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You are driving whenever these driver support features You are not driving when these automated driving
are engaged - even if your feet are off the pedals and features are engaged - even if you are seated in
you are not steering “the driver’s seat”
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have to do? You must constantly supervise these support features; When the feature These automated driving features
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+|ane departure
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For a more complete description, please download a free copy of SAE J3016: https://www.sae.org/standards/content/|3016 201806/
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mE) APHAEL, WS T OERFEEkOT -2y FEBIRT D,

7.3.2 BE&{tHk

BB 2K HEASIL) [15]1c £ % &, ASILD 28 2 OfERIMICER SN ZE L ~L
Th %, ASILD /L, S3. E4, C3DFMHEETH S,
o TRAESM (S)
o S0 AaEERL
o S1 BENLHFREDEE
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o 82 ERZRWLMIZMAEMDOH D (EFORIAHZDE) BE
o S3 MIZfEO®H D (NN 700 LB/ 5E
o REENE (E)
o EO £7HVHERN
o E1 EFITIERWiER (EENEE S 2 DI iERR ToH)
o E2 K%
o E3 TREOHR
o B4 @R (HEIXIFEAEOBMIER TRAET D REMENRD 5)
o ffilfHI W REMEHH (C)
o CO —fxizHilH rIHE
o C1 f&ELICHIE THE
o C2 E@IZHIETFHE (1FEALED RTAN—DEEELITEIZ &N D)
o C3 HIEAHEE LV, F -1 HIER AT RE
Z @ BRD Tl&, ASIL OEEHEICINZ T, MLQM A KT A AZHES < xHRT 5 4
BHL~UL bR, B DM LT, AISLA NHLERLZEME L)L 725, 2O, AIPL
(AT X7 —~ U A L~UL) | ATFL (A L~0) 1 &, i€ ATPL2, ATFLO & 72 %,

7.3.3 KPI {t#

KPI (Key Performance Indicator) 1%, M7 2 o R —3% > B O H D k4
N=ZADY AT L%l UTERT N EWEBEFOZEREOERINRIEE TH D, Z OFHF]
TH S 2 ODEHER ML ET MIHOWT, RANCEET D KPI{kkZ LI TITRT,
MIKBER 2 XD

WA T V2 Y X AL, @, mAP (mean average precision) X°F1 A7 728D
FRREIZ LSO TRl S 415, mAP 13, AL £ 7 /L OMHEEIIZES LT, & % ToU (intersection
over union) RFRfEIZ%F L CHE & 417= precision-recall curve GiE&3 - HEKMER) FTom
HELTERINDHOT, @WUREMEBZEZOND, SV IUL, mAP ITHEEGE, &
B, IoU 2EZATEY, fEEDOET VO OIEIEE L TERYS EHIFFTE 2,
SEHEAZ XD

SFEET VI, EE. RFEATY B, @A, mEER, RN F1 Xa 7k E ot
BIZESWTIHM S D, ERERIL, HOBEMEDO BN NT v A L5 LTV HHEIC
[T KPI & LTHER 2, Fo, BMED Y T ZAMONT U AREWNGEIE, WEE, HIE,
F1 2a7 T2 X&Th b, ZEMEVNEHRIND BENEIED Al 77— g v
DG, WERLEBFHRELMEMN T2 2 & T BEEELBERIECET LY 27 0&mnr—AT
DETNDINT =< AZOWT, K VFEMREREGEL LN TE S, Len> T Fl
AAaT b, I TATNDNT CANENGERE Y AT O =22 H 5560 KPT L
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UES 2P

7.4 PoC (Proof of Concept) 7 x—X

141 BEFET—2ty FOFiRAER

FRETEMBA LI EE 27 iR Z A7 D Al T T VEFRT 27201, kkx 72T
—Z %y MRt L, BENERICEEST 57 — 2y MIZHRHINTHD3, £of
MEUTOT =4y MW T—kBR 21T o7,
* 3 HENEET —F &y POHE

3 kT 2 Rt
— > 2oV P 0] —H®D Ny Ny
— t » i — —
R g | BB “mo’ \mmmorm| Fcuy | Faoy
RYyHOR | RyH R
BDD100k 10 100000, & o) &= ]
CityScapes 30 5000 i1 i &= =]
Kitti 14 14999 & = i ]
Semantic Kitti 28 14999 i i i i
Audi A2D2 38 41280 3 7 (M4 LR A =}
(semantic segmentation) 22 7)
Audi A2D2 14 12499 & q (B4 LR ) ]
(bounding boxes) 227
PandaSet 28 48000 & q (B LR ) ]
22
NuScenes 23| 1400000 & A (B4 LR <} =
227
Apolloscape 25| 146997 3 F (A4 LR ' &=
22
Canadian Adverse Driving 10 56000 it B (A4 LR =] i3
Conditions Dataset 227)
Waymo Open Dataset 4| 200000 3 i3 = =}
Lyft Perception Dataset 23| 450000 i1 F (A4 LR B i3
227
Oxford Robotcar Dataset -| 20000000 5 a it it

AR D BN D BN B AT, FEFHE T MIA B O R AR TE S
WHNE 5, BDD100k & Oxford Robotcar Dataset DA Z O ER &7 L T\ 5, L
L. Oxford Robotcar Dataset |Z, #{EfZ A7 OETHD 2D XU T 4 TRy 7
AZBBIE TR, B EMEBRMOTE T VRFERCT =2y a5 X
T H7=dI2iF, AREICR b L7727 —# & v M, BDD100k [16] & Ebhd, Zh
X GitHub UV A R U N7l AFTE 5,
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7TA42FBIRLF=-T—2 Yy FOBN

BDD100K [Z KM A2BhlT —% > hE LTHLNRTWS, ZOTF—Z &y M,
I EowERm, L—r~—F% 7 EfTHRETY T2 L kxR BINO =D OB O
WREEN TS, BDD100k (X485 T 10 T OE G GRS TR, FEHH. 7 X
FNA, NYF—a YO 3220V TW T, 22T T0%, 20%., 10% D E{R 3 E D 24
THNTWD, T, T—F Y MEREDNEE LT 74V hOSE 2R+ 5, 7—
Ay MEMHEIZRRD L. LLFOZ ENnnd,

(a) MEEE
o NMEHAARITDOIZODEMNLBMEE
o KRR :W. FH, Wh, &Y., —HEV., F. KEE
o G : i, EEM, BEES HEK, VYU A Z R mEEE, K
7%
o ERIHF B R BT Y EN., RER
e ZOT—Hty MIUXWREHNT D100 T RN 10 FEEH L, SA, F5
T, AN BHESEL, Ty ANAT B, TAX— FHlH 6
o UUTICHET2BIERN® S, FEik, DIV, EH5OMA, EfHH, HHEAZ A
S, HURRAET] T
(b) FFEAE >~ b OIEH

o REIfGEL 70,000 1

o json 7 7 A MTIHEERMN H L EBOH 69,863 {4

o RBYEOH3 CRK. Hiim. WA

o HBMEICBITDLZIT IV —HOEREREZFRL)

o KX 6
o m 6
o EFRH 3

© NVF—varfry hOFR
o MRMIREEL 10,000 14
e json 7 7 A VITIHERN H D EEOE 10,000 7
o B3 CRR. Him. W)
o HBMEICBITDZHT IV —HEREHEEIR)

o KX 6

6 ZOURMIRDTEHNED, ZHTIFHLIZET MEIH XK ECEDL T 0%
BHTET, LR TR BEA R T D RiIABZNB 2,

TREARIC Z ZIZiE B0 IR 0 e ERAR A2 R E SHIRT 2% E A THRNO T,
RNE Y LAV AREDOERIZKEN AT D,
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o Yifi 6
o IFfHHr 3
(d) BITEH

o [RiktEFTHD B, &%
e UIVETRHDL H. 14
o HURITIA AT, EE

o HAX AN TR, AR

o EIEREENI MAMTANE., TOMO TERR, AV EBR, OV TER, ERERO, T
OO—EfE, BV—ER, HAEV—ER 8

o [EAEHoE RH. H AL

o  ETKIKOFEE FlFEfli(alternative), LA (direct)

743 T—32Dn%H

BIRL7=T — %> F OO ORI 5WRER 2 DL FICRT,
NEIRY
BDD100k |2 X 5508 % A7 ICBE L, Hii . KK RelE#H O JBIEE OS5 AL D@y,
# 4 BDD 100k 8% 27 DIERT —F &> MEFHE

Weather:

categories foggy partly undefined

cloudy

number 37344 8770 5070 5549 8119
Scene:

categories | city street | gas parking residential undefined

stations lot

number 43516 17379

Time of day:
dawn/dusk m
number 5027 36728 27971

T —# 2y b OEHE
o HREMED, TREEK] TRWEROLE
o KA 61774/69863 (88.42%)
o W  69502/69863 (99.48%)

8 ZMD U A MIUTHEBERITITINEN - TEBY , B4 82 OMo KRSk 42 & £ /20
72, RNI Y BV REEROYIT LD,
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o [R§fHIEF  69726/69863 (99.8%)
o DR LEL1IODBMEN TRER] ThHOHEBROL : 8389 1

NRY)F—y g v AF—F2y FOFIHE
o HKEMD, IREFE| THRWFHRD R,

o R&  8843/10000 (88.43%)
o B 9947/10000 (99.48%)

o HRREHY 9965/10000 (99.8%)
o M tH 1o REXK] THDHEGEOH : 1199 K
% 5BDD 100k EZ A7 DN F—v a VAT —# &y MEEHE

Weather:
categories foggy partly rainy snowy undefined
cloud\r
number 1239 1157
Scene:

categories | city street | gas highway | parking residential undefined
stations lot

number 6112

Twneofdaw
T T N T
number 5258 3929

4 LE 5 POWLARL DI, VL DO RIEMITH ORI L 0 b HEAL 1

v, BT, TR 12105 TR X TR&U 281D T 7eE, £z, bz
DX, ’f“b—ﬁ?y MZHEVBGLARVWEMEELH 5, 20X ) REMEEIT. EROK

BASR O T, HISH LI BN D B

MIARE AR R Y
ZOT XYy MIX 10 TEOBEERH Y, 10 DT~ VREIESTWD, FIE, /8N
g, 4% —, BEEE, \NA, FSvT. A¥. BB, ZHE. BFPE, £6 LX2112K7

SUNT —Z Ty RETHEIHB L TWEERT,

6 JFEEE L NY F—a VEBICEBIT 38RO BRI

B| 136 15 N4 29971 4245
NA 3002 452 01349 (13262
FA X — 4517 649 (Ekz 186117 [26885
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EE N 7210 1007 ek 239686 (34908
N A 11672  [1597 EETEN 713211 (102506

15722, BDD100k T T ~/LZe, BEIED A V AZ VANRLN, 2O L)
T —H sy NOY—MEDR X 9%, MHET VOFEERCREE /e o7-, EICHEE -
DX, MBETADRBBEOA VAL ATWBRENCHEE LT LEW, o7~ LA tic
RFCTE N Lo, LUNOHEITIE, 2 OMBEE MRS 272 DIZBR LI kkx 7Rk

RIS 2,

10
10000
1000

100 I
1

& & & &
W

& & I
Py Y [
3 &

&
- e
o & 3

m Training m Validation
& 21 FIES & RAEERICIT 5 B B0 HBRESH

744 XEETILOERTIFE

PoC 7 =— XD HEIIMEREM ECix7e < FIHFREZR 7 — # DM€ 7 L CHEEM AT
XDMMEIMEMRTDHZLETHD, W ONDRIMLERT v 7 &L FIZRT,

o W OMOETI/MIEIERE BEMIZY A X LTz, ZNLSOLHEITY A X L7
MmoTr,

e BDD100k DAY T 4 7Ry 7 A (bb) Kitld, be bl HEOLE LD X
JERE &Y FERE, A Tim X AR & Y IR &0 O TBRTE o 72, Z DAz COCO bb
DEFTHR (FF L X HEEE, &£ B Y S, E, &S L8R LE,

BDD100k 7—# & v NI T HETADOIEE NY T — 3 U EFTo 721k, N

F—a AT =%ty MBI 58K mAP I L > TWIIRBARE 2 HIE L TW5, 4y
HET VL, 2R CHE EE 5729, BDD100k AT —4 &y b7 X A
BN L7z 2 HHEOmEBEZHEH LTI L, MBI BEREICES W TN F—va VAT

9 HA RTANIBITD [TF—4%%y bo¥—M) 37— v bOSgHNEMRDOSA
E—BELTWDZ LEEWT LN, KEOHEEZILITNVETOT —XBEOEN/NIWNT
LEY AR L TV D,
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v NCIMl L7z, EBEORF TIL, 7—% 2y MEEEHLTH LW, FEEENRE L
ML EORENGONTHEOR, AR T = —XITBIT L, XL 55MH - o8 24T 9,
PoC 72— XTid, FRICHDHA VT ADTFT—F % h&, FHTRERREIET /LOH
A E A O ER 2 LTI L7z,
DEARIDON)T—2 3 VR

KRTIX, 1 ORI TF—va A7 —4ty NCFE LT T VA TG L7k R
Th D,

RTPoC 7 =z—RAZBIFBEN)VT—varyfey NCOGEETNVDONT —< R

63.34 91.44
65.35 67.97 91.16
71.40 69.86 91.23
MIARH A RO DN T—2 3 UEER

# 8 TRLIEAERIT., 1 THEORYF—va VAT —#ty N CTFEE LikRmesT
NEFHE LR RTH S,
#8PoC 7 =—RXZBIF BNV TF—varyHey bTOMEBRMETNDNRT 3y —< R

YOLOv3 45.7 31.25
YOLOv3 + ASFF 56.55 63.69
YOLOv4 62.3 16.07
YOLOv5 62.9 29.06
Faster R-CNN 59.3 14.58
M2Det 7.2 13.7
EfficientDet-D2 41.2 19
MobileNetv1 79.6 5.3
MobileNetv2 84.5 4.5
2

PoC 7 ==X THEHLIEET MITRTCEES LT —FT 7 F ¥ 2 fb, A—7 vV —
ZEINTWD, TV CFTADT =% T 7 FRIZELEZ M TNRWEH, FET VO
g3, == —nm A EMEBEEZR &) I3ARIZITRE#S Ly, SUTIE, BikmmET v
W SN FRIFEFHDOERTH D,

£ 9PoC 7 = — X TET VMR LI ERIFE B A DES

‘!OLOV3 https://pjreddie.com/media/files/darknet53.conv.74
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https://pjreddie.com/media/files/darknet53.conv.74

YOLOvV3 +7 o & A7 B,
ASFF
YOLOv4 |https://github.com/AlexeyAB/darknet/releases/download/darknet volo v3 optim

al/yolov4.conv.137

YOLOv5 |https:/github.com/ultralytics/yolovh/releases/download/v3.0/yolov5x.pt

Faster R-|https://dl.fbaipublicfiles.com/detectron2/COCO-

CNN Detection/faster renn R 50 FPN 3x/137849458/model final 280758.pkl
M2Det  |https:/drive.google.com/file/d/INM1UDdZnwHwiNDxhcP-nndaWj24m-90L/view

EfficientD |http://download.tensorflow.org/models/object detection/tf2/20200711/efficientdet
et-D2 d2 cocol7 tpu-32.tar.gz
MobileNet|https://1drv.ms/u/s!AvkGtmrlCEhDhy1YqgWPGTMIl1ybee

vl

MobileNetfhttps://storage.googleapis.com/mobilenet v2/checkpoints/mobilenet v2 1.4 224.t

v2 lgz_

745PoC 7z —XTHELONI=HER

PoC 7 = — X2 HSWT, OB 7 = — X ZBIAT 280 it a5 = L N TE
%o LT, PoC 7 ==X TH LMWL DO IOV THAT 5,

1. BAREICERSN:-BEEEOEROLENE 74 §iCk_7=FHAARERT —¥
FO RAA VJEMEITIE, 7.2.7 S CHERBEARIBIN L 72 WiIR S D R A A AR
NTHEREWVRRLOND, B2, WIEBRIET VIidd b5 RIASM T Toik
AT L2 EDRHFHINTWDER, SAEIRET =y MIUTEBOP L S0
S 2HIE LTz K O BRIBTEIXGETE L2\, £ D7D & B F D @721 Tl
EEEOTTFTVATERIDY 5 5T X COFRERMAEE % 5 w22 B & 1 X574
H2RW, FICER SN AR Z ER T 2 B B D,

2. RDLGHBBEHLRYDLVDAOMBMGNT R 7.4 HiICTRIZEY . FHHIEO
AR DD, T—H Y FOW ONOBEEIZIE, ST 2 EEOMO
JBPEEIC R FERIT DR NEF Loy (B RADOFE, JBEoOHT VIV v AH
R, MEOIER L), Zo7zw, ML BERT 2ERITE, BB O
ARHIBRO LE 2 STHICE S LER D D, Fio, FICERT HHBOT —Z D
AR, EH - BAETERICB T H0ME T L2VWE S IZTH0ERH D, Lol
—EDMES — A ML T /W & o TEAEMEOHE TR ICEE N SERRERE
BoZ ERbmrolz s, TOMEr — R CBT 57— X Ot E25HMm L, S
THOMEND D, TOD, T—Fty MMICRY BN & bR FERRE
Bla+orhiz 5 Z E DT, HIELINT U RAELHUNERDH D,
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https://github.com/AlexeyAB/darknet/releases/download/darknet_yolo_v3_optimal/yolov4.conv.137
https://github.com/AlexeyAB/darknet/releases/download/darknet_yolo_v3_optimal/yolov4.conv.137
https://github.com/ultralytics/yolov5/releases/download/v3.0/yolov5x.pt
https://dl.fbaipublicfiles.com/detectron2/COCO-Detection/faster_rcnn_R_50_FPN_3x/137849458/model_final_280758.pkl
https://dl.fbaipublicfiles.com/detectron2/COCO-Detection/faster_rcnn_R_50_FPN_3x/137849458/model_final_280758.pkl
https://drive.google.com/file/d/1NM1UDdZnwHwiNDxhcP-nndaWj24m-90L/view
http://download.tensorflow.org/models/object_detection/tf2/20200711/efficientdet_d2_coco17_tpu-32.tar.gz
http://download.tensorflow.org/models/object_detection/tf2/20200711/efficientdet_d2_coco17_tpu-32.tar.gz
https://1drv.ms/u/s!AvkGtmrlCEhDhy1YqWPGTMl1ybee
https://storage.googleapis.com/mobilenet_v2/checkpoints/mobilenet_v2_1.4_224.tgz
https://storage.googleapis.com/mobilenet_v2/checkpoints/mobilenet_v2_1.4_224.tgz

3. BRLEr—AEHRETIVNENE Lio®gns, EEEOmVRIEY — X & Y]
ICRFET HMEME B AT TS, Bl IE, BEIEH Y 220X 5 REMEEOHME
B WX, BIZERNELRE) BDFET L ERH D, 2O LDV A,
T[RRI —RIZH T2 %, FTo, BENETHTENR WD K572, BIEIZITHEIZ
FRAELRWD, ZEMEOBENGIZEETHY, 7—Fty MIUT LA EHINRR
WED RBHEMEOMAEERH 000 Lvky, Zhbid, REEFELZ VTV A F
I LT r—RIHET D, ZOX DR —RIGMAHIZ L > TH LT LT,
AT =2ty MIEDDHNE D0, FIEAET VICHIRF SN D MERED L
JVIZOWTHEHBEIZHB TE L L0 ICT 0 ERH 5,

4. FAREBEADIET 74 BOREILIX, SORIEEDEZDIZEDET NEIRR
T2, KPLICRETRNEMEAZRET D7 L, BB DR O BEFE~DIREZEN
Bonsd, LrL, EROEEDW DD —ATOET VNDINT —~< 2 AT
BT oI RE L TWD, £ 2T, ROBAFEME TET NVOMEREZRHET 5 BRI
F. ZREEERR7—AOKPI 227 b5tk L. ETARRKE LTHRED T —
B MER VIV OEL I EZEMEEZER L TWDNE D AR T O0NERD
D

7.5 NEdmEFHEZ 5 Al X

PoC 7 = — X TORERITEED PRI M LINEN S | 5% OB T = — X TIILLT
DAT v THFITTHZENMETH DL Z ENRHLNIR ST,
o AIRFBOBEMHICESE, AMICER SN MEERZ BT 25 2 &
o FROLOT—HEMNRNL, MEFEBOTEEME LT 52 &
o HTHEZRBR Y A O RRMEAAMERF LoD, fHE S D TV AT filE A £
MBLOT A NHAT =&y kit 2
o LT HU—RA RARETF—AREO—HOL TV AOREE L E D BARN 25545 /58T
o EEFHRETNOREGHIMERMNT & 22 EERR VT Y FICBIT HET VIR
D
AHEiICTX, MLQM #A R4V CTRESINT-AMRERMEZHNT, EfoZ s L
DEITWT ZENTELDERT, TOVXANARE T o A2 DO LT T, ZThHHDON
A E R LRl 2 2 L IC K- T dEL ek, MRE. N THEEOBEMBICEA L TRE
D AT REDBENDTEA D,

7.5.1 A-1: EEBEES D +571E

BRERE SO+ MEL T A FF7 40D 6.1.1 Hilldh D L 51T, WHFEN—2D
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VAT A PEMFCHEH SN DGEIZ OV TR BRI M T, O R E
ESNDTRTOBIMIIKATND Z EEEKT S,

LI Tk, BIREHC Z OME 2R T D120 To = FIEIC DWW CEAT 5, 22 TO
KA MILLTDBY Th D,
+43 22 R RERES O E 212 B9 5 56
PR L7 [MREmE
P25 L= MBI b O T — & 4
BETF RAA VEHRE R A A DIk
BEFT — 4%y NERE R AL VICHEE ST 5720 0EE

6. ROBFFEFEIZIT e LT — 2y K
+ R RREEEOERICET S5

F9. EAECTHEET S Z LN TPHREINDS BENEEL S T U Ao RBEEE I E &
D1, WS OO ZETHREZ T 5, FEEY V-t W OoMEazME LA FZ
A Mbey FEHRT WS OPORME & ZCxHET 2 BHEE CRBEEEE ERT 5, 2
TV BN, BMEE S A RTA D 236 HTEHESNTWOIEKEFRLLTH D,
ML, LR ORI E L CTER Lz,

o U TAT U MIDEREPEGFT =X DT~V ERMEMIZHEL, HV 55T XTO

FIUAERERE EOEOMAEEL LTED D,
o BMELZORI—THERT O, FHEMT ST, W/ EP, @7 R
RO Z L,

IRELI-[ErEMRESE

PARA 2R RETEIR A S F 70 HE9IE, B EREIRE N BRI EE T 5 RO H 5T T
DTFIVAE VYa—va URAHFICRESEKRT VTV A2 HET L L Th D,

# 10 REEmEROER

| awrbute | Type | vales |

A

Perceived brightness Numeric 0-255

Road type Nominal Highway, General way, Tunnel, Under FO,PL/GS, Undefined
Weather Nominal Fine, Cloudy, rainy, Snowy, Foggy, Heat haze, Undefined
Obstacle Nominal Vehicle, Others, None, Not sure, Undefined

Pedestrian Nominal On road, On sidewalk, None, Not sure, Undefined
Signal Nominal Green, Yellow, Red, None, Not sure, Undefined

Road condition Nominal Dry, Wet, Snowy, Undefined

Zebra crossing Nominal Yes, No, Not visible, Undefined

Time Nominal Day, Night, Dawn/Dusk, Undefined

Image clarity Ordinal Clear, Partly clear, Not clear, Undefined

Lighting Ordinal High, Normal, Low, None, Undefined

Traffic Ordinal High, Medium, Low, None, Undefined
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# 10 1T, MIMOREER, BERERICE T2 RAA VEER, BROY Y 22— a U
FEOZRVECET OBEEBRE LN E, ORI R —AERET LERIMEHNT L8
PEE IR T DA R L TV D,

Z Z T, Under FO &%, HilidE4(Flyover)oiG D T2 b 5 lifg &4, PLIGS 1%,
BRSO Y U oA Z v REfRT, ek, B O LHMEBREIIBIELZEL 729, ZDER
RFHRFEZ DWW TLL NI 2 %2 7~ 7,

EEBREOEY BELIX. &5 HMICET O BARESZ OREEZRYE L
DTHD, FE LT, FERZREHE RS9 5 TENREIR 2RI SETH S, R
J&E (luminosity function & 721% luminous efficiency function)i%, AR ORI 727 N
OB ART MIVEE & RBLT 5,

2T, TR CHEBOMMEE AR T2 Z &3, © 7 BAEN ST 72 EE O
A BT 2R bR R Fik L ST s,

L=0.2126R+0.7152G+0.0722B
e R. G, BiZsRGBfl (3 20OF ¥ x/NVTEaERIIEENME) 7 5IEREREEZ
AWTRHB SN, BBEEEICOWTL, 28710 sRGB OFEEEND R, G,
B Z#HE T2,

o WEEMEOHPHIX 0~255 T, 0I1F5E27RE, 255 IEERATH D,
REL-MEREE,N S DFEET— 24

22 IR LTliZ, 7 =4ty hOJZT—FZRA L bR LWENE ZOfEEZHWT
EDO LR END AR LTS,

o
100

Fanle

8
MName 97ce@Fell-Ef594ad7 . jpe
Road type Highway
Weather Fine
Lighting Low
Obstacle None
Fedestrian None
Signal MNone
Road condition Dy
Traftfic Low
Zebra crossing Ne
Image clarity Partly clear
Time Night
Brightness 16.84

B 22 HLWHEBEER TRB S NIT —FZ KA~ O
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EBOARIE, 6D BDD100k 7 —# & v MIHRL TV, Wi oftdh & BfhiEoc o
vt X (1280x720) Ao L, JBVEMEIT M 2388 U 72 F5E 0 B BREEIR T A Flid
LCWb, =Xty FNOTRTHORGBERIZIZOE 7 vAV A A TH D,
BET—42ty b EIREEEOLE

# 11 | BDD100k O [HEEIk & #2589 5 MR DO it 27”3, 240D OFEW & 8143
L. 7—%%y NOFEZRGFDHBENE S DEMER LT,
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% 11 BDD100k MDRSREMEE & 2R L 7= MEFER O Lk

ROAD TYPE WEATHER
Highway Highway Fine Clear
Generalway  City Street + Residential Cloudy Overcast + Partly cloudy
Tunnel Tunnel rainy rainy
Under FO - Snowy SNOWY
PL/GS Gas stations + Parking Lot Foggy Foggy
Undefined Undefined Heat haze -
D Undefined Undefined
OBSTACLE PEDESTRIAN
Vehicle On road Yes
Others On sidewalk Yes
MNone MNone No
Not sure Mot sure
Undefined Undefined
ZEBRA CROSSING TIME OF DAY
BDD100k (LANE
Yes Crosswalk Day Daytime
No Others.... Night Night
Mot visible Dawn/Dusk Dawn/dusk
Undefined Undefined Undefined
SIGNAL ROAD CONDITION
BDD100k

Green Green Dry -
Yellow Yellow Wet -
Red Red Snowy -
None None Undefined -
Mot sure
Undefined

BET—2ty FEREMEERRIES S € 5-ODEBE
AEITIE, BEFEOT7T—2 1y M REMEERICESG ST 2D T LB EZ =T,
o ERRER. X=X, BT : W& & bIRER CHEREDA TN D, W o0 Bk
% #E A £ 1EHIBRT 2 2 & T, BDD100k OEEFOT /7 —3 a a8 LS
I AE S IZHEH TE 5,
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PIZIE, NEO=2—nrnbRBFE A DLET VA2 D &35, Al x @ DI
%9 % Neuron Coverage I TH 2 L5,
[{n € N |activate (n, x)}|
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BEMEA XU R (TN) £V D 4 DDA XY RPRERIND, ZTRHDA X2 NOBUZIE U T,
BOE, AR, EMEREOBELERTDLIENTE D, UTICEDERETT,
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LU, IEfERICIIMER S 5, “FHEOMEVNOELL b X MNIFLEEHELT
W5, EfFRMN 9% TH D Z &k, BEICE > T, BFH, B, EHH, B, OFVWo L
nTbLhH s,

Accuracy =
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FEILZ OFET — % T 97.90%I2# T 5, DSA IS a—F—F =27 =S
74—~ A& LN FOBIIRT,

X 100% (11)

cov(vy) =
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TEAEME A FE IS D,
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ConvNet(
(layerl): Sequential(
(0): Conv2d(1, 8, kernel_size=(5, 5), stride=(1, 1), padding=(2, 2))
(1): ReLU()
(2): MaxPool2d(kernel_size=2, stride=2, padding=0, dilation=1,
ceil_mode=False)
)
(layer2): Sequential(
(0): Conv2d(8, 24, kernel_size=(5, 5), stride=(1, 1), padding=(2, 2))
(1): ReLU()
(2): MaxPool2d(kernel_size=2, stride=2, padding=0, dilation=1,
ceil_mode=False)
)
(drop_out): Dropout(p=0.5, inplace=False)
(fcl): Linear(in_features=1176, out_features=1000, bias=True)

(fc2): Linear(in_features=1000, out_features=10, bias=True)
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L TNDZ EBRbD, 2F 0, BT — 2123t LT DSA3 OEZREHEHT5 2
LT, &L EBOa—F = —RAE/DHENTE D,

FHEEIR

TNy POFEFITIESN T, W7 — XTI MNERH D, £ O, IEER
N BERINT & 2 R8O R B OFEPH A /o225 0 h LiL7auy,

Bz X, T—% Y MEEIZHT DT VOFEEZ MDD,

EATH ZEMTE D, HANE LedhiX, TOERIXET VOMRICEELY 5 2
RN EEEWT D, Lo, FEZEMN D ZOREEIIFEELES 2N TE S,
BEHYIC

Z O MLQM H¥ETT — % 23l 57200 b 0T, BEERICT 57— 2 Ly
VT LD THD, ZOHITICESNT, JHAT— %ty b2 bIlEEN 2, 7 A b
M7 —%ty b OMWERERDEZHETE D, T—F I Ny VEYET LD, LT
r—ADT —H ORFNNE X DI EE B O TR S, WOFTIX, 7—X DA, T72b
b, 7%ty O (RY DORI) IZONTHNT 5,

954B-2: F—R+t v FDOH—K

&

Z 0O MLQM AT %5 &+ DR EMICB T 57—ty NOSAROFEZ x5 E
T2, BRI BRHEZER OB A2 TOT =2 OFEEZR 5 OITx L, #—tiE, Zhbo
BICBT 27 =2 OBEEZ T D, AT, 7—2 & v MmO & L2170,
TO¥ AT S,

132



RENLGRENS T I DMEIRET S
Bl Z 12, BRAORBEND, B TRE) T 27 —# 0z ot Licne LE 9,
EGEPOFEZHFORIZWETL2DOFEH LV, LrL, KWEFEOE T A%
WZ EEBETIIX, KSERTEEOOMAEZEBBLEHET LN TE D, TDDHIT
X, RO T TRy 7 ADRD 0 ITIRER AR Z BT L,

1750 1

1500

1250 1

1000 4

750 A

500 A

250 4

R

000 005 010 015 02 025 030 035
83 MFOKRIIWESK T —F 5

83 DN IB VT, X I F R TH 7 BV DOFELZR L TDH, DED
20% ECIE x W S 7o BN S T E RN D, ERIZ RO TRV, T D
T—2ty ML, T2 THEIXKEOHPHIZOWT, +0REBEOT—F1RbH 5,
T—RADHERZHET S

RO ST S T — 2 OYEEETHI T D - O ORI A RE T H 2 e
T&7z, TPCov DEZ i ANWT, H—MWEHET LI ENTE D,

B BB T DA, ERROWENEE TSl RS A ED Z N TE D, Fl AR,
IS EES S WBMEFEEE & L Tl b 2 D1 EAL p% B IE(TPCov) T, & b EDEmWT
— X RA L ND p%h o HFEEE STOPWBHIPHDOLLER L L TERTE, LTFTDO L O ICERE D,

_|{Sldensity(S) = p%)}|
TPCov[x(n)] = high, — low, o

Z 2T, S p% DT — X BB T HHHTH D,
X T, TPCov & % & BN A 31T 9~ 2 851X, TPCov & p%®D7EL LT, IRD KD
IZERIND,
El,,, = |TPCov — p%| (19)
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84 ITRT L 91T, Eler DEMENR ST, T = PFEITHMLTND Z & 2 EJH%
T2

5
| ]

low Top p% high

X 84 HEMFHEOBHADTZHD
7 — & 534 OBEEN
p%DFEIR HEE BT IUL, S HITERD p%lZxtd 2B MR OME A i+ 25 =2 &
LEZOND, TOHE, WERZHET 572012, RO L 9 IZERK LT Area under the
curve (AUC) #Ri25ZLNTE S,

1
AUC = area{coverage(p):p € (0\ 100%)} = f Coverage(p)dp (20)
0

T—2REDRY RO
VT —2AEERRO L) T DL TFIEEOFIRITRY A EL D, 5L, ML
ET VORISR T =< VAR IBNDB DD, LIz o T, 7T —FIPEICBIT RV
DL~ E T D2 ER S D,
T—HEE
T — 2 ORI BT 2 etk ONESE ISR 2 i 2 2 DI H T2 | &E%WL
SHDLHFEIZOWTOMIE, T7hbbika T — 2Rt 7Tt 2% R@ﬁ‘é%%iﬂ&)é
ZFE LT, kG LT A REE A ATEICE W T, M E T A O T — 2 \%E
22 & ThHhs, LROMBEEBITREERLEES VDL LN TED, 2O/ — M TiE
BB Ze R OB BEIRI R L CH 0T — 2 BA v M &ERD D WITIET 720D < o)
DIFEIZHOWNTIRR S,
WD 2 OFENRS D,
- LW T—4%ty FE#BET D
- BfFEOTFT—2ty bENTTS
T—ARRETDOER
T ARGHIEE, Al HBEOMLEF L AR SNDHD, RO LD 22FITliE, Al FHlE 5
TR ETDHIMERL LG LI,
- PlAIE. BASE OBRGT L FEE OERGW N R D L35, ZOGRE, FHIE TR
D= O 2T A VAT =% MR TILEND D,
- . BHRE LFHEE SFE CEE CTEET 256, FHMEFIZRBEEOT — 2y MER
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Tt A% ASOFHMBICERAT 2 Z N TEX D,
FLWLWT—42ty FEBETD
F3 R NERHEMAHIUE, BuhbT =Xty NEHETE DL, TOHRAE, LTFO X
IR D,
- JTTCICEHHA LT R COREEEL 2 L 2RI IRIETE D,
- Fl, BT RIIEENDT —HHRA U NOBERETE D,
- FNUCEY ., BOBEBHESH—HOSIIL. B2 T 7 REEHET 57200 Tk,
BENT—42ty FTHEET S
FHLWT—2 Yy NOEE L, ARZAa—T74ThDH, £ T, 22 Tlik, MNIST &
WO RBAARFEZIHTESFOT 2y MERA LT, MLQM OV —7 7 1 —% FiiE
THZ LT D, 8T, O LOERSNET 4y FEFIHTHAOMREE LT
- TRTOFERITCOT =X 03 5 EITIFHTE 20, BEITCTHREN A HGET 2 LEND
s
- FElz. FEEEERIAERIC R O AR T D 2 LIXTE AR,
- 0%, HEMHLH—MONICBWT, 74Xty NOEEOHMEFR, T — X LR
DT r— AL RFETHZ ENTE D,
T—AHEDFIE

BEFOT —42 2y FMEICFIHT 256, &R IAVFEZERIZ) < oML T—
ARA LV NEH/DLZLIXTERY, £ZC, KEiTIE, 7—FZ2IEELIED, T—F L
YV amD L 12D DITiEMmE N ONEFRT D,
T— AR

T = ZYLRD FIEIZHOW L, FHEZEM OB EIROHERITE B L CEHICHT 2,
Bz X, 22Tk BB/ b T A MRS D IRIRAE O & — T D,

o AVIIFRMNERLESEBILTT—FZIHETS L. MNIST 7 —4 & v
FDOF—HRA 2 RBFE A EFIE LRV ITTD 1 D Th D, Z ORMEICK
LTHLWT =X R A v FE2BINT DI, BIcEZoh=T—240—8%EE< T
niE &L, DUTICZOBZ7RT,
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S) EBARFELE T/ o B $F A5

FEERITICL > TE, T—F IRy VEED
B2 DY) e T — X PLIRIED O H RN 2 &R
BB, £ T, TD XD BRFHEEIIRIGT 2 ML
ZEMTHZEHEZOND, ZHUTKD Z DR
Z IREEI ) DRIV B 2 L BT RO E RS
FTIENTE LT TRLAIFAT —2°7 2 A
T—=HOEHLWMO T ENTE D, HlziE, [EE O
%7 L — AR THF A P RIZTFE D 72D DI ILE
WZOWTIET Tz~ 7,
SMBALEIC K 5 MFOMBOLE MNIST O L 5
IR TIL TP DR T T TRy 7 A%
I/ ZENTE D, LT, ZOREROTRIZ
BET 22 & COHFORBICHT 2L 2T 2
ENTE D, UTIE, MNIST D7 A bty Fnb D
fHlTH D,

I —2 RV 7 o7t AThD
72, WYe T — X ERNMAEL D, KHITIE, £
DID DN DNDFNEZ G L7225, RO 5L
TIFRARVVHELH V5D, £D X9 RFEFEICS
WTiE, FEITT =&ty MEMET 52 LR
L 7ed, ZNHRARETHIUL, BIFEITZ DR
WK LT BT A 2RI &3, FHlE bRkmo 72
w®+Aﬁ%x%mﬁy%%%%¢é’kﬁf%ﬁ

{75, TOHGE., TOREIE ML €7 /LD A 21—
7%&ﬁéé%ﬂﬁm
EHYIZ

P—Mix, 7 A VT —# X0 bilgHET—#1C
BWTXYEHELRILETH D, ZHUIARERIIC., H
FEETNVOH DRV IZEbD> TS, ZDHHE

0

/2T 2 LT ETMIR D mVERE, 3 —F = — A

HENT DI LN TE D,

9.55B-3: T—2MDEXHE

5 » 5

5 15 W B 5 W 15 2

Data from MNIST Modified low
contrast data

K8 =2 FF R NDERE

5 o s W 15 a2
5
10
15 L
25

5 w15 2 B 0 5 W 15 20 5

Actual data Centered data
(test[0] & test[7])

B 86 Eifg%E TRIZHFED

WX 5, U A 7 BER 0 [a]5kEE

ZORDY 77 L AHA RTIE, ANEBSE ZMET L TuhZeuy,
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0.5.6 C-1: HWMEEETILOIEFEN

&

KL, BTV OMREFEICHE S . EF VO EMMED X RETHS, LTFOETIE,
IEREVEDORIE ISl 2 2 B E 7213 KPL 20 < OEFRE L, IE AT T VO HI1~0i A
Bl % ~d,

SEITELHEEEERLE KPI

AR S AT I EMETH D7, — AN & 5 HEEEIEIXIRFI TSI CH 5,

ZOATANFLL T O X o IzR b T&E 5,

&K 42 2 [EFEDRFITTS
TR L72HA
i £
ELWHT) | IE TP FN
= FP TN

BEATF it 2 ESEO OO BEMRERATIICH 5, 4 FEO HEED ATREMEA
b5,
TP = THIEAIEL < B T L7254
FP= TI303#8- CIER Tl L7244
FN = THIZ238 - CTEZ THI L7385
TN = THISEAE L &% Tl L7=8E
ZOFFNCESE AR O L EDN S HERERIEA W ONERTH I ENTX B,
BE il SF MK ELOTHIORETHY . ROLHITEHTE S,
TP+ TN
TP+ TN+ FP+ FN
BRE . FOF—Z0OREKICHT2IELVEOFHOLRTHY , kDX HITE
F#TXD,

21

Accuracy =

Recall= —F (22)
ecatt = TIp+FN

AR . TSR EORKICHTAELWED FHIOKETHY . kDL HIT
ERTHILENTED,
TP

Precision = TP+ FP (23)

FAXa7 Zhi3gEaRemEROMMEITHY ROLIITERT LI LNTE S,

F _ 2 X Recall x Precision 24)
measure = Recall + Precision
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Bl 213X EMEFE S DA RE D72 HIZ MNIST 7 —# & v h THl#3 2% CNN Z &R L7,
TT VORI T O®EY TH 5,

* 43 BEESOSHOET NV
T—X7T7Fx Conv(24,24,24)+RelLU
MaxPooling(12,12)
Conv(8,8,64)+RelLU
MaxPooling(4,4)

Flatten()
FC(1000)+ReLU
FC(10)+Softmax

AFEATREZR /X T A — 2 %% 1,074,098

ARG B 99.26%

T A MG 99.50%

LN KPI 8181, 7 A B Y Mo TTRTH 7 F AZHOWTEBNIZEEA

L. LFORITRT,
# 44 27 5 2D KPI

0 1 2 3 4 5 6 7 8 9
FH#E 1 0.998 | 0.999 | 0.998 | 0.998 | 0.995 | 0.990 | 0.987 | 0.992 | 0.996 | 0.995
A | 0.994 | 0.996 | 0.995 | 0.994 | 0.994 | 0.994 | 0.999 | 0.997 | 0.995 | 0.991
F 227 10.996 | 0.998 | 0.997 | 0.996 | 0.994 | 0.992 | 0.993 | 0.995 | 0.995 | 0.993
FEEAET NOT A MEEIFIEFICR WA, BEE, H@AEE, FRAaT7 2L, £
TADEVERNEIHZINS Z LN TED, BEREOKRERDL &, ZOpERT 1) oF
P £<, T6) OTFTRTRGED, HAEOMETIE, ZOn8EHE (6] OTHITHi
HREIEVWRD R, 9] OFHEROZWIED) 2 L8005, FAaT7OERNG, 2K
B2/ T =~ AE BT O T IR L TR B RS BHFO 15 1T L TEWEF 2 5,
ETILDEEEEELEI—FT——ADEE

INET, a—F = —RAZ /2T DI, T—F DLy ORT — & 53ffi & JLCHIWT
LTWe, LML, a—F—F—X %, 7A MNHT—FICHT 5T VOEENS b RET
HIENTED, HOETNNBMEST-THETHANT =2 %, ZDET VT LKA
EFHIEMESZENTE D, HUOETANBRS T TUMET DA T — 2 &5 CE i,
TOREDY V a—ra Bl Ta—F—r—AREo6hs, BT ANES EEE AR
FTANT =2 EEBRE LTS Z LT 288 H 5 [43].
BEHYIC

FEITET NDONRT 3 —<  AD—H TRV, ZOHFTH, FEx RBANDLET
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WETHET B = &\ B, Bl EF L ABEBZCHBIT RERS, T ORI
S A== ADHBI R LT B, WHITIE, ML EF VOB, b bEE %
£ LA %,

05.7C-2: EWMEETETILOREN

&

ZEMX ML BT VOKRGEERFFEO—DTHY . AT —% LT I/VOM 2 H)
L5 Z TG EDETNOEBERTET H, LEMIT., ERPORDOEIITERINTND
[84], T2 AT LFETIIMERRERE D, R ATIRA N LV ADZWEBRESRFEOFET T, IE
L BERET DA, |

S A FE L AT LA THHETDH, SODELEZ EQET 5, F—%, FEFu s
A, T U= LU =27 8 ATLE O E ERICEBE A 5 X IR E AT 2% 8(8) &
%o HEWEE Y AT Ao, EQ)E EGQ)DEDHIEMETH 5,

r=E(S)— E(8(S)) (25)
X oz, L L ML VAT ADOIEL SBREEHO FCRIET S NE2HETLH0T

%)
5o ZZ T, WL O OEEEOFEEZ EFR L. BMEBR SO SMICE T 2 E B4R

= & (0

o

ML, AL 2R 5 2 SORAESR, TAbbTF—4 LEF LTV TERTS
CEMTES, UTFTHE. 202 SO 41 2 Thi,
F— 5 OIEE) 3T AR
— 2 BT A RERMEORS T R — 2 K ET B, BORET— 2 1%, 7 A LA
F e X OFEARRT 5 2 LN TE B, TEOF— 4 EWHHIT— % & D~y | VEREDSE
EVEDFSEE L 7 /p SV B, TEEEME/ZEVE & S 5 T2 D OBk« R E RN B B,

o SPETHIBOMHE M (Local Adversarial Robustness) x#% ML &5/ ADT A +H
AN LT 5, x% x IS TAHGTHEENC L > TER SN BT A NKHAT &
Do BTV AT, AEEO XIZX LT T A3 72 01X, A1 xI28WT §-JRaHE

EThH 5,

vx':|lx — x’|| =6 - h(x) = h(x") (26)
“H iﬁ%@m@p/»b%%? e EH 07 A h TR DD piE 0. 1,
2 Thb,

o KIRAIBOHHE M (Global Adversarial Robustness) x # ML €5 /L A DT % ~
AN LT 5, x% x IS TAHGTHEENC L > TAER I BT A NHAT &
Do BTV AT, AEEO x & XIZXH LT T AT 201, - KRIgEETH 5,
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Vx, x': ||x—x’||p =d->h(x)—h(x')<e 27)

EREDOBOFAIRENE D E RIS TIE, § OfEZHEEOREME & L TEEMMT S 2
ENARETH D, Ll RARDETNOBEIEZFHET S 720123, Zh b O
ZARRII IR — AL T 2 R ER D 2GR DD, 22T, AT —427300, 114 IZER
fbENTEY, dIFKRTETH D LRET D & MR REEMERIRIILL FO X 5 IZEFRT
&2,

5
n=gexg IM-xll =8 (28)
5, _—
rz:\/ﬁ. ||x—x||2—62 (29)
8o e
Te =05 |lx—x'l| | = 6o (30)

FEAEME @) DREIZ DN TIX, W< DD DiF%E, #il 21X, CNN-Cert [44]35 X O Fast-Lin
(451238 %,

HESNT S EE AT, Rt TERb Stz B2 2 LN TE 5, #
& LT, MNIST ®F7 —# Z{#ivy, CNN-Cert & Fast-Lin O#EF: %2 FV CHxEREME O
BEEH LS DERT,
F 45 THXTEERMEETR
FRRIE L 72 FRRAE(S) FExhEENE (D(x102)

L, / /A | CNN-Cert | Fast-Lin CNN-Cert Fast-Lin

MNIST Lo 0.0491 0.0406 9.82 8.12
48 Lo 0.1793 0.1453 0.91 0.73
57 4 H— L: 0.3363 0.2764 8.58 7.05

8680 =it/ — K

MNIST Lo 0.0340 0.0291 6.80 5.82
4 E Lo 0.1242 0.1039 0.63 0.52
20 7 4 LA — L1 0.2404 0.1993 6.13 5.08

34720 [Zi/ — R

MNIST Lo 0.0305 0.0248 6.10 4.96
5 & Lo 0.1262 0.1007 0.64 0.51
57 4H— La 0.2482 0.2013 6.33 5.14

10680 &L/ — K

ETILOEBICK I AR
£ T VT DM ORI IXE T A~ OBENAKF T 5, BTV Lo L OEE: A F
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B Dkkx R FIERD 5,

& NRSA—FOiERME wiXML EF/L ADONRNTGA—F LT 5, wit wllET 08
HEMZTHESTZBIDONRT A—=2 T 5, FET /N AT ATED w I L TUT %
Wleg & &, NI A=FEEIH LT 6 RPTEETH 5,

= h'(x) (3D

B 87 1%, Al &7 /VOEMEMEFHIIZIS T 5 /37 A =2 BB OHITH 5, mﬁﬁ%@@hﬁk
L Che/ N Smin 2k 5Z &% H E’a & Lf:ﬁﬁzx#ﬂ’amﬁ@f ZHR 8T X — A
KEABE 8w max ZTEMEMEOIIE L LCHIAT 2, £i2, 7077 AL~V OmEEEMET, ﬁm“
M7 — 2 DERRE DFBIER R ETH DL EWVHIFERZH D,

\7’w:||w—w

/M2=M(A.B. 6)

o o o/ *x¥* *
I !
/i M1=M(e, §)

M: Ax+By+C=0

X 87 /NT A —HEENZ X DB REHROE/

o TEFMM V7T Ny =T OERIIT M AREST D720, Y7 U =T
TR TAP(TRTOY 7 vy =770l T L0OEEGP DAL N—) BRERT
DEA M (Z 2T meEM IZBHESRP > P). BLPT A R A1 — |k T:P—itrue,
falseficBI L CENEEXYLT D, 77T L PIE, TP) =true DE XD, T A
RNAAL—=NMZEKTDEND, Tur T A P, BRERTOEAS M, BXIU T(P)
=S HERDLTAMAALA—F T G2 EE, VIO TEEREBRRBEGEZ
MutRBP, T,M) LHEilL, 23/ VTET T IZEHT 5T X CTOEBEIIRER

P'=mP), VmeM OEIG LT 5,
{P'|m € M.P' = m(P) n T (P") = true}| 32)
{P'|lm € M.P' = m(P)}|
ZOREE, MLQM (ZFIH T& 5, #lz1X. DeepMutation [46] DFERZ BN L B &
ZZTIE 32D DLETFTNVA B, CHAMNIST 7T —4%ty hTT7 A RSHLTWND,
* 46 £ REEt:

ETTILA 5L B 5L C

MutRB(P,T,M) =
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7 — X% 7 7 | Conv(6,5,5)+ReLU | Conv(32,3,3)+ReLU | Conv(32,3,3)+ReLU
Fx MaxPooling (2,2) Conv(32,3,3)+ReLU | Conv(32,3,3)+ReLU
Conv(16,5,5)+RelLU | MaxPooling(2,2) MaxPooling(2,2)
MaxPooling (2,2) Conv(64,3,3)+RelLU | Conv(64,3,3)+RelLU
Flatten() Conv(64,3,3)+RelLU | Conv(64,3,3)+RelLU
FC(120)+RelLU MaxPooling(2,2) Maxpooling(2,2)
FC(84)+RelLU Flatten() Flatten()
FC(10)+Softmax FC(200)+RelLU FC(200)+RelLU
FC(10)+Softmax FC(200)+RelLU
FC(10)+Softmax
A R 7T HE ¥ | 107,786 694,402 698,402
TA—=H
ARG L 97.40% 99.30% 99.50%

KERFEHRIZONT, 20 f#o DL ZEREZERL, BRAaT72HH LT,
DeepMutation DZEF: 2 =27 (mutation score) & MutRB (FAHMHAI T,
IR, XTI SN T aERA a7 & 55 L7 MutRB 2 =27 %

Bk DFETHENT 5,
R 4T ERZX 27 %)
0 1 2 3 4 5 6 7 8 9
EFLA (722 [875 [9.03 | 625 |875 [819 [875 [9.17 |9.72 |9.03
EFLB [ 159 329 |829 |7.44 |549 |4.02 |817 |3.66 |585 |8.41
EFLC (833 |7.95 |897 |9.74 |9.74 962 |962 [897 |9.74 | 7.56
3% 48 MutRB 2 =27 (%)
0 1 2 3 4 5 6 7 8 9
EFLA | 92.78 | 91.25 | 90.97 | 93.75 | 91.25 | 91.81 | 91.25 | 90.83 | 90.28 | 90.97
TV B | 98.41 | 96.71 | 91.71 | 92.56 | 94.51 | 95.98 | 91.83 | 96.34 | 94.15 | 91.59
E7/LC | 91.67 | 92.05 | 91.03 | 90.26 | 90.26 | 90.38 | 90.38 | 91.03 | 90.26 | 92.44

ETINDORMEI S T2ft T — 2 2B T 5 Z L ICE S Z Y TRV O0vd
Ho AT —ZIZhHHREOEBEBZINZ 52 21X 25 O/FZE 2 b fd e il E 2B
HZEHARETH D, LTI, TDX I RFRON a2 T,

- Deepxplore: Automated Whitebox Testing of Deep Learning Systems [28]

- Guiding Deep Learning System Testing Using Surprise Adequacy [19]

- TensorFuzz: Debugging Neural Networks with Coverage-Guided Fuzzing [47]

BEhHYIC

TEENEDFREEIL, RIND AT LWBRE SR T 5T VDN T —~< A% RT,
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I CERLICHENED KPTIZR Y, BRSSO ODFEHAET N, 7 F7A47T
VR =Y —RRE LT ZEEDER LNV A L TWAENE )M ERRTE S, £
7oy ZHUTAT VY 2—a VEFHTT 2 &ZONESE Th 5, LIEO MLQM O NERFF
PEIZ AL > 2T A OMMDERS 2 iHliT 5 720D b DT 5, MOERY 1T, Al 3D
HENTBREE CEMET DRITEZITZORTIC, 2D Al 2 AR— T 5,

95.8D-1: 70495 LOEEM

T

MLQM #A RTA4 028 BH L, TRTSLDOEEMNE & IX, BRSO IR
RA =T 2= RZHWOND Y 7 by = TELD, FET X B I ONVEE RS ML E
TG L TENENETSINTZE X, ELKEET A2 L2EHT S, ATl VU =2—
varixBunbEond Z Eidd Ry, 204, BBAEY 7 Y =7 Python ®
Rolr—=URTAT7VRE ZHOY 7 My =7 EHMPOERENTWD, LFDO L H 72
Al ERZFHMCHER L, ZOWEEZRIET 208N H D,

TS L&F—ToI—RS54TS)

Z O Al OFZFEIZIE, Python SFEME S TWD, o, BEx A —T7 Y —ZA Ry
F=YEMEHLTEBY, EWIIA—Va VEBERH D Z ENEE LW, D7D, T
DRy —=V L EON=Va O RBERBENRTLERD D, £y 75— T7<
TH, A=V —=2ATHRTHOHALET B 7 T MO TUEFERRIC NN — 3 > % it
THZENEFE LY,

F49 FRHLIEAY =D EZDOR—=Va vD—E&

TasTIVIERE | A—Vay

Python 3.6.12
Nylr—y N—T g v
NumPy 1.18.5
TensorFlow 2.3.1

Pillow (PIL fork) 8.0.1

EfgAOEI= Y b

Z i, ﬁf7f®%%% T =%ty MNakO AT BB OVERLEE A FE T,

RO, BEE S ORE i3%¥/z»4mm>@2&xﬁﬁ%$ﬁ¢éwf7
Tﬁﬁo:mgmﬁﬁ AR 22 AL TT /W LT ADNCEWRT 57 13 ) AR 1
73A7u~@ﬂ%&ﬁé

BilE LT, BWVRICERNA v 7 TELNIZHTFO) 0 — BRI lig 2R LTz, Z O
Z. MNIST OFEEHFT—& > M EFREROBE (28,28) BBICAMRT L7 17T A
ZAER L 72,
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T — X ORI Python 2 H L, BRI — XA —T 0 Y — ARy r—
@ Pillow ZfEH L7,

S Image Processing Unit

X 88 EfAE 2=y MZ L HEBRDEIE
SERLERAI=Y b
ZDOTNAADZOESLTIE, 9.5.2 fi [7—X&FtO+ME) TR L, W< 250
RO RE R A 2 AW B 72D OAELEE DO T L Y AL EEFRT H, ZOTNTY XLD
ELSZMEET 20ERH DH, T T2, B INTFHETH L2 BFOLE 2 HIBRT 5 SMHL
HZHH L, ZOLBODICRE LTI XLE, T—% OFTEO% A, 5L
~DANTIOFNZEL

—_— External Methods B

B 89 AEBEE = MZ K HEBDEE
ZOa=y MI, ATEBRITH U TIERFEIT SN D 1 D F I ITEE OSBRI THERL T
X5, BEDMBZWUIT 5T LT R ANE, A—T =2y r—Th 5 NumPy &
Pillow O8F 20 T, 7'v 27 I 7538 Python 2> THEW-,
AEY OERRKER
AL T ZOEEF DO AT Y OF/IMEME LR RENEL ERXT OULEND D,
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