT WF AFE UNCE ALWE 277 thu] 125% AHE

o,
ol

bl e

o] Fopol & HAUS F

i
ot e
okt
3:8
_EL
(&3]
A
oo 1o
° 5
é‘.:
_‘L
Ll
ol
J
okt
32
do

inc Ay A4 A= %)
JCR 732] 40% o4 =& A 13 13 100%
AR 2 A8 A A A5ENJAD) 3.5 8.125 235%
A g&/dT uF{F AF
‘ ; 2 4 125%
EARETT B A SEAT ) 7 3 o
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(D Kim Myeong-jun, Kwon Ohsung, Kim Jungha
@ Vehicle to Infrastructure-Based LiDAR Localization Method for Autonomous
vl Vehicles
- SCl/
j} SCIE | ® Electronics 2023, 12(12), 2684
[e)
@ 2.9
) ® https://doi.org/10.3390/electronics12122684
1
LiDAR Al HE 83k X}‘”ZT%X}‘“*«] e Y x|FetS fFM = A YUMHD) A =2 oE=A
A Blojd ok 28U 18, AINE AELTE, A& AXA JEZ AANTA
F8% A& Z?SEXP“*OH MOWt Z TAE o & Uk l A FAE 23ty 3l

Vehicle to Infrastructure (V2D-based LiDAR localization methodZ A ¢tttk B Aol A A glst

-

= W2 HD A&7} infrastructure <A ApeFol] AFE o], Aol Abdo AEE 7FA 3 9

A golx =97} 7}535HA '5‘}9&1:} HD A %=¢] optimal & =7]¢} infrastructure®} 2tz 7+ A&
7F e 50 vA = 9FS vy 23S Y353t HD Mape] Y=o weta kA
= A% £59 map WA *é%:% Hla st A H o= Hrbsk o

(D Mingoo Ji, Saehanseul Yi, Changjin Koo, Sol Ahn, Dongjoo Seo, Nikil Dutt,
and Jong-Chan Kim,

@ Demand Layering for Real-Time DNN Inference with Minimized Memory
SCI/ | Usage
SCIE

2)

2L ofN Y

@ 2022 IEEE Real-Time Systems Symposium (RTSS)

@ IF 4

® https://doi.org/10.1109/RTSS55097.2022.00033

- 126 -



B =ro Hxrzlyd Wreg AHLOoE AAZ DNN F2< $3% Demand Layeringo] gt A =&
A B3-S AAFUG o] HHL2 53] % GPUZF v dHid= Alx="oA F83% GPU
H2g AAEHFE Eole EAE HE Y Demand Layeringe DNNe| x| mdlo] opd Hg
g dolojgk GPU wlmelo] Zrste] Mg AEFS A S0l E&4S FEAUT. o
W ThFgk DNN 293 Q8 sid=olA B2EXHSen, DNN getry 29 #4oA 7]
< GPU "R A& A BHETD o3 45& RAoFUT
@D Changjin Koo, Jaegeun Park, Taewook Ahn, Hongsuk Kim, Jong-Chan Kim,
and Yongsoon Eun
7 scl @ Phalanx: Failure-Resilient Truck Platooning System
i SCIE | @ Design Automation and Test in Europe Conference
&l
@ IF 2
3) ® https://doi.org/10.23919/DATE56975.2023.10137160
B =25 AT =53 3 W4 2 EY 3 U ELIAE Zod FEAQA YRR T&
Al ApEglol AA 17 F8E Bedte BHS AU TR 3712 e AA
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pisy

Abstract: In this study, the chassis design
using a virtual prototype to solve the problem of increasing complexity of vehicle development.

To achieve efficient handling of Hyund: te N, a vehicle, the
Kinematic and comp} ) chassi the design target were
set prior to the desi Lation, thereby facilitating the efficient and systematic
Aoxelopment of the achual vehicle In order f0 overcome the Hmitations of existing rearch and pply
it o the actual . on vehicles, tasks

The fiest itative factors that match evaluation. The sccone 1s bullding a

virtual model to ensure consistency in performance predictions. The third is optimizing the chassis
characteristics to achieve the vehicle performance goal. When all optimization results were applied,
the average of the performance items increased by 0.5 points and the standard deviation improved
by (.4 points compared to the existing Civic Type-R, which was the best. In the case of the final
specification considering design constraints, the average of performance items increased by 0.1 point
and the standand deviation improved by 08 paint compared o the existing Civie TypeR Therefore,

the design target of the chassis systems that could achieve the vehicle handling performance goal

could be

established prior to the design. Using this virtual developmer
the trial and error process that the first and second test cars needed.
500,000 USD (per unit trim) of the first and second test vehicles.

is possible to climinate

Citation: Wos, 53, Y Yoo, I3 s his could save more

£, Shin, D. Chassis Design Target
Sttt o o High-Ferformance Car
g o Vietus Frotose At 5. Keywords: virtual prototype:
2023.13.842. Batpee/ Fdoions/ performance
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of vehicles and their P s he y increased
owing to the increase control installed in vehicles, ing of the
product life cycle, diversification of markets, and the application of various power sources,
Tnspgiion, the pressure to reduce costs has increased because of the need for resources for
th dly and driving and the i
sastetial conts fox tie Spplicatiod of tinted petta

Chassis specific: have 2 considerable influence on the vehicle’s platform: Here-

7
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icemoe w1, mavet, swtsenana, 0T, it i% necessary to consider the changes in chassis specifications in the early stages of
th

This requi e ch tobesetin an irection

diteibuted wnder e terms and  before commencing the design proces articular, if a goal for the design direction can

PREIDIEN Cestinaivense letoe e diige naitisdicy o

Ateibutions (CC BY) lisesse (ntps// 1mized. In the past, the chassis characteristics of Vet with g00d chassis
s vehicle were measured and set as a target, but this method is

40/) because of the following reasons.

10 future design chasiges can be
tem-related
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input is avoided to maintain the tire grip characteristics. Moreover, when the increase
in braking force occurs, the increase in yaw movement must also occur in proportion.
¢ o suppress any sh vibration as much

f
as possible.

Sicesiip at Limit B

Str_—angle at Limit [

Figure 2. Relational expression between the handling subjective test items and objective test factors.

Therefore, a relational expression was additionally set up to express the development
factors for the of high cars as i
factors in this study (Flgum 3).
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Figure 3. Additional settings for race-track=driving performance indicators
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pplications have driven the adoption of multi-

The increasing computing demands of autonomous driv
. which in turn renders energy optimizations critical for reducing batte

core processors in real-time syste

1 energy optimization method targeting traditional real-tin
adline, resulting in conservative energy that are unable to
bt dnd cxisnien. We sapbies g dynamic deadlines arising

hange

iy 10t aielacwe el e phlumn.lr\ work for uniprocessors [66] to mlticore processors, which
5. We use the state-of-the-art real-time gang scheduling [
tie chalenge, fomeves  otalls amNF hoed combinstonto peobia

introduces several challeng

5] to mitigate some of
in that tasks need to be grouped into

gangs of tasks, cantly affect the energy saving result. As such, we present
EASYR. i h that generat

a given directed ac
sl processcespandeositisyokymaccdentines hile cnsualgas]tle enengyan poadile e iming

fied

col. Our extensive experim 1\>\n\hnudonm gentraied task grepks show that o gand foraton hetsisic:
performs 32% better than the state-of-the-art one. Using an autonomous driving task set from Bosch and real
ol divigdatd e sperioments o that EASYE achieves energy reductions of up 10 30.3% on average
d with the current state-
of-the-art gang formation heuristic in real-time systems, demonstrating great potential for dynamic energy
optimization gains by exploiting dynamic deadlines

angs of tasks from
ly adapts the scheduling parameters
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() As Late As Possible (ALAP)

S
Sy

New data

S s %%bb

(b) As Carly As Possible (ATAP)

Fig 7. ALAP: Tasks gradually change modes (white — hlue) as the new data progress along paths (curved
red arrows) passibly at different speeds. AFAP: The new sensor data arrival immediately triggers (straight
red arrows) every task's mode change.

« AEAP (As Early As Possible) immediately triggers every task regardless of the new data’s
progress. The mode change completes by # + max; (P,%/4) in the worst case when the longest
period of TI°'¥ began right before fa.

We deal with the following two case:
methods, respectively.

Case (i): Relaxing deadline. In this case, we use ALAP such that the mode changes do not ad-
verscly affect the already ongoing progress of old scnsor data. Besides, we need to cnsurc that the
new sensor data do not violate d”*. Note thal the new sensor data nay progress througl tasks
possibly with different modes. which happens due to different speeds of different paths. For exam-
ple, in Figure 7(a), 7, has two incoming edges, where the upper path requests the mode chang
while the slower lower path still retains the old mode. Then the upper path w; —
can have a mixture of both modes while handling the new sensor data. Thus, the worst-case delay
for the new sensor data during ALAP mode changes can be calculated as in the following

i) relaxing and (i) shrinking deadlines with the preceding

e e s (3 ,) <s(Te)-er e

swhich s less than d™¥ since Vi : P,°ld < P,"" thatis truc when relaxing deadlines. This is because
when the gang utilization (u}) is fixed actoss wodes, if S, decreases in Equation (8), P, should
increase ko offset the change. Therefore, P; increases monotanically to decrease ! in Fquation (19),
reducing the average power in the next longer deadline mode.

Case (ii): Shrinking deadlines. In this case, which basically makes the situation more challenging,
we use AEAP to quickly finish mode changes, minimizing possible cxtra delays. Delays for the
uld sensor data are naturally kept less than @ by the same rationale in Equation (22) since ¥i :

% when shrinking deadlines. However, regarding the new sensor dala it can suffer
extra delays if any gang’s old period instance that began before the new sensor dat
long enough such that the new data’s progress is unexpectedly delayed by that pe
instance. Algorithm 3 caleulates the worst-case delay considering such negative cffects for cach
path 8, which is au ordered set of gany indices in cach path. Among the calculated delays, we can
find the longest. The algorithm gradually accumulates delays by gangs in 5. Line 1 indicates that
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olmAE AHHoRE A =T 7 71 wel ZydEo] APFHoE FUkEH, =
C A WE A9 Adel WHSA W FHel 98 HA deds wE la
(ICCAS2023(2023.07 Accepted) AlA &R
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WE /s AR "“ﬂ” PM TEEAE L 2 AS ZEAIZA AHE Y] 1
e 2EEAE 28] fs) AL J24A 24 31 SWel & Helo ATe l%’S}

of &4 A%

30) AR - 7= AW E e AFA AP 93] Double Pulse Test Al@ 2 35t Alo|E=zg}
oMo AlFAdS &R}
QA - AGARE 884 AP Y= DPT AEE 23ste] Alo|E =alo] B9 Miller
Effectol] 9J3F 428 PATS = 2E 4 A
S AFEe B 0 AEF 2 A7) AFAR AFEEE el ZHE ALSHA Alofs)
= 71 7
A AFEorY 7o - AFe] AFE J|e W 7o
AGA N2 A%
S 10176845 = E A o] WA = T
Uk
2 EA - ADTE)NA Z1AARE Ao7]E JakstEs £ MCURE 7HHEL°1 I8
W& . AAAE MCURE 2 FE5A22 /| 238 MCUE o]&83 o] gle Ak
2HFE MCUE g©AgE Aloj7]3S /MEsty Alad. DAAAE MCUR= i]i;, 2) MCUE
= Ay 9 BOM, 3) AAAEETEE 93 Ao SWHE-E= AFH), 3) tojvr Ay
31) S B3 A&EIW FZ (2022.10.01 - 2023.03.31.)
ANAYH : 7| EIZHEA D AA AFE B F4A7]49 dZ27]ES AU
A 0 ZEFE MCUS 718 SW ZAIE B8l B AFdE AL & e 722 7dsty
Aag AA AFo] 71 =2 dHEE Ve MEs Sy
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o|l <& 10176845 2 E A AUA A= Tl
- - 7} 3
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W& : EPS& 12V HEA 7] M Aoy F2AA, SWAL L AA AZE 2 Pste] 3)AF
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Ao]7] 74 (2022.10.04 - 2022.11.30)
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4 0 A A MCUE A8 A /st LG-vtaurt 48 &t Asake] stolB
Y=g 501<W REE g2t Z19g Aol Fod Aas AL 20239 A-EAEEsts]
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stolEElE, HlHE RE)E FEE 4 A& AY AeJ7|(VCU: Vehicle Control Unit) =01
2 Ao g F(AEZE ) 7 (2022.09.08 - 2023.12.31)
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ojlZ% 10176845 RE| Ao A

2k A - ol#El AMSAIA B3 BREAlY] 7|&s Mgt Leveld A& HEH2: H&
st Ap o

W& : Leveld A&+ MEH2 A8 BY 5 dadE Jid 9 st=do dAE". ZHA
o7] AA, Infineon TC234 & A|ojF A7, Infineon IGBT F+&& ¢3¢ GateF(SMPS3|=
=3 AA, AolF P Gatelo] UAF AA, DAY 2ZESO AL : n& £ IHs
[PMSM Alof& A ESO] /i, AE AJE A% A&H-EA 7|9 Aojrle AH§, ZEA
Z1Rke] zpeFA| o =3 SW A, 2&F FE5AIE A 9(2023.02.01 - 2024.07.31.)

39) AU . oY AMSS] Infineon TC234 71 HY oS 835t TEA| O] SWE &Alst= Hlok

o7 Aty sREe] Fe AFAASte AR ollAMSe] AUl ge] Hug Fr]Ho
2 wEste] e Felatn stmel &g oW F A= AYF
954 AugulE FealM AWsy] PE DPT Ade Adste] Alo|= =ejo]nel Miler
Bffecto] 9% &g FAYS sle I=28 4 AT 7o) B4 92 4L [EEE
ACCESSell “An Advanced RDC Less System Independent of Motor Control PWM Frequency”
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g FAEEY AAE 2 SIW 2 AlojZ22] Al MPC5777C MCU 714 IPMSM Al A 2] 2~ SW
AL, IN21 B2 7% FERE AR Aol A% A¥Hsk Axe A¥e B est TE
A, ARAZ 715 2 AALE 75 72(2023.03.09 - 2023.07.07.)
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(% 2-1] A&2 €& Avy 2 78 Alvy 55
No ne Fay&
A AR (ZEREAEFHHS
AN : 22.09.05 O ab: WA (FEereEE o
D ) O AMHy FA Evolution of Electric/Hybrid Drivertrain from a
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Technical Perspective
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=l R T e, O A=Y FA : Non-carbon containing fuels 49 <2 Uol A&
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R R N R O Almy FA) : Global Automotive Industry Trends
5 A : 22.09.14 O AAF: ol (HFHA AF)
A It Est O Ay FA : v =gy ke ol
5 A A ¢ 22.09.21 O 94t BAd @rxusdTd A&dEFTa4dT74H)
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A It Esh O Alry FA © wFAe e olsfi ¢t UAM s #ee &
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A It Esh O Ay FA : Asak Ai7le/7 s 5F 2 A%
O 94t & (Befo))
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Connected Vehicle
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