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Low Power Consumption Deep Convolutional Neural Network Accelerator for ADAS
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Attention has been increasingly focused on the introduction of artificial intelligence (Al) technologies, particularly recognition and classification
technologies applying deep convolutional neural networks (DCNNs), that can play a key role in realizing the safety of automobile driving operations
using advanced driver assistance systems (ADAS). However, as DCNN processing involves a huge number of calculations and massive volumes of
data, it is difficult to apply it to automotive systems with limited power consumption.

To overcome this problem, Toshiba Electronic Devices & Storage Corporation has developed a real-time hardware accelerator (HWA) with low
power consumption for automotive applications. This HWA makes it possible to efficiently implement DCNN processing by achieving reductions in

the number of memory accesses and the volume of data.
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Example of image segmentation using DCNN

F—2 AR AYE L, DCNN 3 LB B % 2D R i
ICFEFFTEBHWA (BT, DCNN HWA LREEE) &, #
DHEAY —VEZHFE L, Thickh, V7L ALTD
DCNNLHZ, WH 7 7o Lr oK HEE I TERL
720 2TTIE, SIHBAFE L7 DCNN HWA L EHY —L D
BEIZOW TR RS,

2. ADAS\OD DCNN SLEEDE

ADAS~ODCNN L o@EHFlo—oE LT, E27kL
L OV CHG O EETOERE I Ay T—ra v 2RI
RNT, ZOHITIE, ANARATHEEDEZE 7 IO,

BEEZ Lt a—Vol.74No.5 (201949 8)



DCNN/LEECRER, A, &El, KLozns Dotz
L, BT~ 2R L T05, MEROmEREMTT ol
BicIE, ER O AR 2R S HR S B ETH 5 7
73, DCNNLHEZEHT 2L T, HESROLERTHE
BEMRIBCTED LI ko7, ZD&SIC, DCNN LML,
fER KD D ENGE DO E E S ERAREEICTELI LD
5, ADAS OREIE % X 57 DIHEAMP Y E SN T 5,

3. DCNN HWA

DCNN/LEEE, B2 T & DI H DML E D FH A
BB THERING, FHc, BAAARELEHEATEICIE
REEBMEE P BEIC D, £, ZOBMERIIKE
o7 =2 (ANEHGRT -2, BRoHRET -2, RUEA
T—2) % WO DT, WREAT) =NV FIEDHEIIR 5,
B, EEEEHSRMA Y b7 —2TH 5 VGG-16V D
BTk, #915.5x10°FOBEMEE LY 138 x 10°fH D&
AT =&, PBHNROEGFIST LI 5,

22T, ZD&IHDCNNLEZ ) 7V G A4 LD
HESTCEITT A0, 4FH, DCNN HWA &£ DCNN
HWAZ 74 7L —a v By — VA IS LTz,

3.1 DCNN HWA D&

BA%EL7-DCNN HWA iR 2E 31279, D DCNN
HWA 2, OLSI/HBIcEEfE S T»wsDRAMICH 17—
Y EEZAALRZD, DRAMD S AT — 2 %5 AAATRD
4% DMA (Direct Memory Access) 2=vF, @ AH7
F =T =2 2R T 57200 1 Mi (XE (2%)) A
FONEAEY —, @DCNNUHE O FH 2 iEH R A21T5720
DFEFI=vF, @2FEOHIEHETIHEHL=vF, KK

BHAHE
SRTTT — Y DEHAHNEE

=S -

ANT—=Y BEHT—Y

o
BEHT—YEONEER

J it

VGG-16Di5&
- BEAEEH:#915.5x10°E
- EHT 58 #9138x105%E

TEEEBIME
FERTZ B DER

RAEPFIEIC
£BT—YDE5E

4% % SPECIAL REPORTS

O UHNEROREEMREETERENY 77—, DORBNS
N5,

DMA 2=y Mz, EfFz=v b EHELEEZIT>T05
Hd, MifTLCDRAMEWNHEEA €Y —HD7 — S #ik % 1T
5, ZOMFNEIET, EifFfa=ybOF—FHFEHRERH]
WL, FEfTz=vboBEHE% L3 TCDCNNAUEEZL)
KINCFITTHIEEAREIC LT,

Wi A €Y —1Z, DRAMXb b7 27t ZARD T EE 153/
X1»SRAM (Static RAM) THiK ST, DCNN HWA
LoEHEIE, COWNHEAEY =T 7EALDDOHETEND,
UL, T27RREEDN L NEZDOR T IEEEIZERT
2728, WEAEY =IOV THERIIZEETH D,

22T, Efra=v L, WEHATY—~OT77ER[EE
ZHIE T 2 &9 1Cf%E L, EfTa=v ML, R4ICRT &
12, P>DPE (Processing Element) T4 5 ¥ L4570
T =% WIS D, BARIAABIZETSE4F % 2T
DOF — Y HEERDO AST =2 FA—7%0T, NEHAEY—
DOFHAIAATE NS T — 21 ZAPERIcHAL, HAEH AT
U—~DIT 72 AR EHIML 72, £72, £PENTI,

5B DCNNLEDRTT

2I3n (1. 024EDHITEH B ERE)

" 77777777777777 ; 7777777777777777777777777777777777777777777777777777777777777

[ opovAzZwrT : ‘ |

| CESSEEDN — |

e |
(1 Mi/t ~ SRAM) |« ] R

DCNN HWA @HIEHI=y ~
3. DCNN HWA DR
Fffa=y bEDMA 2=y FONHIEIEIC kT, #EE{DCNNALE %
FETTED,
Architecture of HWA for DCNN processing
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Typical architecture of DCNN
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Architecture of execution unit
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DCNN HWA configuration generator tool
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Example of optimization for reduction in amount of data using DCNN
HWA configuration generator tool
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Measurement of power consumption of evaluation board when
running image segmentation on DCNN HWA
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