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\ ¢ () T,
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4 HFFEEEEICAVWShZESUT 1

AERGEREE. AW Ok 4 RIFALRATENCIEH L-FEPHFEL TV D, £1 KUK 6 1218E
WREF) T4 %0 BFY T4 L1k, BAEEAT I BICIER 724 - o2 L TH D,
RICFE CEAICEBL 72D D TH-ThH, HEHT A0TSR L5 5DERLLEY ) T4
THbo HlzZE, FIEH LAEKREIECIE. FORRICERT 2EE. EORMRICHERT 5
ER, B (Fo0s) NEHOBEREIRIER 32 E5IR. 2B EoBERIER 3 588, 15
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BN 255 - S ch L, ETHEREIEICFHH TE 2 b Tlid el EIETOF T EE
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(18) HlziE, FEWMFRFEICOWT BRICLAE I F Uy OXKMIIH LB OB EBIALLT 78] A4 TH 5.
Tsutomu Matsumoto et al., “Impact of artificial "gummy" fingers on fingerprint systems,” Proceedings of SPIE, Vol.4677,
2002.4.19, pp.275-289.
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(3%) (a)DNA. (b) . (c) B, (d) BOH—EZT T A, () FOH—EF 7 A, (f) FO#HIK. () FEHL
(hy %5, () & () MR, (k) EH8 (1) ME. (m) B4, (n) R

(Hi#) Copyright 2004 IEEE. Reprinted, with permission, from Anil K. Jain, Arun Ross and Salil Prabhakar,
“An introduction to biometric recognition,” IEEE Transactions on Circuits and Systems for Video Technology,
\Vol.14 No.1, 2004.1, p.8. (Figure 3) <https://doi.org/10.1109/TCSVT.2003.818349>

I #E&

1 HEifTOBE

ADFRFNZHA LN LR TR E Vo, BIRICERZ L TW AR (B ICX > TERSNIT
Who TOMEBNY =3 BICKoTRRY, FakbiErds L b, BMAFENIHR
HEE - B E LTHWONRTWS, BRIEERIL2DDOTH Y, AR FT-TYIn =36
IR B 720, EIJUIRIEA Y 2 L ICB T AU NEEHMICHE S TE 225 EEIF
AR =7+ ¥ (UF (A=K ([HEBGEEEREIER I N 0% {m s, Gl
HAENTWBEST) T4 Thb, BREIFAHLRTVWESY ) 71 TH D). b4 R BEH
EEIND 2O, EEIZEE SN BRI B ORI L fThbRTWwb,

2 ERREDORN E4FEERR
FRRGRREZ BT 57201213, T THMEHRE T -7 &L L THRARACLEND 5, BT 3
RICWMIRTH BIGIED /NS — 2 ThH D720, BRIT IR Y — 2 ThHBH. %L DHER
RREET VT X 2E /BN Y — v R EifR Qo) & LTS LTI AR T ) P
BRI A 2 DD b, PlZIE, )Ty vy EilnEsh,
(19) HAROZZIZIBWTL, BT 12 MICX 23 ERHEEMICHE B E BT REIEL LTnD L), B
[FEANDT-DOfaRdEE] BUUASCH:, 2013, pp.26-27.
(200 3 WICTRRLEIUS LERAEERAT ) T BIRE SN TS, Javier Galbally et al., “Full 3D touchless fingerprint recognition:

Sensor, database and baseline performance,” 2017 IEEE International Joint Conference on Biometrics (IJCB), 2017, pp.225-
233.
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I 88

)7y, BERE L CIRE TR Z I T 2010 L. 74 Y i3 o3I Lk
HATARNESEDLZ L THRUEMZIST 5. F2BEROmRARD HikbikeTh ., 5k
FHARHEERSN, BREEFX BEFX, BRI L85, L4, 1R/
MO OMIMZ L > TR SN TV EIZER L, £y B2 #3956 2 & TRUERE
PR LTwEA, M TR Z IR T 2 HEDREIN TS, O HIZIHRR DS

Y — VR FMEICHAID F— 7 LT 5 THIHD, R L bR EDOBBEIZL D, FEEIZ
F— L ENDLIGRNY — id, BN IThE Vo2 ) A ADEELZTLH, T2, 18D
PEREIZ X D3RR S Y — VHUS SR EE A b H D P,

B 7 1238 oY v S IVEgE R RT, ICH
5 BERATENE ETIRIBVWETERRINLTY
5o

/RSy — v 3T —ZL S Ntk Hig
W7 NVIT) AL EEALTCTF—F 2 &hn
L7221, BT 2 2 00T — 7 T
DAaTZRFEL, kx4, A2 T W
T ZLDPREENTWDEH, KiI$5 LR
MOl EE ([voa—vx] 2w, 12
HHT A HEE, BNy — 2R
By HELICT TN, BIADHET
X, R ELT, BERORTETH S
Ui R BERRER S B A S B i i A &
i LRRREICAH§ 50 2D OF# oM

X7 ‘RO TIL

(1¥) (@) B#T—%. () ANNF—%

(Hi#t) Copyright 2004 IEEE. Reprinted, with permission,
from Anil K. Jain, Arun Ross and Salil Prabhakar, “An
introduction to biometric recognition,” IEEE Transactions
on Circuits and Systems for Video Technology, Vol.14

No.1, 2004.1, p.8. (Figure 5) <https://doi.org/10.1109/

R E G TRIEZ Lz, 2hs Do 2ot e ¢

Wz T~y ==Y v BoBERE 2B E L
TEBH 2, BRECHWZD 35, —F, BEBOHEE. BRHOXILT 5 HE/ N — > OM{f %
s ETHUEZ A7 E LTCEMEL, FEEICHW S,

3 AT ar, BEFE. 7 —a4N—X
RO —=¥ KFE 42U 7)), v BHLRSE CRED, I A MRS CRE) SFI2X D,
2000 I [F BRI 22 FRRUERAE T > X T 4 ¥ 3 ~ FVC (Fingerprint Verification Competition) 2000 7%
XN, EDf% FVC2002. FVC2004, FVC2006 25HlfE T %, [FMHLAS. 2009 4F 12 B %
L 72 FVC-0OnGoing™ & \» 9 Web N— 2 THRGAGE 7V T X A DRGEEFFMI 2§ 5% 4 b Tld,
2019 4E 2 H 13 HBIFE, 1,478 AXZBIIL. 6,697 DT VTV X LA DREEFiATR E N Twb,
F=FNR=2 L LT, FHAT RS (hE) &, B, JeEmMAlt o3 TS L7z 2%k

(21) PUFEIN/ARRT— 2 OBEIMERE W27 — s ORI ZFHIT53E) LLTHETAIE0H 5,

(22 FVC-OnGoing i3 2009 FE D EFE & FE TR EN L SN 2000 4E 6 H LTIV T Y X ADF i Z B LT\ %0 T2 _RT 4
T a USRI B OEBRARICB W THE ST\ 5, Bernadette Dorizzi et al., “Fingerprint and On-Line Signature
Verification Competitions at ICB 2009,” Massimo Tistarelli and Mark S. Nixon eds., Advances in Biometrics: Third
International Conferences, ICB 2009, Alghero, Italy, June 2-5, 2009, Proceedings, Berlin:Springer, 2009, pp.725-732; FVC-
onGoing website <https://biolab.csr.unibo.it/FVCONnGoing/Ul/Form/Home.aspx> (i 2: ® I > X5 1 ¥ 3 ~ FVC2000,
FVC2002. FVC2004, FVC2006 ~D) ¥ 27 b3 5,)

A ARREGEHAT OBy IR &G (RHEBATICE T 2RA 70 Y= 7 1 2018) 9
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TEHERL T — & N— ARG IEIHL. 3 RTTIGI T — I N— A% E 2 AR L Tw b @
LK. FRRRAEDORE L, AR LBUS S NFRBUERA, A—fHrolEshizdonre
ANEIELLHRETARENE LTHM I N TV, BFEIE RV LRI 20X
TATarREPERAMATONTBY, TNOLORENRESIN TS E L BHIT, IBRGEEEET
N ) R 2 DK B R R i B R S O 7RI T — Iy N = A RE I N TS, fl
AW AVTIURE A5V 7) 26 L 72ERE T > X5 4 ¥ 3 ¥ LivDet (Liveness Detection
Competitions) 2017 Tl 17 DTN TY ZAN IV R_RF 4 3 2B, $ERRIFICBIT S
HEARBRARE AT S T v B 2,

FRBGRAEH O 7 — & X — Z K E [E AR EBANAFZE0T  (National Institute of Standards and Tech-
nology: NIST) 23Rl 3 % 7 — % R—= 203 - 728, HIEZZoORASFIEIN TS, 7258
T8I 70 BV S N7 B EHRRC (Latent fingerprint) ORHlIIZIZY T X b7 — I =7 K& CKkE)
DF =5 R=ABRL L AL TS @,

FRid, ARG B D EEREST ) T4 TH L0, BHOIVFE=FIVT—F RX—
ATHLZDF=IBPRPENT VD, BIZIE < FY v FHEAEKRSE (A1) 12X 5 MCYT ™
R RN D I PR (Association BioSecure) |2 & % BioSecureDS2 @', I k% () 12X 5%
SDUMLA-HMT * I45f 7 — ¥ & E T\ %,

4 FRINF-BEEME

WO RV ELLZRETH S0 201849 JIZ A Y TRHfESI N4+ X MY 7 A2
¥ % [EIB34: 3 BioSig (International Conference of the Biometrics Special Interest Group) ¥, % 10 J 12k
E CHIfit S 72 IEEE DN 4 + X M) 7 2T 5 [EBE 25 5% BTAS (IEEE International Conference
on Biometrics: Theory, Applications and Systems) ® Tid, &R HH, WL %2 H\ 72 ZRE~ O B IZ
LMD D 5720 F 72, 2018 4E 2 HIZHME S 7238y — RBRKIEIRBS @ B2 (International
Association for Pattern Recognition: IAPR) D234 o X vV 7 229 % FEFS &% ICB2018 T . 18
WARFANOBEORANCE T 2F 2= b 7V W ATbhTB ), ZOREMIEH ST
5T ERRLTWD,

(23) “Databases.” Ajay Kumar (Associate Professor at Hong Kong Polytechnic University) website <https://wwwé4.comp.
polyu.edu.hk/~csajaykr/database.php>

(24)  Vvalerio Mura et al., “LivDet 2017 Fingerprint Liveness Detection Competition 2017,” 2018.3.15. arXiv.org
website <https://arxiv.org/pdf/1803.05210.pdf>

(25) ZOF—=FINX—RIE A YF—FY P ETHEES 7Y O-FTELRTREIN TRV, YA N 7 —T =T
KFEOHLFITHAET L L TREBTHEL S Twv %, Kai Cao and Anil K. Jain, “Automated Latent Fingerprint
Recognition,” IEEE Transactions on Pattern Analysis and Machine Intelligence, 2018.3.22, p.10.

(26)  “MCYT-Fingerprint-100 database.” Biometrics and Data Pattern Analytics Lab at Universidad Autonoma de Madrid
website <http://atvs.ii.uam.es/atvs/mcyt100f.html>

(27) “Biosecure Database.” Association BioSecure website <https://biosecure.wp.tem-tsp.eu/biosecure-database/>

(28) BRI A HLERIREIR. BE. HHE &, “SDUMLA-HMT Database.” Machine Learning and Data Mining Lab
Department of Computer Science and Technology Shandong University website <http://mla.sdu.edu.cn/info/1006/1195.
htm>

(29) “BIOSIG 2018.” Fachgruppe Biometrik und elektronische Signaturen, Gesellschaft fiir Informatik website <http://fg-
biosig.gi.de/biosig-2018>

(300 “BTAS 2018: IEEE 9th International Conference on Biometrics: Theory, Applications and Systems,” Information
Science Institute website <https://www.isi.edu/events/btas2018/home>

(31) “Tutorials.” The 11th IAPR International Conference on Biometrics website <https://ich2018.org/tutorials/>
TUTORIAL#3 D,
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I DNA

F /o EAFEITEMRBICE T 2SR A TN TS, BRI L X WITHH LT
FBoTWAIREROZ ETH Y, JEREEELZ EICHVON S, FEIHICHIS X 5 iRk i
ThE, TOT—F OWENHEFITEL, BREAHE L v BTAS2018 Tld 9 fRORIICE T %
BREPBHY. €0 5P EHBI/BIHT 2HELTH -7,

AR, FAFFHE LT, W P 2 HO R BEHE T SRR S TW S, 72,
BRI WAFZE L L Cld. BioSig2018 THFK S 7z, HUS SN0 M E REIC A 17878
FIFoNb, TONFIL HBROMEREIFERICE > THIRYVRELZLEEZRTIDOTH-
720 THUTEERIIC X o TIRBGRIE O EDNE DD Z L 2R T L DO TR R WA, BEFDOIRIGEE
TN I) ALDEERE VD BERICEEEZZT AR Z R L Twb,

Il DNA

1 EiTOBE

DNA (deoxyribonucleic acid. 74 ¥ > 1) K¥iEE) &Lid, A F TV R—Z (B, V VB, LD
1DOTOEARLIX 7 LAF Few) B 1 ROPERICHE LR T THb, X7 LT
F FIZEENHIEHIZIE A (Adenine. 77=), T (Thymine. &3 ~), G (Guanine. 77=>), C
(Cytosine. ¥ b ¥ ¥) @ 4 FEHHDH 5, DNA O AITIGIC DIFONE GHEIERLH) ASEIEHERE %D,
YOOI LG 2179 BEOGEH E LT,

t FOLEOMBBOBIZSH 54 DNA 222 L, 60 RIEERTORSICRL, 209D
99.9% IF A NBIZIETH 50 TR VIRD DFB/ICIE, AT LA LT ORR LT,
WIEDFAR KK, HEOER, HEORENROB G ENAONE, 0k k@ Tk
WiERSAS. DNA IZ X A NGRS NS,

2 BREEDh L4FEERR

AT LD DNADHEDH L, BUE, MAFENICHKD LCHWSEN LB DI, STR (Short
Tandem Repeat) & IFIEH 5 KAERLHITH 5 %, b b OYetatk DNA (213 STR A% 2 #1113 &4
L. £ STRIZ, D8S1179 X THOL1 & EDAMMFIF S Tw b, B 21X, D8S1179 &\
STR &, TCTA &\ 9) 4EKDHALA TCTATCTATCTA D L HIIKBEL TV H DT, HAE

(32 AOMREMEBL /2= 2—F N Ay bT— 7 W EDHI L, KRS SLOBERAVRCAY M-I LS
Nk

(33) MAAZ LD DNA OHLEICIE, WEOFIERA R 2254 L AR EDLDPEILL T LA 5. ik
OFEMBPBRL LT E512, 470 T34 NI T4 M elZniions, ~f7ad7I4 held,
WHRORZORM TERYIDSEE TSSO T, Fl2IE 3 HIEHMORIEZL D ATCATCATCATC 2 Et b, 470
T I4 M, STR EBFENS, —H, A 270% T4 PO ROWIEHAI 232030 % I=% 751 MO, #lziE
10 JEHEDL LR 2 BALE LTRIET 50 KIS, LRSI ZDb DB E/LL T EE213. 1 ~HEiEoB i
ARRBETH D, AREDIOELTCLIEIENNOFEILLEH L7 SNP (LIS, A=y 7557 5,) B3d b
B ZIE-ATCG - EWVIHLHNZ HOANE . CH G ICEEID 572 - ATGG - % b DOAD, —EDEETHAETH LI R &,
CIG D&% SNP &5, DNAIZ Lo TN FIATHRETH 5 &\ ) R O 1L, 1985 4F, HEDBIRFET L Y
7+ Vx71)—X (Alec J. Jeffreys) 5I2X % [DNA $8#] (DNA fingerprinting) &IFHEN 2 FiET, =% 5751 b %
JAWT Wiz, (AL Jeffreys et al., “Individual-specific ‘fingerprints’ of human DNA,” Nature, Vol.316, 1985.7.4, pp.76-79.)
ISHTFIA M. SIRTIEFICEWETNCREZ DB 5720, FNEINE, HELTWwiRvw DNA B LRI
DB B DI Do

AARRRERAT OBy &35 (RHEBAT ST 2 RA& 0 Y= 2 1 2018) 1]
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ANTIZBBEIIET B 54 TR EDAN—FEL L ™, w2140, ZORA15HE 2D, 70
2520 HETOF 1274 THAMONTWS (8 1% 19 MEEIFHMEH L) *, 72, THOL
Tld, 6 HAEDS 10 RIIEE TD, 554 THRHMONT W5, REREEZMAI2E, KIET
BEHIDER721F % PCR (Polymerase Chain Reaction. KV X 7 — B RUE) & 2 T THIE L,
ZFOE X BLIKBETHRBT 5,

BAENICBWTIE, MEEE 2R B, O LORAN (BrvidinEE) ob oL HiE
WZhho TWAHREO STR AL THEL, ¥4 7 (RIENK 25T 20E ) hEHN
bo BEBDSTRTHA THEFAR, ZNLEZHMAEDEL L, HABMAILPHFLEL L WVINY —
B BAEZ, B D 20HHOSTR ZMAGDE, HAZEINTELLHICLZR
v MAS CRER¥ER ELSHEBWGEShTWwE Y, F-HAK0BETY, Fililiox v
MIHWSLNZD LD STR 272, AN 27 2 2HA LTS %,

3 F—AaA~N—2Z, BETH

ECHHENS STR Tld. HRARREZ EOEFMICB T2 ZZho sy 4 7o MBIEE
ARHI SR, KSR TS ¥,

—J7. MEMEBMTIZ R L EBRICHENED Y 4 7D STR Z2HFHoh L W HMADFERIZONWT
. JESEERAEREE E MRS, ERENEEL T, LRI R4 R ELEDIZT—F
R=ZLLTVB I EHRH D Y, BlZIE, HATIE, BREFICE-> T, LREEHD STR 25
535 DNARIF =y N=ZAHpEH SN TWDE Yo M, PRERPEREETIEIEWVAIZDOW
Tid, REHEEE, 5124 vy =%y PEANLTHRIZTHRES v b2 WeT 2 8 TRE—
EALHD, BEDOHEHRELTDNADY 4 TEIELTWDE Y, Zhb0HEZIZREIS
CHAEL. STRICIRS T, ZoMd %7 DNA DOEGIZDOWT, DNAD Y 4 T2 LT
WBA FREC, 207 — % 2 ER L T RRKERSCHERBESEOF— A ZBHAL TW5,

EZAT, STROZ A TH, HERLRFATOFEEICHLNS & X, HREFEILEL
bV HbB. BIZIXHFEREETIE. 2200RFOBTESTROESY £ T5—H L72%6.
FDYA T O NOIIEHERZFET S Y, 150 STR ZHEIHED% 5, 15D STR
DENZEND T A TOHRN—EIZBT 5 IHBUAE 2 BTGB 72 b OAs, (EIEHRE 25 “Y,

(34) PRI TTERT HHZIFHRNT 2 K 1D 13> TV BEDT, Ko gtatko STRIZ 13 IETHHH
HTIZ U4 BETH L8, 20074 TORMERITRD, (13, 14) &L KL 5,

(35) WL FEIH [Hc#T DNA g —Z DRe ) EBRA—] iR KA MRS, 2014, pp.267-272. (fF§% 2 : HAANBERNZ BT
%% STR 7V — )V OIS EE)

(36) 15 FEEED STR ZMlAGELELE, EMADOAOLZBR ZBDELLIA TOMERNTEL, L3> T MMAR
L TOMKRO—BUIIEHICB LW &Ik b,

(37)  # 2 1X. “PowerPlex® 21 System.” Promega website <https://www.promega.jp/products/genetic-identity/genetic-
identity-workflow/str-amplification/powerplex-21-system/?catNum=DC8902>

(38)  EEERFTH [EE Pk 28 4R 22T, 2016, p.89. <https://www.npa.go.jp/hakusyo/h28/pdf/pdf/06_dai2syo.pdf>

(39) WL HiBIERS)

(40) FEEDEZR DNA 7—%X—2 (National DNA Database: NDNAD) *>>k[El?> CODIS (Combined DNA Index System)
BENDH 5,

(41 B3 Hi4EIERS); [DNA BIGEEIERBII] (PR 17 EER AL ZR ARG 15 5)

(42)  Yaniv Erlich et al., “Identity inference of genomic data using long-range familial searches,” Science, Vol.362, Issue
6415, 2018.10.11, pp.690-694.

(43)  BEX  Hi48YEE35), p.95.

(44) 72721, MEALHZITHCIZ L WD STROZA TOLE L LR BHRTE H O BHK L) AR
DT, ZNEND STR T 2 2 #HNT THL,
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I DNA

LLEND 1% &bk b, BREHED1,000 AT, 10 ADOFE ST 4 TOAPBVLEZ EIZHD,
STROATIHRANELEHET LI EEITER Y, 2L, EBEOMAETIE, 155D STRZ HWv L,
BEOEWY A TOMEE THHEEMERIIBESD 1 L Vo IFERITNS ISR S, Lo T
HRANERZEORKREXLEFAPTDH, BRICISDEFZ A THRRILE V) ARHENE Z Lt
ZhnwekEZONE, 720 STROZVA TH—HL2VEZXIZH, HEBOMRNLELRI L
Wb HlziE, STREB D ZHIET S PCRIZBWT, ZOMEmERET ST T4 ~—I12HM
W5 % DNA TP ERERPEL L2 LD D)., TOHAEICIE. STRAFHELTDH PCRT
BRI, HELALIICRZLZZ IR D, 20X ) BYA. MEREMEOMNmE Vo 7z
SHIBASLEETH Do NDANAITKE B2 RIZTHFERRFOHEE. H 5\ 200149 A
11 HOKEFRKZET 02 EO7 0 HR KBEKFICL 5 F iz EICHH I WD 56
Wi EELZHEI TP TV,

4 FHRIh-EBEEME

STRICX AWML, Fy b ENTED, HEFT TORENIIZHE LI TY
L7z, —EICKEOREZWMHET L2 TEL, L2l RIS 74 7OHEE T
R TH R D720, CORMPEEIZER S5 2WiBTOFMMHICRO NS, Bl 213,
BFEEETOESEEDOBRNRPBTHEETIE, STRELHVWOENTWS, —J, STRO Y A
TR BNCEA R BFOHE LTiv, 4 N—ZHORAEIEICHISHTE L0 TR R0H
EEDNTVEY, HEITKEH2 D25 2 EED 1Dk &, BIEEFZEFEMIEE-> T
22

INFET, WO HNR, AAOMMEPLREBICEDLE T, MNOFEITLRINTEL, &
%d. L OKHECTRENIC, FRRGRNITEL L), FRLoOMECHEIHRITFObNE LE
AbNb, FlzZIE, STRIZED DRI TH 5720, BHRMADF LY 4 7 Th 5 WHet:
TP ECUE 2o Vo AR 2 TR BIRDSEENL A 12D, STR 2 HEH A DETH HEDN
LW ERDHDL, T2 —IIEAERTIZ, FH U DNA 22728 STR DA Ti#sliz T& %
Vo BEDNA DTS TV WX ) ZIEHITHWEETIZ, I a2 F) 7 DNABFH SRS
CERDHBLD, IPIVRFYTEEBENL L2 RIEDL Rz, KFBERIEZ25 2w
E\Vo ZEDD 5.

%12, DNA IZHERDIZIZETOHMISPIFTE 720, KA S %9 HITHAA
BRI 2R T2 L1285, DT FE LA CHRILHATH S, HHFEAONRT T ¥
RWHTTBEZONE. HDHVIEIRES TWAB ADLIERIE 2 ME T YIS L vwo 27T, i
ADDNAZRADTELE LICAFTLIENTRTH L. 720 HEAD [HAANEHROREIC
B9 % | (PR 15 SE RS 57 50 [AEHRAEEDE D Tid. MAEROEARILY 72 13
TETH, DNAZ EOWEHKIN R E SR TwARWwIZ 75, HADEMEEHA DNA R
B2 OB TICEAN S N6, BAGBRRERSAEAHE LTHATLZ LN LW EE X
5%, DNAIZ X 2 AGRRIA)EL C ERALE NG & &1, 1HEZE & LA oMl MRk 2z
EDXIRETHVOMAADLIELEEZI NS,

U5) NAFAPYZAXF2) T4 AL =TI [NSAF AN v 72 F 20 T4 - N Ty 2] F—2%E, 2006, pp.203-
214,

A RREFEHAT OB ) &G (RHEBATIcET 2R A7 Y= 7 + 2018) 13
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1R
1 HifOBRE

R IZIRER DB DD W 7280555 5 BOBELER G 2 ) R 285 CTh D . S OISO L b
BBNCE o TRLZLZE W, FEERECTRBEEHLZ 1S Y, E¥)F4 LT
FIHENTw%, BHOR Y oM (X6 (). X8)

ARV TRAEIT) b OVIHEILTH Do R HMPETAYAA-F (EEROEL)

WIEIZOWTH 2 ) TF LEEIRESINTS
D, FNSOFMIR E BTN TV A,

2 ERRLOWRO EREERE

W REAETIE Y 3 » - F—2"< ~ (John Daugman)

YTy VREHRBORE LT VT X8

PR EHTH Do At TIEH O E H X T TH
WTAZETT =52 lGd %0 77— 7 BRI

B ERIEE ED DN L. & 2 H TIR DA

BT HIEIETE RO, 77— & WRHRILE

IR RS Ly MR SEISER 7 D & &2 4] ) 9 fi AL B

2190 COBICERTREOBLREOREND S

HHERHEL, BAECHHLZWEHIZT 5, £D

%, WHEEZ LMD 8EIZHIT. 74 V8 %
WHLZET 74 Aa—=F] (08 LIFING

Ty &L, ShET Y7L — e LTRET

%o AERFICIZ LK AT T =8 05T A ) A3 = (1) Copyright 2008 IEEE. Reprinted, with
FEERL, BEEISNTWwWAET A4 Y Aa— K& AJ permission, from John Daugman and Cathryn

Downing, “Effect of Severe Image Compression on

T= P OEREINITA) AT - FOMEEZG s Recognition Performance,” IEEE Transactions

/ﬁ L. ?{7% C:*Uﬁﬁj‘% o on Information Forensics and Security, Vol.3 No.1,
2008.3, p.54. (figure 2) <https://doi.org/10.1109/
TIFS.2007.916009>

3 FT—AN—X, BEFE. XT3

WRRRAED I » RF 4 ¥ 3 I KE O NIST 12 £ 1 IRIS Challenge Evaluation (ICE) 2005 %
ICE 2006 7% EASBAfE S . wmIETIE 7 7—72 YV Y K% CKRE) %2017 4¢ 12 Liveness Detec-
tion-Iris Competition 2017 (LivDet-Iris2017) “ Z Bl LT\ 5,

(46)  [FH—A¥THALTZORRKIIE 25,

(47) MCEOBIRIZ 2RO VETIIBE SN, TOBREMLEVESING, WWHICHTAFEHEN, EBERY,
RIS EEIICOWTIE, RASEEL VY, F H. Adler, Physiology of the eye: Clinical Application, fourth ed., London: The
C.V. Mosby Company, 1965; Anil K. Jain et al., eds., BBOMETRICS: Personal Identification in Networked Society, Berlin:
Springer, 2006.

(48)  J John G. Daugman, “High Confidence Visual Recognition of Persons by a Test of Statistical Independence,” IEEE
Transactions on Pattern Analysis and Machine Intelligence, Vol.15, No.11, 1993.11, pp.1148-1161.

(49) David Yambay et al., “LivDet iris 2017: Iris liveness detection competition 2017,” 2017 IEEE International Joint
Conference on Biometrics (1JCB), 2017, pp.733-741.
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VR

W EEICIE. ZHOTF = R=ADPRHEENT WD, B2 1E, EFR2BE QB LT SET
12X D) CASIA-INSVL ~ V4 2 EXREX TV D ) F720 7 — MUV FAKRY CRE) 1F
ICE2005 % ICE2006 CTHIH SN/ D7 — %+~ b (ND-IRIS-0405 Iris Image Dataset) % 45,
LivDet-1ris2017 THJH SN & a0 7 7 b L VU REERFEO T — 5 £y e &2 L HA
BLTWS Y, ZolEdh, < VFE—F VDB ICIRIEBREIN TS S DBLEEEET 5o

4 FHENFREENE

BRkDDOWa 7 ML Y XEEEF LR )T F LBEAONIE 4 EWBAERAR S Tk
ENTBY, SHROBETH L P, T2, WRFILTIE. SRGEOWGEALE L 7520,
FEHREE CHE S N IO ABHARTRE TH o 720 ZOREEHD 720, TEIZHORE &
LER IR DG E il o 7oA T EAMRE STV B Y,

V Bk

1 KifOBE

AHIREEAL L, My — Y 2R L TEAZEREL L) EFH6bDTH L. BIRFMA ST
WAELIE T LIRTH U P& & 2 ERHIRERAECIREIREERAL 2 &R S A ST 5,
MAE /N5 — IR B 720, BHIRFEGEZ AT 9 72DIIZl@E DA X 7 TR L lmRdb s X
F % Ex W TARERZ IS T 5. #IREEALIE HAENIZB W THBOHIT ATM 7% E12353E
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(50 “Databases.” Center for Biometrics and Security Research website <http://www.cbsr.ia.ac.cn/china/lris%20
Databases%20CH.asp>  [RIFFERT D238 — 0 R EI R E M EREZBOWMIE SN —TD 1 DL LT NAF AN 7 R
£ 29 7115+~ ¥ — (Center for Biometrics and Security Research: CBSR) ASE DT\ 5,

(51) “Datasets.” Computer Vision Research Lab, University of Notre Dame website <https://cvrl.nd.edu/projects/data/>

(52)  BIZIE. BioSig2019 Tik, WL ALY 77—V =7 KFDOKFFAEWNIER (Graduate Research Assistant) FA=v 2 -
RA%— (Domenick Poster) 512X % “Deep Sparse Feature Selection and Fusion for Textured Contact Lens Detection”
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(53)  BlziX. Zijing Zhao and Ajay Kumar, “Improving Periocular Recognition by Explicit Attention to Critical Regions in
Deep Neural Network,” IEEE Transactions on Information Forensics and Security, \ol.13 No.12, 2018.12, pp.2937-2952.
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(@, ©) EARWOFENEL T I & ) BUE L 2,
(b)s (d) IZERRI L7z % 2 i & 0 R L CHUS LB 2 A0 L 7l
(Hi#) Copyright 2015 IEEE. Reprinted, with permission, from Pedro Tome and Sébastien Marcel, “On the

vulnerability of palm vein recognition to spoofing attacks,” 2015 International Conference on Biometrics (ICB),
2015, p.321. (Figure 2) <https://doi.org/10.1109/ICB.2015.7139056>
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(ML) Copyright 2015 IEEE. Reprinted, with permission, from P. Tome et al., “The 1st Competition on

Counter Measures to Finger Vein Spoofing Attacks,” 2015 International Conference on Biometrics (ICB),
2015, p.517. (Figure 1) <https://doi.org/10.1109/ICB.2015.7139067>

16 EvESRES AR CEELER



VR

3 F—AX-2Z

FRIC DD T = R=A%K3ILFLDL, RHINTVET—FIXR=ZADITL AL
BFIRICET 25D TH D, EHRICOVTREMDPLIREINLT—FNBIETLALETDH D
2, FORMDSI|EEINTT— 5 b —EET 5 %,

x3 IEEER. ERIROT—S~N—-2Z

F—F R— 2% EE (E - #higs) A% R A
THU-FVFDT WEERFEYIR SR (hE) 610] 6540 B AR ™
SDUMLA-HMT IR (R ) 106 3816 & (64)
HKPolyU-FID FHFTRY: () 156 3132 & A) ™
UTFVP M2y TKE K7V Y) 60 1440 & (64)
MMCBNU_6000 bR () 100 6000 f& (64)
FV-USM ML oy TR 123| 5040  #% (4%)

(RL—37)
IdiapffF7EFT (X A )

VERA Finger\Vein

110" 440 8 &)
VERA PalmVein :

110 2200 ¥ (A
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(M) “Tsinghua University Finger Vein and Finger Dorsal Texture Database (THU-FVFDT).” Graduate School at Shenzhen,
Tsinghua University website <http://www.sz.tsinghua.edu.cn/labs/vipl/thu-fvfdt.html>; “SDUMLA-HMT Database.” Machine
Learning and Data Mining Lab, Shandong University website <http://mla.sdu.edu.cn/info/1006/1195.htm>; “The Hong Kong
Polytechnic University Finger Image Database (Version 1.0).” Ajay Kumar (Associate Professor at Hong Kong Polytechnic
University) website <http://www4.comp.polyu.edu.hk/~csajaykr/fvdatabase.htm>; “Finger Vein.” Services, Cybersecurity
and Safety researchgroup, University of Twente website <https://scs.ewi.utwente.nl/downloads/show,Finger%20Vein/>;
“Finger Vein Database: MMCBNU_6000.” Multimedia Lab, Chonbuk National University website <http://multilab.jbnu.
ac.kr/MMCBNU_6000>; “Finger Vein USM (FV-USM) Database.” Bakhtiar Affendi Rosdi (Associate Professor at Universiti
Sains Malaysia) website <http://drfendi.com/fv_usm_database/>; “The Idiap Research Institute VERA Fingervein Database.”
Idiap Dataset Distribution Portal website <https://www.idiap.ch/dataset/vera-fingervein>; “PROTECT Multimodal Dataset.”
PROTECT consortium website <http://projectprotect.eu/dataset/>; “PLUSVein-FV3 Finger Vein Data Set - Download Page.”
Multimedia Signal Processing and Security Lab, University of Salzburg website <http://www.wavelab.at/sources/PLUSVein-
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(55) Bernhard Prommegger et al., “Longitudinal Finger Rotation in Finger-Vein Recognition,” 2018 International Conference
of the Biometrics Special Interest Group (BIOSIG), 2018. <http://wavelab.at/papers/Prommeggerl8b.pdf>
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(56) Takeo Kanade, “Picture Processing System by Computer Complex and Recognition of Human Faces,” Doctoral
dissertation, Kyoto University, November, 1973. <https://repository.kulib.kyoto-u.ac.jp/dspace/bitstream/2433/162079/2/
D_Kanade_Takeo.pdf>

(57) aIr¥a—yE¥ T ar (computer vision) Lid. FHEMICAMOEEEEEZ 52522 HIEITWIES T THD. H
B SRR Y — 2 BT H LR, FEWMFUAFAL T WD 3 RITW RS R a2 B s 2,
LRENRETON S,

(58) NHEEEM /Y — TERIALT T2 FMEETHY., BEOALOTEFES ML FOFTE V-
Tk e AT4 T 0t G & LBk EZ RO o

(50) BHFEEROFEM R MEHICOVTIZKRE S E N2, Rama Chellappa et al., “Human and machine recognition of
faces: a survey,” Proceedings of the IEEE, Vol.83 No.5, 1995.5, pp.705-741; ‘HHHE A [ GBI X 2 i & 3R
ik SRS mFFesR ] Vol 2015, No.38, 2005.5, pp.343-368. <http://id.nii.ac.jp/1001/00052376/>; Mei Wang and
Weihong Deng, “Deep Face Recognition: A Survey,” 2018.4.18. <https://arxiv.org/pdf/1804.06655.pdf>
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(60)  Alize Scheenstra et al., “A survey of 3D face recognition methods,” Takeo Kanade eds., Audio- and Video-Based
Biometric Person Authentication 5th International Conference, AVBPA 2005, Hilton Rye Town, NY, USA, July 20-22, 2005.
Proceedings, Berlin: Sprlnger 2005, pp.891-899.
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(Hi#8) Copyright 2001 IEEE. Reprinted, with permission, from Paul Viola and Michael Jones, “Rapid
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(92) MRFEFILLC EHMHRICH LCERS AN ZBHTEI LT FHEHEAHOREE, T4bb, BAHTERTLF
% (Matthew A. Turk and Alex P. Pentland, “Face recognition using eigenfaces,” Proceedings. 1991 IEEE Computer Society
Conference on Computer Vision and Pattern Recognition, 1991, pp.586-591.) <. RN oHi % BT Z & TH K
ENBRE (T71y v x—HEBIENS,) L LTHWS T (Peter N. Belhumeur et al., “Eigenfaces vs. Fisherfaces:
recognition using class specific linear projection,” IEEE Transactions on Pattern Analysis and Machine Intelligence, Vol.19
No.7,1997.7, pp.711-720.) ASZF H %o FELHH—WIRIZH § 5B AT G L LTWADITH LT —ADAIITH LT,
AN B % & SREm 52 58k (BEI A7 (12X 20RO, BRI X ARERFIHIR R EDEZHh
%0) LT LD §Ly M LN SN BER0 22 (FEE) 2 Db 02 e U TR 22 M2 w7 TEE(Y.
Ariki et al., “Extraction and recognition of facial regions by subspace method,” ACCV 1995, Vol.3, 1995, pp.733-742.). A
T3S BEE G & 3 B A E IR 22 W% /2T (Osamu Yamaguchi et al., “Face recognition using temporal image
sequence,” Proceedings of the Thirrd IEEE International Conference on Automatic Face and Gesture Recognition, 1998.) %
REINTVS,

(93)  AFITHEB ARl L O 2 BHARGEFIE OREBIE LT S BN TLBPEITINZ T 7 IR A —
ZEVSTZRERRUZ Lo THEL 2 /4 XDV T Btk 2 Z B35 T (John Wright et al., “Robust Face Recognition via
Sparse Representation,” IEEE Transactions on Pattern Analysis and Machine Intelligence, Vol.31 No.2, 2009.2, pp.210-227.)
R, BB TEET o A X 2 Btk % % 5894 F: (Chih-Fan Chen et al., “Low-rank matrix
recovery with structural incoherence for robust face recognition,” 2012 IEEE Conference on Computer Vision and Pattern
Recognition, 2012, pp.2618-2625.) 7L AL SN TV 5,

(94)  Yaniv Taigman et al., “DeepFace: Closing the Gap to Human-Level Performance in Face Verification,” 2014 |IEEE
Conference on Computer Vision and Pattern Recognition, 2014, pp.1701-1708.

(95)  Omkar M. Parkhi et al., “Deep Face Recognition,” Xianghua Xie et al., eds., Proceedings of the British Machine Vision
Conference (BMVC), BMVA Press, 2015, pp.41.1-41.12.

(96)  Florian Schroff et al., “FaceNet: A unified embedding for face recognition and clustering,” 2015 IEEE Conference on
Computer Vision and Pattern Recognition (CVPR), 2015, pp.815-823.

(97)  X. Zhang et al., “Range Loss for Deep Face Recognition with Long-Tailed Training Data,” 2017 IEEE International
Conference on Computer Vision (ICCV), 2017, pp.5419-5428.
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3 T—AN—-X, BEFHE. 2>XFsa>

BHER T — 7 X— 213, FEHLURHI oM CEEREH 2R3 BHlRT— 7 X— X2
VELRERE LTI, #REROL SR LE (BMANEE) OKRE SRZOMBOLERkMEL
BTSN b, RAZEELRENGET— I RX—2D0—E %2R, MPOHEEGET— 7 X—2 & L
TE BBREHDI A/ T TT, 2, ERERETHC INTZDDOPRETH 72, TR
F LTy FEBREET CTHow 172 5,000 ABUEOBEIR T — % X— X LFW 2885 5 &, FEE
BT COBGEROWIZESME L7z /2. 2Lk, BT 2ot ABRBEOMBRER. G
KB OWR 2 ZOHEERT -y RX—AbHEIN, REDOFET -V 2 LB ETHRBEY
BHELME - T, HFHOMBEOWN A EIINEL TWD, FEBEIZ, LFW 03 % fAEREE
X, FEABEDK 60% 75, DeepFace Dy 97% ~ & REEMIZI ELTEH . VGG, GoogleNet.
ResNet FDOH IR WA v M7 — 7 HEZFFOFEICL o T, 99% LA EORFREIZER SN TH
D, 9 CICRAEREEEDFIIRIE & 7 5> TV 5,

F7o, HREOI s RT4 v a A BECHBESINTEY, FTH NIST2HELTWS
Face Recognition Technology (FERET) %X°> Face Recognition Vender Test(FRVT) RH D 3 > X5 4 3 3
E 1994 EPSHAEICE S Ty BUEEB X ITHBRMICHEI N TV KBELR L OTH D,
RKEOA L LTREMEDELCZBHEL TS, TNUINID . KT —F X— 2D RFHITH
FHTHIRF 4T a v, I —FET gy -y — U - ERERERC T B ERS
SFHEOUERT— 2 vay T LTHEENRA L EL TS,
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E2) BB H (e PN Wt - R
The Yale Face Database 15 11 HEHY - K1E
PIE Database 68 EZ 4 & - HAHY - 0H
AR Face Database 126 26 MW - 318
BANCA (Biometric Access Control for
Networked and e-Commerce Applications) 208 12 -
Database
XM2VTSDB (eXtended Multi Modal
Verification for Teleservices and Security 295 8 -
applications project DataBase)
FERET (Facial Recognition Technology) -
Database 1,209 2 I &
NIST MID (Mugshot Identification .
Database) 1,573 2 & (ET - B%)
FG-Net (Face and Gesture Recognition G R
Working group) 82 122 HEARAAL
Morph 13,618 4.1 AR
LFW (Labeled Faces in the Wild database) 5,000 1/2.3/530 Uncontrolled **
MS-Celeb (Microsoft Celebrity) 1M
(Challenge 1) 100,000 100 Uncontrolled **
MS-Celeb 1M (Challenge 2) 20,000 1/-/100 Uncontrolled **
MS-Celeb 1M (Challenge 3) 80,000 - Uncontrolled **
CASIA (Chinese Academy of Sciences,
Institute of Automation) WebFace 10,575 2/46.8/804 Uncontrolled **
\liil\éle[())S(Unlversny of Maryland) Faces- 3,107 ) Uncontrolled **
MegaFace 672,057 3/71/2,469 Uncontrolled **
1B (IARPA Janus Benchmark) -A 500 11.4 Uncontrolled **
IJB -B 1,845 36 Uncontrolled **
VGG (Visual Geometry Group) Face 2,622 1,000 Uncontrolled **
VGG Face? 9,131 87/362.6 /843 Uncontrolled **
CelebFaces+ 10,177 19.9 Uncontrolled **
Google 10M+ 50 Uncontrolled **
Facebook 4,000 800/1,100/ 1,200 Uncontrolled **

(JE) * A7 v ¥ aXE) OWBEAEZ. RN FY T RREET
WAtk - JWERITBIT S [Uncontrolled] 13, Hiobdeth - WERZHIM L T ARWEHET CIES 27—
FNR—ATHDHILZERLTBY A RIERMA - HERFGIN TV 720, L) Rk 230E & %2 -
TWwWbZ EREKT,
(Hi#) 1. Kemelmacher-Shlizerman et al., “The MegaFace Benchmark: 1 Million Faces for Recognition at Scale,” 2016
IEEE Conference on Computer Vision and Pattern Recognition (CVPR), 2016, pp.4873-4882; “Databases.” Face Recognition
Homepage <http://www.face-rec.org/databases/> %5 % £ 12 E R Ko

4 FHIhF-BEEME

KREOFET— 5 LIRBYFEOBEAN LY, BHROBEIIREW M ELTBY., 7%
N=ZIZLoTE. NOBHIZX 58 EELY LB A IS, L2LAR26, flzid
LFW 7= RXR—ZTld, HOMEDPH4 TlEdH 2D OOREWIERISEVWD ON% L, /2,
FRAREE S LR W & 205, FERBETHICBNS NS L9 . REZEN & OZ LRGN
FENZPED 2 A A e GO RHMEE IR 2 xS L LB ML ETH 5. AT, B OER
RO E G bEOFED, HBEOMRIBEICKEEETLZ L1, R-IEAEDE-
Wl 2 ke UCTREbd % & 9 ZIREFAEHOPAAIZOWT D, BRI D 5 &
bbb,
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VI 78
1 HiTOBE

A CUE B8 1 BB Ty — Y E2RTHETH Y ERESZERHIE 05
BTl OIS E SN TE e KIS, WESTOBYORAF L LT, KOBREI LS
POHZEINTEY, HIAHTIZONT, HE (Walk) - B (Trot) - X2 (Cantor / Gallop) &
ZALL. WREDOEMDNEFREVET S, — KT, BT TH S FoRFIL, EARNICIE
EHEORZIMIZOWTHRL (%Y 72Kk 26, TWEKS @ﬁ%&kf?%k%a@
ZALIZRON TS, LA La2s, BT TH L FORFEITIE, KKRE L TERL IR
BEFENDTENASN TS, H< I, yl47xz7®W7/«be®—% b &L
BETCHOLELNLBERESLT 2 ) —0kD, TIPSR E T TIWERLIZLE o706 TH
%o (High'st Queen of state, Great Juno comes; | know her by her gait) ® 2 %2 X 912, % DA
HHIZWBMAE ZORETHINTERBEZFOb o s hb, EBIC, AR D
e Tid, BEPOEAZEBTLIERZOANOUNEZHBNT LI ENMETHLEVH
ERHESNTYS P, 2 MOEEZ AMEOBEIHICHT TERT S L), Bk sh
TR D EREE R Z SR L2561, AN R RGO RMHEES TR THL L) 2k
LWEEIN TS W, 20 k) Ak X oMM HED AR AGREE2 A ™ LI, 178)
FAERITEHRD 128 LTRBEINT WD, BERIEL. ERESFHTE LW S Z2EL 75
O - B OOHER, HEANVA Yy PR HBLIECTRERLZGEGICTHRAHTESLZ L
Do, BiEA A T WHRIZHED F 7 MAGRIIE P & LT, JUBBMAS~ MO &
FoTWwh,

RETIE, INFETICRESN TV BRERMTLEEZMIT 5 L & I, HhEEET
WA T— 5 R—2, BREFGEEZ RN T 2 ZF}IIOWTRM L, SHROEE LB

2 FUEEDOFRN EFFEERR
(1) HBRBEADTHTO

BRBEIL, T2 —FEYar Wy — BB OFMIIEoTERTLLOT
HO, TORMERL LTiE, MEEFVOLTIEIDIC L Y B @ 0RF & \vo R ED
IRFGRA=F BT HETNR—-ZADOEJH L, EFNVYETREDEITDOTICHRO 2 OIEHZ
EREMICHH T2 R ICESCRBUHE I NS, AFITIE, RERLEORNE X 14 2 B

(98)  “All speeches (Lines) for Ceres in "Tempest"” Open Source Shakespeare website <https://www.opensourceshakespeare.
org/views/plays/characters/charlines.php?CharI[D=Ceres&WorkID=tempest>

(99) L.T. Kozlowski and J.E. Cutting, “Recognizing the sex of a walker from a dynamic point-light display,” Perception &
Psychophysics, Vol.21 No.6, 1977.11, pp.575-580.

(100 N.F. Troje, “Decomposing biological motion: A framework for analysis and synthesis of human gait patterns,” Journal
of Vision, Vol.2 No.5, 2002.9, pp.371-387. <https://doi.org/10.1167/2.5.2>; S. Stevenage et al., “Visual Analysis of Gait as a
Cue to Identity,” Applied Cognitive Psychology, Vol.13 No.6, 1999.12, pp.513-526.

()  M.S. Nixon et al., Human Identification Based on Gait, New York: Springer, 2005; Y. Makihara et al., Gait Recognition:
Databases, Representations, and Applications, John Wiley & Sons, Inc., 2015, pp.1-15.

(100 [P 26 R 2] pl3 BEYT Y7 A b <https://www.npa.go.jp/hakusyo/h26/youyakuban/youyakuban.
pdf>

09 HiEIEG7) 22,

104 AiIETEGS) &S,

(105 ADBHi LT H 20D DT A, BlZIE, BMOMEHIAIL KbdbETRhOWTMERD,
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LoDk 3 %,

(@) ADEHGRORE ZLLOWHE. H—0h =" A F 12X ) ADEEEZIHT 5. Bt
F2) T4 LANVEETZHEIICBWTIE, AWO 3 RITH R MmAT “© 2 e L.
BHEOERN A X IRl Lo TANEGZIIGFTAZ L H 5,

(b) BTRLEE HRAYOMEREHZITH) o MA T, IS, BB R ZITHE LK Z W
BYiEE. BRAEMEFICL), SR AYoO#EER vy M) ZHiET %,

() 45EE SATREMERE LT, AMREF VY TIEHR, AWHEIRO T L “ . 55
WeBUENT 2 T, B E T 5,

(d) 3B HhB SN OMEREE T 5, 2—2 Y v FEEE™IC X B R
Do, FWOHREIB A & B KITTHIR, HHE— bRy y—< 2 WX B,
BRI S5 — VBN 2 TR Z @IS 50 BRIEHEIE, EEEE "2 X B LA
BEMICZDDOOH )., MBS &b TEETLIHML Ao s,

K14 HEBEOROh (RAKEDISFEDEHS)

() FERERG

(2) EFIVICEDCEKR

MEGBSERTH L2 Enb, B W - AL o thkoiffizy v 7 ™ THKHAL, &
NOZMAMTEMLIZETVEHWSZEDN N TH S, 720 AMRETIVOLTIIDOHM R
IZHDWT, V7 ORE S E VS CHIN I, BEiAORY & v o 22851 2 KR il
LTI 5o

ANMEEFVOFE LTI, - B ETOMSSZEE ™ L LARY) FEFL ™ 2, 7—
DR I X AMEAOBXETN Y HPRESNTVE, T2 AMEDY Y7 OKE

(6  Gregory Shakhnarovich et al., “Integrated Face and Gait Recognition from Multiple Views,” Proceedings of the
2001 IEEE Computer Society Conference on Computer Vision and Pattern Recognition (CVPR 2001), 2001, Vol.1, pp.439-
446; Hozuma Nakajima et al., “Depth-based Gait Feature Representation,” IPSJ Transactions on Computer Vision and
Applications, \Vol.5, 2013, pp.94-98.

107 AR ORSRYIE SIS LT Wi &R RT3 2 5 5 LB,

108 AWFEIRORSRYII G0 LT W5 S EDORRYIME &2 il LT 2 ORI & BB 32 M2 KD 2 LB,

09 ZXTEMICBILHEHMRED 1OTHY), EF¥TITAOER (ZFHOER) 13D WTEME S S, 3 KTz

BV, EBROBi#ELF—Th 2,

HiETE63) & 2,

HiTETE 66 &S,

HIETE32) 2 2R,

B0 G ) BRI R L2 Bt 35 b Do

ARRESEFFODDOE, RESOBEVTIIETOHEIEToTWLERLTHD,

ChewYean Yam et al., “Automated Person Recognition by Walking and Running via Model-based Approaches,” Pattern

Recognition, Vol.37 No.5, 2004.5, pp.1057-1072.

e JEWBESEN T TH L7 —) THREURR % B L7z S5 N0 2 BB $ 5 R 50 2 &

(1177 Imed Bouchrika and Mark S. Nixon, “Exploratory Factor Analysis of Gait Recognition,” 2008 8th IEEE International
Conference on Automatic Face & Gesture Recognition, 2008.
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SEREBLZFEL LT BHY Y210k 88 ™ 2, BBY 2710k 5HEBL™ (M15) 7
Hbo INHIFOTHE 2RTEFNOLTIEIDTHEOIH LT, MDY > 7 % 3RTED
EMRIZ L DR A2EFL D PRI TWE, X512, MDY ¥ 7 2ok @ ¢ L
TEBEITLZANMETFTL P HREINT VDL, TNLETFIAR— 2O MERIZ. \WEFTIL
MTIEDOICETLEHEIADN GIEICETIRERAE)) BRXWVWEOHERDH L LN D,
BBDORZNHED K FEPERE B> TV b,

K15 YTy hRINCHTEIEHETINETISDOH

(Hi#t) Copyright 2010 IEEE. Reprinted, with permission, from Akira Tsuji, Yasushi Makihara and Yasushi Yagi,
“Silhouette transformation based on walking speed for gait identification,” 2010 IEEE Computer Society Conference on
Computer Vision and Pattern Recognition, 2010, p.719. <https://doi.org/10.1109/CVPR.2010.5540144>

(3) RAICEDCER

MO TR, BTE L EROBEREORZHEMN D X 25M "™ 2, F 771 ANV
70— P QSN P X B T SRESNRT VA, 20%. BEET TREORR
FUAF XL BEBEZITRNE). AWOIYVZ o2 WM EBNERE 2o TWw
Bo BIZIZ, YV y NRAIZEMET B HE 2. BAZREM P IHEELLZY VY bR
Pl W) PRI T VD, 720 YVIy FOBRIBICHEH LT LT, 7—
DIEBFICEBEB ™ R, YTy MuLh S Zl R TOMEERYIC X B EKBL™ A
REINTWD,

(1§ L. Leeand W. E. L. Grimson, “Gait analysis for recognition and classification,” Proceedings of Fifth IEEE International
Conference on Automatic Face Gesture Recognition (FGR 2002), 2002.

(19  Akira Tsuji et al., “Silhouette Transformation based on Walking Speed for Gait Identification,” 2010 IEEE Computer
Society Conference on Computer Vision and Pattern Recognition, 2010, pp.717-722.

(20 Raquel Urtasun et al., “Priors for People Tracking from Small Training Sets,” Proceedings of the Tenth IEEE
International Conference on Computer Vision (ICCV'05), Vol.1, 2004.

20 OHEEAL RIS LT NADI)NHHEATEHODT L,

(12) Gunawan Ariyanto and Mark S. Nixon, “Marionette mass-spring model for 3D gait biometrics,” 2012 5th IAPR
International Conference on Biometrics (ICB), 2012, pp.354-359.

123 WA 1 RICE IR 22 2 RITDEFF 3 RITDZEMERFZEREFT V. TOZEMIZBWTT— Tz 52 L,

(124  Sourabh A. Niyogi and Edward H. Adelson, “Analyzing and recognizing walking figures in XYT,” 1994 Proceedings of
IEEE Conference on Computer Vision and Pattern Recognition, 1994, pp.469-474.

15 WHRPOZMDHEENRT VDT L,

0§ ERZERICBWT NRELLT—IREDIINIGHM LT LD L ETT5 L,

(127)  James J. Little and Jeffery E. Boyd, “Recognizing People by Their Gait: The Shape of Motion,” Videre: Journal of
Computer Vision Research, Vol.1 No.2, 1998, pp.1-32.

(28  Sudeep Sarkar et al.,“The HumanID Gait Challenge Problem: Data Sets, Performance, and Analysis,” IEEE Transactions
on Pattern Analysis and Machine Intelligence, Vol.27 No.2, 2005.2, pp.162-177.

(129 TFTOREEMISHLT T— 054 ZER L TAROIEREACTEALARK TR DI L,

(13  Hiroshi Murase and Rie Sakai, “Moving Object Recognition in Eigenspace Representation: Gait Analysis and Lip
Reading,” Pattern Recognition Letters, Vol.17 No.2, 1996.2, pp.155-162.

(13)  Stuart D. Mowbray and Mark S. Nixon, “Automatic Gait Recognition via Fourier Descriptors of Deformable Objects,”
Proceedings of the 1st IEEE International Conference on Advanced Video and Signal Based Surveillance, 2003, pp.566-573.

(132 Liang Wang et al., “Silhouette analysis-based gait recognition for human identification,” IEEE Transactions on Pattern
Analysis and Machine Intelligence, Vol.25 No.12, 2003.12, pp.1505-1518.
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A

I, BRVIESEZ BEEREGT A2 FETHA0I1T5 LT KRG Z M L7253k
BLMESINTV 5B, REM LMD, AL 25505 LATTRAM TV y b % F#H1L
L7-#25 T 2 V¥ —Mif% (Gait Energy Image: GEI UE TP I LTy b EFERS,) © ThHs (K
16 (a) o HRELANF—ERIZE T, —HATHH 28 L CARHIRA D TV B WA,
BREEFALED TVWLIHENRTRIIN, I L) BICERE S %2 RTIRS 2 L TE
bo —Hy —HATRBIRIC AW L T RFIROW AN L WHEITH A TH LK TE
BHah, 22008 02 RCTNAZENTE L, TNHIID CHAMRRIFETEIH S
bOD, ZOEKOES S, FIHEIZX POKS, FAREOR S 2 EO R T, REFIEONI%
KBV TRDIFBLS AVSN TV AEHMEIRLE o Tnb, T, ZORERELT, 7Y
TAEATIC 30 < JE P B EE#, (Frequency-Domain Feature: FDF) ™ (1 16(c)). ¥ VL v b ER
(AR R DTG A& AN L 72 #2811 (Chrono-Gait Image: CGI) ™ (1 16 (d)) ZAMRE S h
TWh, it‘Gabﬂ?%ﬁ@ﬂﬁ%ﬁ??&%%%éﬂfkb B X Ko & R A
72T b Y —if§ (Gait Entropy Image: GEnl) “® (1416 (b)), BIX DD HWErE2 <A s L7
GEI ™ S RE SN TV 5,

16 RAREIIHSERHHOBH

(Hi8) Reprinted with permission from Y. Makihara, D. S. Matovski, M. S. Nixon, J. N.

Carter and Y. Yagi, “Gait Recognition: Databases, Representations, and Applications,”
J. G. Webster ed., Wiley Encyclopedia of Electrical and Electronics Engineering, John
Wiley & Sons, Inc., 2015. <https://doi.org/10.1002/047134608X.W8261>

INHDRZIL ’%’J‘(%ﬁ’fl%}ﬁ VRS A PMEL L RIS WS R T WA =T, B
R ZACFDRM LN L 2B Z TR TV EV)IMELLH L. Lo T, FMHEEN
DR Z &0 B 7280, H%EUHT B EFREEGDbETHCONE Z AL,

3 T—AN—X, BEFE. aXF1 3>
BET— 7 N— 2%, FHRPWREFM O CHEELRKRE 2 R2T, FETF— ¥ N— 2 LE
BREFE LTI, BBREBOL SRHLE (MANLE) OKRKE ERLZOMEO LT

(133 S. Sarkar et.al., op.cit128; Ju Han and Bir Bhanu, “Individual Recognition Using Gait Energy Image,” IEEE
Transactions on Pattern Analysis and Machine Intelligence, \ol.28 No.2, 2006.2, pp.316-322.

(134 ‘Yasushi Makihara et al., “Gait Recognition Using a View Transformation Model in the Frequency Domain,” Computer
Vision - ECCV 2006: 9th European Conference on Computer Vision, Graz, Austria, May 7-13, 2006, Proceedings, Part IlI,
Berlin: Springer, 2006, pp.151-163.

(133 Chen Wang et al., “Human Identification Using Temporal Information Preserving Gait Template,” IEEE Transactions on
Pattern Analysis and Machine Intelligence, Vol.34 No.11, 2012.11, pp.2164-2176.

(13 Khalid Bashir et al., “Gait recognition using gait entropy image,” 3rd International Conference on Imaging for Crime
Detection and Prevention (ICDP 2009), 2009.

(137 Khalid Bashir et al., “Gait recognition without subject cooperation,” Pattern Recognition Letters, Vol.31 No.13, 2010.10,
pp.2052-2060.
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bbb, BEWCEELBFET—IR—AO—Ex2/RT, HrILETDH % ERLTEEOMO RS
WEET 2L, BMAETLEULEND LEET —FX— 1k, ZONEICFHI D25
ZENS, 100 NREDEK/INRB 2 7 — F R= 2D %\, LA LaAS, EIERER
360,000 NZ MR 5 KBBREF— I RXN—2LRHEINTEY., KEOFEHF— 7 B0 EL
ENDBEBFEOPHA DL 15 OﬁmTﬁkﬁﬁ&éofwéo%WL\uh%@ﬁﬁﬁ%@
F— I R— AR ERBFBOFE T — 7 ISR FEIC L, B mSE U
D BT R T B4 (0 EoB S InE) & T AN Jsh‘é?%aw%b\%h%n
1.1% & 4.6%. #9 5,000 \NDEGKHE| ’ﬂa‘ém}&aﬁkﬂurmm Rank-1 REREZR DS Z N Z N 89.5%
Y173% THH EWE SN TWE W, —F T, BRERIEII M B RFIEEICHN LT HERH L
WHEMITH B b, IRT 4 T a YREBEINTBNI L. LA L, EFE AET—F
NR—Z2DBAF L I, BEFIIELL 72T =22 ay 7P RF2— Y 70 Hpif &
NTWBEIERL, TURFA4 Y3 VIZOVTHHBOKEIETF > TV 5,

(13)  Noriko Takemura et al., “On Input/Output Architectures for Convolutional Neural Network-Based Cross-View Gait
Recognition,” IEEE Transactions on Circuits and Systems for Video Technology, 2017.

(139 “ACCV2014 Workshop, Human Gait and Action Analysis in the Wild: Challenges and Applications.” Associate Professor
Jian Zhang at University of Technology Sydney website <http://www.multimediauts.org/ACCV2014WSGaitAction/>

(40 “ECCV 2016 Tutorial, Human Identification at a Distance by Gait and Face Analysis.” Watrix website <http://www.
watrix.ai/2018/05/02/human-identification-at-a-distance-by-gait-and-face-analysis-a-tutorial-for-eccv2018/>
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infrared) Gait)

5 wweEs| v -y v 2| ash mam BN O
DA =

Universit, motion and Body dataset) 25 60 A 6 | 1 (Treadmil) *

. 15 268 H - 0]
Georgia Tech 18 20 1 : -
HID-UMD (Human Identification 25 100 I 1 0
Dataset, University of Maryland) 55 222 y<) 2 0
g%;cl)g a&t;g;;/grsny of Southampton) 12 ) # 3 I
SOTON Large Database 115 2,128 H 2 1/10
SOTON Multimodal >300 >5,000 il 12 I
SOTON Temporal 25 2,280 H 12 I
USF (University of South California
pSF (University ) 122 1,870 £ 2 0
CASIA (Chinese Academy of Science,
Institute(of Automation) AY 20 240 i 3 I
CASIAB 124 1,240 H 1 I
CASIAC 153 1,530 il 1 0
OU-ISIR (Osaka University, the Institute
of Scientific and Industrial Research), 34 612 H 1 I (Treadmill) *
Treadmill A
OU-ISIR, Treadmill B 68 2,764 H 1 I (Treadmill) *
OU-ISIR, Treadmill C 200 200 H 25 I (Treadmill) *
OU-ISIR, Treadmill D 185 370 FiLg 1 I (Treadmill) *
OU-ISIR, LP (Large Population) 4,007 7,842 I 2 |
OU-ISIR, LP-Age 63,846 63,846 H 1 |
OU-ISIR, LP-Bag 62,528 178,018 H 1 I
OU-ISIR, MV (Multi-View) LP 10,307 277,358 4 14 |
TUM (Technical University of Munich)
- ITKGP (Indian Institue of Technology 35 850 H 1 (0]
Kharagpur)
TUM - GAID (Gait from Audio, Image
i beoty ( 9 305 3,370 £ 1 0
WOSG (WVU (West Virginia
University) Outdoor SWIR (Short-wave 155 684 A 8 0

(1) * B8 L TOBRIT TS THEH I Lx KT,
(i) Y. Makihara et al., Gait Recognition: Databases, Representations, and Applications, John Wiley & Sons, Inc., 2015,

pp.1-15; MGG (A [ RBUBAATHUR 7 — & R — 2 DRESE L Z O BRATHARIENT ~ DI H |

3,2019.3, pp.11-17 % % R I HFEH TR,

4 HShFi-FFEEMR

% < K] Vol. 30 No.

AERREE. BiJlA A TWHRIC X LT EAL A FERISHEE LTEZ O TS 2
5. HH R S MERITRS A EZRNRET LI EPHEESINL, 20720, Bl A5 OHDY
T AR R AW OBATH AL X 2B TE b x2iro & LT, IREE L. oz,
m AL, BATHEZRAL, RREALR & RFRAEE WIS 2 ERPFAET 5. TNHOM
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