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Abstract: The scale invariant feature transform(SIFT) algorithm has the problem of computational inefficiency and
mismatch. Therefor, a prior information constrained SIFT matching algorithm is proposed for the visual simultaneous
localization and mapping(vSLAM) applications. Firstly, the scale space is predicted according to the relative distance from
the robot to the feature. Then the feature position is estimated according to the state of both the robot and the feature. Finally,

sift matching is conducted within the predicted image region. The experiment results show that the proposed algorithm can

achieve better computational efficiency and matching performance.

Key words:

.

1 31 5

L [R] D € A 15 Hh [ FEE (vSLAM) 2 3l ds
N A0 B 0 2 A A i B v ) e ), ) B
75 B gt i P eh il o B S AR R R A TR S
{0 T P S A5 2, A0 ) e LA R | AR
/N DURBAR SRR AT, I RBP4 0 42 15 B B
eI T NS 75 5, R, vSLAM 7RI JLAE 32 21
TR 2 1 DG U ARV G2 vSLAM i — K

RIS « AR5 D, T I A AR I UL i 3 7% 5
ORAG Ny REEANASRFAL $ 45 (STFT) VU BC A i Tx0)
U 6l e 558 ABURK, 7E vSLAM #5338 1 HE g
Iz BN H BT AR SIFT SA AR AT LU P A ) R
O AR A R A A AT AR AR, SO

ks H #A:
HEE&mA:
fEE RN

2010-03-30; f&[= HHA: 2010-06-01.

FHA KRGS 2B GUREERT 5.

visual simultaneous localization and mapping; feature matching; scale space; extended Kalman filter

SR BERR e A R TP AT AE 2 A A X Sk P 1
OLF, 75 LG IC. 6158 1 AN ), o] Ld i
ARG 3 A5 (1 4 25008 530 3o A ) 144 11 haar 3R TPk
ILA SR, A X Se 73 AR AR VT E R R A AR
XS 2 Il 8, G AR KO RANSAC 5 kN0 g
B 2 20 R 4% AN b A, S % €5 4% (] (1) CSIFT 5.
VRO 2 184 JRas (s B I SRR A ] DU A A
TP R, AHE S SR v B A 2% B (R — 2038 .

B % SIFT S5 A7 76 1) i) @R vSLAM 31X — 5 &
R, B2 T ek () STFT VTS 7 v 38 ek o ]
23 (A1 T G AT FO0IU, T LA 4 3 RBE 2% )
YO PR B A () AT 95 25 QA AE DL L.
S AR G IR A 32 8247 3 3l 3 R B RUVRTION 2 43 #¢
RFERFF ARSI,

WA BRI R & 08 2000 H (2006C11200).
AEN1981—), Y, Lk, WNEBIPLEE A 5 H MW SLAM FIiEsT; Bi(1963—), 5, #3%, L, N



912 =

}5

K

& * % 26 %

2 SIFTH¥:

SIFT S35 1k A JE AU g 7 w07 225 43 R 4% )
I SRR AR A, R 5 REAT S 507 B TR 0 5 00
FT 10 B0 V5 55 78 ik STFT Mk 7.
21 REZEEE

H T AR R I R, e i
RIS A ), aTLL i —A O 4L HAR4L S 25 4
FHER R R, T VALEG 1 1 AR I SRR 45 5]
TRV O LA 0 M % N, WUSE & L0043 R

[ M/2'| x [N/2]. (1)

141 P % 2 A AR 20 1, R 12 B el 00 e o
b1 R B s R,

—(@24+y?)
G(x,y,0)

20

=——¢
2702

L(z,y,0) = G(x,y,0)I(x,y), (2)
oo 541 ALK o I JZ AL b s A0, A AR AE R EAS
EIY

o(0,8) = oq - 20F5/9, (3)
oo NFENRERED T, HUE N
oo = 1.6 x 21/5, )

75 SCHR [41 1, UG A ALBR Opin BRI —1, $5 K )ZAAFR
SWH 3. 4 T A RIREE OB R, 5 A2 o RS
) IEAT AR s (PRI 22 4 RS 2% [) v LA pl RS 2% 1)
SRR R ESEE eV B e N A £

D(x,y,0) =(G(z,y, ko) — G(x,y,0))I(x,y) =

L(z,y,ko) — L(z,y,0).
22 XELENMIS ESE
FIWT — A RAE RS A RAE R, #2808 51

I AR AL s AT OB, A0 ] — 2 11K 8 AMAHAR
AETR P E & 9 ANAHAR . A5 BIARAE 2SS, i R
JEAE 8] R AL D (2, y, o) BIZ ) & TR AU ih THT PRI AR AR,
MRS B 2 A7 DG B RUIRI AL B QB ) 2 0 ) b AR
A L BIBE LT 10 3 AT R E , BB BT N

m(x,y) = sqrt((L(z + 1,y) — L(z — 1,y))*+

(L(z,y +1) = L(z,y = 1))?),
1 L(z,y+1)—L(z,y — 1
f(x,y) = tan™" LEI i Ly; — LEI g 1,@/3.
b m(e, y) ABEEZRIRE, 0(x,y) ABBEERITT 1.
2.3 HRFEM
T DR ANARE, B G T SR A b Al B i

FSCHE RO T )5 SRS TS DL ROk P ) 16 %
16 €08 48k A B A A e B0 T R e R X R DX ) )
A 1644 x 4 (78R, THEREAS T 8 AT 1] b
B RE 5 1, BRI 75350 16 x 8 = 128 4E (¥ SIFT #iih 4.

)

(6)
(7

3 ETRKAS BN SIFT ILALE %
31 REZEmM

NS 2.1 0] LU W, SIFT 5010 5 49 s 5 R s
AR )RR /N AR G, ROBE 25 [ )N, BT A 2210 SR
FEVCCEUR i 345 AR IR B8 /D, T SR80 i B
DRIk, A5 B e R i RURE 223 (] PR AR A kA T Tl >k
B G A AT R AL P AT AE IR R 23 ).

JURE 23 8] R A2k 5 R AE A BB A S 2 18] (R A
FRES A OC, Wl 1 o, BRHAE A P & BECA by AR 0 I
ZUR 5 I 2, FAR Sk S HEAE 2 P R B 5 A s, dj,
H I AT DA S P AE 5 IR T 6 B 220 ) B
RIS
3

E1 RBEBTHUHEREZTETL
1E vSLAM N H /1, B HL#s N AR AE 5547 B
Yu] DU L Al v 75 21, o] DLvE & P S AFIRFE SO
Wb H B9 AR Ak, MR 2 (8) Bl AT i R A8 ] (R AR Ak
L.

TR AR BRI 7R FLAs 1) (0 A

T X 1 Uy
ys = Yi + U.Tz (o (9)
Zf Zi w;

b (@i, ys, 20) A UG LA N B9 25 [ AL B (ug, 04,

wi, w;) AR RAEBAG SKAABR F P 1 5 IR AR AR KR,

w; AERPE R BERI . b AL As N 5 e ik ) S il fE

—l% difmin %D%@EE% difmax ﬁj\%'b'il
1

w; + 207 B

r

difmin = O

+207. (10)

di—max = a
Wi — 201»

Forp: of oz ZIHL s N 25 1) A7 5 1) dpe K AN
JEZ, o F R AIE R )AL B ) B K AN E E, T 2
B,

i1 %
B2 #E8 AFAFFHIE = ROHE X BE 55



6 4 FAOR & AR A S W E - T 35 849 SIFT I A f ik 913
4 IR, BB ASEE) (2,45, 2) A1 B BLER Oh p, OhT b p Oh (16)
axa ar axT axa a axa .

NG E S 3B B8 i R TS 9 e 59
TPz
Qjmin =7/ (25 — )2 + (45 — ¥a)? + (25 — 70)?—

a ™
205 — 203,

By mas =\ (75 = 202 + (45 — Ya)? + (3 — 20)2+
207 + 207 1D

AR 3 (10) A1 (1) AT ATF S HRFAE RO AE 5 I 20 A0 T
i I 2 1) PG ORBE 23 TR R AR TG T (i Pmasc] s BY
Tmin = dj—min/di—max,
Tmax = j—max/di—min- (12)
FIH X (3) 1) S ok £, ] BAAE 5 HS G I REAIE AT
PR ZH AR b o FNZH N JZAAFR s.
32 HESBEHAETR
M 2.3 75 0] DLt A —ANRFAE SRR £F (10 42
R T B 16 x 16 4B B B 7 I, DR ARRAIE
RO Z, TR OB, G AR AR A AR R AT e
THSE KITE REAE 2 W] A 23 A1 DX, D) 3L AR B Py [ ek
DA PRI Rt (1) R A5 BT ] ok 219/ o451 ) H .
BB N PR 7 84 ., FEAE SRR 1)
HA o, WETTFEA
z = h(z,,xq). (13)
175 i I 2, HLE N BPIRSAL V24 2, FRAE RUIRZS AL T
N &g, PG (13), FHAE AR AL E A
2= h(Z, &g). (14)
HH T AL AR SRR R RUIRES 3802 A HfE 1, Ak
RU MG B A& AN E 1), ] LU B 5 28k R X
FASTE PR, AR B NRZS W) &= (W P 7 224 P,
FEAE SUIRAS 0] & 1 W 7 22 20 Py, X507 #8 (13) 78
(&, Bq) AT R JETT, A7

oh . oh .
Az~ 87(% — &) + pe (g — Za).  (15)
W)z 17 25 P, Ry

P, =E[(z-2%)(z— 2T~

oh . o Oh T
3er[(xT = &) (2r — &) ]8m,a +
oh . o O T
3er[(mT — &) (T — Za) ]87% +
oh . o OR T
axaE[(xa — &o) (T — 3r) ]&Ur +
oh A o Oh T
axaE[(xa — %) (Ta — Ta) ]3ma =
Oh , ot Oh  Oh*

ox, P ox, + GTCT 0x,

Z R B M, W 2 (R 25k
oh _ On™*  oh on'T
P, :aTCTPr oz, + T%Praai%
T T
86% ar% +%Pa% + M. (17
P 2 (14) FH(17) B 2 1A DXk B A 5 A it 1)
BUGAT . 1] 3 R0 REAE R G AT T 1
FI 45 B 3(a) W 4 o bt S B A i 2 1)
FREAE RSO, 1] 3(b) H RN (5] R 7 T () e AiE 1 23 A
DXk, S0 P 7R IO, B 0 Py, + 2 s S B A
BRI ST, v LA HH T DX ek i 8 7 2 5 By
E RUITE I .

(a) b —MURFAE A SE B AT B (b) 2 B WU AE s 52 B 7

3 FHESBEGEERN

33 ETFERGIAFIE S TR
XTI ANREAE 5 p; A pj, JERR G RH B 72 R
D j = |lpi — pjll. (18)

WK D; ;2

Dij < 0.6 X Dy, ke NHE # j, (19)
WA K p; A p; A DCREE . A LA L I b v il U
LE SR AR AH AL B0 T, HE B0 D T A AN P ).
e, BRERFAE DTG L REAE p; FIAAAE T H P00 XI5 A
(R IE R 2 [RIEAT, LA B B VT RO 1% H 1.
4 HEEK

e TG L3 B 640 x 480 pixels, W% A
15 fps, K SCHR [16] 384k 1) S VL AT IR 1E. SRHCE
K% 7 5 ) 7 4 AP0 AT 50 3E, & LR E N
2.66 G XM H% CPU, 2G W A1E. &l kG kil Bk iz 3,
TSR 0.5 m/s, A T HKIH B30 55 R ), W
PN 3 pixels. A2 SCHk [1] 2 1 1) EKF-SLAM &
O FEACHE B2, 43 i) 52 BAS SCHR HR (9 UG Sk O
5 1) FOSCHR [6] 32 H 10 UE G50 (7 7 2). R AEVR T
{540 ) 0 A A S AR v 22 N (w,00) = [0.5, 1]
SIFT A K 2 $0 e B R 4R 4L AL A5 O i = 0, I K41
AFE Omax = 6, I KJZAFER S = 3.

ANTR]) RUBE 23 8] R AR AIE R AT A ] PR DR 280 R 07,
MBS SER, 7 BEI 3 < o < TRlo > 5 FiFl
A [RIRFAE 254 A DE LR 1) SEMERFIE 2. B4 451
TR A IEUEREAE 2 0 23 A .



914

* e 26 &

(a) 7>0>3 (b) o>5

HEEFHER A
5(a) A 1 5(b) 45ty T BT VAL BRI B T
F UG P 3 08 L. A DU RCHER 5 e sk it

#correct matches

[ 4

p= .
#total possible matches

(20)

1

é 0.8 — ikl

3 A\ . )

5 0.6k N

g N

5 04F T

: S

s 02r  TTTm== Ny

Q \\~_
005 10 15 20 25 30

frame count

(a) UCHAC Ak P i £8(3<0<7)

8038 — Jy ikl
2 0.6 -—-J7ik2
= 0.
S 0.4}
e
5 0.2
Q
005 10 15 20 25 30
frame count
(b) VL HE A 1k 1l Z&(o>5)
1
0.8}
0.6
£
2 0.4}
0.2}
%5 10 15 20 25 30
frame count
(c) VLALH 1] il £8(3<0<7)
1 -
R S T
— Ikl
2 0.6 ——- 2
F 0.4}
0.2}
00 5 10 15 20 25 30

frame count
(d) VU B ] il 28 (o>5)
5 TR

A DU H, AR SR HY (R 50 LSO [6] 32 HE (1 5
IR R VL RS AR R RN AT DUE Y, 1B o B
RIS AIE )R] LAAS 21 BE 4 (R DL RE R, 3K 55 3Tk [17]
g et B

Bl 5(c) FIEL 5(d) 25 HY 7 A — i B ARe AiE s DG E B
i I [ (R 0] L. E T4 1 — B Ia) B, 75 ZEAE A R
J&E 23 0] A BEAT R AE AT DS R, TR i o B v 5 2 14 9k
b EFR A TR AR AL B T, LD R R S
TE B XT3 < o < TIIRE UL, ‘& e K4
400 ms ¥ TH 5L E N B X T o > 5T AL, B Rl
K2 450 ms (1) F P, 78RR MR AEAR A G (43 Rt
I B 5(c) HH R AR 25 WA 5(d) T IR S 18 D), W LA
B TH R BBk U B, 34 DR A TR0 SRR AL
I ATAE S A R 2 B BR A, AT T BN
550 BG4I T Ab .
5 4 #®

AR SCHEH T —Fh Sk i SIFT UL 57k, o T %
MG 2R, &SGR vSLAM Sk i L gs A
FREAE £ A B R R Al T R 25 1) AR 1k, M T 38
G AR BOGRFAE 502 AT R RUBE 2% )5 4R 05 il T A DS Ry
AIE SR PG (A1 T B8 20 A7 DX 35K, DT 3 e 70 A ]
G HEAT R AE 25 BB S T B AR 358 DL T P 26
X} 2 S UCHC R s EAT B A, BN VT FCAFAE A0
5 LTI PN PREAE s EAT TR, SI206 25 SRR WA
SCHE LR AT R

22 ik (References)

[1] Davison A J, Reid I D, Molton N D, et al. Monoslam:
Real-time single camera slam[J]. IEEE Trans on Pattern
Analysis and Machine Intelligence, 2007, 29(6): 1052-
1067.

Paz L M, Pinies P, Tardos J D, et al. Large-scale 6-DOF
SLAM with stereo-in-hand[J]. IEEE Trans on Robotics,
2008, 24(5): 946-957.

Sola J, Monin A, Devy M, et al. Fusing monocular

(2]

(3]
information in multicamera SLAM[J]. IEEE Trans on
Robotics, 2008, 24(5): 958-968.

Lowe D. Distinctive image features from scale-invariant
keypoints[J]. Int J of Computer Vision, 2004, 60(2): 91-
110.

Gil A, Reinoso O, Payd L, et al. Managing data association

(4]

(5]
in visual SLAM using SIFT features[J]. Int J of Factory
Automation, Robotics and Soft Computing, 2007: 179-
184.

[6] Chen C H, Chan Y P. SIFT-based monocular SLAM with

inverse depth parameterization for robot localization[C].

IEEE Workshop on Advanced Robotics and its Social

Impacts. Hsinchu: IEEE Press, 2007.

[7]1 Pradeep V, Medioni G, Weiland J. Visual loop closing

using multi-resolution SIFT grids in metric-topological

SLAMIC]. IEEE Conf on Computer Vision and Pattern

Recognition. Miami: IEEE Press, 2009: 1438-1445.



Fo6 M

BIOR F LR R AL G W B E - T 515 869 SIFT T AL Ak

915

(8]

(9]

[10]

[11]

[12]

Ke Y, Sukthankar R. PCA-SIFT: A more distinctive
representation for local image descriptors[C]. Proc of the
IEEE Conf on Computer Vision and Pattern Recognition.
Washington DC: IEEE Press, 2004: 506-513.

Bay H, Tuytelaars T, Gool Van L. SURF: Speeded up
robust features[C]. Proc of the European Conf on Computer
Vision. Graz: Springer Press, 2006.

Fischler M A, Bolles R C. Random sample consensus:
A paradigm for model fitting with applications to image
analysis and automated cartography[J]. Communications
of the ACM, 1981, 24(6): 381-395.

Folkesson J, Christensen H. SIFT based graphical slam on
a packbot[J]. Field and Service Robotics, 2008, 42: 317-
328.

Abdel-Hakim A E, Farag A A. CSIFT: A sift descriptor
with color invariant characteristics[C]. Proc of the IEEE
Conf on Computer Vision and Pattern Recognition. New
York: IEEE Press, 2006: 1978-1983.

(L?ﬁ-% 910M)
£ % 3Lk (References)

(1]

(2]

(3]

(4]

(]

(6]

Sclaroff S, Liu L. Deformable shape detectorand
description via model-based grouping[J]. IEEE Trans on
Pattern Analysis and Machine Intelligence, 2001, 23(6):

475-488.

Kurugollu F, Sankur B, Harmanci A E. Color image
segmentation using histogram multithresholding and
fusion[J]. Image and Vision Computing, 2001, 19(13):
915-928.

Pham T D. Image segmentation using probablistic fuzzy C-
means clustering[J]. Proc of Int Conf on Image Processing,
2001, 21(3): 722-725.

Schoenemann T, Cremers D. A combinatorial solution for
model-based image segmentation and real-time tracking[J].
IEEE Trans on Pattern Analysis and Machine Intelligence,
2009, 32(7): 1153-1164.

Kass M, Witkin A, Terzopoulos D. Snakes — Active
contour models[J]. Int J of Computer Vision, 1987, 1(4):
321-331.

BABZR, P00 I 5T B4 Snake BB ALK F-12 3 8L
HERLBE BRER[T]. #2755 V3, 2006, 21(10): 1143-1147.
(Lv. X D, Huang X H. Visual tracking of robotic
manipulator motion trajectory using dynamic active
contour model[J]. Control and Decision, 2006, 21(10):
1143-1147.)

[13]

(14]

[15]

[16]

(7]

(7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

Mortensen E N, Deng H L, Shapiro L. A SIFT descriptor
with global context[C]. Proc of the IEEE Conf on
Computer Vision and Pattern Recognition. San Diego:
IEEE Press, 2005: 184-190.

Chekhlov D, Pupilli M, Mayol-Cuevas M, et al. Real-
time and robust monocular SLAM using predictive multi-
resolution descriptors[C]. Proc of the 2nd Int Symposium
on Visual Computing. Lake Tahoe: Springer Press, 2006.
Sola J. Consistency of the monocular EKF-SLAM
algorithm for 3 different landmark parametrizations[C].
Proc of the IEEE/RSJ Int Conf on Robotics and
Automation. Anchorage: IEEE Press, 2010: 2570-2575.
Jean-Yves B. www.vision.caltech.edu/bouguetj/calib_doc/
index.html[Z].

Wang X, Zhang H. Good image features for bearing-only
SLAMIC]. Proc of the IEEE/RSJ Int Conf on Intelligent
Robots and Systems. Beijing: IEEE Press, 2006: 2576-
2581.

Xu C Y, Prince J L. Snakes, shapes and gradient vector
flow[J]. IEEE Trans on Image Processing, 1998, 7(3): 359-
369.

Caselles V, Kimmel R, Sapiro G. Geodesic active
contours[J]. Int J of Computer Vision, 1997, 22(1): 61-79.
Sethian1 J A. Evolution, implementation and application of
level set and fast marching methods for advancing fronts[J].
J of Computational Physics, 2001, 169(2): 503-555.

Xu CY, Yezzi A, Prince J. On the relationship between
parametric and geometric active contours[C]. A silomar
Conf on Signal, Systems and Computers. Pacific Grove,
2000: 483-489.

Osher S J, Sethian J A. Fronts propagation with curvature
dependent speed: Algorithms based on Hamilton-Jacobi
formulations[J]. J of Computational Physics, 1988, 79(1):
12-49.

Aubert G, Kornprobst P. Mathematical problems in image
processing: Partial differential equations and the calculus
of variations[M]. New York: Springer, 2002.

Zhao H K, Chan T, Merriman B, et al. A variational
level-set approach to multiphase motion[J]. J of Computer
Physics, 1996, 127(1): 179-195.

Kreyszig E. Differential geometry[M]. University of
Dorendo Press, 1959: 2-11.

LiCM, Xu CY, Gui CF, et al. Level set evolution
without re-initialization: A new variational formulation[C].
IEEE(CVPRO0S). San Diego, 2005, 1: 430-436.



