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Abstract: When developing an automobile control application, its scheduling parameters as well as
the control algorithm itself should be carefully optimized to achieve the best control performance

from given computing resources. Moreover, since the wide acceptance of the AUTOSAR standard,

where finer-granular scheduling entities (called runnables) rather than the traditional real-time tasks
are used, the number of scheduling parameters to be optimized is far greater than the traditional
task-based contral systems. Hence, due to the vast problem space, it is not feasible to reuse existing
tir search-based methods. With this motivation, this paper presents
an.analytical ‘codesign method for deciding runnable perlods that minimize giver control cost
functions. Our solution approach, based on the Lagrange multiplier method, can find optimized

TZE =X 3tsto] FHH 2t 2R E PCUZLX|2] ME|A|ZF

Appl. Sci. 2020, 10, 5629 250f28

fap(1 R, 15)

T

@)
Figure 13. Normalized average control costs of our method for large DAGs compared with the
PSO method.

8. Conclusions

This paper formulates a runnable periods optimization problem for AUTOSAR control
applications and provides an analytical solution based on the Lagrange multiplier method. Our method
can find near-optimal solutions that maximize a given system’s control performance regardless of
the size and complexity of the application. Since the complexity of automobile control applications
is rapidly growing due to the recent development of various advanced driver assistance systems
and autonomous driving applications, it is no longer feasible to use traditional ad-hoc methods or

runnable periods in polynomial times due to its analytical nature. Moreover, our evaluation results
for synthesized appli with varying comp show that our method performs significantly
better (12% to 39% of control cost reductions) than a state-of-the-art evolutionary algorithm. To the

best of our knowledge, this study is one of the first attempis to find runnable periods that maximize a
given system’s control performance.

Keywords: AUTOSAR; DAG; runnable scheduling; control-scheduling codesign; lagrange multiplier

1. Introduction

AUTOSAR is the de facto standard software architecture for automobile control systems, covering
awide range of applications such as engine management, motor-driven power steering, and advanced
driver assistance systems [1-3]. In the AUTOSAR standard, a control system is designed as a set of
softienre contponents, which are the units of software packaging and deployment. Usually, multiple
te through the AUTOSAR runtime environment
(RTE), Each softivsre component is also composed of a:set 6f rumtables; which are the smallest unit
functions for software d

software are d and

and with each other within

each software component and across different software components, using asynchronous message
passing interfaces provided by the RTE. Asa result, a system can be modeled as a directed acyclic graph
(DAG) of runnables where data flow from sensors to actuators through the runnables in the DAG.
For runnable executions, each runnable is associated with an event source, which is usually a
periodic timer, and runnables with the same periods are grouped into periodic tasks for scheduling on
the AUTOSAR real-time operating system (RTOS). Runnable periods should be carefully optimized
since they are control knobs for balancing the trade-off between a system’s load and control
performance. For example, imagine a system with extremely short runnable periods. The system

Appl. Sci. 2020, 10, 5829; 410,390/ appl0175820 s mdpi.com /journal/applsci

ol x| X|oiA|Z}

ti ing search-based opti algorithms. Due to the analytical nature of our proposed
runnable periods optimization method, we consider that our solution can be readily used in the
automotive industry when designing their complex industry-scale AUTOSAR control applications.
Although our method provides a promising solution for optimizing complex applications,
our method is only usable when the control cost is given or approximated as a linear function.
As the appr

can induce o

d control costs, we plan to extend our optimization

method to nonlinear control cost functions in our future work.
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Abbreviations

The follewing abbreviations are used in this manuscript

RTE  Runtime Environment

DAG  Directed Acyclic Graph
RTOS  Real-Time Operating System
L&l Linand Layland

RM  Rate Monotonic

EDF  Earliest Deadline First

LOQG  Linear Quadratic Gaussian
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(a) Original DAG

(b)) Transtormed DAG
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Abstract: In truck platosning, the leading vehicle is driven manually, and the following vehicles run
by autancmous driving, with the short inb

tous si s, each truck m

Iatooming in v
3 ain string stabil
the following vehicles' path planning capabilities be
inpl with articulated cargo trucks, the phenomenen oceurring on a curved road
makes it hard for the following vehicle b track the trajectory of the preceding truck. In addition,
without knowledge of the global coordinate system, it i diffi he local coordinate
h truck relies on for sensing environment and dyi In this pa
these problems, a path planning algorithm for platooning of articulated cargo trucks
ol Iman filter, V2V (Vehicle-do-Vehicle) communieatic
h following vehicle can accurately compute the
tas a target path planning algorithin of this
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emvs of LV and FV in the above, the FV

tion (13).

Tesv — RTesy | T (14)
SF the center of the steering axle of the 1V tractor from the viewpaint of the
Trry is important becatse it can serve as the target path to the FV. However,
anniot generate Ty v using only camera and radar since the tractar of the LV i blocked by
£ of the LV most of the time, Ty is the final output of the path planning algorithm of
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1.3 Kabsch Algoritin

The rotation matrix in Equation (13} is compuited after Ty bs translated thus that its first point

cotncides with the first point of Ty sy, and this is illusteated in Figure 17
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2) Ml U7 AME TE (602 o|Ah =&)sto{ MR ON Time 40X, Off Time
1022 23
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gh
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® 7|7 Part List ¥ =Z Ze=E FHE M Hot
No Part Name Image Description uis Note
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A s
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+228t37t = TIMQ)HEXEH /I EFZHEE(3)
Ol E + SUMS(WEAD) | oxzix TIM(3) &0l =T 2 (1)
meidy | R4 G TIM(2)$1 &1 X1 &1/91 81 2248 2. (1)
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[E 57] TIM Message Frame T4 of| Al (M)

TravelerDataFrame I MEE
sspTimRights* 0
frameType* advisory=1
msgld* furtherinfolD 00
startYear AN ZIMEE MMAIZE
startTimex AN Z|MEE MMAIZE
durationTimex M- Ee| RX|AIZE
priority* 3
ssplLocationRights* 0
regions* name (n/a)
id (n/a)
anchor 7| MFZE AIRE QX
laneWidth 300
directionality (n/a)
closedPath (n/a)
direction (n/a)
description choice path
seqi J|IMXHo 2o HEZHEE
seq2 MY rETUER
sspMsgRights1 0
sspMsgRights2
contentx choice advisory
seql text AMH|AAE X}
-7 MHE=6
seq?2 text 'é‘MI(iEé‘fH)Torgcﬂ(enum)
—0te—1
—<E>|_1I-7H:2
~5}A}=3
—O|M|HX|=4
_o|.7|.||:||:
_|:||:6
_C>|:_l|l-—7
-0{=H|=8
-==9
- SME|=10
-&2ot7i=11
—0}==101
-&8=102
~Z4j=103
-E810l0|A=104
¥ 271ol&k 738 IAlo| EXfst=
oz E
seq3 text 22 (B2 0.17C)
seg4 text SE(H2]: 0.1%)
seqg5 text (e mm)
seqb text Z5FH(164r2])
1~16, ET|E+A17H 2
seq7 text Z5(2H]: m/s)

- 115 -



E J27350] H2o|& PVD Message Frame 7+ A2 (L4)

« IH EZE SA
« AE JE(RIA, Fk, A dEf S)= PVDoll XX
e 2 M

152 = PVD Message Frame®2l ProbelD/Name ZZ=of String

X
o
- PAFY M 2 2 HEES UMY ¥ 5 U I o

- 235
o 7|AMMIAM (RWIS) 1A 7| st ASTET 2} o{FAIYHE 20| MX|E A MMHPEE HUA
X =2} fx|MEE ofZE35t0{ LDM Layer 3 HIO|E{2 =5 2ZEQ0|E 7igt
7|A|‘I{E ;(-Ixr :_ R __-
DB
RWIS
7| 4HE =
o, S g
JIBBE FH CConter
_ LDM
RWIS BE

<J8 68> RWIS MZF SW 8 SE&

CvUserswoonChanWonwDesktopWsourcewBinwxa4ReleasewRWIS exe

DevicelD &

<77 69> RWIS M SW Algh ofA|
UNAX| TR EE AREAle] TES AMSl TMTZIS £E5D, =S-Y3 AZTAS 24
=g ol My

Z==3510{ LDM Layer 2 HO|E{E FE5= &

8
—
N

1 Al AH

— o

<38 70> ZTAE HHMHE|A ODD #IE XH F£& SW & A(FE
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o
L1/L2 L3 L4 Log DB
ETL

Manage

Node 1106 Link 1090 Total Count VehicleInfo 0

RSE Process
Connect ] off 2

Infra manage

Publication message

Receive message

ETL manage

ESECWES

(Management 7|3} 2t8
(Map2_PATH : C:/DevProject/MapData/180413/A3_LANE_POLYLINE.shp[MapMan] INFO : 1106 LaneMode record(s) read

|01 Align 2HE.

<OE 71> ZEHKA 300m 0|5kl XA o Al(AlZ JO)

- LDM MBE T2, D, FHSO HEE 3 - X - g2l - ABslo] HATO| FH T2t 4
2 HEE J|HoR RUFY o 4+ YTE AUSHs AY ¥, A 2¥ THol w2 B
Mol o|xof D2, My AlAE S Mol ZRAEU, £ SX ¥E2 TME ololeel e
&5 2 Yayol 52

- ME| LDM AI2EOIA 2SR RE Sojet MRS MESl AMBHE BHolMel HaLE o Halg

M2 &E(%) = 100% — (H2| &= =l / MA Holgl & x 100)

[£ 59] 45 Al BIl &2

o
o= B
dlolef 2% | slolcig A7
8 & ofF Melcz, AYPE et JNT AS oA

oo
jo
1o
hu

7] flsiM St=HESMUTISE2(TTA) 2ZEQ oA HASATS Al
ot Y. old 2ZELofoll sl AlRHEEE siE 7|2follM =5t 3
== X| b= Layer 3, 4 FEol|l tisl 2054 ghs EFsto] Hrgs 51

4 2 ME#sd 742 1e2{sto] Microsoft Visual C++ 2017 Redistributable(x64) m7| X7} M|

P

ofr
b3*)
|0

PE
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[E

60] tltmxpa T+A M-S ApQF

HS Al AH| =2 & A CPU Memory HDD
Windows Server
Intel Xeon
1 A 1 2012 R2 16GB 1TB
, E3-1240v6
Essentials
Windows 10 Intel Core
2 Zzlo|dE _ , 8GB 256GB
Home(64bit) i5—-4460
[% 61] HIOlE XMzl & 2 HE A1
NESNEL: ZEAIZH 227
No. 7= O|Hl E X ZHo{ &
(2t2l :ms) (B : ms) | (B2 : ms)
1 72766 72777 11 MEMS
2 76372 76379 7 MEMS
AT
3 81078 81088 10 MNEMS
4 84718 84730 12 PSESESET
5 88851 88863 12 MNEMS
6 . 97013 97019 6 MEMS
TESZ
7 101629 101637 8 NAMEE
8 107679 107695 16 NEEs
9 111948 111964 16 MEMS
10 L 3 X X| 3} 114025 114036 11 MNEMES
11 aver < 195364 195375 11 AN Z
12 253971 253985 14 MNEMS
13 257492 257497 5 PSESESET
R 2
14 DA 261957 261971 14 SRS
15 265058 265065 7 NEAds
16 329991 330006 15 NEES
17 333460 333467 7 NEds
X RFA 2
18 e 337952 337961 9 123
19 341454 341465 11 MEMES
20 345945 345960 15 MEMES
21 657091 657100 9 MEMES
22 660608 660622 14 MEMLS
23 666414 660622 13 MEMLS
24 Atz 670645 670658 13 MEMS
25 675674 675684 10 MNEMES
26 681690 681703 13 MEMS
27 688236 688246 10 MEMS
28 780381 780395 14 MEMS
29 784605 784612 7 PSESESET
REA
30 Layerd ) 788602 788608 6 MEMS
31 Halx} 790731 790740 9 NEEs
32 792857 792869 12 MEMS
33 795507 795519 12 MEMS
34 797688 797703 15 S ESESET
35 809109 809117 8 MEMS
36 811825 811836 11 MEMS
FA =2
37 213 xt2 813936 813949 13 MEMS
38 816894 816908 14 MEMS
39 819224 819236 12 NEAEs
40 880872 880883 11 NEds
Z " (ms) 11.075 —
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O (HolEl=) v2I Ma™E 7|8t Z&Fs "HIF A2 Jle 2 Ms 24
T &2 1AM = 2XHAE 3AtA = 4XIAE
v2l7| et 2E ZEs
2R Fs V27| Ht 2E V2lI7| B 2R Z= 8
@ V2l 7|8k 2E =T | =T | =T obM AH| A
ORF M| A T oM M| A OFR] A 11| A
O M| A AlE AlB /"L Al A
pa | 2 2 @ 7Abg AlB/E 7L Al A AlBl/E 7L Al AE v
Hol 71& 7l e (LV/FV X2
8ok olE e X of M et (LV At 22) @ (LVIRV A2
=)
@ Vol 7|8k 2EZs
1A AlE 49 oCHA AlE £l
ob R AH| A A[B B B A AY % (NS
al =2 ol =AM
= ™
® V2I17|gt ZRF3 oFMAH|A A /"I 7]& JHE
- TEEY oMMHA R KBS, 24 L 274l Ho
o OFMMH|A AlLfE|2 A" o) 7| ofHA
- HOlEl $RAIAEY 2T AN ol
« Oolg #z2| ¥ HEWSE| s GUIZ|EE UI/UX AMdES
- V217|dt ZRFE OFMAMH|A A" /HIF A|AR] MA
- HoMAIAE F27|5 He| o~ &y
;”””””T"””"”"””' o
V217 BF ObF AfH| A
NEIN[SETE)
==
- AN 2E27ks% 25/7s 138 H/W
V2| IAE-Ij;”Al_%I:A.I [vex 7|4 2HEx ZUFE 78 N8 .AE-I7:‘|| ﬁ.\_ﬁ! Hn_"%‘
74 ek 2% - V2 )¢ BEFUAM2 - X2 2l Ho|A A
W ML e A
(CAN, AtZk& o|4l, VaoxX|¢)
- Rt MY GNSS Z9171E Mg
- V2| 7|8k 2R T oFMAMH|A A[EHAIAR @4 J|& g
- AU VoX ME, ATHE £, SAPE £ 2% 24 2E o 2 S/W
1) V2x HlolEl =% Zxl % MU = oot
2) Xtz dole 24 ¥ FAM EX| S/W 7
3) At ol (IEEE 100BASE/T1) E4Al B35t ZEkx|




vaX Hliole & &x & Y| MAE Holg 2 H 4 &g ol (IEEE
[m]

=o| clot x| 100BASE/T1) &4 ek FA|

WCEN-MCON-USBA W ayties
Automative Ethernet (EEEE TD0BASE-T1) Media Converter

+ EEE00BASETT WG USB 2  ~ Time Saving Peshvin Eannector
+ Ty USE Type-h Dengle = MisteSiave Made Selection

- V2| 7|k 2T Mu|A "I A|A"” M (RIS g 2 SEEX2 X[H)
V2| "HIIAAE” Vs =i & 7 =2 tas 7|E LV AT S=RollA LV, FV1, FV2
SAl =8 2 Hopt bssix
- BE/HIBE T2 o AlES

< V21 7|gk ‘.’J’SA‘I | A MSof ot

l.‘_'_;L
o
om
=O£
)
o
il

I 62] V2I R AMH|A FHIE A[ARL M AR THR

kel

s= 1-3%pA ARPA =
clole 57 oiat

e LV LV, FV1, FV2

=3
- V2X &A1 M o{Z7| HA|X] - V2X &A1 Ho{7| HAIX]|
_VoX D7l AUE £Al HE —voxX T3 AUE Al BE
- CXEY 28A2H ¥ & 210 - CIXY Ze{AaH M ¥& 23

27 tjolgf e = e =

- Z& g8 - £ Efs8
~ GNSS =9 & LV A2 sche] Aol | - GNSS =9 =tx| 3tHo| =, 14cfel

@ X
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MEz AE TS CFAPER, AESArMeliTH 2 B8

M

O FAIEER Y o
T2 ANME Tls

2v 82 H3Zo wE HHAMHE[A oIX

x| = =3 od, Mo zH =2

i
L)

Al "ot g s 12V 2 M3oll wE A HE|A eI

gl

02

AEHAI A ALFZF

7| %

- Vel 7|8k ZHHE HAESE @ X =
« V21 7|8 ZEFE o /RIME|AE 9Tt F =S HESO gk Atk HE|, g% 2HEd % OSAE
ot

J2735 7|gto] = A FEZ= MAIX| Z=5}S 102{St Probe Platoon Data (PPD) M AIX| ASN & 29

[Z 63] PPD HIAIX| HIOlH 24 R F=

Probe Platooning Data Hole 24 oy
DE_MsgCount (msgCnt) M AIX[2 &=
DE_MinuteOfTheYear (timeStamp) HAIX] M AlZF
B DE_PlatooningID (id) =& =2 ID
DE_PlatooningStatus (status) =& Falo| Aef
DE_Latitude (lat) =& Fdo 9
DE_Longitude (long) =& o
DF_PlatooningPosition (position) DE_Elevation (elev) =& Fdel Ix
DE_Velocity (speed) & T £
DE_Heading (heading) & Fo| wEk
DE_PlatooningNumVehicles R
(numVehicles) oH FYd g 5
B DE_PlatooningDistance (targetGap) =% F =257 1zt AHel
DE_PlatooningDistance (meanGap) =& T gHd Az Az
DE_VINstring (vin) IN HS
DF,PIathningld I DE_TemlporaryID (lentityID) =7 :f%@—l ID (US)
ent (ident) DE_StationID (stationID) =& x| ID (EU)
DE_VehicleType (vehicleType) =& R BR
DE_PlatooningVehicleState (state) =T @ el
DE_PlatooningDistance (followDist) =3 X2k AHel
DE_VehicleWidth (width) At HH|
DE_VehicleLength (length) A2 2ol
DE_VehicleHeight (height) A =0
DF_PlatooningVehicleData (vehicleData) |DE_BumperHeight (bumperHeights) A2 HIEH =0|
DE_VehicleMass (mass) A £A
DE_TrailerWeight (trailerWeight) A stE A
DE_CargoWeight (cargoWeight) A sE 2
SEQUENCE
(SIZE(1..15) of DE_DYear (year)
DF_PlatooningVehiclel DE_DMonth (month)
nfo (vehiclelnfos) DE_DDay (day)
DF_DDateTime (utcTime) |DE_DHour (hour) M AIX] 4 AlZF
DE_DMinute (minute)
DE_DSecond (second)
DE_DOffset (offset)
DF_FullPositionV DE_Latitude (lat) N
ector (fullPos) DE_Longitude (long) A AT
DE_Elevation (elev) A T
DE_Heading (heading) At gk
DF_TransmissionAndSpeed [DE_TransmissionState (transmission)  |Rt&F 7|0 AE}
(speed) DE_Velocity (speed) g S5
DF_PositionalAccuracy DE_SemiMajorAxisAccuracy (semiMajor) )
(accuracy) DE,SemiMinorA%isAcculracy (.semiMin.or) X HEe
DE_SemiMajorAxisOrientation
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iz
02

Probe Platooning Data HOIH 24

‘ (orientation)
DE_TimeConfidence (timeConfidence) A2+ 22 E

DF_PositionConfidenceSet DE_PositionConfidence (DOS) x| A2z

nfiden
(posConfidence) DE_ElevationConfidence (elevation) Iz MEE
DE_HeadingConfidence (heading) g5k Mzl T

DF_SpeedandHeadingandThr

ottleConfidence DE_SpeedConfidence (speed) ST AEE
(speedConfidence)

DE_ThrottleConfidence (throttle) ARE AMEE

DE_Acceleration (lat)

) DE_Acceleration (long)
DF_AccelerationSet4Way (accelSet) - tEE FE
DE_VerticalAcceleration (vert)

DE_YawRate (yaw)
DE_BrakeAppliedStatus (wheelBrakes)
DE_TractionControlStatus (traction)

DE_AntiLockBrakeStatus (abs)

DF_Brak ki 2gfol3 HE
_BrakeSystemStatus (brakeStatus) DE._StabilityControlStatus (scs) [o]

DE_BrakeBoostApplied (brakeBoost)
DE_AuxiliaryBrakeStatus (auxBrakes)

SEQUENCE (SIZE 1..4)) of RegionExtension
{{DF_Reg-PlatooningVehiclelnfo}} (reginal) |

o
oy
02
Ho
o

tzh ool =

ZECHHIME[A £ AF HE|
DE_TravelerinfoType(frameType) = | 2]
CHOICE (DE_FutherInfolD, TR OHIME[A E2 AE HE
SEQUENCE (SIZE(1..8)) DF_RoadSignID) msgld H AIX| 1D
of TEFIME[A E2 AE MHE|
DF_PlatooningSafetylnfo| ~ CHOICE (DF_advisory ...) (content) |- e
(safetylnfos) SEQUENCE (SIZE(1..4)) of
RegionExtension TR M| A EE HolE =
{{DF-Reg-PlatooningSafetyInfo}} =
(regional)
DE_PlatooningServicelD (id) - T EAMH[A D
DE_PlatooningServiceStatus (status) |- TR A AEf
SEQUENCE (SIZE(2..32)) e positionaD BE‘tat'w.fed('iT) ) THM2 AP BUR, £
DF_PlatooningServicelnf of DF_Position3D (\A_/ayPoints) DE_EOLngltu' € (Tng) ZX| 2 Z7HAZ XH HE
- ; _ELevation (elev
o (servicelnfo) (wayPoints) -
regional -
SEQUENCE (SIZE(1..4)) of
RegionExtension TEAMH[A™ME S ool =
{{DF_Reg-PlatooningServicelnfo}} [~ =
(regional)

SEQUENCE (SIZE(1..4)) of RegionalExtension
{{DF_Reg-ProbePlatooningData}} (regional)

o TR XU FE M2 X3 B E 9IS vox BHES J|Hle 2 PPD 7|5 et

1) TRAZ W vaxX S4& FHl= V2V Mo™EE SeAM8 CHEnE V2| R AMH[A™YE SeAE o
=2z

2) =&

<38 73> ZEAHE VoV, V2| sS4 ot




3) PPD M&S flsll LVALE FV1, FV2 AHLZREH 3 2ME =&, PPD HAIX] &HAle| HA|IXIZ
MME FI|IX (1 Hz) . olm M= PSID ¥ SAE J2735 HAIX| IDE= ofzfet &S

7}) PSID: 0x1408C

L}) SAE J2735 DSRC Message ID: 34tH &H&f

4) LV AtFHolM &ZE& PPD HA|IX|E 48 RSE= LDM MIE

ME = 4= PPD HIAIXIE &

HAIXIE SA| D&S5HA =04, LDM

tu
=(I)I__I
o

00 1
ol
)
A
2
Ho
o
x
T
>
=
ek
00
o

FUFAHE 0fAX|
(PPD) RSE 7|X|=
(014 =)

=3 749 e
G0 vax o)

(LGe)

FV1 AHg

vax cHa?|
(LGe)

FV2 At
v2x char 7|
(LGe)

1)
7}

L)

H

<2 74> ZZ PPD (Probe Platoon Data)MIAIX] M& 55

« =& AXZIEEPPD FE S 2 = oA Tls Alg

AXp7gke] PPD HAIX] $& 75 AlEe F HAZ Lo Tids

PPD MAIX|2| VoX HM[O{Z], RSE, LDM ME A& Z|SAe: =& V2X Mof7[7t 4t PPD | AlX[ 2|
LDM MEfollAM 2] 2&& 2lsll RSE 2! LDM o 2t&d 7[s0| BtE =den], HEE 7|52l 88
JlsAe A T, ofFAR T Z L RSERF LDM Mol siE 7|s0] TRi=*A20{, AOIE[=
Atd| Al REEoOll VX

=& A M PPD 7|5 ARl Zt ZEAEOl EAE V2| S48 CHEoll PPD S Vs HEE
2= Vs HE ¥R 7 HFAMdEEU HE S A HEO MM Ui S AlEE
2tz el

PD HIAIX] ASN E2o|, 7|5 T8 & AXt Aol tigh 4SS 2ol 2 20N 2dS 2RSS

H27 ol Akdl "IHE tEet

=7t It

<38 75> alXP7[EF PPD H& Al AREI(ZD), ZEAE PPD MEE V2l B Hx| AR
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Rcv_Buf _mess 2 _@.bin  Rev_Buf | eFrame A  7.bin v_Buf | efr 3 2 8 14.bin

8.bin v_Buf | eFra i 8 _15.bin

Rcv_Buf m
163433 16.bin

Rev Buf m -89-82 v g ||
Rev_Buf m e 11 3.bi e e - 18.bin
Rcv_Buf mes e2021-0 63415_4.bi uf_messageFrame2821-89 25 11.bin Rcv_Buf _messageFrame2@2] 9 36_18.bin
Rcv_Buf m e 5.bin Euf_n eFrame 12.bin Rev_Buf | eFr i 8 19.bin
Rev_Buf m -9 3417 _6.bin Rcv_Buf m z 9  13.bin  Rev_Buf | eFr i g 9 28.bin

<38 76> {FAIE =24 PPD 5% Al® Al RSEO| 7|=& PPD 4 23 utd

psition
ition
i*iﬁﬂ =

p
rim

targetGap: targetGap:
ooningWehicleInfo idx: @ PlatooningWehicleInfo idx: @

<O 77> =& LV S41, LDMAME{Zt =415 PPD MAIX|S| Hat C|2E At ofAl

@ va17|8t 2%
— V2| SHEAMHE[A Al AJAH 2& AlLIE[2
« ARPAE JHME V21 EMAME|A Al AABIDE 0|2 &8 V2l ATME|A AlY 28 AlHERs

ol O &5

1) LV, FVI, Fv2 Xteiol 27 clolel 47 2 24 FxI7t M=o 2t MZFe| HHE 27

2) 22t2E Vo] BUEY AlAHMS S5 2 Ay HolE $F NS AAZ AHoR ol
3) TIN MAIX 84 7|52 280 Al AlUzI20] L TIN HAIXIE 55

4) NE 2t % 2t xtgrel 23 oole 23 Y =xal 2y

5) 23 242 9ot AT} AlZta}

W B Fvl
OO fg ot tol—o-

<3¥ 78> V2|
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<38 98> X2 the| YA E ZUEY

Welcome to Wowza Streaming Engine!
Pro USB Locked License
Status

Connections ir
s

3 i

server Uptime Features,

Transcoder: Licensed
DRM: Licensed
ADVR Licensed

Since 08 Nov 2020 11:3251 PM

Test Video

To play an on-demand test video, click Test Players b Test Players.

Application Connection Settings

Us © tothe Engine server
Host.- Server 21819212

Host.- Port 1935

Appiication Alve appiicaton name on s server

Stream Name The stream name you want fo use

Login Avalld source user name and password.

Getting Started With Applications

Wowza o deliver g ‘An application is a set of settings for ive
or video-on-demand (VOD) streaming. Efther use the preinsialled default applications or go 10 the Add Application
page to easly create and configure new applications.

Live Applications
Iy publisn vigeo directy from an encoder or IP camera.
cles for Instructions an how 1o work with common

Alive streaming applcation Is preinstalled to allow you &
o Wowza Streaming Engine. See our (Z connex
encoders and camers.

VoD Applications
Avod streaming application is also preinsialied ith Wowza Streaming Engine. Simpy copy Video fles o the
Wowza St a

Testing Playback

Test play fae for Goto
click the appication name in the contents panel, and look for the Test Players button

Server Setup and Monitoring

Defaut settings in Wowza Streaming Engine can be used for many slreaming scenarios. Go o the Server page to
s for users and five

Players
Athira-pary player is needed o play video on a webste, device, or Set10p box. See our  players and playback
articles for more information.
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Default 00
Join_REQUEST 01 X
Join ACCEPTANCE 02 seting
Join_Manual 03
Join_FootOff 04 H=ME
Join_HandOff 05 ;
Join_GapChange 06 AR ( /
Join_Complete o7 P (\‘
Join_Refuse 08 :
Leave REQUEST 09 LA \}
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Leave_GapChange 1
Leave_HandOn 12
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B0|Ef e -
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SystemFail
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Abstract: In truck platosning, the leading vehicle is driven manually, and the following vehicles run
by autonensous driving, with the short intersvel distance between trucks, Tosuccessiully perform
platooning i various situations, cach truck must maintain dynamic stability, and furthermore,
the whole system must maintain string stabi Duie b the short frontview range, however,
the following vehicles” path planning capabilitics become significantly impaired.  In addition,
in platooning with articulated carge trucks, the off-tracking phenamenon cecurring on a curved road
makcs it Bard for the following vehicle to track the teajectory of the preceding truck. Inaddition,
without knowledge of the global coordinate system, it is difficult to correlate the local coordinate
systems that cach truck relios on for sensing cnvironment and dynamic signals. In this paper,
in order 1 solve these problems, a path planning algorithm for platsoning of articulated cargo trucks
s been developed. Using the Kalman filter, V2V (Vehicle-to-Vehicle) communication, and a novel
update-and-conversion method, ecach following vehicle can accurately eompute the trajectory of
the leading vehicle's front part for using it as a target path. The path planning algorithm of this
paper was validated by simulations on severe driving seenarios and by tests on an actual road
The results demonstrated that the algorithm could provide tateral string stability and robustness for
truck platooning.

Keyword
string stabil

V2V communication;

TROOP; truck platooning: path planning; kalman filter;
i off-tracking; articulated cargo trucks; kabseh algorithm

1. Introduction

Truck platooning refers to a form in which a number of trucks run as a fleer with short intes
distance using V2V (Vehicle-to-Viehicle) communication. Figure 1 shows the architecture of a truck
platooning system. The leading vehicle (V) is driven manually by an experienced driver, and the
following vehicles (FVs) run by autonomous driving, The following vehicle (FV) uses environment
sensors such as radar and camera to perceive vehicles and lanes abead and perform autonomens
driving by | and lateral vehicl ol The driving algorithm of the FV dees
not rely on GPS since the vehicle cannot receive correct GFS signals in some conditions, like when
driving through tunnels. In the case of platooning of Large cargo trucks, the length of the flect can
wasily reach 100 m. Thus, the number of trucks in one platoon is usually limited to 3 or 4, considering
the safety of the nearhy vehicles,
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send via VIV,

Figure 15, schematios of path planning.

Find 21 translation vector T [ ;'; and 2% 2 rotation matrix R such that

Terv ® RTgoy + Towawhers i 1% 0 vetor with ones 3y

Using the same
can compute Ty p

between the ¥

i OF LY and FV in the above, the FY
by Equation (1),

Trsv = RTppy | Far (14}

Ty v is the trajectory of the center of the steering axle of the 1V tractor from the viewpoint of the
IV, s seen in Figure 16, Ty is important because it can sorve as the target path to the TV, However,
the TV cannot generate Ty g using only camera and radar since the tractor of the LY s blocked by
the trailer of the LV most of the time, Ty is the final output of the path planning algoridhm of
this nesearch.

R ———
= i st mjenany Tesget ain

Figure 16. 1V trajoctory dofined in o

¢ FV cocndinate system
4.3, Kabsch Algarithn

The rotation matrix in Equation (13} is computed after Ty v bs translated thus that its first point
cotncides with the first point of Ty, ansd this is ilusteated in Figuare 17,
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Abstract: When developing an bile control application, its scheduls well as
the contrel algorithm itself should be carefully optimized to achieve the best n.wntral performance

from given computing resources. Moreover, since the wide acceptance of the AUTOSAR standard,

where finer-granular scheduling entities (called runnables) rather than the traditional real-time tasks
are used, the number of sck

to be optimized is far greater than the traditional
task-based control systems. Hence, dhue o the vasé probllem space, it ot feasible to renscexisting

methods. With this motivation, this paper presents
e arlytiesl codesip-mothisd for dociding ronsabhe poriods it i gt conteol cost
functions. Our solution approach, based on the Lagrange multiplier method, can find optimized
runnable p(‘nods in polxllomi.]l times due to its analytical nature. Moreover, our evaluation results

with varying comp show it method performs significantly
better :1"% to :9"‘, of control cost red thana f- y algorithm. To the
best of our knowledge, this study is one of the first attempts to find runnable periods that maximize a
given system’s control performance.

Keywaords: AUTOSAR; DAG; runnable scheduling; control-scheduling codesign; lagrange multiplier

1. Introduction

AUTOSAR is the de facto standard software architecture for automobile control systems, covering
awide range of applications such as engine management, motor-driven power steering, and advanced
driver assistance systems [1-3]. In the AUTOSAR standard, a control system is designed as a set of
saftware components, which are the units of software packaging and deployment. Usually, multiple
software P are d and through the AUTOSAR runtime environment
(RTE). Each software component is also composed of a set of runnables, which are the smallest unit
functions for software d P and schedul Ri bl i with each other within
each software component and across different software components, using asynchronous message
passing interfaces provided by the RTE. As a result, a system can be modeled as a directed acyclic graph
(DAG) of runnables where data flow from sensors to actuators through the runnables in the DAG.

For runnable executions,

cach runnable is associated with an event source, which is usually a
periodic timer, and runnables with the same periods are grouped into periodic tasks for scheduling on
the AUTOSAR real-time operating system (RTOS). Runnable periods should be carefully optimized
since they are control knobs for balancing the trade-off between a system’s load and control
performance. For example, imagine a system with extremely short runnable periods. The system

Appl. Seci. 2020, 10, 5829; doe10.3390/app10175829 . mdpicom/journal/applsci
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Figure 13. Normalized average control costs of our method for large DAGs compared with the
PSO method.

8. Conclusions

This paper formulates a runnable periods optimization problem for AUTOSAR control
applications and provides an analytical solution based on the Tagrange multiplier method. Our method
can find near-optimal solutions that maximize a given system’s control performance regardless of
the size and complexity of the application.

ince the complexity of automobile control applications
is rapidly growing due to the recent development of various advanced driver assistance systems
and autonomous driving applications, it is no longer feasible to use traditional ad-hoc methods or
time-consuming search-based optimization algorithms. Due to the analytical nature of our proposed
runnable periods optimization method, we consider that our solution can be readily used in the
automotive industry when designing their complex industry-scale AUTOSAR control applications.

Although our method provides a promising solution for optimizing complex applications,
our method is only usable when the control cost is given or approximated as a linear function.
As the appre can induce o d control costs, we plan to extend our optimization
method to nonlinear control cost functions in our future work.
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Level 5:
Full Automation

Level 4:
High Automation

Level 3:
Conditional
Automation

Level 2:
Partial Automation

Level 1:
Driver Assistance

in Confined Areas Hub-to-hub operation on Open Roads
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Level O: Lane Departure Warning
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