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Loop Closure Detection Algorithm Based on
Greedy Strategy for Visual SLAM

Wang Yunfeng, Weng Xiuling, Wu Wei, Guo Donghui
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Abstract: The performance of loop closure detection is seriously affected by dynamic objects and perceptual aliasing
in the environment. Based on greedy strategy, a real-time loop closure detection approach using online visual dic-
tionary is proposed. The process of dictionary construction gives priority to dealing with Surf feature that has the
maximum Euclidean distance from the closest vocabulary word. A more discriminative and representative visual vo-
cabulary is produced through adding constraint condition to the nearest neighbor distance. This visual vocabulary
guarantees a small quantization error. The proposed approach meets real-time constraints. Experiments based on data-
sets from dynamic environments and visually repetitive environments demonstrated that the largest recall rate in-
creased by 5% and 4% respectively at 100% precision.
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(1) ND =NND =100.0;

(2) forw,inV

(3) D=Dist(Py, Wa);

(4) if(D ND)

(5) NND =ND;

(6) ND=D;

(7) nd=a;

(8) elseD NND

(9) NND=D;

(10) end if

(11) end for

(12) return(ND, NND, nd);
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(2) Vi=Via; AR I T AP F ] (Y DT AR i, iR MR AR RE 7 55.

(3) for Py in Py

(4) badDist = false;

(5) (ND, NND, nd) = findneighbor(Py, V©);

(6) if(ND/NND > Tnnpr)

(7) badDist = true;

(8) if badDist

) v=v+1;

(10) wp.yv=(n+v, Des(Pw));

(11) newWords. push_back(wn+y);

(12) V.. push_back(wy.y);

(13) zg=n+yv;

(14) Z. push_back(zy);

(15) else

(16) zy=nd;

(17) endif

(18) end for

(19) return(Vi, Z0);
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Fig.1 Sensitivity analysis of feature point processing
order using nearest-neighbor distance ratio
method
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Tab.1 Updating vocabulary condition of nearest-neighbor
distance ratio method
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Fig.2 Comparison of building vocabulary based on
greedy strategy
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T SR A1 I FC I S L R 3 v R A AR R AE M RE 5 1Y
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BT 500 TR 5 A I 0 T A 24 B ) A R
BRI R AN 3 iR, WFEUR N, BRIE S A
P i m AR s, AR (13) 143 S v il g v,
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Tab.2 Updating vocabulary condition of improved near-
est-neighbor distance ratio method

ND NND NNDR 24
ND Tz B B
Taor=ND=Tnp, | KT ND Tanwor  NNDR BT LA
Taor=ND=<Typ, | KT ND | NNDR= Tynor %ﬁ%
GBS
ND Tnos Ej‘ﬁ%
GBS

3 greedyupdate(Vi-1, Py)
A s t=1 B 2B ML Vg
t IS 2R AR Py
RV D B E i iR VA
t N2 EHG R Z,
Tk
(1) for Py in Py
(2)(ND, NND, nd) = findneighbor (P, V1) ;
(3) end for
(4) v=0;
(5) Vi= Vi
(6) P’ =Sort Pyaccording to ND
(7) forPgin P’
(8) (ND, NND, nd) = findneighbor (P,
newWords) ;
(9) if(ND  Tnp2)
(10) badDist = true;
(11) else if(ND Tnp1)
(12) badDist = false;
(13) else if(ND/NND > Tynpr)
(14) badDist = true;
(15) else
(16) badDist = false;
(17) endif
(18) if(badDist)
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(19) v=v+1;

(20) Wy.y=(n+v, Des(Py));
(21) newWords. push_back(wn:v);
(22) V.. push_back(Wy.y);
(23) z=n+v;

(24) Z. push_back(zy);

(25) else

(26) zc=nd;

(27) end if

(28) end for

(29) return(Vi, Z);
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Fig.3 Framework of visual loop-closure detection algorithm
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Tab.3 Details about datasets
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R R 1280 4% x
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. 240 {1 %=
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Tab.4 Parameters used in experiments
Tsim Tloop TNNDR TNDl TND2
0.2 0.11 0.8 0.001 0.08
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WH0T7s.

FETF D00 TR W 7 L ) 3 1 L B 1) L5 B S 4 L
RRILAEL AN G TR MR B, TRl SRR I, A
4 i, JRPRAE T B B Ty, AU fel 1) ML RRASE AR
R, ARG BRI Ty, FIWTRIBE T AL REAR A BRI

12

3 AR R
10 - _— R
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4
Fig.4 Comparison of visual vocabulary size
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Fig.5 Precision-recall curves

PAShAS KA CIC g rscs i, EHG 511

AR T2 AL iR 22 10K 6 7R, RTAB-MAPM
A B A AL T S A S R AR R 25 KT I IO
TR MSAS 2 1) UG IRAS R | SR T 000 SR I A A
AR MLERT: T PSR B R v, DR TiAS I 2 T o
Z PR ER. Y i ot A5 0 B s it [ 5 L AR Y O
ISR KAE WA 7 s, B 7(a) AT 5000w
PHERAG I 25 5, 18] 7(b) 2l RTAB-MAPMIG I 2%
R ARSCEIE NG 690 MR 4R A 90% BYJE5, Al
PARGI PR ER T, i RTAB-MAPRI S8 )55 730
22 A A FELRAG I HE AR, [ 8 i AR BRI
MG, ol A SCR T sh BB A — 5 1 &
P ARSI B, PRERAG I i) B BR ) T T AR N A

0.06

¢ RTAB-MAP

0.05F o KSR
H
X oost
=
= 003t
2 oo02f

0.01F

0 200 400 600 800 1000 1200 1400
15751
6 CiC

Fig.6 Mean quantization error using bag of word under
dynamic environment dataset CiC
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Fig.7 Comparison of loop closure detection posterior
probability under dynamic environment dataset
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Fig.9 Real-time analysis under dynamic environment
dataset
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