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Performance Analysis of Modified LLAH Algorithm
under Gaussian Noise

Hosub RyuT,

ABSTRACT

Hanhoon Park’"

Methods of detecting, describing, matching image features, like corners and blobs, have been actively
studied as a fundamental step for image processing and computer vision applications. As one of feature
description/matching methods, LLAH(Locally Likely Arrangement Hashing) describes image features
based on the geometric relationship between their neighbors, and thus is suitable for scenes with poor
texture. This paper presents a modified LLAH algorithm, which includes the image features themselves

for robustly describing the geometric relationship unlike the original LLAH, and employes a voting—based

feature matching scheme that makes feature description much simpler. Then, this paper quantitatively

analyzes its performance with synthetic images in the presence of Gaussian noise.
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Fig. 1. Recognition of text, random dots, constellation using LLAH,

ol ol ZA Bod 4 Utk a8 EE, 7]EY
LLAH $4& #ok= 2 A EE 717l &4 AZo]
7 BokR A@HAT B = dAE 7|EY
LLAH®} 28 54 71&S 98 34 548 £33}
I, B¥(voting) 718k 54 wWA WL =Yt
£ 7lE 34 Aoz, Bt &30
7H-AlQE Fhee] Gaoll Al WEH LLAH W
< Agtsta, AsS Hrheth

2 W A7
2.1 LLAH

EA Abol] 713 BAE o] &3l EA L &3t
= S EAE Q12 Rofdx 2 A= gtk
[10,11]. EAge] A9 2 He| A= 4A A&ET
F UARE FH B2 A g7l Wi 24
EHQZ o2 7ed 4 gloy AR 3H9] 7t &
£ o] &% Fatel| gl =3, Ay <14 X}Zﬂﬂ
W Alolo] 7)1l BAAE Zs ol E A
B J YHelst & %ﬂ- I, %ﬂ'ﬂ«]
A 2P A B G, A ¥ste] e
A (perspective) =)ol 79| §lo] E Atolo] ZHE
U Al 5& ol g3t gA A4E 4 slou, gyt
921 o] A 284 Z3lr] W&o 54 Alo]e]
A l% HE} agHo 2 71&T & JE ol
8 £ FRio gl 2x7} REG o)
E }\o]' & ’%% A3 A=
}ol

é mlo

F

P

g;

AT (affine) =& U “ﬂ_L
o]’%¢A] (outlier) < X33H = 33]'3419—

7—1 E4E 7€ + AUTh
LLAH® g4l &4 7« AA L t57 2k
£ vg AEHo Yot /HHYE o, S
71€3t7] 98 A A9 T4 53 (Fig. 20049

MiomLoox o S

PO ERE ATt 7ML EATE 719 o]
AES AUzt o m Adud fA9 ol
EZREH me 53-& =3 (Combination) g}, ©
= 54 7€y dHAAE TE A e
Al FS T s Ao 7 AAFHAY £
o A7y AA W=
BAAsH] 1§ A0 2 oln ARH 5?}% T AdE
EE m 249 70,7t A 549 71EAHdes-
criptor)®] M7t Bk Z 71 oA AdgE
°o|% 5 m2ERE A n(4d =& 579 EAE
£ AE3te REAAE AAEEY ¥ YHl(area
ratio)2} 2 XHH](cross ratio)E °©l-&3t 4 (1)3 (2)
A9 AdE(Fig. 2 #Z=).

Ala,e,d)
Ala,b,e)

o
E
=

o,

2 2 O

o

1

area_ratio =

Ala,bd)Ala.ce)

A7)H, Alabe)s B4 4 b 2 o] 2|7 A7y
o WA ougth PR, 7 AEAE 03
2 AHEd, oS 549 wAol wet et g
24 5 Atk G AP 3 o) A @
A7 HHE = emg 3d BEHAS A E e
A8 QA7) 93l FA 5AS NEOE o) 5
o) #uHF o] EHES FUAANUA 71EAE A

2)

cross_ratio =

Fig. 2. Feature description using neighbor features in
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Fig. 4. Random dot images used in experiments, Number of features: (a) 30, (b) 60, (c) 120.
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Table 1. Matching rate [%] when the mean distance between features is 150 pixels

Method - Area ratio Cross ratio
m=6 m=7 m=8 m=9 m=6 m=7 m=8 m=9
0.1 98.83 98.73 99.43 99.3 7773 9853 98.86 98.83
03 9.5 97 97.03 97.43 7236 | 9576 96.73 97.16
Using only 05 90.63 93.86 94.33 64.26 67 91.4 93.43 94,56
neighbor 1 75.73 80.76 8413 86.83 53.16 79.8 83.13 84.83
features 9 526 57.33 62.6 64.73 35.83 58.83 59.13 62.2
(17=4,5) 3 36.33 42.96 43.66 46.23 24.1 40.16 427 4573
5 21.53 23.96 26.63 26.93 14.46 2373 25.2 26.53
7 12.66 173 17.03 17.26 10 137 16.23 186
0.1 995 99.7 99.7 99.7 98.86 | 99.43 99.1 99.3
03 98.4 98.8 99.1 99.3 9746 | 98.16 98.06 985
Using center |05 97 976 97.8 98.4 96 96.33 97.2 965
features 1 9R25 9353 95.3 95.6 8896 | 9146 92.8 93.13
together 2 73 79 84.1 87.06 7076 | 7726 80.93 83.2
(17=3,4) 3 535 61.82 68.1 74.83 53.73 59.33 64.4 706
5 32.9 37.2 42.16 49.16 29.93 365 419 46.73
7 20.8 233 27.83 30.73 18.46 23.03 255 30.2
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Table 2, Matching rate [%] when the mean distance between features is 100 pixels
Area ratio Cross ratio

Method g m=6 m="7 m=8 m=9 m=6 m=17 m=8 m=9

0.1 97.23 97.65 93.18 98.86 95.06 97.71 97.97 98.15

0.3 89.95 91.73 93.41 93.98 84.63 91.21 93.55 92.86

Using only 0.5 80.16 85.53 86.86 87.33 74.23 82.36 85.6 86.66

neighbor 1 5791 62.46 67 67.88 52.48 62.18 65.03 69.78

features 2 29.65 34.36 36.38 38.93 27.73 33.03 37.18 39.11

(=4,5) 3 18.31 20.66 22.45 24.1 16.95 19.88 22.31 22.58

5 8.55 8.73 9.73 10.7 7.95 8.88 105 11.96

7 5.12 543 5.86 6.4 4.86 5.28 5.75 7.06

0.1 99.1 99.41 99.43 99.52 98.53 98.96 93.75 99.08

0.3 97 97.58 93.16 98.53 94.9 96.53 96.5 96.7

Using center 0.5 93.98 95.21 95.78 96.58 91.71 92.83 94.15 94.25

features 1 78.16 83.28 86.48 38.8 77.21 81.11 83.38 85.66

together 2 48.33 54.76 59.76 66.23 46.75 54.98 58.06 64.15

(7=3,4) 3 28.86 34.21 38.61 45.8 30.61 34.33 39.85 44.15

5 12.55 144 18.3 21.65 11.58 15.06 18.08 20.78

7 7.56 8.31 10.25 12.2 7 8.56 9.9 11.93

Table 3. Matching rate [%] when the mean distance between features is 70 pixels
Area ratio Cross ratio

Method 7 m=6 m=7 m=8 m=9 m=6 m=T7 m=8 m=9

0.1 95 96.19 96.91 97.33 89.3 95.7 96.13 96.31

0.3 79.71 83.675 85.25 87.15 73.2 82.8 85.58 86.78

Using only 05 63.39 69.525 71.37 74.14 57.21 68.65 70.92 74.26

neighbor 1 36.63 40.85 43.1 45.25 33.06 40.41 42.77 44.55

features 2 13.65 15.49 16.61 17.62 13.3 16.05 16.9 18.23

(n=4,5) 3 69 74 771 9.15 6.85 7.366 731 8.68

5 2.59 2.87 3.05 3.18 2.5 2.99 3 3.68

7 1.67 1.49 2 2.42 1.69 1.78 1.8 2.08

0.1 98.66 98.97 98.77 99.07 97.32 97.57 98.02 97.87

0.3 93.55 95.2 96 96.73 90.7 92.5 93.223 93.866

Using center 0.5 84.366 87.83 90.06 934 82.62 85.56 87.44 88.27

features 1 56.42 62.84 68.27 73.32 56.76 61.7 67.02 71.02

together 2 23.05 27.91 32.72 38 24.15 28.63 33.25 37.86

(1=34) 3 10.42 13.13 16.26 19.04 11.52 13.72 15.96 19.19

5 3.85 4.74 5.63 6.81 3.98 4.82 6.15 6.56

7 2.41 3.05 3.25 3.76 2.15 2.48 3.08 3.65
7] wWzolu], ol o] §HE 5 Aol utet b 2M, Be m @e HAHBE RYS AT 2]
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Fig. 5. Matching rate (when the number of features is 30) and matching time (for each feature) with different m
values in the modified LLAH, For (a) area ratio and (b) cross ratio,
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