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Moving object detection from a point cloud
measured by an on-vehicle system
based on energy minimization using

photometric and depth consistencies®

Atsushi Takabe

Abstract

3D models of outdoor environments have been used for several applications
such as a virtual earth system and a driving simulator. Such 3D models are
constructed on the basis of real-world measurement using an on-vehicle system
equipped with laser rangefinders, cameras, and GPS/IMU. One problem here is
that moving objects in the measured data lead to inaccurate 3D models when
modeling outdoor environments including dynamic objects. To solve this prob-
lem, several methods to detect or remove moving objects from the data of out-
door environments have been proposed. One of the methods detects 3D points
on moving objects considering photometric consistency calculated by projecting
3D points onto omnidirectional images captured at different positions. Since this
method uses only photometric consistency, it is difficult to detect points on mov-
ing objects whose luminance values are similar to those on background static
objects. Another method removes moving objects from a set of images captured
at near positions by aligning them. One problem in this method is that a vehicle

with a measurement system must drive along the same path several times, which
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increases the measurement cost.

This study proposes a moving object detection method for point clouds by
minimizing an energy function based on photometric and depth consistencies as-
suming that input data consist of synchronized point clouds, images, and camera
poses from a single sequence captured with a moving on-vehicle system. Our pro-
posed method is based on the idea that the surface brightness and shape of static
objects do not change for a short time. The likelihood of moving objects for 3D
points is evaluated on the basis of the differences of depth and luminance values
calculated by projecting 3D points obtained at a target frame onto other frames.
We design a function that evaluates the likelihood of moving objects from the
relationship between the ground truth labels given with manual operations and
the differences of depth and luminance values between several frames, and use it
for a data term of the energy function. A smoothness term of the energy function
is designed on the basis of the difference of depth and luminance values between
each point and its neighboring points. The proposed method improves the de-
tection precision of points on moving objects by minimizing the energy function
in which both depth and photometric information are simultaneously considered.
The effectiveness of the proposed method is verified by experiments using data
measured in outdoor environments by an on-vehicle system with a LiDAR unit

(Velodyne), an omnidirectional camera, and a GPS/IMU.
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WETDZEVOMEEDRHD. —FH, BERY INZEHEGEH 2 AL T5FIKT
X, ZLOFETEEREZHWAZYD, IATBEZHIRLTHY, NAMEIMK
W, SEEIREXR A A T OBENZHIR 2 AW RWGE I3 R SN2 EEHRO TR T
D7 V=L U THEYREEZ FEITRETOMENDH D I P, #HEN=
VO OREE KT T2 L VWD mAEITONE. ZHIIHLT, F—RiEKx2HE
BB EMER § 2 FIETIE, FHEARER AW, 2O —RNIZEHEEF DR
FERREEMHRETED L WO RRIEHDE DD, W I A RRE N E V-
RIS 572, TOXDIHERFETIE, NWAMLEEZIA NN L —RA
7 DBURIZE > T\ 2,

AR TIE, —FOBEFHNIC XD E5N0S IO =ZIRou i, EiEREE
BELUNATDALEZBIEHRE AL U, HEHRE BITEHROBEEEZHRE L
IRV F -2 RMET 228 T LV —LABIZ IR AT OEZDOBEY)
RSO 2175 FIRZRET S, RBEFIKRTIE, MHEERZ T TEERS,
TEHRE W2 2N F -l E &Ebd 5 2 il &>T, MHHIFHZRET D
2oL, ¥RV TOBESIIIMMKEETICBEYAERERETX 5.
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3. BEEHAISHEBARREAT 905D
BENEIR

REFETIE, VPV IT7A4V &, AT, GPS-IMU 2flAEHLE -
HiY AT LAZHVTBEENTL 2 iI2k>TELNZ, O & N2 =000
MEE, EGEE, WA TMEZRBERE AL UT, =Rt OB B
TS, BB, SRRV YL VI T 7 VU RIZLD T AR AT Y
TEAGFHIT N, ZROBEBERIIBERTHLIEDLETD. £/, FHllINZE
JA SRt Bt L WREEL 7 L — A B THIII M TS D L T 5.

ARIFFETIL, #IEYARDRE O Z X PRIFFRETIXE ML RN LIt
HU, #87L —ABOBRGHELEEMEOBEEICHE OIS T2V F -2 EH
U, TNh& 7778y b 35| e HVWTRIMET S 2L T, £7V—LDREIZE
ENDIHEYIR LD ERIETS. /2, EBROFHT—XICBI2887 1L —
LMDBITES K OCHEMOEEL L, FEITT NIV U ZBEYIA L OR%
Mo, BEWIARS U X 254 2B % H 5N O#EIL, Zhix T r)L¥—HE
BIZHWS Z T, EKEEZR EXE5. IR, 31TV F—EHD
EF%, 3.2 Hi CHENBROEAN, 3.3 i TIXERITHEROESN, 348 TIIBE)
WA S U X % §illi§ 2 B DWW TR 5.

3.1 TXRILF—FEHDOESR

REFIETHE, BRI 2BEYIAR - #EYIED Z )L 2 PRET 2 [
z, BEROBEYAS LI B IR RO R E DBIREZEL 2T 2)VF—0D
Bo/METEE UTeMbd 5. BARIIZI, BT L —AIZBWTEFHIROB
MR E 73T EMEZRT IRV X 2T A—LTLT2IVF—BE %
PRDESIZEET .

B(X)=) g(X)+r Y hw(X,X,) (1)
veV (u,w)EN
ZIZT, kIMMEE, VIFEHET L —AIZBWCEHIIX N SOES, NIZBET

52 MOMDEATHD. ZOTFVF—HKE, B—HNT—ZHTHY, #
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HF—=RIZHEDILKTRVDORESL LI ERT. £7/2, FE_THIIBEET I LD
EHALIHTH 5.

IR F - E DE—Hg, 1, EETL—LIZBWTEHIL Z2& R0 &2 20D
R 7 L — DB L XD, 7 L — AR OB EX BATED 712 H W T
BHT 5. BARRICIE, BTHROBAEMEICE D o OBEWES LI % Mp,,
HEEREHROBEMIC D BIMARL LI % Mp, L L2 E, g, ATD LS
IZEHT D.

() = { (1= Mp,) +a(l = Mp,) (X, : BBHIE)
Mp., + aMp, (X, : Fhi-2ik)

272U, alZEAMEETHD. ZOHETIE, BEWADL LU INENGEIZIEZT X
IVE—BMEIZ & > TREIWAD 5 NLANERI NPT A2, BEEAS L X
MRS B IZFR IR D Z ROVASERI NPT AR5,

TRV —BEE OFE T hy, &, BEET 27T 2 FHHLIETH Y,
ZIZTIE R L OB w DRI d,, dy,, BEO R0, u BBHILZT7 L —
LB U2 5 Doy Pun O (pyn), 1(pyn)(HSV REROHE V) (23
DEILLNFDESIZEET S,

(2)

oo (X X,) = { ! 1 e =) (3)
[du—do [+ (u,n)— 1 (po,n) [ e (otherwise)
ZIT, elZX(3) DN LREBNZODERTHD. ZOMHEIE, BEEL -
RE U 7RIV EFROEEIZ0 2B, B ZmANE S 7 XV ERO5EI2IE
BT ANEVE E R S W ZK T, LAad>T, RMEIZEY, L
7 RO BATER R EAEANEVIE LR U T NOVNERI NP <A 5.

IR, & (2) THWS & mlv OBEFROEAMEICES SBIaYIAS LY Mp,,
BATIHROBAEMEIZHE S SBEMIKS LY Mp, DBEEHIEIZOWTIERD.

3.2 EBERHROESMH

BIOIRT &I, BET L —AIZET2BEYMA LOBHNN v 2 5278 5 R4
W U787 U — A DliG B UGG, RESMIROHEBICEZ I
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BHEIL—LAn
X 9 BEEREHROELME

%720, Hf LT INZEBEOBEMEIZ L RN EnZ . £ZT, L—
LoV 7A VAL > THEI N ZRTHE 2 & AT G AL, &#
DT LV — LA TOBEBMHDAEEZRGET S Z & TERIINT2BEWIARS U X
% B9 5.

BARRIZIE, BIOIWCRT LD, HET L —AnlZBWTHIE I N2 =Rt v
ZHAEET L —Ln QBB LIZEE U ZEE p,, OBEEE(p,,) &, Koz 7L —
Ln+i(—m <i<m)DEGEEICEE UL SOEE ), OEZFEE [(pyn)
HAWT, HEEROBEEICE DI SBEMAL LI Mp, A FD LS IZH T
T5.

Mpy = Fp (maz (L. (i) (4)

U, BERGE L) FTFDOESITERT 5.

Ierr(i) _ { 0 (Dv,n-‘ri - d(pv,n-i-i) > Th’d) (5)

| I(puvn) — I(Pon+i)| (otherwise)

BT L — LA lZBHISN 2502, D7 LV —ATRERINDGELRH S 72
&, Thy ZFEBRITKROBIEE U, BB T 2HE 7V —ATHE U 72 5H 0515
SN 3BATEHBIZ R v 2B UL EHE p, s OBITHE d(pypri) &, Moz 7L —
Lo+ i\ UTEREIND BITE Dy s AV, Dy — d(ponsi) > Thy %
7297 b — AZERGI e AR UBERRE L, () 202956, £/, X4
DFp()(0< Fp(1) <1)iF, HONUOEROMEEIAL FHTINY VI7IN
7B ER L O IRERICE DWW TER I N, HEEROBEAMEICHK D BH)
YIRS U X 23l S THY, 34HITHRTS.
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X 10 BATIEHROEENE

() SRED IR R (b)ffifF %

11 BAT GO 5

3.3 BITIEHROESM

HIEi TR R - B TSRO AN & FRkIZ, HET L —LAn 2832 BEME L
DB v &2 RZDHELNTHR U 72D 7 L — 2L n +i(i # 0) OEifR EIZEE L
EHBEIIBVTIE, £7V—ATHBLZAHNOBONDBTHE, Mo%k T
D7 L — LT VR I NS BITER B L2\ (M 10 21R). A% T, %
TV —LIIEWTHEINAZ ZIRITENSTD T L — LDERBEAT G % AR U
THE, BET VLR Z TORMEHR T L — ADOBRITHG LIZHG U B THE
DREEMGEET 2 Z 8T, BEWARS U X 254 5.

BARBIZIE, R1LISRT &1, HEANHRATE W THE X vz Z ot =B
Mo, BT RERAZTEZ ERL, BITEHMT S 2 & TANHAEICE
BRBATHERZ LRSS, K10 IR UAZEDIZ, RET L — LA n iZBWTH
EXNEZZRTCE v 2 TORIEm 7 L —LAOBERBITEGIZEEL, 7L —24
n+i(-m<i<m) IXBTE2RvETODRITZ Dy iy Moz 7L —Abn+ill
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B4 12 FHAU 72 i & FENZ & D HEE U 7= BB IR G

B U 73 p, s DBUTEE d(py,pi) & U, BUFEHROBAMCIES < BHY
h LS Mp, A FO &> ICHHT 5.

_Mﬂvzﬁb(mngwAQD (6)

P72, BUFEEZE Do (i) A RO & > I0EHT 3.

Derr(i) _ { 0 (Dv,n+i - d<pv,n+i) > Thd) (7)

d(pv,n+i) - Dv,n-i—i (Oth@TUJZ'SG)

BSOS & FRRIZ, EREEIRE B X 508 Dynti — d(popsi) > Tha % i
27 L= ATIRBEATEE D, (i) 20235, 22T, Fp(*)(0< Fp(*) <1)
1, HONUOEROBITHRE L FHTINY VT INZBEWIRE OXInBEF
ICHDWTER I N, BITHROBEVEIZHE S SBEYIRS U X %34 253
BTHY, RETHETS.

3.4 BEWEL L IERDESR

A2 TIE, BEYAROMEKEE 2SO D 72012, EBOFHFERIZE T 5,
A (5), (7) THHEINDHEMEL LORTHEAEE, MI2ITRT LD BTHT
IR VT INERBEIR L O IRBIRIZEDWT, HEDBEAMEIZHE D BH)
WA D USBB Fp(+) B L CBITOBEAMEICRE D SBEYARDL UIBR Fp(-) %
WET D,
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BARRNZIZ X9, FEBEOFHFEERICPSWT, MI12IRT LI ICFHTIARY
VI ERTOEMEERT S, I, BEWIKREES L O ER T T
ICBWTHEMSEA S K OBATHEAEDE A N I A% EKRT D, ®EBIZ, S
BLUBITHEAEDEL AN T AIEWT, BRI L IC&EEOEROH % 315
U, SWEILVY 7Y TT7—TIVIKRHLZEDEBEYRS LI L UTHWS.
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4. BARIBETRAIT — 4 D5 OB ENMAIR HEER

RETEOARMEZTHMET 2 72012, BARE2BEFHTL 2212k >THE
bz, FHID &N =00usRE, BigRRE, AT OAEZRSNERE VT, =
ot B OB BRI 2 R 2 R 217> /2.

4.1 EBREMH

ARFERTI, REFEZHCZBEMAROBEMRL Y AT A= FkL, #HilY
AT BEACTBEFNTS 2 LIt >THRLNAABT— 2t v b [36] &
FERMNFH 24T > 72, ZOF— &y MIUZFEEBRHEGIZEY) ) 5hze2fo
SIS AIE R L =Y L YT 7 A V& (Velodyne HDL-64E) (2 & > TEHAl X 172
=IRTuEAE, ANEB A1 A Z (Point Grey Flea 2 (FL2-14S3C-C)) (2 & > THUF I 1
7 EREE, GPS - IMU(OXTS RT 3003) (2 & V) HUfF I N7z 1 A T DALE LR
WEENTWD, KLV HOHREEZ R 1ITRT.

ZITI, B3, MITRT T2y N AD#EKET S 10 7 L — LD ZIRIER
B U C TR TR EIMIAZ SR V7L, BEIWIAS L XBRORE 217577,
F/z, ZhIZEVBLNZBEYAS UIBEBEHWT, KM15~18I1ZRTT—
2w NBOEKETH20 7 L —254, M19~22IZRT T =4y N CDHEHT S
20 7L —24, M23~261ZRTTF—X &Y NDDH#ET S 20 7 L — LI U TH
FFEZEA L 20t OB EMREBORE 217572, ThThDT—4
Y FORHE LT, 7—&t%w b AIXSTH, BisE, AEIHEOFET D5
DFHlT—ZTHY, T—&L Y b BIIEROHBEIFET D EREDOFHT—
R, T—=R%Y N CIENATORTHENRBET 2 HEIHEOFET 2 EREOFH
T4, T—2%Y D&, METBEEFHIZIT> 7, #EOBITEPGIET D
BIBOGHT—42Thd. 26, BEHYEREROBRHERTIE, EET7L—L0
Hit2 5 7V — A% FHWTHELT - BEERICE S SESEZEEL, A (1) THYW
BNT A=K g, X (2) THWD/NNT A =X o EFHEREITNENTNZRET
5. ARTIE, £F95—21Y bAZHAWZBEYERS UIBEBOBEIZDOWNT
AR, WIZTF—=4w 8B, C, DZHVZBEYIRREOEENZHEIZDWWT
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1 Kt YOk

Velodyne HDL-64E

RBEHUS [ b 0.1sec
HUAS 5880 s R JEGHI— ] | 9 13 T3 58
4 270 i Rg 0.09°

s £ i 0°~26.8°
PHAEG IR +20mm
A wT e P < 120m
Point Grey Flea 2

fies [Ebe 0.1sec
R (pixel) 1242 x 375
OXTS RT 3003

T — R b 0.1sec

GPS - IMU 4> fi#gE 0.02m / 0.1°

WARDL, JmBlz, 7—2Ew B, C, DIZLTCZxNVIF—BEEL LT, B
FEGHR F 72 1L BATIERD A% O TR EIYARKRE 2175 7256 DGR L R TIE
ZLIIR$ 2 2 & T, REFIEOEMEZGEHGT 5.
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Frame 2

Frame 1

Frame 4

Frame 3

Frame 6

Frame 7

FramelO

~ A D AT

T—Rw

13

\)\(
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Frame 1 Frame 2

Frame 9 Framel0

14 T—&tY N AD=IRoTREE
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Frame 9

15 7—&t vy s BODANHEE (Frame 1~Frame 10)
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Frame 19 Frame20

16 7 —4& v BODOANHEE (Frame 11~Frame 20)
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Frame7 ' Frame 8

Frame 9 Framel0

17 7—&% Y b BO=Rtsi#E (Frame 1~Frame 10)
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Framel 7 ' Frame 18

Frame 19 Frame20

18 7—4&% v ;b BO=IRItHEEE (Frame 11~Frame 20)
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Frame 9 FramelO

19 F—&t v s COANHEE (Frame 1~Frame 10)
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Frame 19 Frame 20

20 7—&%¥w hCDOANEE (Frame 11~Frame 20)
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Frame 9 Framel0

21 7—4&+t v b CO=ZRGEHEE (Frame 1~Frame 10)
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Frame 11 Frame 12

Frame 15 ] Frame 16

Frame 19 Frame 20

22 T—4&tw b CO=RtAEE (Frame 11~Frame 20)
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Frame 5 o Frame 6
\‘ . f : o A T X \‘

Frame 7 7
M .

Frame9 Framel0

23 7—X%t v b DDANEB (Frame 1~Frame 10)
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Frame 18
L

Frame 19 Frame 20

24 7—&%w hDODOAHEH (Frame 11~Frame 20)
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Frame 1 Frame 2

Frame 3 Frame 4

Frame 9 Framel0

25 7 —4& v b DO =R AEE (Frame 1~Frame 10)
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Frame 17

Frame 19 Frame 20

B 26 7—%tY N DO=RE AR (Frame 11~Frame 20)
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4.2 BEMWEL L SEBDRE

BEWIAEIR B & O IRV T N T OBE A B K OBITEED L A b
I NEZTNITHE D IR INMEEE RS L CRITFIFERICE DS BEWIAS U
Tz, TNTNM27, K28R Y. HEMAEDL AT T AL, HEEAE (0~255)
DRk E 1 212, BATEEDE AN T AL, Bk%E 0.1m Z&i241 72 kT,
TNTNDORERDEL» SBEYMAR L EIEYERDOIRZE R L. £/, ThE
BERRE I U CH I Y T Y 74 VR e NT 2 2 8 TR, BERBR - BT
WICEH DS BEARS UIBE Fp, Fp 2T ZTNERLUZ. BB, MEMRAD
EARNTTLNIENT, 0L LIZBEYAS LI %09, BATEADE AN S
LMZEWT, 8m A LIIBEYIAS LX%Z 09 & U

4.3 BEYAEBRE O HRERIER & EERIME

AREBRTIE, T—2Y bBOEHKTLI10 7L —2DTF—REHNT, 7
PRETFIRIC & D HEHER & BITHEROESME 2 ERT S, I, pificiel -
BEWIMAS USEBERNT, T—&%Y B, C, DOEKTS 10 7L —AI
B2 ZWotHABER OB BRSSO & 7\, MEROERMGHII %175 .

4.3.1 HEERREBTHEHROESMDOHER

M 15 1IZRT LI, T—XEY NBTR, BET2EROEMMPEET D, 2
DTF—RIZHUT, FTHERRE BITEROBEE 2R TS, K1TIIRT
F—&+tw N BO®Frame 1 DSEFEIZDOWT, HEMEES L OBITEAE DR KAKME
% VIZIERET 2 Z & TEBIL L 2R 2 29 (IR, K29 &Y, BEWAKE
TG DEENKEL RS> TWBIEWHRTES, /-, EHOMME LK
X, MOCHRIIA R E OFIEIR EDO SR THIENEL T2 DOWBHERTE 5.
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8C-LT
ST
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61-8T
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FEDOLANT T AL HEER

b/(a+b): B EVMIAL LS (5 EH)
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X 27 WEE
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(@) T —%tvbB DEZRTHABDRITIE

(b)BATIRERDIRETYT

(CVIEEFERDRETYT
29 BTG & BEEEIE ISR D EEAME (B - 3ER, & RSN

4.3.2 BEWFREEE OE SR

AETIE, TRIVF—EBE 23V F—H/IMEIZHED < BEWIHAD IR
2T, FEITI NI 2N UZEEE KT S 2 & TEENFHEiZ175. BAR
HIZIE, B THREIYATEICE Y 5 fOHERRIBHYMATFI T DH > 72 KD
# % TP(True Positive), HEAE TR EIVIAREIIZIE T S mOHERS RS (LY ARE
WTH oKD % FN(False Negative) & U, BLN®D TPR(True Positive Rate)
e BEYIREBORE R LT 5.

TP
TP N ®
72, EMETHEIEYREIESIZE T % mOYERER DB BRI T H > 72 MO
% FP(False Positive) & U, EMHETH IEYIRGINIZE T 2 AOHIERE R T 1LY
IRBEIK T b > 72 D ¥ % TN(True Negative) & U, BAFD ACC(Accuracy) % ik

TPR
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MHEET 5.
TP + TN

"~ TP+ TN+ FP +FN )
X 30~358 L VEK2, 3, 4127 —X &Y b BIIHT IRETIEICL DBEYIA
B, TV —BIBUCHE SR D A% AW BB AT, 3L —BEIC
BATIEHRD A% O 2B AR ORE R & T OE ZNFHIE %2 2T hmRT.
X (1) THWS NI A—4 kiE, FHEBRNSTNTNI12, 04, 1.6 &L, REF
FIZXBBEYERHICBNT, X (Q2) THWS NI A—Ra=25&1L7%k. &
2, 3, 4DEBFEREZX 36 1ITRT. E/z, K36 IHEWT, ARKESY THEXE

ROOENTZEDZE « TRUTS.

X 37~42 B K VEKS5, 6, TIZT—&Z v b CIINT 2 IREFIEIC L 2BEYIK
B, TV —BIBUCHEEE RO A% AW BB AR T, 3L ¥ —BIC
BATIEHRD A % AW 72 B R ORE R & T OE BINFHIE %2 2 TR T.
K1) THNB NI AL g, FHERMSTNTNI2, 04, 1.6 &L, BEF
FICED2BEMEBREBIZENT, XNQ) THWSNI A=K a=25 L7k &
5 6, 7TOWEFEREZ K43 1TRT. F£/2, K43128WT, ARKHESR THEXE
DROONZED% x TRUTD.

X 44~49 B LTS, 9, 10127 =&Y b DIZWNTIIEFIEIC L 2BEHY)
R, T3V F —BRICHEERO A% O 2B EYARREH, T3V —B%K
(ZBATIEERD A% W72 BRI OFE R & T O 8 BAFHE 2 TR,
X (1) THWS NI A =& kiE, PHEBRNSTNTNI12, 04, 022 L, EF
FIZE2BEMAREIZENT, X Q) THWSNIA—Ra =25 17k &
8, 9, 10 DILEHKER %X 50 1R T . F7z, K50I2EWT, AREKESY THER
ZDROOLNZED% « TRLUTD.

ACC
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Frame9 Frame10

30 T—&%Y b BIINY S BEWIIREERR LA R (Frame 1~10)
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Frame 19 ' ' Frame20

31 F—&t vk BIHY S BEYAESMR R (Frame 11~20)
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m Framel0

32 7T—&YX v N BIIKNT DEEEMNE#ROAE AR (Frame 1~10)
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Frame20

33 T—4&tw b BITHT SREENEHRD A& V2RISR (Frame 11~20)
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F_rm FramelO

¥ 34 T—A2%Y b BIINT S RIFIHERDAE AW ZRRIEFIR (Frame 1~10)
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7Frame20 )

35 T—4&tw b BITHT 2 BIFEHRD A& V7RISR (Frame 11~20)

*
% . I_I_|
100 * 96.8

95 93.7 268

90 86.8

85 OEERFROH
80 ORITEHRDH
75 BREFE

70 67.1
65

60

65.1

BEMAREER20IL—LFEY BRI E 20— LT
36 T—HtwY bBIZEITS20 7 LV —LNEDERT S T
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*£2 T—8tY b BT 2 BEW ORISR RS SR 0 RE BB Rl fE

Frame 1 2 3 4 ) 6 7 8 9 10
TPR | 0.897 | 0.889 | 0.788 | 0.898 | 0.885 | 0.847 | 0.818 | 0.855 | 0.830 | 0.753
ACC |0.966 | 0.979 | 0.964 | 0.956 | 0.956 | 0.966 | 0.965 | 0.972 | 0.968 | 0.953
11 12 13 14 15 16 17 18 19 20 | Average
0.855 | 0.876 | 0.952 | 0.917 | 0.896 | 0.935 | 0.848 | 0.870 | 0.903 | 0.845 | 0.868
0.978 | 0.968 | 0.977 | 0.968 | 0.967 | 0.977 | 0.972 | 0.962 | 0.953 | 0.947 | 0.966
®3 T8ty b BITHT DHEERO A% W 72 B RO &R
Frame 1 2 3 4 ) 6 7 8 9 10
TPR | 0.834 | 0.849 | 0.650 | 0.886 | 0.881 | 0.774 | 0.720 | 0.741 | 0.829 | 0.659
ACC |0.972 [ 0.984 | 0.977 | 0.989 | 0.975 | 0.974 | 0.978 | 0.982 | 0.984 | 0.972
11 12 13 14 15 16 17 18 19 20 | Average
0.504 | 0.696 | 0.752 | 0.746 | 0.711 | 0.500 | 0.334 | 0.433 | 0.437 | 0.479 | 0.671
0.956 | 0.966 | 0.959 | 0.950 | 0.957 | 0.965 | 0.962 | 0.965 | 0.947 | 0.941 | 0.968
K4 T8ty b BITHT DEIFIERD A% W 72 B HRE R o R & I FEEfE
Frame 1 2 3 4 ) 6 7 8 9 10
TPR | 0.874 | 0.850 | 0.849 | 0.848 | 0.887 | 0.706 | 0.735 | 0.779 | 0.799 | 0.771
ACC |0.944 | 0.939 | 0.950 | 0.958 | 0.959 | 0.956 | 0.954 | 0.961 | 0.963 | 0.969
11 12 13 14 15 16 17 18 19 20 | Average
0.778 | 0.713 | 0.649 | 0.092 | 0.137 | 0.327 | 0.590 | 0.604 | 0.431 | 0.607 | 0.651
0.964 | 0.931 | 0.932 | 0.853 | 0.876 | 0.928 | 0.946 | 0.920 | 0.907 | 0.929 | 0.937

44




Frame 9 Frame10

37 T8t b CITHT 2 BEYMRBEIEM AR (Frame 1~10)
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W Frame 16

Frame19 Frame 20

38 FT—4&%Y b CIINY 2 BEWRGEIER SR (Frame 11~20)
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Frame 1 Frame 2

Frame 3 Frame 4

Frame 10

39 T—4&tw b CITHT SREEEHRD A ZE AV ZZBHAER (Frame 1~10)
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Frame 19 Frame 20

40 T2ty N CITHT DHEREHRO A% AV 72 RS R (Frame 11~20)
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Frame 1 Frame 2

FramelO

41 T2ty b CITHT EITEIRD A% AV 72 BEFE R (Frame 1~10)
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Frame19 Frame 20

42 7= b CIZHT 2 BTFEROAZ AWM EFER (Frame 11~20)

% [

100 * 969 978
ol 95.0

90
85
80
75
70
65 62.6
60
55

OFEEIEIRD H
O BATIEIRD &
BREFE

BEMAREE20TIL— LT HANFEE20TL— LT
43 T—=AY NCIZBIFD20 7V —LFEHDLERT T 7
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K5 T—&tY b CITHT 2 BEIYIIRFEISIR SR D RE S ARl E

Frame 1 2 3 4 ) 6 7 8 9 10
TPR | 0.839 | 0.876 | 0.854 | 0.817 | 0.819 | 0.821 | 0.868 | 0.904 | 0.939 | 0.782
ACC |0.972 [ 0.980 | 0.977 | 0.974 | 0.978 | 0.978 | 0.977 | 0.977 | 0.975 | 0.972
11 12 13 14 15 16 17 18 19 20 | Average
0.813 | 0.837 | 0.885 | 0.830 | 0.837 | 0.897 | 0.873 | 0.873 | 0.921 | 0.926 | 0.861
0.982 | 0.980 | 0.970 | 0.978 | 0.987 | 0.986 | 0.984 | 0.978 | 0.980 | 0.981 | 0.978
K6 T2y b CIIHT BEEERD A% W 728 S T D 5E & SRl
Frame 1 2 3 4 ) 6 7 8 9 10
TPR | 0.650 | 0.660 | 0.585 | 0.722 | 0.674 | 0.749 | 0.687 | 0.651 | 0.555 | 0.544
ACC |0.989 | 0.986 | 0.989 | 0.962 | 0.929 | 0.913 | 0.913 | 0.949 | 0.974 | 0.984
11 12 13 14 15 16 17 18 19 20 | Average
0.618 | 0.594 | 0.683 | 0.678 | 0.739 | 0.723 | 0.759 | 0.721 | 0.789 | 0.730 | 0.676
0.984 | 0.985 | 0.981 | 0.945 | 0.941 | 0.925 | 0.903 | 0.894 | 0.917 | 0.947 | 0.950
KT T—REY b CITHT B BEATHERD A% W 72 S R D E & 3Rl
Frame 1 2 3 4 ) 6 7 8 9 10
TPR | 0.614 | 0.701 | 0.020 | 0.739 | 0.756 | 0.749 | 0.702 | 0.012 | 0.634 | 0.684
ACC |0.989 [ 0.993 | 0.977 | 0.958 | 0.921 | 0.916 | 0.935 | 0.978 | 0.990 | 0.992
11 12 13 14 15 16 17 18 19 20 | Average
0.673 | 0.646 | 0.708 | 0.697 | 0.812 | 0.676 | 0.763 | 0.828 | 0.139 | 0.709 | 0.626
0.985 | 0.986 | 0.985 | 0.987 | 0.992 | 0.963 | 0.954 | 0.963 | 0.947 | 0.990 | 0.969
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Frame 9 Framel0

46 T—2t v b DIIT BHEEHRD A E A BEFER (Frame 1~10)
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Frame 19 Frame20
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K8 T—&t Y b DITNY BB AAEIAR S F D RE R

Frame 1 2 3 4 ) 6 7 8 9 10
TPR | 0.506 | 0.394 | 0.458 | 0.249 | 0.265 | 0.289 | 0.297 | 0.247 | 0.165 | 0.160
ACC | 0.943 | 0.943 | 0.941 | 0.920 | 0.915 | 0.902 | 0.923 | 0.908 | 0.922 | 0.911
11 12 13 14 15 16 17 18 19 20 | Average
0.087 | 0.170 | 0.118 | 0.232 | 0.189 | 0.325 | 0.432 | 0.302 | 0.235 | 0.268 | 0.269
0.898 | 0.891 | 0.905 | 0.918 | 0.903 | 0.935 | 0.935 | 0.938 | 0.941 | 0.928 | 0.921
K9 T—2LY b DITHT D RREEHRD A% FH 72 BRHRE RO RE &R E
Frame 1 2 3 4 ) 6 7 8 9 10
TPR | 0.435 | 0.341 | 0.354 | 0.218 | 0.196 | 0.337 | 0.137 | 0.265 | 0.181 | 0.096
ACC |0.954 | 0.953 | 0.947 | 0.938 | 0.929 | 0.938 | 0.928 | 0.916 | 0.929 | 0.914
11 12 13 14 15 16 17 18 19 20 | Average
0.000 | 0.046 | 0.002 | 0.026 | 0.026 | 0.074 | 0.363 | 0.120 | 0.299 | 0.247 | 0.180
0.915 | 0.887 | 0.916 | 0.926 | 0.923 | 0.931 | 0.937 | 0.944 | 0.958 | 0.944 | 0.932

F 10 T—&t Y b DITNT L BATHRD & % W 7R HE SR D 52 & K3 fE

Frame 1 2 3 4 ) 6 7 8 9 10
TPR | 0.399 | 0.159 | 0.270 | 0.112 | 0.109 | 0.085 | 0.233 | 0.052 | 0.141 | 0.167
ACC | 0.946 | 0.935 | 0.940 | 0.923 | 0.918 | 0.912 | 0.925 | 0.923 | 0.932 | 0.931
11 12 13 14 15 16 17 18 19 20 | Average
0.086 | 0.139 | 0.039 | 0.090 | 0.078 | 0.141 | 0.121 | 0.066 | 0.101 | 0.208 | 0.140
0.917 | 0.914 | 0.913 | 0.925 | 0.923 | 0.927 | 0.924 | 0.934 | 0.937 | 0.940 | 0.927
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