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Abstract

The number of images uploaded to the Internet every day is exploding as modern people increa-
singly document their lives in images. Public security department can take advantage of the huge
amounts of image data to realize the network after fierce, but in reality, the camera collected im-
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ages and images uploaded to the Internet, are not all images of the united state, but contain images
of the various states, such as different expressions and actions, different angles, different degree
of skew Angle, different age, as well as the background interference image. Some of the images are
uploaded to the network due to different devices, resulting in both gray and color images. These
multi-modal images increase the difficulty of accurate face recognition, and it is very difficult to
match and recognize the images collected in practice from such a complex and large data set. To
solve the above problems, this paper proposes to combine the improved open source face_recognition
library, namely face_recognition library, with MapReduce in Hadoop platform to improve face de-
tection speed and realize effective recognition of large-scale and multi-modal images on the pre-
mise of ensuring recognition accuracy. Experimental results show that the proposed method can
effectively solve the problem of large-scale multi-modal image recognition, with high real-time
performance and practicability.
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1. 518

Blan4> B 2 sh s 1 K 5 LRI R R, ORI 9 AT R BORIC S AET  A A A
XL PGB AT B T A @ A 1tk . BlAnMZEB X, A REREE AN T I BOEETHE, WIRE S
W, YRAZTENEZIEE, RIPBEAEE, WO 0 REFRRFPIR T F2 RS, WRET T iz
FIRE A NRRBIBAR A5G R0 55 20 1) BB 5 1 X e 128 AR B EAT UL IS, [ mT BRI B SRSE N, 4R
FNERCR, YR RIFIR %,

FESERR, AR R TR AR R, T HIFA A E S am AR AL, XEEB 2T
BAFREN . AFLE. AR LA ZRE RTINS ARN S SRR, I H AL Z M A
FEFIIEE, DA 2RSSR R, BECTURRIRNR E BABAAEZ R ARZE S,
AFRFREEEL, EEHTREAFRESWEGRATREKAEE, 2RO E. nfrkst
brdz s RS R BB 2 B ER R b DU . AERR U R, AR EE H .

PG B — iR 55 25 TTVAAR GF (A B MR MR, 10 Hadoop [111F 4 H Al # A AU KK A P 65
BT AR R B A TSRO U T LS, 9K IR AT AR BERE D ARG A T A B R . T
HY Tk, H5ae/sm. AEvkm, s ARR, AERIER)ZHE 2], ASCK Hadoop & 51£4EH
NEARBIBARME £, AT CALE A 201138 FTSERE (AT Bt A B RE 77, KR A5 REE B 1 2 13 N Mz ]
5548 BT (W AE e 2 S R AT X b, R ARG I IR), st mT PASE seiRr R0 B 1555 Kt e R 1 DL
o AR

2. EASMARIR

% Hadoop V& 5 AR AIHAMSE &, B NAMIE —Lei 55 N RS kit 47 T #F7L. Zhang B [3]%F L
TR AR T, 5 — R Hadoop A MapReduce HEZL 537 #F[AEHL SVM (Support Vector
Machine)fi4fi 5, %5 —Flekf£ 4t LBP (Local Binary Patterns) 5 AR & LBP Sy #tATRl &, fHHAENK

DOI: 10.12677/csa.2022.124085 836 H LR 15


https://doi.org/10.12677/csa.2022.124085
http://creativecommons.org/licenses/by/4.0/

WALE G & A KIS, 3 HAIH BP (Back Propagation) 1 RBF (Radial Basis Function) 4 ¥ 2% & 37 [
153 KRBT IRG, SLIGSE R R, Hadoop 5 SVM 40252845 & HA B 17 (19 A\ IR 32K : Bogdanchikov
ASENAIFFRT —A# 550, B Hadoop 5 HIPI a4 &, REAILIEE TN EIR, FHXEREREE
R A AN R, A LA R A s Villegas-Cortez J [5]58 N T —Fhigtf& 2ok
PAG TR IGER A, FRR AP SRR 5 BT WA B BRSOk 0 R iSO A BRI SE &, 1817 1E 54 A
%% 245 £ 1) Hadoop £EREHT, sSLail bl By AR s AEF S A [617EET K NIRRT, Ky
BRI STELR AR AR LS G o PRI G EUR TAL BN AT B 2R A0 3, P W AR il A5 i N i TR
W RGHAT IR, SRR, BRI EE2E N [TV Go NG AR 7 256 A B K RIUASE P45 R A 1)
B, $EHH PCA (Principal Component Analysis)5iiZ: 1 Hadoop “F- 4 H MapReduce HEZEAH S5 A 35 E %
T Jext NG UG AEF PCA BEHHTRHESR I, 2 J5 18 MapReduce THERRIEES[8], 5 Ja KRl Hi i)
W B EUGAE BT . DL BRI BRI 7 BN G R0, AR XA IRBON B A%, IR
IR, 1T AR R FH 0 800 4 UG K SEBr g s MR 2, IR BB IR B — I 258 A 1 B B
BRERETHIEIL.

ASCHE T — P I KR N0 732, 3 TFIE K 1503 € face_recognition [9] [10]% 5 Hadoop
&9 ) MapReduce HEZLAHLE A, face_recognition f& FH A % 52 B A IRNIRAE, I B B4R 5 i
NI UG A 26 A R R %, KRR 7 AR B RE, A Tk 2B 4 T AR I ReR, A0k
face_recognition /& 1 [t A6 I 532 HOG 325 [11] (Histograms of Oriented Gradients)# i AdaBoost 5%,
ZEAE R R R, R RIS i BRI R R, BRI R AR E . SEERIE
B, AT T RE 8 X KR 2 B UG EAT A R0R, JF ARSI 7 k32 T T BG BCR,, SEm
U SR

3. ARIRRISEI
3.1. g&i# face_recognition BE

face_recognition P& H i i ] B IR AR RN 22, oA 28 NKIR A Dhag, Blan ARl . xf
. RERTHAE . IF BAE TR SUESE LFW (Labeled Faces in the Wild) -4 =ik 99.38% (I #ERE, 1 LFW
HRET T2 E RGP EE, WA SRS ZEEEIE. JHH Python iEE RS, 5 TH
fift. 4EdAMEN. ¥ face_recognition i 5 MapReduce A4 4, 7E il A6 A IR 513 R 1) R IR SCARAIE 7 8
PR T HER 2

face_recognition [ H (9 N KGN B35 % FH /2 HOG 503k, %800k i T80 1 1 ME i 5 30 HOG Byt
B i BUR, HARETFARBGE RN, SEUSNEES . e iz, ESLhrRESsh, BTH
SR JCHEREEAE . IRMA AR s R A BN EER RN, SENREAEM . 57K
o NIGRFAE . NS HH S5 1) 8, 380 HOG SVETERT MG IR A E . 8 T Refig ik — B4t NIk
IR AHERR B, A0t face_recognition FEHEAT T ikitE, A SCHE HI¥ face_recognition i HOG A
FOAG WU 59545 1. AdaBoost Sy AT NRGAS I, Z 5 R R R s A R . R tEag, BV
bl At N\ ARSI 50925 B B PR AR I NI, S 7V B N IS I AR A K T B S AR 7

3.2. ETHELHI AdaBoost 4338

AdaBoost £l 72 E R Y & J5 (1) Haar-like FAE[12]7F 5 AR UK IV RFAEAE, = T ax SeREIE I 25
§9r Ry, AR T IR AR NGR I 70 R TV BRI IR AR, O Tl BRI ) AR S v
B, FERE 5 23 SRAR B L HR IR K 7 2R e 7 S Ik 73 S A% BE 8 B ME B I AS It B ) 110
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Haar-like RFAE{E A THET sUR A% HABRH, R oREZH AR B SRR AR, RO T 17 A AS
M. AR B 1 PR, AR E THRE LR
CARATI R 1, 72T x, y IR BB AE

li(xy)= 2, i(x.y) (1)

X'<X,y'<y

Forfr, ii(x,y) & x, y AR IEME, B(XY) 2 Xy AR EEAE

Figure 1. Integral figure
E1 BoE

IR B, R TS A(12,3,4) ARV BIRIA B, R DA AT AT AR T AR AE 1 K A0

THEHR, RO PR TS, 487 VAR R AR
Recsum(D) =ii(4)+ii(1)—ii(2)—ii(3) )
o, Recsum(D) FonFIX I8 D (K45 3 2K AR K 2 n{H .

HARQ@) WAL RAR LR, RFE R 4 R EBIOE, A% AR ETRREE, £
SRR, AT R S BT RFIE I B Tk BB, [ I kAT BE Al ) ek 550 BT 5 i ARpAE AR 10
TR IERA TR, A KKIRTE TR TS0 B2, sk | A AS Il i %503 . 2 J5 HI AdaBoost
ST NS, R R R TR

1) MRS X 3y m MREA, HEAH y b, HAAKy=1, #lly=0, &

(% Y1) (X Y ) % € X,y €Y ={0,1 ®)

2) WIBAC TR AR E :
Wo(i)=%(i:1,2,-~-,m) @

3) Bk T A ggrRasiiis T i, SRkKt=1-..T:
B CRAEIA, 5| A5 AR IR ZEA

e, = 2 w(i)|n, ()= (5)
AR o, NI/ 8 (X) 5
TR 55 0 A
1 &
a, =|Og(zj,ﬂt _ﬁ (6)
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0 Hfth
/\l:':l7
a, =Iogizlogl_—e‘:—loget 9
B, &

5 7y R0 G AT ISR B RGHE, O T Bt D3RI ARG R, R 22900 SRl — 2
BRIy, DRIRIT TP AT om0 SR A T AP HERR 22 BOIE ARG XI5, AR pRAS IS FE s i ) 548 73
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Figure 2. Face detection diagram of cascade classifier
2. RER A/ ARG E

3.3. ARER5F

For i 2N J5 75 ZE N AR EAT X5, ORI 2 2 S BUR S A E A R R e AR f . %
AL, BB RTINEEN, SEIRDUFEERN KIS 20, ERGR AR 8. A SCE N
WSS IG AT NXS 55, (8 TRAE SR H S B R T RE 2 RFAE ol Ay S 8 e A b A7 X055, (8T
FRAEAEIERE, 39 00RO R 2

59 o I B AP, gail, AL, e AETY)— RRAERSLIN . fEEC BT LA 3x3 )
HIME M SRR, HEUR—179(0,0,) . KRR £ (X, y) St Ui AR A A B R R 1 25 (X, Y) »
e Ra R
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My My My
0 0 1

X

y
1

(10)

X!
y'|=
1

NJREXT 55 il A i i o N G BEAT 07 56 AR H RS2 B, - N 285 A8 460 S AT R R ARFAE AORE R AN AR (1 5
W), otk SR AR A (X, y ) Sl Co S e e @ IS SR 56 e A8 e . HARHLAERE M Ay
cos@ -sin@ x-—x-cos@+Yy-sind
sind cos@ y-x-sind-y-cosd
0 0 1

M TR S — G s AR We EAr, B0 (x, y) B RIE 2, SRS MO s A8 4, B e
B2 LA E OB B, B
cosd -sing 0|1 O
sind cosd 0|0 1 (12)
[

1 0 -—x
M={0 -1 -y
0 0 1 0 0 1
3.4. IREUFEE

AT HFFEAE SR 1 Base64 4w fith S I, A4 NI 6) 55 (1) B g A7 G , K BB % RO AR HEA T A5 5
L4 UGB AR Yl RFC4648 11)7E X, Base64 #ifidfi ] “a~z” , “A~Z”, “0~9”7, “+”, “I”, 64
A ASCIH F 155 PRk w75 I 2% “=" Kk T4iY, Base64 LA 3 775 (24 Air) NN #E T 9niY, 6 fir—44E
J— N5 S, il Base64 FREREMIXRE LS, i th 4 N5 M7 AF, S0 A F Y K Base64
WA BRANF G h, X Lo At 2 N U 1 TR A

8 g A i) 77 SRR PT CAORY UGBS 0045 B e 4, XE VB AE AL 2 21 N 48 s m e/ b4,
Hadoop V- & Sbr b 33E G SOARE i, A SCK BUR I OUAR BT A6, 76— @ A BE B tml 1 254 i e e
W, 25, RAOTESEREEFREE, N Hadoop *F- & H ) HDFS Fit{T47%, H MapReduce HEZL5E
BRI R S A B AR R UTES . 0.

4. MapReduce &1T

£ Hadoop V&1, HDFS SLHIL | KRB EHE (¥ i 70, 170 MapReduce JUJ GBI 1 R RS ES 448 1) /5
RO . MapReduce HEALTE @ k45 2% Lt ol DL, BEMESR. SRS ¥ R, UREA SR
#2[13]. MapReduce [¥]CEBEFET Bl /& Map 1 Reduce P2y, H P R B XHH A #TmE ], 2T H
P2y, WHER R, FRACEE, FEIIATSER 5y, #H MapReduce HEZE [ i3t 47 402 . MapReduce
AT REE A 3 iR, HRRGFEZ S HDFS 3RS AN EE, i Map 1545 % SR 2dm 247 D)
FroyE], 5o i1 Reduce Y& Map 155 #9145 5 3F4% 3] HDFS.

£ MapReduce HEZEH, &5 HDFS s i) MR RHIE B EAT 25 V) v 4 1), IX B0 AN 7 S B
BX YR, e b R R AR 1D 5 DA UG R B g T e, 1% B S A 2 1
BIRHEE . Map BB GEARIATY YR R > #78 Key/Value TE B RIE, g
18 Key ZnBUSEHEEY) Ao AL B, B4 value NG A ISIEREFEE .. 485 map ()&% H
X2 Key/Value fi, FIr EURRHIE 2 75395 2 ULEC 2644, FREULEC B A 1a) 25 B BA Key/Value ST 2R
FAEAM ARG, Hrp Key ERRHLE, Value [HRREURFFEFE X RN EEIE . #:4, X Map
55t PR P ) 25 SR AT R B, N PR AT ) v B 25 SR AR 45 Reduce {155 . 55, Reduce 1F554%U5F] Map
S 4 P v ) 5 SR A% REREABLRE K /x5 AT HE T, R HET I 45 A7 T HDFS .

(11)

P < X
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Figure 3. MapReduce operating principle diagram
3. MapReduce E1TRIE[E]

5. LIRSS

RS —6 24 G WAE. GTX 1080Ti AbHE 2% | 223 — 64 v 1Y ML VMware Workstation,
AL —ANF/N IS Hadoop £E8E R 48, L Z S AL R TAER TR, e —ailes LT 21 &
4, MTEREXMER, TEEEEENERIAE, FILASCER B = A0 ek, Bi—/> Master
EA SRR Slave AT SR
5.1. SCIRIREE

ARSI AW R 1w, B S SRR E 5l a2 2 f13E 3 fiw.

Table 1. Hardware environment
=1 WHRE

I AL E
GPU GeForce GTX 1080Ti
CPU Intel XeonE5-2690
AR/ 24 GB
T 2 1TSSD

Table 2. Environment configuration for a single machine

2. BHAMEECE

T I B
BIERS Windows10
I Opencv
SERG TR CelebA ¥i¥i4E
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Table 3. Environment configuration for the cluster

*® 3 EHMRERE

T WELE
BAERS CentOS7
FER IR Hadoop “F&
SRR R CelebA ¥#E4E
MFEE S Python3.6

5.2. EWERS S

A TR 5 K ot R B face_recognition 5 Hadoop “F & K A% 073 H MapReduce #H 4%
Ay R RIS T KB 2 B USRI 1 H) . RGURFEEWE 4 Fron, FE K RER G
DG KRS HE S 4R BT A MR, AT IR . ASZE6 B R 400 e R 2 225K ) CelebA
e, HEg b RRETK EUGARE X R EAR A B. SEBEHLIHER 600 BIRAL A S8 B 4 F A $ida 4
BAT—AN/NESEES, BIREAS AR, ARRE. AREHAE. 2T 0EE. KABZL,
MEERE TN ZHEEE . BT IS RERI AN BUEA — 2 402 RIFHE R ek EE, W
ARER S AARFEDER ., AEMAE. ARRE. FRLZEENZHEEEE, FUAEN 0BG R H 215
BEE. N TET R, AR E D= EIGH T R

HRNER ANEEIEE
e i i ;
| AW ABAST '

¥ s :
ABEX$FF ABEXSFF ‘4— face_recognitionE

1 7 ’

REUSEE REUSEE

(4#1B) (1)

""""""""""""""" HDFS ™

MapReduce

LENDY:ol A

[ w |

Figure 4. System flow chart

4. BRGRIEE

HIF 5 W, ASCRAMEGEIRE T O E 8T R TRNEE, A AFRICIER . KEK.
AFRERE . ARZEULAFREBAEOEEG . BEIHBARMAE, ARREURAERE RTINS
BESRBAE A EG, T & Sebriz RS OL. BLAh, tils] 6 AA] 7 SeiRdi Rk, AL
PR fyr s, AMEWLASEEL “—X 27 BURERA], e Dseal “2xi2” BEGRERR, BARCRM
SKATE,  ESERRH AT DUORKIRTHE 55 N ST R BE IR
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Figure 5. Part of the built-in image data set
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Figure 6. “One-to-many” multi-modal image recognition result graph

6. “—x1%” WBESEBIRAIERE
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Figure 7. “Many-to-many” multimodal image recognition result graph

E7. ‘3% HNERSEGIRMNERE

DOI: 10.12677/csa.2022.124085 843 THENUR 5 N H


https://doi.org/10.12677/csa.2022.124085

FRER &

N TREASCR 7 RSEI L, 72 AR SR R AT N, RA SR SRR Bl B b T — Ik
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TR B 1)
=800
=
=
=
e
600
400 = Hi]]
e T
200
0

1005k 2005k 4005k 8005k 16005K 28005K 32005k

Figure 8. Comparison of single machine identification time and cluster identification time

8. B 5 EEHYIR AT BRI L

I 8 rTLLEH, 48 B R4 K A 2dE 2% T 800 7k, FHLEAT I MR (8] /b T4 R
SRR T, AFL B P B O AR 0 MR B IR i 2 i), SRRFRIAE S IR TR B D o G R R BT AL 3
B, BOREAEEA S RS, HEVEBAEARMEIT, Kk S RS A B s e, 12
Bl I 20, SRERERF ML E, A ATBATRE S K . R, SRR 20T s IR AT A FE
A LR B 5 2 I B AR 9 R UG A T 28 2 A0 SOFAT AR, B A% B PR 1 S RS LR 01

N T ARSI AR SC TR H ) 7 v 5 A T A R A G AR A i, AR SRR I T RS H AT i
W RO G A B 53, A& Hadoop 15 PCA S5 & 7 AT AT B, %05 SR AE KA &1 45 Ak 2 e B
3 RAFHIR IR . EIRiGSE N [14]6 3R SE ORL &5 FERET, # B1G 74k T HDFS 1, $& Hifk ]
MapReduce 5 PCA AH&5 & 1713 TR A BkE S5 N8 H ORL %id 5% G Bk /7% T HBase H,
$E 8 H MapReduce 5 PCA AH 45 & 175 34710 « A SC M CelebA 3 5, # BG £ 4k 476k £ HDFS
W, B HVE o1 face_recognition 25 MapReduce AHEE A 10777%:. ORL 5 FERET HR4E#8& & H £
PP B, T A SC A ] CelebA $idim 55 i BE A £ i L I MG L U Rt UG R FE 1
EAR =7 iR R I SR AN 1R, (BT & OSSR A i F i i 4, ELERE 2 RSB S

HE 9 mr A, B EUSEHEAE ik 4E HDFS B 532, RSB )/ F 2% 7E HBase 7. X2
MG HAEEAT IAE HBase ', Nk T MG ARSI AR [R50 , 1T 45040 A7 7 HDFS 1, T /G,
Wb T ESREE. R, I 9 WL, PR BURAEAEAE HDFS bt %, (8 AL F B RO AR N I (Rl B RE
MEAZ, HEEERGRENY L, RO TEERGAE PR RT R, X2 R NSEE R
face_recognition [, $&iE 1 NG EUR AT IR, REAESEHU G AL SCA, 3EiE A 78 Hadoop P&
BT . e, AR INE R BRI ST M, A SCSEI0 SR S S A g, W R 1
WY REL, AEAFRE. ARZRE. AR AEULSEERE S TIRNEL, tEFEal
BAEAEE. BRI I, A SCHRE RS TR o KOS B A B R T
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Figure 9. Face recognition time comparison graph based on Hadoop
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