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Abstract: Local binary descriptor is an important research object in local invariant features, which is
widely used in computer vision and pattern recognition. Recently, the local binary descriptors
represented by BRIEF have been proposed one by one. In this paper, the research results and
development of local binary descriptors in the past decade are reviewed and discussed in order to
provide implications for related preliminary researchers and application engineers. Firstly, the typical
modern local binary descriptors were summarized. Secondly, the methods of improving these
descriptors were analyzed. Finaly, the relevant experimental evaluation criteria were discussed, and
the future research prospects were expounded in view of the existing problems at the present stage. As
a whole, local binary descriptors have experienced remarkable development and progress in recent
years, and many studies on local binary descriptors have achieved success in increasing descriptors’
universality, robustness and efficiency. Aiming at different application scenarios, some improved
descriptors also have ability to deal with practical problems. Such advancement has laid a solid
foundation and provided more implications for the further development of local binary descriptors
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characteristic of higher-level and multi-field expansion. Although the advancement of local binary
descriptors marks the progress of computer vision technology, there are still some common problems
and contradictions, which needs to be further studied d and solved by related researchers.

Keywords: local binary descriptors; local invariant features; optimization of local binary descriptors;
evaluation of local binary descriptors; features matching; target recognition

FHEEHLRLAE A — I B (1 55 2 7 AN [
100 5247 5 R AN AR Hh S e RS A R, TR IR
et EGgE S B BRI, sLAME
SR AR TR IR, NT LIS, I
DA B IR o T P45 00 1t 00 2 DL A 2 15 A AF
=R — B, RREVCREC RN T WP

PR R IE 4 S 4 JR R AE AL R B4R 4E, 3 T4
o L AR S A R R A5 B AN A (2 ) A MR
RAE TG FERS BT, AR R, R ABHE
FE R UT AR h B A 7 4 b A8 e 58 4 ) A8
a5 3R AT H R T — R4 R 8 1 R IR T R
TERR T RE R T A A S kR A
WU 2= RE R, ERLR AT S5 T S G . T B
FHIRANRKA . BB NEEIINGE, K7
il ERCRMHER TR RN LS &, R
(B 6R T LR T %A SR, AR S 1)
WA T T LIRS R, R, i —
(0 B 1)RM IR 775 s FRAR T RRAE4E S, w6
T B (SR e T R R, KT T
BB % B SEIN R UL BE XK

AR, EERIE RS W SRR E, X
TR AR T ST A R 2 R
(R AR TIOM, BT N T HR RE 2 R P B
SR N S o 191 (=0 N 0 B =1 7% e e
AT HoAt A B0 R & A ik e . %A
JE 8 —AE AR TR T EAE . SRR
I, D05 B — R0 3 1 1 B8 O AR th 6 AN T
RIE, BARZEBIR AW EIE SR, EIH
BB AE B IR Z BT G SR, A SOutin 42 K &
M AEHE R T B AR AL Ty SR AT gk, R
M, ST SRE, UMM Rg
B TRNRS%,

1 fiES_EmREFaAN

11 REEENME
DA R 8 —AE IR T, £E25 RE SR N
FEMFIONEE . N, IRZ O X242k

JR iR AE AR T EIE R E S R R TR
RAE BRI RAT, SCHER[26] 8 SURF
(speeded up robust features) + 5| N4 15 5%k
[OEER AR £ LRt R =1 R C oY i S | 1P
T, [RRE I 5 B g S A ) ALOHA
(aggregated local haar)#fiid ¥+, (EF—EME,
fE ALOHA il ffi T @i B 1 = Wik
a4k 7 PR s B, I BOBA i RAR KR
Lk. BEEEZX THENASTHENIES BE
(RRIE T, e 20 Bt AE T A S i — (A iR
MRS R R EEEEM, MR EERE
JE T b4 o R AE R T SRR D R R 2R
=S QLTI
12 HRIFEER

Al R AR R, LR R 1
WAKERE, BOAHEEN T N2 AR TR T L
MRFIEAE B, BR T ISR EEE B BEEEAS B
KIGHEEERE, saAsNES _EfR TN
Fitafs B. i ZHU 227 RGB (red green blue)
(ZEEEE2). NRGB (xfk R, G iliE
Normalized). X 37 €47 7% i) 45 & K A% 2 [Al45 B
Iy B 4547 OC-LBP (opposite color local binary
patterns) J& i — fE A A AR AE R IR T, R T
IR R AR . FFER BB JAMSHID
26187 I 7E FREAK (fast retina keypoint)fifiik T
e, ERE S4 BIAE RGB = IEIE N B 2=
A, B T UCECHS BE B3R, JEHA/N T H
BT IAE TR K, AR RGO 1
S BARNFRFIER IR 3G IR (E BT DU S i iR 1
(o RE B Tl o 2k A R B A B AR A R R
&, BIE(EBS)LE oG, HE 2 fE
BT A 1R 3 1 R AR B Z P, Aoy ot SR
DX 35 P19 P A5 5 R 25 T JE R AT o A R o 5
BEATHF AT
13 BURRFFIEIR

N T B R IR R R R S M, BhER
R SR AR AR AT S IR SR A AR AR A — AL R



256 PG AL 3 S LA

2020 4F

AR IR T, XU %P H T OSRI (ordinal
and spatial information of regional invariants)f#it
T, SEGHMMERAR, HRFERET —Mid
Ao DX 358 7 ) ) A R D A AR 5 DA L i BN [ X3
B RE 2 1) 3 A A LART B0 55 R . X200
U T PR FREAK SRPERE AL b (KSR BE 5% B
FURFE X E S, B FREAK RAEH T 4 2
ORI BAEREAS RO L S 4 A e
BB A AR R SR R AT [ TR AR 8 4
ANFRIR, IO RLFR ISR IR AR B A 3R A B AL .
FIRTHEPR I T RBS AT, W T EAFA
oA 5 240 . AR v - IR PR 85 52 20 A R RAE AR . 2R
R G T W AR TR B A — L IR
575k, ARCAEHFER B0 R T ROy A
B0 Jm3 ¥ AR AR TR, AR 1o JTAE R
SRR BE i [ T 2525 N AW 5 1 25 4 i A=
Y LB, T BTt i RCH. 38 SRR AR AR SR 0
WEFLE AL R R AR TR FE ) 1 AR s B 2K
14 ENNRHR

B 1A Jm ¥ AR IR U T A,
B 23 I 9T 3 R T 52 B N2 FH 37 557 B 488 38 1) ) e A
B 0S H AT Bt Bl it

— AN B AT R ) A A 95 S0 H B )
i, TOMBARI 2% i ) BOLD (bunch of lines
descriptor)f#id /& — ML M EH], BOLD 14
KA 2R, 1 FHRAL SIFT 1977 200 73 #1423
T Hi3& . T CHAN 25138 1 /) BORDER (bounding
oriented-rectangle descriptors for enclosed regions)
iR 7 FIFEE L 2k S G R Ak, R —
Ji@ e 1) 7 T AR R A X A AT 63 o H L3 4
AR AT, BRI AR B
&M, [, 7 BORDER #fiid ¥ 1Al I,
CHAN 2578t 7 41363 55 8028 H AR ) = 35— e 46
1RF BIND (binary integrated net descriptor), 4G
{1 FH BORDER KA 77 ikl &, FF LAt
FE SONRFAIE R, K AR X 30 E0) P9 8 1) o 45 S A
AGAE BAE AN R, R 32 NxN ¥ %4
B, BEARETE BRI B R, @t
HH R Z 1 Bk B il 2 [ PR R B 58 BOBOR
ANEE R o A6 00 B A DL T

75— A SR RL B T i) e B HR AR AL BT 4
T ERAR R AR AE R IR S UL C o B0 Bk EHE
B3R RO AR -1 i BB 2 5 70 A i B AR 3R 4R
FISE R IR AN, BrEL, B B R AE AR Y

* 1 ABPEHMW AR TR REER

ii;f FREE B
PUESTE s,
L
wmE
e _—
BRIEF™ Ji IR *@%?ﬁ? ;
Y
oRE SRR BRIEF, Pk Mg e,
(BRER MBI RORN SR
W R A
BARIEN X4ER, A
BRISK!™ JRIRRE A RIE S ek
V3 A
EHTER XA, B
FREAK JERIRRE A RS e
V3 At
BHER  BHE TR
SCHR[31] FRORRE  RETLARE
FRE e ig
WRBEX A,
LiHik[32] R Ho
48 P
EMTE MR
RETOP4 JEIIREE TR
V3 S b
g
RBS™ SR 7T
FAR I IR -
JiE Y =
e
%%ﬁ@? Vi A
o B, 2
AN
BT R TR

R B H T I A 2 PR R T AN 2 BRIREE &, JFH

W R AR B 0 E s nT DA 3R 51 1 o AR = I
NG Gy o BT IXEEE S, TH AP T AR R
EH#A TERAE G RR AL, BRETR
R BIOIR Q1 RENG SRAE i 5 B (| 2 ()~ 1h |,
(ERAEAE FHIR AR . ik, QIANG %08 %
TN R 2 X A 1 7 BT TR S A BRI B AR
Bk K ORB it F——SPHORB(a fast and robust
binary feature on the sphere)ftii® 7. M /N fAERIE
PSR 1A A0 R P T s B A ) 1Y 23 1 5 A



552 W

WIEEE, % R TAEIE T RO kR LA 257

FE, LUK, AHAR IR B O B AR ABL G L AR BE
DR, AT DK B A ST AR A 38 2 18] 5 T T 40 48R
AT A SRR S —E M d . B4R SPHORB fE
BRAR R R AE 32 LS fi R B AR T S HE gk
J&, {H/ URBAN %51%45 i SPHORB [fI45 A $2 HX
TR TE TS A, R4 ) MDBRIEF
(mBRIEF (BOLD) and rBRIEF (ORB (oriented
FAST and rotated BRIEF))) ik T4 48 K FH 7 %%
[ FAST SR SRICHUMA SAFAE, TERIRM B, M
TPRERGER FRE Y, X BRIEF (binary robust
independent elementary features)HX | 2 £k 4% & 7E 45
Wk 7730, & MR AE AL 4 i BR R B R 4T
WG 2] PR ISR IX 43 vy 2R IR AH LS 5 11
SKHE ST 5 S SR R AR AR FE P R T, X
1.3 B X 1 ML 28 2% S0 Y1 2 — A e S B
N2 FH A BT a8 e A 87 5, {2 GUAN F
SMITH! 5 tt SPHORB ¥ Bk T W J& JF 1 T T I 7
kT B TE AR 3 BT B0 iy g A3, Frde
i ) BRISKS (binary robust invariant scalable
keypoints on the sphere)iffiid 45 g % 7 iX—
W, R A% 7 i 3 T BR A A 1 b 2 B s
B TUART AR 2 o 2 SRR AE £ 1 A0S AR « B T 7
B LA I 5 B AL B 34T MG AE BRISKS %%
SPHORB H A RHIE IR EALYE, R HEE NI
FREFSIR Y BL, BRISKS 7£ IE V)45 [H] ] BRISK #x
i T N I U 1 A 17 N e
SPHORB B #27EF-1f W 347 KA, Ktk BRISKS
A DABE 47 b T X 25 AR 3R 45 1 R0 A 2 A I AR AE
.
1.5 HTIIZES]

Bt 2 BIL 28 27 > 76 U SHLAL B 14 S FH R R T
2, BRI ) 17 R R AR A T
YERE R R T — SR i 22l ), SR
52 ORB (rBRIEF)f#iA i 5| N T R Rik
WEAR —AEAL B 6 2577 20, FREAK [A)Ff RE4E
# ORB M8 8%, {EG ik s 0t (1 7 vt T a4
MW, EX¥ENE LBERIMAG A, Nk
TRZCINSKI 2432 4 T BinBoost #iik -, 7£ [ &
Rk 1 (145 — 4535 1] AdaBoost i 73 2 g8 2 5] — A
W A5 bR E DA T — P R TR P I I R 2
Bk A T AE AL, EAR BinBoost 7E AL 5L R
A F A RENEEE S SENE, BB
XA TR X B E R REE, HFEKR
BRI ESE, RS B4 I ik

THIEL, B, KUK T7%IEH BAROFFIO
21920455 1 1) BAMBOO (binary descriptor based on
AsymMetric pairwise BOOsting)##iik 1. N 7 faitk
BinBoost Il %5, FAN 25T RFD
(receptive fields selection) A 1, HAHIET HFH
B | boosting VIl 2k 532 1 BT F B4 42 14 1%5t mT
PAF2 AR AR SRS B2, 5 ol TR X 43 FE s i 4 4K
BN, B AR TR X o B R, K
IR BT — P R BN R, R T
TWICAE X 5l £ X M 2 Mk 1 RFD fiiid
7, B IR X o FEAR o B AR I —AB AL 51 B
PUIA B R PR T

IR T REEAAESE 1 E RIS H €5,
EORNEAG I REEE, A, BALNTAS %14
R IFTEEH T BOLD #iid+, HE—FdkT1EZ
FOAWRIA T, 5 UAEROB BRI gk 21 07
XA, BOLD M RT7 MR T A A S, B 2%
W RE &N G E R &R 256 7
BRIEF #ifiik 1, R J5 K A1 X die e 20°75 2155
R T, 5T 456 R S R S AR AE A
f@FEFE MASK #E19. {EFAEVCECEAST, BOLD
BAHXHERNHESEE, Ma2RHT &6
JR PR AR AR R RO (MASK HETD) Y E 55 i
75 2 AT 4 1 ORAE SR SRR AR I A A M . FEZR I 5
N T7 KO 7 5 gt 7 — R
()RS, RIS BOIE 1 N SRR i e R 38 48 ) W ¢
i Ko

B IR FE S IR ER IR B, i A
W08 - B R I B A ) TR R A S I A,
LIN 2506470 i 3 T T8 Wa B B2 2 ST 1 DeepBit
R T, ZINERMEZ MK 16 2 VGGNet M 245}
BB AR T B R I S 5 i AR R
SIS RS 4 A0 A B H bR (B 1), I N TR
JR) TR AR AE SR R A, R B R T R RRE RIS, I & 3RTE
MBS G AR IE . R T 4L DeepBit
FE ALK T TSR AE IO BRI, DUAN %1484
P2 T DBD-MQ 8 ¥, %7 VELE IR 2 ST HESE
NN K-AutoEncoders (KAES) W 48 SR BE & 2 2]
O AE R, TEIRE S I M4 280 b, %5
%5 DeepBit AN [A], HE ek H — ATl se i i ) &
53R 7N 2547 ) CNN (convolution neural network)
W 28 3R 58 B E IR AT 55, BB Ak E £ =
b e A5 T B X o 1 0 AR R T, e 2
FI7s o



258 PG AL 3 S LA

2020 4F

Objectives

Quantization loss
minimization

Moy

' m
L
Input x|

Evenly distribution
Deep convolutional neural network
(16 Layers VGGNet)

Parameter transfering

| v

\
0>

Tnputs x, ,

Deep convolutional neural network
(16 Layers VGGNet)

Objectives
[ . .
Rotation invariant
Quantization loss
minimization

Evenly distribution

1 DeepBit Z2#y

Energy saving
Evenly distributive

Tnput image

r—— — —

Multi-quantization

E 2 DBD-MQ 44

2 BE—{EfmdFRIXTEE

B X AN TR B B S 0 —AE 38 7 I A G AT 5T
A TN O B S R AR AT T
g A VE Al 5 M BE X Lk . MIKOLAJCZYK FiI
SCHM I DU} J 5 17 B 43R 7 B T 7 1k B AT Ak OF:
Pe T BN A AR R A B ZR (recall) 5 R &
(precision) P PEAk HE N, @it 221 Recall/1-Precision”
i 25 m] LAAE [RI4R A5 N 0 A 8] 3 3R 71 B T
B AR AT X . R A, &S K 2]l ROC
(receiver operating characteristic curve) i £kt & —
Fhex G X LA R R 1 e 1 7 3%, X RFIEDL T
ME, FZRYELgn 45 Rt 5 TP (true positive).
FN (false negative). FP (flase positive)5 TN (true
negative)fi ki, #1432 TPR (ture positive rate) 5
FPR (flase positive rate) ] 45 S -2 TPR/IFPR i
2L (B ROC Hi£k), % VAl 77 iR A7 B0 r 8 24 4
AEHEA G, Hxf ok s =z — e AR R .
HEINLY 203 5 38 — i 13K 7 BRIEF, ORB
BRISK S T7E B UL H e HF T 25 & 1P Ah, H

FESCHR[50] ) =it b4 17T 1 AR FE AR e DTG %
(putative match ratio) FITF Al #E I, 7E 45 & R AEAS ]
REAE R R HEAT AL A DRI, 3B RS R O BEL Sk
THERHIE AR 2 A 0 AT BE NI, SRI0UF B T 4
EAS M 2 % #3A 72 2E — @ B s, bhin, $REBUK
RS ARRE 2 S B R FIIX 0 R
B, HARBREL . PONBLA I S50 B G 4R A PRAG
#E W) AN Be A T R SR T 4R A R
BALNTAS %5248 7 5 o s 1) fi B8 =) S 4t ik 7
M5 B VA 1 U ———F- 2985 2 (mAP-mean  average
precision), [EIIN 478 7 B ORI SLi B 5E, AR
IR 7 B PEAS R AL T T 2 Bk A T A

X R IR T s T e F R 2, H2
A AR B B VAN A S B T S e HLECH
W, BA @B ERGATT R, FR, R AE
IR F I MR A B PR AR T iz ik 7 A2
PEL RZENE S S0 M, AH DG 70 35t 7 EEAR 4E 5
B A7 100 % AH 5% S 30 B F IR - AT A 0 1 R
WFo A SO E R AE A T T T e 2k
X (ER 2), XA ST 7 TRE N FH 255



52 W

WIEEE, % R TAEIE T RO kR LA 259

®k2 EREH_EHER TR

R AERA T BOTEE AEVOLR MR REMWERE OB REMRM ATy st
BRIEF™® FTEI B B# Bz —f& B 128, 256, 512 [
ORB!™ FTEI —fK —f& —fK —f& B 256 [
BRISK™ FTEI —fK —f& Bl Bt — % 512 [
FREAK! FTEI — % — Bl Bt — K 512 [
LATCH! F Lt By —f& By B Bl 256 1%
BinBoost™” W] By B By By By 64 1%
BOLDM+# B Bl B By B Bl 512, 1024 t

DeepBit!***7 RS By B By B By 17 t

DBD-MQ®®  RpE2D] By B By B By 17 t

3 BEgERE

AR S5 8 AR A 1 ) ST RIS AN T
SCHYR, R RAUAL S5 88 —Af A 1 PR RE 17
[ BEAT VA9, RIS 4 7 ILIK) JR i B iR T
FR S 06 PPl AE I SR PEXT EE . BN TR
i3 5 (¥ WF FAE UL 4 SRR R I 7 RN, [
I N 3 S BB BT FOR AR IZ W T8, (HA2,
E PR R J A3 RE R AR AR A AE 1 — S 3L ) 1)
H R AR ITF G, A SORAE LLUR 25 5 38 AT
TR R ITT I

(1) #B 73 R —AE R IR T BB AL T ST R
WA, T BOHESREE I AT ZEE . H
b, Bl 2 DR B ORG FE AD [R) B R 45 S I 33 P2 AR R
Wt 5 BN JR) 8 A A 1 1O JE AR ke BT
XL, AH B T W] LU B BT P R
Z AR, R I N SR I s RS R
FERRR . ST NIX o3 B o R AR 1) 2 IO AR AE A5
KBS AAB AN 25 SRS BE ) B 05 155 2 N i S il
Ji 1A

(2) EBIKEA . B BIERAEAE R —E IR
TR R TRAL FEARAE I, AR B R E T A
IR E K, 2™ E MR 7R B 1 — K1
Ao ML, WEIUE R R AL PEAR R R K
J&, SR B D ol 8 ) PRl A A B ARORE A SRR R 78
AR T R R R R A

(3) £ )@ & —a IR TR B i AR, A4
AR BB R AR T A B R, B T
SV SEAT 55 BB AR, Blan,  dnfefi )R #8 — M8
8038 5 54 M 4 5 AR O R A A ) BURS AE DT S 7
2, Q0RO R I A8 3 A S Bk 8 R AS 32 HL At A
RANGEBOAR BOE FREERIER FIME . BT R il L
IOy B S B N Y AR SR O E TR S B AR, TS

% J8 SR B IR S 5 FAR SRR B AR R B

(4) EARAL R 8 A AR T i R, B
GO 2R, AR RS AL T
FEHARE T ISR, ARAEENE, W
S B LAY A W I 2R e S BB B R A
VERI I GRITVE IR R BT 9T AEZRIIZRT7 1k AR
NI FTEZ . (HA] R RAE LT S A I
KEETTo AR AER L S R KR T 1 4
BT HEREVE S AR, (B O e P e A A Y
FORFEG T H bR H T . Ak, BTN
[y Q1L D 2 % /R A e i s
o BEXSHSRRE, A ORHT TUE T LS H LA
2y EIRFE S WA R BRI 3R 45 & BB 7L
HEENAEAT SR G H R RG22 Bk
JilAl

(5) A1XoF Jrd #4838 1 ) ST 36 DA o4 U % A
FATR], ey 58 D 2 WLt PP Ay Je 38 — B A T i 1k
AE HL 5O £5 B i S i ) F8 AR A 3 1 R R AR
ARFHRE . X% R, ] LLE W 7O R A &
TEPR TS e 00 Do B A o AN 3] P1A v DU R 58
AR T AT REH KR, AR
R T AE RS A ) SE PR AR BEAT RE R R LG, R
T AT 3t 3 A8 S PP Al T T ) R o - 22 il 51 N A
T E AR br DR = AL B WA S 2R G 1k

(6) fn a4y Je Joy AR —ARL 3 1 ¥ I FH 40t A
RV, BEEME RS KIE, R
AR SR BN A S AR H AT B X 55
B, BRUK EIRAE N 3 5 BT 7E C IS — g it
J&, AEAE SEBR ST R v 28 ) e 1] R %2
PRI A . K44 5 H A bR 78 3 46 TR X 37 S5
HRE D JRy 8 B 1 R R JE A R LS 5 B Al
BEXT IR IR, AT DA BR R F Y e, A7 X
WIS AR, FHERIBIE.



260

FEAL B 5 HEHLALIE

2020 4F

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

(14]

[15]

(16]

& E x|

KR, IR, EEAK. R AR TR E R UL
R[], 4T AR R, 2014, 3(2): 38-46.
ZMS K. F T ORB HHAE AL I B 2 BB FE[D].
JRHR: BT RHORAE, 2016.

rifR. R kR 1 S H AR IR B ST T [D].
O R RHORE, 2016.

MUR-ARTAL R, MONTIEL J M M, TARDOS J D.
ORB-SLAM: aversatile and accurate monocular SLAM
system[J]. |[EEE Transactions on Robotics, 2015, 31(5):
1147-1163.

LOWE D G. Digtinctive image features from
scale-invariant keypoints[J]. International Journal of
Computer Vision, 2004, 60(2): 91-110.

BAY H, ESS A, TUYTELAARST, et a. Speeded-Up
robust features (SURF)[J]. Computer Vision and Image
Understanding, 2008, 110(3): 346-359.

YAN K, SUKTHANKAR R. PCA-SIFT: a more
distinctive  representation  for local image
descriptors[C]//Proceedings of the 2004 |EEE Computer
Society Conference on Computer Vision and Pattern
Recognition. New Y ork: |EEE Press, 2004: 506-513.
JALILVAND A, BOROUJENI H S, CHARKARI N M.
CH-SIFT: a loca kernel color histogram SIFT based
descriptor[C]//2011  International  Conference on
Multimedia Technology. New York: IEEE Press, 2011:
6269-6272.

SUN Y, ZHAO L, HUANG S, et a. L2-SIFT: SIFT
feature extraction and matching for large images in
large-scale aerial photogrammetry[J]. ISPRS Journal of
Photogrammetry and Remote Sensing, 2014, 91: 1-16.
CALONDER, M, LEPETIT V, STRECHA C, et 4.
BRIEF: binary robust independent elementary
features[C]//European Conference on Computer Vision
(ECCV). Heidelberg: Springer. 2010: 778-792.
RUBLEE E, RABAUD V, KONOLIGE K, et al. ORB:
an efficient alternative to SIFT or SURF[C]//IEEE
International Conference on Computer Vision, ICCV
2011. New York: |EEE Press, 2011: 6-13.

TRZCINSKI T, CHRISTOUDIAS M, FUA P, et a.
Boosting binary keypoint descriptors[C]//2013 |IEEE
Conference on Computer Vision and Pattern
Recognition. New York: |EEE Press, 2013: 2874-2881.
LEUTENEGGER S, CHLI M, SIEGWART R Y.
BRISK: binary robust invariant scalable keypoints[C]//
2011 International Conference on Computer Vision.
New York: IEEE Press, 2011: 2548-2555.

ALAHI A, ORTIZ R, VANDERGHEYNST P. FREAK:
fast retina keypointg[C]//2012 IEEE Conference on
Computer Vision and Pattern Recognition. New Y ork:
IEEE Press, 2012: 510-517.

SAHA S, DEMOULIN V. ALOHA: an efficient binary
descriptor based on haar features[C]//2012 19th |EEE
International Conference on Image Processing. New
York: |IEEE Press, 2012: 2345-2348.

ZHANG S, TIAN Q, HUANG Q, et a. USB: ultrashort

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

binary descriptor for fast visual matching and
retrieval[J]. |EEE Transactions on Image Processing,
2014, 23(8): 3671-3683.

LEVI G, HASSNER T. LATCH: learned arrangements
of three patch codes[C]//2016 |EEE Winter Conference
on Applications of Computer Vision (WACV). New
York: |[EEE Press, 2016: 1-9.

IWAMOTO K, MASE R, NOMURA T. BRIGHT: a
scalable and compact binary descriptor for low-latency
and high accuracy object identification[C]//2013 IEEE
International Conference on Image Processing. New
York: |EEE Press, 2013: 2915-2919.

YANG X, WANG X, CHENG K T T. OGB: a
distinctive and efficient feature for mobile augmented
reality[C]//International Conference on Multimedia
Modeling. Heidelberg: Springer, 2016: 478-492.

GENG L C, JODOIN P M, SU S Z, et a. CBDF:
compressed binary discriminative  feature[J].
Neurocomputing, 2016, 184: 43-54.

YANG X, CHENG K T. LDB: an ultra-fast feature for
scalable augmented reality on mobile devices[C]//
Proceedings of the 2012 IEEE International Symposium
on Mixed and Augmented Reality (ISMAR). New Y ork:
|EEE Press, 2012: 49-57.

WANG Z H, FAN B, WU F C. FRIF: fast robust
invariant feature[EB/OL]. [2019-05-10]. https://www.
researchgate.net/publication/269250430_FRIF_Fast_Ro
bust_Invariant_Feature.

BELLARBI A, OTMANE S, ZENATI N, et a. MOBIL:
a moments based local binary descriptor[C]//2014 |EEE
International Symposium on Mixed and Augmented
Redlity (ISMAR). New Y ork: |EEE Press, 2014: 251-252.
CHOI Y, PARK C, LEE J, et a. Robust binary feature
using the intensity order[C]//Asian Conference on
Computer Vision (ACCV). Heidelberg: Springer, 2014:
569-584.

PARK C, KIM J, KWEON | S. Fast and robust binary
descriptor using intensity rank binning[J]. Electronics
Letters, 2017, 53(2): 79-81.

VIOLA P, JONES M. Rapid object detection using a
boosted cascade of simple features[C]//Proceedings of
the 2001 IEEE Computer Society Conference on
Computer Vision and Pattern Recognition (CVPR).
New York: |EEE Press, 2001: 511-518.

ZHU C, BICHOT C E, CHEN L. Image region
description using orthogonal combination of local
binary patterns enhanced with color information[J].
Pattern Recognition, 2013, 46(7): 1949-1963.
JAMSHID K, ANEES V M, KUMAR G S. Enhanced
fast retina keypoint descriptor[C]//TENCON 2017 |IEEE
Region 10 Conference. New York: |IEEE Press, 2017:
1493-1498.

R, W7, RIEGMAR R Bt A L.
I [ % % 2% 4, 2015, 20(9): 1133-1150.

XU X, TIAN L, FENG J, et a. OSRI: a rotationally
invariant binary descriptor[J]. IEEE Transactions on
Image Processing, 2014, 23(7): 2983-2995.



%2 WIEEE, % R TAEIE T RO kR LA 261
[31] XUZLig, ZEH%, £, He KA R4 ARSI 5686-5690.

(32]

(33]

(34]

[35]

(36]

[37]

(38]

[39]

[40]

[41]

[42]

B HBERTHARN FEHLE %, 2017(12):
298-303, 315.

KRR, EHE, XA T HRRENFIEAS
18 45 3R 7 W %% [EB/OL]. [2019-04-17]. https://doi.org/
10.19678}j.issn.1000-3428.0053030.

FPTE, SEER, SRAW], . DAL IRSREE R
iR 7 [J). 81544k, 2019, 40(1): 15-23.

%, BMGRERHERE T A 5 5 [D]. &L
AL Tolk K2, 2015.

TOMBARI F, FRANCHI A, DI L. BOLD features to
detect texture-less objects[C]//2013 IEEE International
Conference on Computer Vision. New York: IEEE
Press, 2013: 1265-1272.

CHAN J, LEE A, KEMAO Q. BORDER: an oriented
rectangles  approach  to  texture-less  object
recognition[C]//2016 IEEE Conference on Computer
Vision and Pattern Recognition (CVPR). New York:
|EEE Press, 2016: 2855-2863.

CHAN J, LEE J A, KEMAO Q. BIND: binary
integrated net descriptors for texture-less object
recognition[C]//2017 IEEE Conference on Computer
Vision and Pattern Recognition (CVPR). New York:
|EEE Press, 2017: 322.

QIANG Z, WEI F, LIANG W, et a. SPHORB: a fast
and robust binary feature on the sphere[J]. International
Journal of Computer Vision, 2015, 113(2): 143-159.
URBAN S, MARTIN W M, HINZ S. mdBrief - a fast
online adaptable, distorted binary descriptor for
real-time applications using calibrated wide-angle or
fisheye cameras[J]. Computer Vision and Image
Understanding, 2016, 162: 71-86.

GUAN H, SMITH W A P. BRISKS: binary features for
spherical  images on a geodesic grid[C]//IEEE
Conference on Computer Vision and Pattern Recognition.
New York: |EEE Press, 2017: 519.

TRZCINSKI T, CHRISTOUDIAS M, FUA P, et al.
Boosting binary keypoint descriptorg[C]//2013 |IEEE
Conference on Computer Vision and Pattern
Recognition. New Y ork: |EEE Press, 2013: 2874-2881.
BAROFFIO L, CESANA M, REDONDI A, et al.
Bamboo: afast descriptor based on asymmetric pairwise
boosting[C]//2014 |EEE International Conference on
Image Processing (ICIP). New York: |IEEE Press, 2014:

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

FAN B, KONG Q, TRZCINSKI T, et al. Receptive
fields selection for binary feature description[J]. |EEE
Transactions on Image Processing, 2014, 23(6):
2583-2595.

BALNTAS V, TANG L, MIKOLAJCZYK K.
BOLD-Binary online learned descriptor for efficient
image matching[C]//2015 |IEEE Conference on
Computer Vision and Pattern Recognition (CVPR).
New York: IEEE Press, 2015: 2367-2375.

BALNTAS V, TANG L, MIKOLAJCZYK K. Binary
online learned descriptors[J]. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 2018, 40(3):
555-567.

LIN K, LU J, CHEN C, et al. Learning compact binary
descriptors with unsupervised deep neural networks[C]//
2016 |IEEE Conference on Computer Vision and Pattern
Recognition (CVPR). New York: |IEEE Press, 2016:
1183-1192.

LIN K, LU J, CHEN C, et a. Unsupervised deep
learning of compact binary descriptorgJ]. |IEEE
Transactions on Pattern Analysis and Machine
Intelligence, 2019, 41(6): 1501-1514.

DUAN Y, LU J, WANG Z, et al. Learning deep binary
descriptor with  multi-quantization[C]//2017 |EEE
Conference on Computer Vision and Pattern
Recognition (CVPR). New York: IEEE Press, 2017:
4857-4866.

DUAN Y, LU J, WANG Z, et al. Learning deep binary
descriptor with multi-quantization[J]. |IEEE Transactions
on Pattern Analysis and Machine Intelligence, 2019,
41(8): 1924-1938.

MIKOLAJCZYK K, SCHMID C. A performance
evaluation of local descriptorg[J]. |IEEE Transactions on
Pattern Analysis and Machine Intelligence, 2005,
27(10): 1615-1630.

HEINLY J, DUNN E, FRAHM J M. Comparative
evaluation of binary featuresC]//European Conference
on Computer Vision (ECCV). Heidelberg: Springer,
2012: 759-773.

BALNTAS YV, LENC K, VEDALDI A, et a. HPatches:
a benchmark and evaluation of handcrafted and learned
local descriptors[C]//2017 |EEE Conference on
Computer Vision and Pattern Recognition (CVPR).
New Y ork: IEEE Press, 2017: 3852-3861.



