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The feasibility of applying artificial intelligence (Al) and high-definition maps (HD Map) to road asset management practice
is discussed in this article. To develop a robust Al model, the quality and quantity of training data are the most critical factors. It
is necessary to invite people with domain know-how of road asset maintenance and management to label the relevant data. Thus,
the accumulation of sufficient training sample is considerably time-consuming; on the other hand, it is recommended to extract the
coordinates of various road assets from 3D HD Map (1/500 scale), and embed them into geospatial information system(GIS); that
is, adopting the existing HD Map file format to store the information of road assets and maintenance management. This is to solve
non-overlapping issue of various road assets a with inconsistent coordinate systems,

“Digital Road” is of top priority in the establishment of “National Digital Infrastructure”. Al and HD mapping technology
can facilitate the process and thus promote related applications of smart infrastructure. For example, to analysis road service
performance and life cycle in order to support “Smart Road” decision-making system. For road assets and facilities, this indicates
an advanced resiliency, life-span and reduction in the cost of maintenance and management. Overall, the goal is to secure a safe
and sustainable operation environment for “National Digital Infrastructure”.
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H et EmEE R — 2 B R - Y
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Al AT 2 /T - AREEORH B DA B A RS bry
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( Density-Based Spatial Clustering of Applications with
Noise ) J&—fElfH ¥ & @RI ik - ERNEREE
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A U-Net F # 7S O T2 BE RS —AEREAY 5 (3) PointNet
& LU R BOR R R R m R = HE BB AL S T (4)

*k 1 @M 4#FE Autoware [8 &

5] | ARt Autoware [ & & & T85!
1 Fliz S Roadedge
2 BiE Lane / dtlane
3 T4 Line / whiteline / road_surface_mark / stopline / crosswalk
4 HRe Object [Opendrive] / RoadAttachment
5 % 18 Tunnel
6 %% Bridge [Opendrive]
7 123 Roadsign
8 Kk Signaldata
9 Y& Signaldata
10 # Pole / poledata / streetlight
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PVCNN (Point-Voxel CNN) HIlf##& T PointNet DLER%
HIEEE LR AR 3D FRA S HERERIT (B -

Liu et al. 7 g1 5B LR R Z2RERAGR » £2H T8
RS RERS O R RS LA VR He T B Ay 22 [
R B R PVCNN 7E Liu et al. ™ g = {1
Z i - LT PointNet ~ 3D U-Net B2 PVCNN A9k
2% » PVCNN EHRE A EEB IR (£ 2) » SH5MHE
{5 P A (RO R e TIH0ER - 8 22 T A% U 0 A
/NEERESREETT - AR A E T R T AR R P B
W - HI 2 BT oe LA ERdE 2 B -

Al BRECEMNE G E R 2 B4

T S 35 19 YOLO AE 2020 - T 2€ hi 14 19 3¢
Ji 1 i F R B e AR R e A ey & R
= TR B AR M S R B R 2R
# Alexey Bochkovskiy 5 A ® 1L [F] iff # 1Y YOLOV4 »
— B R E R A I R R~ EE R R R YRR

M — - LRI S > YOLOVA =2 B 17 BB 38 55 52 14
PrE s BIE TP R Bl e IRAYE B - W16 5 Fvs » =2
YOLOV4 {5 F§ Nvidia V100 S/~ KAEREK (Microsoft)
1y MS COCO & 42 LAy KRB - Mol 2R F Ik
& (AP, Average Precision) » £ fili 3% 7= 5 9 1] LLA B
1 8 (FPS, Frames Per Second ) » th {8 3¢ 3% 5 %5 ¥
A o BHESHE AT RS S AT A - RIMBEfE ] Google
It 2 Y v AR TS BRI R EfficientDet » 7E =1
EE R REJI R A0 YOLOVS » DIFD 67 IE 1Y
AR LRy B » EfficientDet {2 HE 1% F1 34% 1Y V29 K5 BE
YOLOv4 AJLUGEE] 43% LA BRSPS - ¥ miE ¥

(Frames Per Second, FPS) ZI&E T~ » H At H%
EfficientDet + ATSS + ASFF » CenterMask & i H2 (540
YOLO4 f25E HHEMERmIET FAS R - THIIARKRER
EBEA L - 500 YOLO4 SR AE TR A RS E
EEVIEAT Ry 20 -

% 2 PVCNN = #8273 sk ok R sk ik 47 (52 A Liuetal. M)

AR LA Input Data mAcc mloU Latency | GPU Mem.
PointNet Points (8 x 4096 ) 82.54 42.97 20.9 ms 1.0GB
3D U-net Voxels (8 x 4096°) | 86.12 5493 | 5747ms | 6.8GB
PVCNN (0.125 x C) | Points (8 x 4096 ) 82.60 46.94 8.5 ms 0.6 GB
PVCNN (0.25xC) Points (8 x 4096 ) 85.25 51.93 11.9ms 0.7GB
PVCNN (1xC) Points (8 x 4096 ) 86.66 56.12 41.1 ms 1.3GB

*mAcc (mean Accuracy ) : 34 % 2k

*mloU (mean Intersection over Union) : P35 X4 to » & Bp {8 B 3R A 5 LI R ey bl - AT 4

R BERI SR ik o
* Latency : SEHBFM 0 A2 (ms) & FAx -
* GPU Mem. : GPU R 730 1&8 A & -
*C : Channel %8 -

MS COCO Object Detection

50,
EfficientDet (D0~-D4)

o ——YOLOv4 (ours)
| —e—YOLOv3 [63]
36 —m—ErcientDet [77]

34| —8—ATSS [94]

real-time

YOLOv4 (ours)

YOLOv3
| —A—ASFF* [48]
32
e .\\'
30 1
10 30 50 70 90 110 130
FPS (V100)

5 YOLOV4 4t ks aerb iz (ta# (FPS, frames per second) ;
T34 % (AP, Average Precision) 44 & Bochkovskiy et al.[®)
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FREFAR) Spil o SNty A PR 3] fss5E

TR O BB apiemmn A RAZ Al T
R EME ~ BREEH S Sl s iy A R A GISTAZER
WEL AT spleknnmrad dEem

F B e s A R A BT  RE

v

AXIFEHFALL Z (Artificial Intelligence, Al) #5453 (High Definition Map, HD Map ) J& 7418 % 4 & %
2B HTATHE 4k R 60 T SR A B Al LR 64 R 0 o R sk ALt 9 A A 0 I A de 3k (Domain
know-how) % - 4t¥F 48 B #d% F A EA42 4 (Label) » B b+ &t 6 BAF AR 04RAEAR © 5 *73‘@3:%:%%

=4 A e B (1/500 o] R) 1230 &AM K A X AARE § A3 F R B3R A 4 » BPAR HD Map #9455
HABGEREARERTET R AR NERTAZCE R LIRLAGT —MRERRUM -
T¥siEss | 28 "THERRAHSER ) 2 8% 0 Fi8 Al #4581 HD Map # B 4% 47 4 mﬁ%ﬁu&wﬁ%
B HERFIETAN R Blde AT SR IRAF ML AR A I A XA BB R R AR R A A R e
Hanhit = AR T A ARE TEREAEEHER  ZBE AR AELEE BAZ -

The feasibility of applying artificial intelligence (Al) and high-definition maps (HD Map) to road asset management practice
is discussed in this article. To develop a robust Al model, the quality and quantity of training data are the most critical factors. It
is necessary to invite people with domain know-how of road asset maintenance and management to label the relevant data. Thus,
the accumulation of sufficient training sample is considerably time-consuming; on the other hand, it is recommended to extract the
coordinates of various road assets from 3D HD Map (1/500 scale), and embed them into geospatial information system(GIS); that
is, adopting the existing HD Map file format to store the information of road assets and maintenance management. This is to solve
non-overlapping issue of various road assets a with inconsistent coordinate systems,

“Digital Road” is of top priority in the establishment of “National Digital Infrastructure”. Al and HD mapping technology
can facilitate the process and thus promote related applications of smart infrastructure. For example, to analysis road service
performance and life cycle in order to support “Smart Road” decision-making system. For road assets and facilities, this indicates
an advanced resiliency, life-span and reduction in the cost of maintenance and management. Overall, the goal is to secure a safe
and sustainable operation environment for “National Digital Infrastructure”.

~
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AR S HEFE BB 2 48 (Advanced Driver Assistance | 3575 AU L [ & 2 B 40 HERE (77 ) 1 TomTom
Systems, ADAS ) ~ B i B ] T 300 3 1 42 ) A Sl R as (B )~ Waymo (3£ ) > HAHIA Increment P 1
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arra R HI - f55 2 » HD Map Bfatsasaa g =(JE
Fea N L RE N -

e B P9 BCES B =] £% A LL T OpenDRIVE +
Extension ; 1k 750 58 i = g & B/ B s =
DIH Ryr s amg i e - RNARHBIERERE T - KKK
S A [ W 5 5 SR v G L A =+ HC R L T B
P4 B 3 2 B VO A = - 0 (i A (R B A
o [EIH BB 2Z 2 - OpenDRIVE #14R A /2 2005 4
9 0.7 fRA » 78 2019 £ 4 H 72 1.5 it - T B A B
MR R HE T R b e [ 3 YA BeAs AR E ) BRH
OpenDRIVE A& HERHE XML A& 20 > Rl + A
J& KA~ ERE MY ER (FHER - S
Rl - BT ) « SRR EUE - SN R T
o~ BRSNS IR ~ BRIFR M ~ A0k r B T T S R
EISHIFZYIHESE - KK HD Map FEA LA n] DUR
B R ST L R ST B B R B A RE E R Ml N A - R
ARSCBRAE T TR St A (e T T B o A R B I
L) EEITER

5 H [ E B % R 2% ) LU Autoware 1% =5
fE HD Map k3= - 2018 FERKIT Autoware <8y » EJ]

Universal Service (SIP-adus) » X

JR %8 R A Bl H A H B F8 B BH IR 177 YF ik S Autoware
I B B Fe B E i B X 18 S £k A Autoware iE
FHY HD Map HYBH A& 2 - e DA @3t EAE P
el 2% Je B R B R BT o PR IBGHTS St B R H BT A AR Y

T OpenDRIVE + Extension ; #%={ » THEHEHA 2022 4R
T n[iEL R Autoware & =0 HD Map o

St EERERFEREEEIE

H 2R B B3 BRI I SEFIBE 2 - H P B R )
P5 ER PR RE o B g - HEBNBIHT(E HEETE (SIP & Cross-
ministerial Strategic Innovation Promotion Program) >
FatErh SIP-adus : (SIP adus: Innovation of Automated
Driving for Universal Services) (http://www.sip-adus.
go.jp/) &1f SIP-adus FAENRE It HEHEERE i1 - AFED
RE B R B Iy [ By o AR 5 A e NG JEE = e St sl v -
HD Map HH3E B8 V)1 AL ARG HE - BORT 1 ey B B 3R
a7 B BT MBS AR B A A ARUE. - H AR BUR BLAL
R =28 ~ Zenrin T3 E A LR & — 2L IAG 2 ~ B
i [ 5 > B 0 2017 4 3 (6] Bl AT Bl 8 A2 i M e 2 F

(Dynamic Map Planning, DMP ) » Eil H AKERF SIP-adus
& 1E - H7< DMP 7 S5 44 B 3D Hulil ( HLfil &R
1/500) » MM FF S ndER E kg R e A B A2 - T2
B2 E R E B ERISR R B e R T - G R AR AT B
Atk - HAEE R AR S A -

B E EE MRS 2 E AL - RS - A
TORAEER I ~ HUNAEARE AR « A AT st I B2 T B T
o B T P e 7% o B B% N 2 &2 B EAHRA - B RS T
T2 B IR BN A RSB ET ~ i L~ Bl 28 A
EHERE . D ERERERERAKRE AT
B FHREFE IR AR MERERY AL dn R o WREIREEE Yl
P A 7 AR M A 3 DA S R A R AR AR T & A 1tk i B
HTE - 54 o HhEeE i - TR B A R B AL
T RSN — EREARMEHEEERE
FE o BEELRMHBTHY o HR SR AR IS B A E R AL
BEEMMEAEBARE - 28RS - £ HT
ZE B RHR SR B = HE BRI Rl - A = HE AR
#: (Geographic Information System, GIS) #14: ER & 2
ENE % (Global Positioning System, GPS) BV E T
BB W o AR - BEERE R - aSEAKIR
BRI - B I I B A A B R ok
% N R KE AR - BUBIREEE S m
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AR R B - R R AR B T R R R B B R 2 B
FERRIE AN 3 B B 5 B e s ot ] DL B JE P
AT ZRGER I G SR - $EH R

HER B BB AP B

BHEN T ERAEREEHERE

E&k%

Tt EIREE
TEO Y R 2 A - SR S R B

(Mobile Mapping System, MMS ) #EfT4MSEREH] - FE3E
A7 v R e ) - i 4 2K VB SR - I SE G B b

A > BUEFRARANE 1 R o

SN PR TR T B T B O s B R
FESE > DU SR RS - R ILE I AR
atl > EAEFT IR L AR B - SR AR ST

SER R - EHEPRE o FI Ry
LERDEFE SRR -

2. WBRELER SRR A 22 ¢ R B A A/ 1/

BHLIRFAET 5 -
3 WA BN E 1 -

4. BRERCRAE L AT ¢ T A RS T M - 0 it
TSR BRI AN EE - DR HE ] -
FUGHIE BRI IS - FE AR TR

o BRI ZE I E AN - DI EE R R B LI

1T B A

HEFE T3 #EZEHROEABER T EEAE
FRAE | PR R B 2 X A [ B B 2 &5 BRI (1Y
FHBFAAAR > 1T B —HMEBUEAL - SERiAF R R il
R &< —HERG ~ K > HEEER K flERA
TSRS SIERE R -

E T E e E e - BB PR o FAY
MMS AR EE B RHHE REA - B &E 70 B L
FHEE - MMS JIHEEH — REREEFUAERHREATAE 1TB »
B - R ER EEE IR T KRR E A T
A BEHEAHE R R - BERARAEGAT -
o EATHSEmBERERT - EHATES 8

SR EFE G ET BB H B RGER I - A
AN B E 2 BSE - HEREREERA -

= A B A I P 70 B RS B A AR SRR
£

SR A Ry SRR BB - FORTHA (high-definition
Map ) s B G 0 B 2 R SR = Pkl LA o
T R R - KR PO R 1 P A
AR | @ SRR D 20 45 - EERE
JEERED 30 2457 -

DL AT e 7 R R 1 2 L P S - S B
P PR A0 T LU 20 e ] 2224
RO B W1 1D H B RS o - %%@m&
W BRAERE P A T LU AT A BRI + 3 FLER M A
%%Eﬁ%Z@%v%%wﬁE%ﬂ&mﬁﬁé%&
B - RESRIELERSEIA - ARR B - A TR FA

1. MMS it HitE
- e . ey

HERE
(LiDAR)

Eod
fin & 4%
(GNSS)

2. 3D Digital Plotting

B. Point Cloud C. Point Cloud D. Point Cloud E. Point Image

Adj Regi i Classification . Registration

firs

AR

R RE
(Panoramic
image)

K

Image stereo reconstruction

& image registration

F. Primitive Extraction
3. Feature Property Editing

L]

5. Quality Evaluation

1 =l RAEGAL
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B~ BEAE ~ GREL - TRt DIREME B e M - WK A
JE\ Btk itz H B S A e A B K o AR

e R M e v S P T ) o Rk KRR
- BRIFEFRE[E] 8 (Transient Static Layer) ~ BRHFE)
REMEE (Transient Dynamic Layer) » DL i B RELE] g
(Highly Dynamic Layer) ([& 2) e

15— /K AEFREEJE (Permanent Static Layer) Fyff
A F i St el 15 e e R Bl - BRI RUE R 1/500 © [
el Jg L A0 Bk 7B = HE 2 I BERIRE B DURJE R
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et JBIEER - Al 3 iR o
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Jig 1 i 0, 2 o B B AN ASEE ]~ E R TRE -
RS R R IE I -

3. 5= BIRIFERERYE (Transient Dynamic Layer) »
HASn&EHAHimw -~ sSEEZE - I EE BRI R
FRARDLEE -

4. VY s B ENREEE (Highly Dynamic Layer) » 41,

5 7 SEB EATRE BRI - 1A DU
A% -
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BB AGHE THEAL - 35 R st R e CR LR
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el Tl S WA wAN R SN T3NS (SN EL Y
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Tyl 4 o o [RIEL » FA SRS st F {5 w8t ¥ th Ee FEoR
fr o B HEEEER A ERER S 80 YIAE
PR A AEAR B E B DR R -

bRA S SR E O A B A - o5
PREEE - FERER HLkE 0 A HAE Rg B A A - Bilan
TERE T SR A AR R - A L E B NS
FREGB BRI - B AR R AR S B 22 - (AT - AL
e fE L BE A FE R | - mTSeE i A LG HE JE A AL
o Rt EEAG R S R e o i BB R
ER - AR VE R bl N AR E R R

— % £ A BIM (Building Information Model ) #YJf&
R PR N EESEENEEE M RR W

323 R

Highly X ATTS TS o N | s R (<14)
pte® A 985 i (EE &3 %
el PP A - S Pl R ATA S RIS E
e k| o “# -
Transient UNEXPECTED | FER wre s EaE (<1 pdE)
Dynamic . b 7 | R RERE REERFME®
Layer " Ji S 7 R AR Rk %
Transient 2 5. — —— %R BRREARRREUE (<1 v BF)
Static /"/ ; REMI-NORI ACCIDENT F0G i@%f] MR T AZ F;‘i&kﬁ%}'\ AR 'S
Ly LANE CLOSED TEU
— R RAHEHMIE"HD Map, EE (>1

Permanent " e o g -
A 2 L _~ WssE (R EBARS - PSRE) A
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2 SR EwHRAERE (%44 h AECCH)
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PRI RIM - A E PR & A MRS B RE TR HE B A 5K
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4 FETHREERA
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HEFE -
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- EHST I E
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7. IBRCET  EE Bt T UM MERF A & & B AGHE
FHIMOUN R ERRBEATEE - S FELIR B 2
Wi - SRS TIE S AT OGS

8. & R SE B R I X Ry i e Y DA R SRR e 1K &

T AR BEEITHLEMESE - LAKE " AR
R b b A AR ) AT e o S I L Bl R A
IR HERE R 3% -

il
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Wl Pt EE -

Al BB B S B ERFRERERE
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W - HatE A =N8E 24 (Mobile Mapping System,
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S HEERS R AR - BT T IR S S 2
AL s S5—J51H - RfE A B PR R T K
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Map « ZRIIE MMS FE &G IR - Sl SR AHE
I N TIEERRCRE - mEA THSRERA - B
TR A Al B ffinfés s B0 PR & AE B BRI RER » IR
TN A FE AR E TR - HAl MMS $REEEFEE
B EE  RHRATEEEIRE GIS IRl ZE
FISERPIE ~ SRR LR B ER B I - SRR LR A

THEEEIE - HIEEERR - ZEHRERRE - Bt
HIRI ~ A% U B TR - H R R ERI S S i
e N P NE N AP S (= SIS Ve e rpani| L5e A
TUARSCRR BT E B T R 7 ATE | S B
10 BE BRI (A05R 1) AR KBS E R .o
E# H Autoware g8 T E RS E FHEEEE -

i MMS SRR R R B E LR R R - &
O BRI DURGE R A R R - DUR R
Fe DU R RESR - ABF SR+ 8 B ) - 138 E (8 g #t
AR R 2 B - sy BB Ry AT Fe R4
HERBE L RIFEIW4-E% ] DBSCAN ~ PVCNN Rifii
BOARGHE  ERHERRIERA YOLO4 Jiikiai A -
H et S E R — 2 BN R R - Y
TREF T2 -

Al AU 2 /T - AREEORH B DU LA RS bRy
R RS - DUT 3 RIEHE MMS $FREEBEE DU ER 5
SAGER AR RIS R . Al BT B0 A TR B 7
Tt AR PRI AR A A AR I IE R - iR
FHE A HD Map i =k [ 2 5 1 Bl o 45 7 5 B 2 T
FHBATR -

AREEN B R B 2 E IR
AT B 35 5 52 EORH R B ¢ AR RR 5K - [E A
THE AT E < = #E SR H % 27 (1) DBSCAN
( Density-Based Spatial Clustering of Applications with
Noise ) J&—fElfH ¥ & @RI ik - ERNEREE
AKAETT 22 R BV E BT 5 (2) 3D U-Net JIlE A2
A U-Net F # 7S O T2 BE RS —AEREAY 5 (3) PointNet
& LU R BOR R R R m R = HE BB AL S T (4)

* 1 @M 4#E Autoware [8 &

5] | AR Autoware [ & & & T85!
1 B2 S Roadedge
2 BiE Lane / dtlane
3 T4 Line / whiteline / road_surface_mark / stopline / crosswalk
4 ok Object [Opendrive] / RoadAttachment
5 % 18 Tunnel
6 %% Bridge [Opendrive]
7 123 Roadsign
8 Kk Signaldata
9 Y& Signaldata
10 # Pole / poledata / streetlight
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PVCNN (Point-Voxel CNN) HIlf##& T PointNet DLER%
HIEEE LR AR 3D FRA S HERERIT (B -

Liu et al. 7 g1 5B LR R Z2RERAGR » £2H T8
RS RERS O R RS LA VR He T B Ay 22 [
R B R PVCNN 7E Liu et al. ™ g = {1
Z i - LT PointNet ~ 3D U-Net B2 PVCNN A9k
2% » PVCNN EHRE A EEB IR (£ 2) » SH5MHE
{5 P A (RO R e TIH0ER - 8 22 T A% U 0 A
/NEERESREETT - AR A E T R T AR R P B
W - HI 2 BT oe LA ERdE 2 B -

Al BRECEMNE G E R 2 B4

T S 35 19 YOLO AE 2020 - T 2€ hi 14 19 3¢
Ji 1 i F R B e AR R e A ey & R
= TR B AR M S R B R 2R
# Alexey Bochkovskiy 5 A ® 1L [F] iff # 1Y YOLOV4 »
— B R E R A I R R~ EE R R R YRR

M — - LRI S > YOLOVA =2 B 17 BB 38 55 52 14
PrE s BIE TP R Bl e IRAYE B - W16 5 Fvs » =2
YOLOV4 {5 F§ Nvidia V100 S/~ KAEREK (Microsoft)
1y MS COCO & 42 LAy KRB - Mol 2R F Ik
& (AP, Average Precision) » £ fili 3% 7= 5 9 1] LLA B
1 8 (FPS, Frames Per Second ) » th {8 3¢ 3% 5 %5 ¥
A o BHESHE AT RS S AT A - RIMBEfE ] Google
It 2 Y v AR TS BRI R EfficientDet » 7E =1
EE R REJI R A0 YOLOVS » DIFD 67 IE 1Y
AR LRy B » EfficientDet {2 HE 1% F1 34% 1Y V29 K5 BE
YOLOv4 AJLUGEE] 43% LA BRSPS - ¥ miE ¥

(Frames Per Second, FPS) ZI&E T~ » H At H%
EfficientDet + ATSS + ASFF » CenterMask & i H2 (540
YOLO4 f25E HHEMERmIET FAS R - THIIARKRER
EBEA L - 500 YOLO4 SR AE TR A RS E
EEVIEAT Ry 20 -

% 2 PVCNN = #8273 sk ok R sk ik 47 (52 A Liuetal. M)

AR LA Input Data mAcc mloU Latency | GPU Mem.
PointNet Points (8 x 4096 ) 82.54 42.97 20.9 ms 1.0GB
3D U-net Voxels (8 x 4096°) | 86.12 5493 | 5747ms | 6.8GB
PVCNN (0.125 x C) | Points (8 x 4096 ) 82.60 46.94 8.5 ms 0.6 GB
PVCNN (0.25xC) Points (8 x 4096 ) 85.25 51.93 11.9ms 0.7GB
PVCNN (1xC) Points (8 x 4096 ) 86.66 56.12 41.1 ms 1.3GB

*mAcc (mean Accuracy ) : 34 % 2k

*mloU (mean Intersection over Union) : P35 X4 to » & Bp {8 B 3R A 5 LI R ey bl - AT 4

R BERI SR ik o
* Latency : SEHBFM 0 A2 (ms) & FAx -
* GPU Mem. : GPU R 730 1&8 A & -
*C : Channel %8 -

MS COCO Object Detection

50
EfficientDet (D0-D4)

48

—4—YOLOv4 (ours)
—&—YOLOv3 [63]
—@—=LfficientDet [77]
34 | =8—=ATSS [94]

real-time

YOLOv4 (ours)

YOLOv3
- —d— ASFF* [48]
* | —o—CenterMask* [40]
30 =
10 30 S0 70 90 110 130
FPS (V100)

5 YOLOV4 4t ks aerb iz (ta# (FPS, frames per second) ;
T34 % (AP, Average Precision) 44 & Bochkovskiy et al.[®)

10
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([El 12) » QA2 SRR < FRERAS © L =HERF L
YRR - n] FRS AR R - (S A R R -

Bl 9 REF R IR

8 BEEXHERZATRMY

BEEREE R ER - oS R E R AT
R - B EER AL ATEET R BEREEEY
P % i s T e T ) 22 PRI UL - AR 13 A5G SR P
R R N EARSEREE - RIS G 22 A VLR H]
DU BURERSEMIFIGE - N TR SRR R s
o AU RS R = AT A RO - POSEERGE S
EAER  BRC ~ iR BN aliET B E R A A
b L PR R BRSO

MAA BRSRBEMENEHREEEE

BIREH

BT IHERER Al FAE R SHEmIE 2 i
SEEAF SR T4 ST K 2 B B A B B T

BEBCEE - 5555 AK R RIS AR A T3 7

Vol. 48, No. 2 April 2021 - AZKF] ZEPU-+/\% 251

11



AL ERSHLEAERE EEEITHEA

10 2 EAFAREZ R

13 EFEHaMm ke Al #134

% AR A e S
P I Fe4d R

X CIEERE SRR BCRRTEET K - B8
A B[R] A B R A B A ME B e 52 6 (MM,
Mobile Mapping System ) ks F Bh{Lafa AR E - BB
U B 5 OG5 5 R HRH G 0 ~ POS TE N R M i
T R o AT SR R G HE ) - st S 22 1 R
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S AE AT A TR~ FE R RE R Bl g X B B A fif
FRE - i 2 37 B 80 A R GO RE T By R R B R
B E S G H A ER 2 &S T H ' R
o ECERIESE - LR E R R & A B
DUE 3w sl 5 0 B 1) 5522 46 0 R BIVIR 56 Jld i 515 B s
R B TG R TR 2 B R VT RE - R
T ] 5 B S N T A SR AR AU SR - ASEIIRR S R
RETR AR E NI A A B B - PREEERE AR SRR
R S 73 e RS U s A8 B B 4 B AY. - SR AR B P R Y
Sl 77 B R IO AR - BELSRE L BA RA RE  o BR
JE5 B2 RE R B R A 5 2 TR B T T A Bl A Y
PR TR -

AR 325 5t AR A B B [ A 5 (Structure
from Motion, SfM ) 4 BLZ i /177 i 52 (Multi-View
Stereo, MVS ) 1 i T :th 75 — e 52 (64 37 T st 3H
LRI R A - S P AT AR AR Y 2R R AR T T PR
UGS —MEsg B AT B ERY R 2 B - IR B
RS s G AE Ry Rl o PR S B2 B R AY o iy A HET T S R
TRLES Y » ARt SR P 55 e s 145 508 B B 7 A A 1 22 ]
B AN B PRAET T » 50 S RE AT B A Y R A
A BB A S R Ry AN - R BRI
BERA PR 22 AR o SR S AR AHBARH BRI SR 3
B BN AR T A TR

BAT T 458 i & 5 35 A E e Mk
A E ththak kit
: B GATER ST
LG S AUE B A 5 A RO 2 b
4 b 3 45 (RN R
B ABTENSE R A,
\ v 8 J

B 2 BAT IR BB ML RS AT I 0 TR i KR
ik ey



TATEZRIOKN Lz RRER  HiF

RESEN T HIEMIRR

PR B R A A F AN 3 Pt P FH A
JiE 2 78 B A DL PR it K A % (Deep Neural Network,
DNN) ~ &R A% (Convolution Neural Network,
CNN) O~ 7 B3 jift #2 #4 £ (Recurrent neural network,
RNN) M B4 088 (Generative Adversarial Network,
GAN) B S5 - i TR B T/ BB ~ EH
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KEY DEEP LEARNING TASKS

B3 EELygaszoazin (g [19])

process ) ~ = [E — IRFE (intent-status) ~ #iB — &aH — 41
% — P 2R (data-information-knowledge-decisions ) > 4[1
4 s o BHE — i B R VA B BEAE #6
P E e A BB R R R B 5 L — TRARMEREER AT T
BT AR ] YIS O Sk s RS B WA EDIRRE - B8 — R
Y BIASHEYD - 85 — R le TRUETE ; R - ARRERIA
R TRFHERHERE - ARIEEREEAREY - 2 as-
designed model (E£EHEAY ) Ed as-built model ( F iR
B ) ~ as-planned process ( #f = i 12 ) Ed as-performed
process ( EFEVLAR ) ¢ iR BUB BN RAYMERS - fH5
THAIRAEGANOLES - Sy REr R E R e
T ARV LR © 1F 2020 4F Lin P9 SE A SR it
Ze5 | AR AR U S A T s - Ewm EH Bt
%t 4D 2L FH LAY (Building Information Modeling,
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TR A i B A B+ SIS R A1 R S B
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R R EE AR AR HE I A

MR s B3R F R o B ER I B BB L & R 8 2 o)
#| (semantic segmentation) 18 Eil B ] 43 & (instance
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Product

Process

Physical Virtual

Sh

PPll - Project Intent Information PS| - Project Status Information
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ALAEET 28 R USRI o> FEA S - (KoL - 3525
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DIAERE AR S L AT T 048 - e Rt - HA
AT AR AR R B R R - — {2 7S NAN (Not A
Number) FYEFRL - SEFEE R AN REAL UL IREET 28
{E ] DUAEER a5l A BRI R Zhaan ] « S —fEid
HABEEEER - EER A ERENTRE 28 &
HEWE - BUORHEGK R - IKIAEHE i AR tAE
HRE TR - sl B — Lehn AR - TR AR
s IAEES AT - AT LU B RC R ER - (I - H AR
T3 FRAER S D 2/

E AV E G USRS s

CNN i R s sl e — » FEAEE
f& & (Convolution Layer) ~ i {1k J& (Pooling Layer)
FIT-HEEE (Subsampling Layer) » #& %% 5256 2 3 5219
J& - 38857 g B AL E G - EE U NVRE L - AR EE
HRR S B GO ITEE 7 RACH R A AR S
AR BT T 0 48 -
©
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AR RS

N FT R B — {8 5 B A AR AR A B - IR 5
FE S AR Bz B DU RS Ry CNN-
1o TEREARETY AR+ [ 5 AT B 1 S ki /N Ry 28 x 28 »
DUniRaNsists - [E1S—1RrE - BEgETE SR
HIOE R RS MR T S DE R R
Bamn e AR 0 H =8 AH & g - a0l 5 R
JE L E— BRI — ER g (LU R OE R AL B
{6 BLAh TS TR RN A SR P (AR AL
(Rectified Linear Unit, ReLU ) BH%L » 1EZEHUEI BRr3
% » BRASREGE & 238 E (Fully Connected Layer ) »
softmax J& M1 BiJg » AR -G A AR 85 WOk T HE
% e FIBRETE T - R A 128 TR EMGARGI - B
AR AR R BEME - HIFRREE R - 153 B s AR
SR FyaHat B 380 I -

PN

A R n] i A HREE il - FoR A
FEAETSE AR L o R > — B B A AR
T LR AN R B 15 - AN 1 FR o -EREAEA
HRRER S H ESEH

ynormalim: = _— (2)

Hrh @ R AVENSE ~ B AR « FUZ 8 AR
B AR/ IME - AEBCRUFI R - R EREE nT DLHER
BEA/NER R 2 8 - U0 UM P ARG L - EIE
RLANER B [-1, 1] & - RS B E R B
JEE - EHF B R A AT S AR R R e B B - SR
L IEHTRE S S R B R R R - AN IR
MK « R - FEARWTFEERAETEE Ry 256 x 256 5581
fi (B o REHIE - BZEAT L T N TRl GRBIRRSR R B 2 i
ANFEATEE - G H A SIS B E AR R -

w-g-J] -

c Luti Batch normalization
onvolution RELU

[3x3x8]

Convolution
[3x3x16]

Input Resize

[256 x 256] [28x 28] Maxpooling [stride = 2]

Batch normalization

Maxpooling [stride = 2]

ZENEGR VTR & SEMEMIS

Ry THE— PR EAEE - AR ARG EH
F Ryl AT 27 E RO H 2R B B R U B 19 |
FH ] GoogleNet F #5756t 1O BT AR -
GooglLeNet Af AP FA IRIFAIFIFR R - £E 2014
fF ILSVRC (ImageNet Large Scale Visual Recognition
Challenge) LL#Err - E & ¥f 1000 FE 58 B A9 ¥ (- HE 1T
Sy FEETSEE—4 14 > B ZFnet FIT AlexNet FHEL - 5k
REH T HEEIIRTT » BLAb - Bl VGGNet AHEL » ERYEE
AR - Kt - AWFFEFIH GoogleNet #ETTHLAYF
AR+ ST St TR Y (e 7 SRR+ R IRy ] PR IR RIS R
T teB s -

SRS

TEAMTE R » B 0 1] B AT i U Ry 224 X 224
B3 DA ERGEE R - GoogleNet HYZEH#EHT 22
A - S S - R MAE)E ~ inception JE
SR ~ BRI - softmax g FI AL g - BEEEA
BB ZERS RN BRI AT 2695 14 o o TR AN & B R
JEE A BSR4 i R 2 T o O
A1 x 7 DUE BRGNS - 15 KR E
Ry 10 5RIE - Sl HAJI0EREER R 0.001 - Ky T
PRI EORHES B B R &R - ARWFERBEAER S E

(Transfer Learning) * T2 EHI#F GooglLeNet LAY -

HiAE

R T HRIE S U B o TR B 2 R
REHHSTER AW R A E— MK ) K
PN TEREG + U642 BUBSK AT & - HADRITIE
AT 0

2

Spec, = |Z;=l ex, 3)

. Batch normalization
RELU Convolution RELU Softmax

[3x3x32] Classification Label

Fully Connected

5 B A e EBAR R
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HApFRORPASEERE SR E » ZRRFRIRVEGR x < &
MESER I FE I R 20 (Heat Map ) » 7 BRI 5 FERREAY
A8 - SERGR S A KR - s RE Ry 512 x 512
B RAE G - [E1F 2092 » R EAE B AT A
FLRURK, » KTk PR AR g 7 5 T B ik S il 58 A SR
RS EIR S m A « B 6 Ry B LR R FIEH A
AT SR A& A B AE R - nTLLUE
IR IR T R SR e 2 58 e E R S R BRI -

AllFRIR B R SR EA L BY

Ry 7 Wl OREORHEE oA R AR 2 B S 1k - o
AR FH I B Fy 554 5 > Horp 3k &kt (L e &
FHEERY 70% - B Es EOR} R AL 8 2Rt EERY 30% » [ 7(a)

(€) 77 s A Ht

() s T

HER AR 2 K 3k % MSE B9 i G 5 - 1REHEE - 78
REFERAE TR » AR EORHE AN B3 38 & R HY MSE [F]
RFk A 5 KT » BREE ERHE Y MSE 1F 53 ZOE R % B
TENE A G NN » 35 TR 35 R T B B )1 o e e N )
B 0 FEASE B BRI MSE S 62X sk 4% 1k
R M EEEE T 5 63 M A AURYAS SRAE Ry alll R 58 Y
fRAY « [ 7(b) Ry F 3R 50 AR B SR AR 22 e
(Confusion Matrix) - ##SIM S » ¥ERENERLF » 25=UE
BRI ALCRS B 10 90% - (MG - PSR E R
BH BORHH LR FIRY BRI =) » 38 R R B T A R
SLERIRESR IR E AL - BB R R AT R AE
7= 53 e 5 A S R -

(d) R FH

B 6 medHMmATLR

0.45

o
e w e
=] o £

Mean Square Error (MSE)
e 5
L= [

0.15¢
01+
0.05+
0 : . ; . .
0 10 20 30 40 50 60
Epoch
(QEIES:ES

(9) 245 & 4t
E] g 5 5 g 2 &
= g 8 g
40805 & F S

Normal | 97.7% | 0.0% | 0.8% | 1.1% | 0.0% | 0.0% | 0.0%

Missing | 0.0% | 100% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0%

Minor | 2.3% | 0.0% |92.4% | 7.6% | 0.0% | 0.0% | 0.0%

Outlier | 0.0% | 0.0% | 5.8% |90.7% | 0.2% | 0.0% | 0.0%

re—
Square | 0.0% | 0.0% | 0.2% | 0.2% | 99.8% | 0.0% | 0.0%

Trend | 0.0% | 0.0% | 0.8% | 0.0% | 0.0% | 100% | 0.0%

Drift | 0.0% | 0.0% | 0.0% | 0.3% | 0.0% | 0.0% | 100%

(b) 3% % 4B % (confusion matrix )

B 7 A AR B a2 sk AR AR R
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8 /R A CNN-1 B AU FT GoogLeNet £ HU 11y
bR - oAl aE 8(a) B E 8(b) Firs » EEARR R
75 30 )| oK ok I SEE T TR IITOR I I B R HE 4 TR
FonERFE AR R IR AZAIERE N - SR RIRER R - &
ATV RRR A i A B, - SRR e D B a1

5
R
2z

— Training

g Validation
g 50 1
-
g |
<
ol |
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Iteration
3 =
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(a) CNN-1

200

< —— Validation
-
g 50
5
3
<
D 1 ] 'l L L 1
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lteration
6 T
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Validation
4
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w
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0
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lteration

(b) GoogLeNet

2000 2500

3000

AFRAEAY o BhAh - W R AU AERE FE th RN R 2 IR
EHERAER -

B PR T REIR 28 (A A SRR EE
epoch FIFIRER ) » LIRS SR RIS » 5% 2 Ry Fll
FH—/INIFERERAE Ry i A BORHE EAN [F] 2 B ARG HE FE TE
B o R A A AR 50 P AR b B B R A
FHIA] » EHBE R EREE EORHE — 2 - ANARRF7R » 1Y
TR R AR Y A HERE 1 R RY R - RSt -
B4 epoch FIRHEFIOES ] IS IIRG & 5 2R » &
AR R R ARG PR A 7T R B 3 AR B e B e T e
LS 2 % - Bb4b - 58 GoogLeNet
RSB Ry B AERI RS - W] DUSE A ROl e fo 8 AR R 2
TR T A A E AP AUREHEE o Pl R BY A AN
FERY » ARRFSR15 5558 GoogleNet FE RIS T IR & &3]
A RIIBR - AT R RS - R 2
BlEANR R AREATR -

A —/INIRFEE ST — R » SR BV B 1 R A 1T
SR ER - KA Tt W AR — /N
FHE Ry 4> R - MR BRI — {1 wT A
TEf% (On-line) {EHIFYRALAVEEY « B DL Bl i 52
filiam 159 Hi GooglLeNet 15 5 Fy # B i v 2 B A » EARAE
B AR ER AR A o [ 9 Ry p AEARE R AT
TTRIEBRIRS R - (ERE TR TR » o3 SR ZORHRE i
FSC B o S35 L A ol o AR B SEE A T RIRF 31 AN TR
ER AR R HER SR SRR o DUKE Rl - #ktask
TkaNaR R B R - T ERIR R R R &R} - £ 3
Tl O 5831 FH 5% 52 Al SR P S R A A Re R+ B
TR T L T ISR B A e R 1 - LUK nE A

8 BEA 6y SRt 4 TERRRAE - B SRS B B LAYEHSR S H ] -
k2 KATR S BRI
£ 4 IR wAREEEE (%)
# | RIGHATE | B TARATE | BEAL LA | Epoch | Jl#kikZE | 1 2 3 4 5 6 7
1 256256 28 CNN-1 4 le-2 97.2 | 99.8 | 77.0 | 89.0 | 99.4 | 84.8 | 99.8
2 256256 64 CNN-1 4 le-2 953 | 99.9 | 91.9 | 86.8 | 99.2 | 94.3 | 93.7
3 256256 64 CNN-1 5 le-2 97.9 | 99.8 | 93.3 | 93.6 | 99.8 | 98.6 | 99.1
4 256256 224 GoogLeNet 4 1le-3 99.6 | 99.7 | 99.6 | 87.7 | 99.9 | 99.5 | 98.0
5 256256 224 GoogLeNet 6 1le-3 985 | 99.7 | 99.1 | 97.0 | 99.9 | 97.1 | 100
6 256256 224 GoogLeNet 6 le-5 97.8 | 100 | 98.9 | 94.9 | 99.4 | 98.1 | 99.6
7 651 R 60 1le-3 99.7 | 100 | 98.1 | 75.0 | 99.5 | 99.0 | 88.2
(3:1 EF 2. 8% 3. Bul -4 R 5. 7k 6.4~ 7. 84)
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(b) Semantic segmentation

(d) Panoptic segmentation

(c) Instance segmentation
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Susana Ochoa Rodriguez, Rain++ Ltd. # %k X 5, %

Yuting Chen,#3# B72 T X 4 + Rfsgsp T/ 24 HLoF% A
Christian Onof /3 # B2 T X% + ks TL 4 &34

v

AR X 5 F B B3 E FloodCitiSense #4 X% % F - e I A% & (Artificial Intelligence, Al) A8 B 3% fif A 3 85
%ﬁﬂ?;@:}ci‘ﬁ;ﬁ!d + Fa¥ (urban flood forecasting and warning) #2742 #J& - afféim—ﬁf] B Rk AR Bk e
% (data-driven) &/RFABBERX > K BLTAR LG ERAE ééﬁc KRR EMS - B0 —F & ST K KREE K
ATARE KGR 5 A o RIGFFmRA L F AR - F —f 564 “#Jr%l:ﬁ/ﬁ%"”l 148 R R sk Bl AR A
TR ER e RRE  BE2FBLRK %ﬂ%*%ﬁz%sﬂ#%‘i FARZ B RLETRIEREKR  BUL—F T
BT REOY AR ER A7 o H —AE 4 R &AL (analogue) #A » ZHA L 2 h B LEXEFREHEMZIRAS
R EFEERF f%i%lz?ﬁ Hhot S HARTEHFRASHZIBME > ARFEERBREISH - FLHBEX
E R BHRTT AR KPR X FA L & 2 % M kB (flood maps) » Bp BF A& F AR 77 6 AR H &
ZEMOHE - %#i%mﬁ ATE BT R TAR Z TTATHE - R B IRSER LRI - ERFH
BAEM L kR R EREE GRS A 0 BRI 5 ok 0 R AT R AR SR 0 Rk
IR Sk R AR R R I © Bedk BT AFE dy AR SR TR KRBT X BB RBLE -

In this article, we would like to share the main findings of an EU-funded research project, named FloodCitiSense,
in developing data-driven urban flood forecasting and warning system. A range of data-driven approaches were explored
throughout the project period; two of them were found to be feasible for the future operation and are further explained here.
The first one is a purely data-driven model. It aims at predicting urban flooding relying merely on historical rainfall data,
flood registry records and some hydraulic features of a given city. The result suggests that this model can well predict if
a given storm may lead to flooding, but it could not further predict the spatial distribution of a flood. The second model
is an analog model. This model characterises the features of the underlying atmospheric variables and rainfall patterns of
historical flood-inducing events. By checking similar features of the current weather condition and rainfall data, this model
can determine if there are similar flooding events in the history, and based upon them, flood and flood probability maps can
be produced. The result suggests the analog model can predict spatial distribution of a flood with a more than 70% accuracy,
which shows a great potential to be used operationally.

ok
[l

ST+ 2R RSB SR - SRR
EM - REEmHAKIEEETER R NIFTER 2 B (97K #E7kEE4E (pluvial flooding)

S R BN R s 2 L SR TR R [ BB PRl AOBS SRR AR - SEEITE 2007 4R K 2 3
ST (4hK) AR (fluvial flooding) s #Ri1fT | BEE/KEEME - HAAL - B BB A SRS Rk
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3. Advanced Observation and Rainfall Prediction for Urban
Pluvial Flood Management (RainGain: 2011-2015)
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Problem: Pluvial Flooding triggered by intense rainfall

ALTERKATIVE INPUT & VALIDATION DATA

( | Co-designed EARLY WARNING TOOL for PLUVIAL FLOODING I
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* Displays in the box: L
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3* row: the number of
members satisfying the
condition / the number of all
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Rainfall data (in real-time/predicted)

Professional & low-
cost rain gauge data 1‘ 4 RMInowcasting services

A

Water levels/flows (in real-time)
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] B x;: Rainfall accumulation [mm]
_E x3: 5-minute peak rainfall rate [mm/h]
ol x3: 1-hour peak rainfall rate [mm/h)
'E x,: Critical duration [min]
L x5: Maximum return period [yr]
H xg: Elevation [m]
Ex% — x7: Maximum Strahler order [-] }: i yof
fra L xg: Average Strahler order [-] streams
" B g0 Sewer density [m?]
3= X100 Sewer return peried analysis median [yr]
3’, E 7 xy1: Sewer return period analysis minimum [yr]
L xy2: Sewer retumn period analysis 10 percentile [yr]
E § { X33 Impermeable area [m?]
3
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14
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version 5) B9 Zf} - ECMWF 2 BB St =k H i
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(a) Simulated flood map (InfoWorks)
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(b) Prediction Result
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True conditions
True Positive: False Positives: Positive Predictive Rate:
§ 28.6% (14.3%~42.9%) 14.3% (0%~21.43%) 63.6% (50%~75%)
E Areas are correctly predicted as Areas are incorrectly predicted as (63.6% of predicted flooding areas are truly
g flooding flooding area flooding areas)
z False Negatives: True Negatives: Negative Predictive Rate:
"]
2 0% (0%~7.1%) 28.6% (28.6%~35.7%) 99.9% (79.9%-99.9%,)
) Flooding areas are incorrectly Areas are correctly predicted as (99.99% of predicted non-flooding areas are truly
predicted as non-flooding arca non-flood non-flooding areas)
True Positive Rate: True Negative Rate:
85.7% (50.0%~99.9% 75.0% (63.6%~99.9%) Accuracy Rate:
rmI 070 (05,0752 57 71.4% (57.1% ~ 78.6%)
(85.7% truly flooding areas can be  (75.0% truly non-flooding areas can - _ . o
correctly predicted as flooding) be correctly predicted) (The overall accuracy is 71.4%)
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Az % (Artificial Intelligence » fijff Al) T4 & &+ F ey Ba% > $FRPE RS FE— AR
AR R B fe Bl & o R A ATALE B o) B BT AR B 5 BT 0 A5 P AR Ltk & ik ot F AR SR RATAK
EHRE 2 REAXHALTEF LR AR EZRYRM — BHREBZ @A (General-Purpose
computing on Graphics Processing Units * ff§# GPGPU ~ GP2U =, GPU ) & — #yBs MR "T AR A A IR - AU &
MATE BT 5 2R AR F 00 B4 0 Bl BRI WAL NVIDIA GPU F#9Aeik (speed up) zk i > #14k
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& (General-Purpose computing on Graphics Processing
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HEFHERN CPU ~ GPU HFHIERZ R TR S A
B RIS AR TEBRAENG ) T AW RN AT TR
PRI 5 BTE S I R SR BEAE B RIS K EFF 2 - H Al
HEFZ R B LA B E A T LU 38 — R I A
THITEK - BIANSEREELE (VMware) HYPSIHEE SHERAE
et E A TEEE TN T Arm B, A

TR ) B RIFIIRRTTZE - S SETRERAE
—EWETTERGE PRI L 2 SRR R B (L B

H VMware vSphere Hypervisor ESXi ( 5§ ESXi) @ »
B ESXi B "WAHE I E T B EH#
B2 HABBE A 8 .0 CPU  ~ T RABHH HE RS & 5
e vCenter PET 5~ T AN SHE & RCRE Rl 7B BT I
vStorage API ; FF[RiH - (HIELIGEHAE T EHE
o~ TR EE I o R TSR N , Pr L EERYERGY
550 A2 2 15 ESXi BE vT DUET & 45 B sk e A R 85 - 1
JEET HET Rt AR -2 E R E AT (i 1y
"VM ; FERFTUR) ©
BeAh - RIRAMESEAR A IS AR B F T R E
B0 A0 T REERANEERS L Pt SRS g R
8 & £i7 5ik CInternet Protocol Address » & # 1P Address
g IP) - EEWLIFIA ESXi BB S —E P~
o 45t 1P R 7 X O P 2 A S 7 =X 3 1 e
By TR PO TSR NS  EEIE]  ERE K
A DU T S R B R 1P (BRI A (40 119
PIP ) FERFTR ) o MG KOl S 2 2 PR th A fR 22507
e TE RN ) T AT A T RN A

SMERR T (ANBE 1 B9 KIEREIZTR) -

= 00

Mabile device
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FABE TR

ERFHEAIBRRIBITE - REEAEPGE CPU -~ &
B HE K GPU MBS o CPU DISSRG 0k (Intel) iR
PR EsE (AMD) R BZEMIE MRy - A2
PSSR EEE CPU FERIEEE » WHAFBEHL
& BN BUERL & 315 Intel CPU ReRIERET I
52 DL GPU sy F #9fE A IE S5 v DA% g T CPU
BB GPU KB, =21, s 2R B —
fist GPU Iy A T2 XSl A 1.6 B2 0 E
1] CPU » PN CPU % LaHI N3 ack {5 R B - ER451)
ME » ARE AR EE UK GPU | - Frfefaid
[ CPU % LB/ IMEL Ry 16 B0 » HE S CPU £
O FTRERE ARAY R ARG IR - B CPU AT GPU BN
A REHEGUR & A N — BT TR - B8 CPU IRf
1975 S B R HEFIRAEEE (clock rate) » T A A BUEZHY
CPU RIIW LIRS 5y 3t 48 =5 2] 08 i ) BT sl o 15 R L 3
AEZZgE -

FC TR S 7 TR F LA AHEEAY - M BE RIS
BB EARGHE - R 2 — M E NS L HE
HEHZEBIUS ISR K E - (HFEEEENE - K
HURE 20 AN & P A R R A P e AR R R R - TE
ZI1ER 100 GB HYE BRI & — K AR » 1
ATREZ ST LA 1 GB Ji=GEAGCIEREHBE] ¢ ¥ GPU
R RN LR EEHERE 2 A - HHE A LEET
PRERHERZ B GB » {HEFIIFR R LIttX (batch)
BT AIE P - 0 ] & R AT R R E SR e
FIECIEAS R 5 Ihh - —3E GPU RV IERE M H ¥ GB
£ 32 GB A% » k@i — XV E & HEIRE
fE#E ERR Ky 32 GB » el — iR A H B IR MAvECIE
BT SREER & =i 32 GB 24 - B At B =
ToREH HE 2 R - Fse i KA nT 2L
FRERS S i R 2 IR GPU -RIVIBEEMEH -

GPU Rt RH £ r i E (NVIDIA) F1 AMD R
RAFERES R T - R A TS EEEI 2 L
NVIDIA J% % » 55 2Kk NVIDIA 5 12 H ik i 8 38 &
Fiffis CUDA ( Compute Unified Device Architecture) @
DUpnSs 3 H & E M rv e - Bt AR LA gy A
T R pE th 2% K Y CUDA R B2 B %8 - [RIL7E
NVIDIA 1y GPU | _ERYZAEEE I AMD 21§ 2 H! - [t
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4h GPU T 2275 & HALLE » NVIDIA /Y GPU REZ0: X
53 Ky CUDA K%Ly (BI—¢k%.0s ) Hl Tensor #%.0 » &%
HREHRERBIE HEE - R OBRIRERREZ
Gh - SAMVREFZENALER S (frequency of
memory interface ) * NVIDIA Y Quadro 52 %1l GPU k£ 2
Fir AgASE & AN TR AR E R Ry HaC I8 #e &A1
THISEE /)N B EC R #E 5B GeForce 5§ Tesla R 51HY
RAHFS A B HREE BN ATEERERGENRE (50
HEREHE » ray tracing) FLFIA LRI AR

ERRIR

AN TEERAEE R DL E BRI U 25
RSB /E SR LINUX B Ry A5 - — 5 i 2 I R B R
JFIEUE RS R AT LA NEERME N - S5— T2
SAAEHIRCREA 2 2 M FE S R Tk (Microsoft) AR
BEZE R Microsoft Windows “ FifE{R K * Microsoft
Windows BRBIRFRYECIE#E M &Ry 1 £ 2 GB » (HA T
FEE T AT BEE A 09 LINUX — i8Sl A~ & B A &
[ HEERMCIERE AR EGH MB L
il CPU B S 2 ANt -

LINUX By 17 il 32 2275 & Fs Red Hat B2 Debian 5%
51 o Red Hat 251 Ry LA LME (Red Hat) fE3EMT31T
Red Hat 11> 2% 2 Bl H FH#k #2il B Fedora » 7 [# 5% Fedora
LINUX © JHIER k#2538 3R A3 0 hAN M 22 s FL AR SE AR
RHEL (Red Hat Enterprise Linux) © - 2% 17 & & 1 &
GREANSRE RS 2 R R B ] - F RN A RIT
i By CentOS LINUX [~ Scientific LINUX B F[1 Oracle
LINUX © =% » Hr1 CentOS Jy Red Hat 1>2£'H /7%
1% » {H1E 2020 4 12 H 8 H Red Hat 13 & fifs 1L 1T
CentOS FREN » HESEZENAE I~ CentOS HUFE/E FIRE 5 M
LB KBTI 2 B R (Fermi National Accelerator
Laboratory * %k Fermilab ¢ FNAL ) FIEBCIMEE T-iF5%
#H#% (European Organization for Nuclear Research » &7
CERN) A EBA#E1Y Scientific LINUX W48 7E 2019 4
4 HEMitE1EBA%E - Hil Red Hat 2% 6028 251 1 hk
FERGFE S (Oracle) MY Oracle LINUX fi &
{EE DUR LA RHEL FY3#845 - Debian LINUX /2 H1H Hi
# % Debian 5135 (Debian project) Fr&sfT 00 » Hig#
HHIRTARRA T 5erg 53 (Canonical ) B Ubuntu it ##
A4 7Y Ubuntu LINUX 89 » AFEERRA LTS (E
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XFFRA » 2448y Long Term Support) A fy A T35
SPEAEERGEEE -

E N T2 REERRE R LINUX E
7] R 1 S SRR PR 60 FH & B KA AT R - AR 3% 2F RIS
A RESE R S AR AH BRI RGBS T A H B R ST 5 - R
A LINUX #£ Oracle LINUX Ef Ubuntu LINUX —&
1A 32 2 5 Ry 2 A ey o P B3 S B 38 R 51 LINUX
AUk - AR R LR Z 25 -

R A IR B FT L TE1R

A S F 9 CPU A Intel Xeon E5 (2.6 GHz) »
Xeon Gold (2.1 }2 2.6 GHz) =% ; | GPU K HIl#k
#2020 i JEARIY GeFroce & (RTX 2080 Ti) #il Tesla
& (Tesla V100-16G FI Tesla V100-32G ) » 1F ¥ %4 By
64 {17 JCHRARIT CentOS Linux 7.3 » ¥HfEZ Linux B0 i
A ¥y 3.10.0-1160.6.1.e17 5 1T Al HIERIFEZLEy Python
3.8.7 51 Tensorflow 1.12 1 2.1 hig - 7E I3 Z< H1] Bl 2
HMEST1H » ARFZE6EF Andrey Ignatov FITEEESHY Al 3
ik & {4 ai-benhmark 12 > &f %f 43 %8 (classification ) »
5 W 5 (image-to-image mapping ) ~ & % 43 &l

(image segmentation) ~ [& {4 & 1€ (inpainting) ~ &

)43 8T (sentence sentiment analysis) ~ SCARHEE (text
translation ) SE7/NFHTE FLAY Al ZZBIEITHIE - FLLESE
EL e e

T03H R 4k 1 58 G FiR AR R (e /Y I SR (EL (speed
up) : FEFRYIN N B0 CPU B N 3R GPU RERAYITHE
s, (ILAFIR Ty

T,
Sy = ?L—qr <N (1)
N

Hodr T By R340 CPU Bk GPU Y 21 B (wall-
clock time) » T, Fo 54 i N #% s CPU B N 7k GPU K&
FORFERERE - HLERARME Ry N o StE—2D m G Er A B A Ak

3R (efficiency ) e, :

0<e‘\.:%41 )

HAETH 0 £ 1.2/ - B RoR IS = i B A
o HIHE SRR D - i B AR AR T B
CPU MR e FHE 2T 1 - R TR RS
(9 ey ERIZATH 0.7 2 0.9 Z[H -

RN
CPU H9%as

e CPU Y22 © 53 RI4E Tensorflow 1.12 i 2.1
Jil 138 F — 4% L» CPU (lIntel Xeon E5 » FFfk 2.6 GHz)
BN 24 BRI IE RS (£ 1) > fE43 08~ Bl
WG ~ G &l > BEHERE ~ 3B T IR B
%0 IEEAE s FIFE 3.6 £ 10.2 528 - FEI gz
Bk 24 > BEFSHE R e ¥4 1E 0.15 %2 0.425 Z[H » I
TAREKASAHEAR PR R AHEAR S - AT B0 CPU ¥ Al
BRI A B PRAR - & ORISR s, 75
By 1.0 > BIREHN CPU2 ARASEE: K -

Tensorflow FRAAIIEEZE

FI 3 Tensorflow 1.12 1 2.1 19 7 # > 43 Bl #E — Bl
24 ¥%.0» Intel Xeon E5 CPU (2.6 GHz) E2#% FllEk 2.1
FiRE#R 1.12 RREZREEMIERAE s, 212% 2 AR « 425008
G ~ B 5o E ~ BB T b 2.1 i ARRES IR AL -
SORTMEERING fiE A2 5 - e E bR - H3%
2K Tensorflow 2.1 KRFYFRFAE 87 » BEAEE R L
SUREMERZ S RERERS N - iz DIAR =ChA 2 0 (7 4 B 7S
EMEEZE - BT Tensorflow 1.x A FHZ EREBLE
fEF 2.x OBH#EERES -

NVIDIA RTX 2080 Ti GPU £HIZIEE

£ 3% HI34 NVIDIA i 2020 4 7E GeForce 2000 &
FIE9 TERK GPU £ RTX 2080 Ti » #£— & 32 £%.0» Intel
Xeon E5 CPU (2.6 GHz) RYEREE FHAII—FERHEE RTX
2080 Ti GPU RAYMIZEAE s, W13 3 Fros » BRAS B3
GPU KRB A5 R AESMNE - HEHIE 2 R Rl
FEFINE R AR —iE GPU RAVEC RS E 11 GB - —
gk RTX 2080 Ti GPU R 143 AR 53 FIHY s gk a]
DUEF] 200 £5 0L L » i ] 5 B8 58w sy 460 £5 -
B2 B BAEE ~ 385 TR SCAR R BT RET 2K 14
32 FERYIIE - FOFIRE I CPU (3R 1) ROMEIRZ oD
HREAREAHZE AR SR -

ifi 32 %0 CPU BREE T » W [FIARF B — B/ iR
GPU RIUZEIGAK 5 B4iI—5R RTX 2080 Ti GPU £
HIIIE s A 2 £ 54 15 (AR 3 FRr ) » BE2R T
32 %0 CPU ELACHHE T RIS - LRy AL
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it EASHGE - Kt GPU -REVFCR A AN EAZ.L CPU
BREIBH 5 (R SORMEEIR Ry CPU AARETT KT
fap s (s 1 SCORFIERRY INEAE s, = 1.0 A1 CPU
ACHEE ) - IR E R E ATy 13 4% - BLEAZL CPU
() 14 f5 B[Rl — 5k -

NVIDIA Tesla V100 GPU FRIFE

X IS, NVIDIA A 2020 £ 17F Tesla 231 TH
& GPU -k V100 » FLpRHIGH 16 GB #132 GB i {E#E
WARE AR - FORGIRAIFR 3 FvR -

[l B Hh - BLER BN AR Tesla V100 GPU K1y 7 Bl
ANEASE - HEHIE G R0 7% A R — iR GPU &
Mt/ N iR S & 16 GB 5 H 28 /5% 32 #%.[» CPU B2k
U GPU KA AL L CPU ZR1GHEZ » 1E
PREERIRTAERY RTX 2080 Ti GPU KAH[E] °

EESEERE © B0 CPU R V100 GPU
(I3 M8 A 2 JE AT 52 5 186.2 = 197.2 15 » [ 4 23 &
AER] 95.7 & 137.2 £% 11 el (5 Bl Bef 1 o 4 B v
263.6 2 365.5 fiF = —#4[1 RTX 2080 Ti GPU <1y #ll 345
R BBEE - FASHT - SURMIER IR s, AT
B — #9k 10.0 2 32.1 % »

A[F CPU * GPU IREE THIIZ RS

FR IR A GPU -RERIERY CPU BUSRIGAAHIE -
HIEHADHE ~ EGME - B & BEgEE - 58
PG~ SUARMIER ST — HImESas i H1ES
K] L 5 A ai-benchmark #7255 43 21K S A% P - Hoop
B R RERLT + HASRAIF 5 Fir

AMEB) GPU BYE B ~ BE M H — %0 CPU IFHY
TEEEE 43 ARy 123 ~ 214 ~ 170 43 » BEhNZE 8 £ 32 %
> CPU B> B m] 5% 1,101 ~ 1,598 ~ 829 » HHEEA]
CPU 20 B IIIRF R B ] AR SR BRSO I -

fEL 54 i GPU RE Y T 33 3% 28 N2 55 — R SR 4l
RTX 2080 Ti GPU K 19 43 B4 43 5l s 27,186 ~ 26,934 ~
26,013 ~ 25,732 43 5 Tesla V100 GPU & 9 43 #5351l By
30,141 ~ 32,437 ~ 32,985 ~ 32,797 43 (16 GB it & #% )
1 29,258 ~ 28,700 ~ 30,474 ~ 30,288 4> (32 GB it &
) » MRS CPU MBI FHEA T 5% » v
—ift GPU -R¥# Al BIIER S 76 2 IEZ %0 CPU FiTRE
Rk e
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FE# RTX 2080 Ti GPU -k ~ V100 GPU K (16 GB
Bl 32 GB) =FEBUSRAVER &350 - AIE R B R
25,000 % 27,000 73 ik » #3# AIST A 28,000 # 32,000
532 [ - Bt SR FE 15 H Tesla V100 GPU —F Y %% 2 fife BF
B RTX 2080 Ti Ry » (H HFSolE B HIER) 12% £
20% + %k Tesla V100 GPU -k 8 f% RTX 2080 Ti GPU &
8 22 SRR ST R H ARG T % - R E I
OB A AT 11 GB LUNIRF{AFESS = A F RTX 2080 Ti
GPU k- A& D IEE R AN Tesla V100 £
AR K2R « — il FH 4 5 LUKy J& ¥ ATai U AC 1R
A/ NETR Al B RIS (dataset) R ZE A/ EHFR
E ALFIBREE S it R (batch) & RHEHE A GPU i
Rt - FHRAERETRE AR GB - KILHEIE®
S| 11 GB I #E A BRI A AR G 152 -

%1 7R # A Tensorflow » 3% #u 23 4% & Intel Xeon E5 CPU
(2.6 GHz) #y/mikfd s,

Tensorflow | - B | B% | B | Ea | XA
Hi A T st | @l | | 2 | &
1.12 61 | 39 | 7.0 | 9.2 86 | 1.0
2.1 79 | 60 | 73 | 36 | 102 | 1.0

%2 TR CPU BT » Tensorflow 1.12 748 £ 2.1 ik
COP/LE TN

heiRAL s
% % & | Ea | XK
wat | o | Ba | o | wR

CPU
o |

1 1.7 1.6 1.5 55 11 1.0

24 2.2 24 1.6 2.1 1.3 1.0

3t % —#% )8 Intel Xeon E5 CPU (2.6 GHz)

&3 R E CPU 33T 38/ NVIDIA RTX 2080 Ti GPU

T4 ho i 1L 5,
GPU iR AA s,
CPU . . R
g | EAR | B | B | BR|ES | Xk
FANS :4 - | » A . 5
& BRAE | 2% | B | oA | @
1 +1 | 271.4 | 460.7 | 213.7 | 14.8 | 32.2 | 14.0

1 +2 | 271.0 | 458.2 | 211.2 | 146 | 31.8 | 13.8

32 +1 211 | 541 | 179 21 59 | 131

32 +2 204 | 541 | 173 | 22 6.0 | 135

3% 1 % —4 A Intel Xeon E5 CPU (2.6 GHz)



TATERZROKN TiF3FEARER  HiF

& 4 FEAZ-e¥ CPU IEIE T 34 NVIDIA Tesla V100 GPU F 84 Au ik 1A s,
R Ao A s,
CPU GPU > & % {%ﬁ & 1% £ xi‘\
BoH | Wk (GHz) | %% [ sl (GB) Nl wdt | 2 | B | ok | E
1 2.6 +1 16 186.2 256.9 129.0 10.0 29.7 11.0
1 2.6 +2 16 189.6 263.6 137.2 16.5 43.7 16.6
28 2.6 +1 16 19.7 38.0 17.6 2.9 8.6 10.3
28 2.6 +2 16 19.6 37.9 175 2.9 8.8 10.6
1 2.1 +1 32 197.2 365.5 95.7 15.2 28.7 16.2
1 2.1 +2 32 187.5 353.9 101.2 15.2 32.1 15.7
24 2.1 +1 32 31.1 88.2 194 3.7 9.6 16.2
24 2.1 +2 32 31.3 86.4 20.3 4.3 9.8 16.7
3£ ¢ %—4% A Intel Xeon Gold CPU
% 5 AR CPU - GPU #3% T 44 ai-benchmark 4z 6-3% 4
CPU (lIntel Xeon) GPU (NVIDIA) SN
s ¥ AR Wk (GHz) 5% B (GB) ¥ o

1 E5 2.6 — — 123

1 E5 2.6 RTX 2080 Ti 11 1 27,186

1 E5 2.6 RTX 2080 Ti 11 2 26,934

32 E5 2.6 — — — 1,101

32 E5 2.6 RTX 2080 Ti 11 1 26,013

32 E5 2.6 RTX 2080 Ti 11 2 25,732

1 Gold 2.6 — — — 214

1 Gold 2.6 Tesla V100 16 1 30,141

1 Gold 2.6 Tesla V100 16 2 32,437

28 Gold 2.6 — — 1,598

28 Gold 2.6 Tesla V100 16 1 32,985

28 Gold 2.6 Tesla V100 16 2 32,797

1 Gold 2.1 — — 170

1 Gold 2.1 Tesla V100 32 1 29,258

1 Gold 2.1 Tesla V100 32 2 28,700

24 Gold 2.1 — — — 829

24 Gold 2.1 Tesla V100 32 1 30,474

24 Gold 2.1 Tesla V100 32 2 30,288
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Chuang-Jian Architectural Tech. Ltd.
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No. 323 Yangguang Street, Neihu District, Taipei City 11491, TAIWAN
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E-mail:pr@ceci.com.tw
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