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Abstract:

In resent years, embedded systems including self-driving systems often require high processing capability
and low power consumption. Since many-core processors meet the requriments, software for many-core
platforms must be designed based on scalable data allocation and scalable parallelization. This paper pro-
poses a parallel computing and software development framework for embedded many-core platforms based
on network-on-chip (NoC) technology. To demonstrate the practicality of embedded many-core platforms
in a practical application, a module of a self-driving software platfrom (Autoware) is parallelized so that
it can run on many-core processors. The experimental results show the the proposed framework and the

Autoware on Many-core Platform: Self-driving Platform for NoC-based

parallelized applications meet the deadline of low-speed self-driving systems.
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WARWHKEHETHRHATES LS4 Y Y FILD ROS &
@ API Z4#t L TW5. X 412759 taker/listener D
YINIA—=NRiE, ROSOI—RNEHEULDOWFHATES.

3.3 =4 8MEHGT7T ) r—>avDERT
AZ—a7 ECTEESGI2HEER 7Y F 74 —L4D
J— P EX 12 OGAHIIRT. A=—237 ETEEX
®BE77)Vr—varve LT, LRVATHHINGH
CAEHEE, G R, REGEREZIERL 2. YRR
B LT, T35 EFELBT S GPU 721k FPGA
FTUHIEZZ LA EINT VDD, SEIEHR
e U7z, ZOft, LIDAREFEDTF/NA AR T A NEE A
——aT7HATUETEZ 2 EELTWS. HOAMBERE

R OFEFI T, IATEIIRBEDH27-2DK MY VHIZA
Ly REERLTHHELTWS
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B 10 Structure of subscriber node with callback queue.

[y e
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node_main messageReceive node_main

| publisher: :publish NodeHand1e: : subscrive
serialization::
] serializeMessage
T op [while (
[ ]

- roslite_message_accept
roslite_message_connect]

aaaaaaaa

: roslite_message_receive
roslite_message_send
malloc
data

roslite_message_receive

roslite_message_send

roslite_message_close Add to callback

queue

spin |

Loop [whie ros:ok()]

Pop oldest entry from C
callback queue

serialization: :deserialize [|

Callback Function ’:

free ’:
B 11 X 9 @ publish/subscribe € F L Dl
Fig. 11 Design of publish/subscribe model of Figure 9.
(lidar_localizer) 1%, LiDAR 26 f& o7z mifff e SED 3
W~y TexyFUIT57 ) r—varT, HEE
ETRHUEIPENT SV Tr—arvD—D2Thb.

B12 1R TeED, Thod/ — FHERE, N2AETFD
V= MR ES>TVWD LAV 3 E U< Ik 4 OEE H Bz
THHEINS ) — R TH L. A—T vV —2ADHEE
W79y N 74— LTH>B Autoware[l] D/N—T 3 > 1.8
ZHWTWS.

Az—a7FuawydrHnizEfle LT, A7a—F
¥ ROS-lite D 2 D247 TW5B., A 78 —FKDJ—K&
LT, HofE#E (lidar localizer) % F\ 7z,

HOMEOHED 7V TV AL, oSSR, X 1312
R EBY LIDARDAF ¥ v TF—=2N3D v 7 (vy
T KD KRIZEBMUZT—X) OEXDOUDIZET B0 %MK
£9 5 VorelGridCovariance::radiusSearch &, A¥ v ¥
T—=REXY TOWEAIT %KD S NormalDistribution-
sTransform::computeDerivatives D3R NIV R » Z1Z72 > T
WBZ DTz,

AREHITIE, CC & I0SHEDA 7o — RiZix D-NoC #i{5
ZRHU, radiusSearch % 2CC EIZ, computeDerivatives
5 CCIzA7u—RL, HAMEH#EDINFLEIT - 7=,
BEFERZE TlE, CC DA E VHIRD 728 computeDerivatives
DH%E CCIZA7H— KLU TV, RIFETIE, 3D~y
7D 108 125 % DDR » 6 B8~y 7% CC ® SRAM
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ATy 79 5B %EINT 5 Z & T RadiusSearch D7
7u—REEHLTWS.

ROS-lite ® / — N& UL TREFHEHERD / —
R (lane_rule, laneselect, waypoint_filter*” & O, ve-
locity set) #EEEHRE D/ — N & U T (pure_pursuit &
twist_filter) % A\ 7z,

4. FHME

AET, A=—a7 70ty oAt 70— RUE KD
RET Iy b7+ —LOFMiZT 5. WERKZ, 28T
R U7z Kalray MPPA-256 Bostan % FllfH L 7=.

B 14 ©FMZ 5 713108 DATH 12 D/ — %2547
L7=54a (AF{bRT) ofEERT, AHAPAFE (A7 —1R
(F— &%) RO%E/ — NEWFHFET) UERTHS.
AFAERETIE 1000ms FEE A D2 > TWZALEEAS, Migi b ix
50ms FEE IZALERRFRIAMII X 5T H D, end-to-end DFEFT
R (LIDAR O 7 — 2 %58, AT7 VY IHE, EED
WERZHHET 2 ETORMEZMELGER) X, Ty FJ
A4 v UTHWSNS LIDAR O 10 Hz (100 ms) BL
TTREDPZETLTWE IR ah5b. ZOMEIZLD,
BET Iy N7+ =0k, (KHEEAEELOEFLERTOE
iU Tnwad. BETIY M7+ —Lx AV FEEHE
BROBEF1X, 255 CTHERTE 5%,

3.3 HDOFEHITHAELZ — FOFETHR % eMCOS @
WHEAYE—=VRY, EyyarviAvve—YTHlEZT-
7. F16I1ZRTeBED, RTD/ — R TOFEFHHI 2 v
YarvAiyve—YOAPEGREIEVCPRBETDH .
ZOMBROENE, £y ¥ a v Ay -k NoC Hzikiz
UC ZHWT WA 728, Bl IE WA H - & HEHI X
5. LI, vy varvAve—UTl, WEFRHOLZE
LTWBZEeDnnsd.

SEIOEFITHNZ  — Rk, Autoware 57 —X % —
HMEIET 2 HELH -7z, FHlZIX, waypoint DIFHR (&
1EH) P EREE 3ot OB REZ —HEHIEL T\ 5.
CC ® SRAM & I0S ® DRAM TAT vy F7) 3T X L%
329, SRAM DEEAWETIHELDH LI L %2R
LTWa. FHNGRT 7V r—va v OBRTIE, HAM
BEE TV TV X L0NAFE KO, R, REEHEE
REZV—LT -2 TOUHMNETTEILIZE-T, HE)
EEZDEEBE T NoC R—ADA=Z—AT7 T Ty N7+ —
LPEHAEETH D Z & B R,

SEIOHEGITIE, KEEBEILE EHT S mKRD ./ —
REEEXET. TDD, IaT7HRIZRBYEH D, HAK
J—=RN127JARDELTIZLTWS. &MY 7 &M
TEEHODALY F& 1 a7z YTTWVW5S.

B 16 DFERPRT LB, H<DHETEY Va Ay
=V eMCOS BHE A v —I X DMEREDRR N &35

*7 obstacle_avoid O —EBDOBERED A& FEHH L 7=.
*8  https://youtu.be/4TONgx5M1aA
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Fig. 13 Bottle neck of lidar_localizer.
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Fig. 12 Self-driving nodes for the case study.
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Fig. 15 A mapping of self-driving platform.
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Fig. 16 Execution time of nodes.
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Fig. 14 End-to-end result.

5. LU, kyvarvAvye—=Ui vy Ia Vg
ALy RPBRETHY, BHEAYE—VEDLIDALY
ROBEA D, KI5 HOFE, vy varvAye—Y
THHTBEALY RERLTWA. 16 H1® pure_pursuit
X twist_filter D & S 12, A v —=IVH 1 XWB[EETH A
AN WVEEIZEAL T, @EAvE—Vetkyay
Ay —=UEFDRN. ZTOED, Py I7ORER, O
T DORBDD B TEEBEEOMHE NG ERITI LRV &
Wb,

5. BEEHR

BEFFIRZE TlE, MPPA-256 DA =—a7 75w b 74—
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DWTHMm L TW5. 2E R [4] [6] [3] Tk, <ILF/X
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7 (DAG) A7 Ya—V v J7OhEEEBEELTWS [3].
ZE 3k [6] 1X, AUTOSAR (H#KHAMAARY 7 vo =T
VAT LEMAKTE-OOERT XTI F ¥ [7]) 125
DNy VI IV =LY =22 RBELTEY, AV
V—ADHE%EZB LU AUTOSAR RA I Ay a—1)
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Kalray clusters calculate quickly [8] L
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