-3¢ MORB: A MULTI-SCALE BINARY DESCRIPTOR vOf Queen Mary

BRUNO KESSLER Alessio Xompero?!, Oswald Lanz2, Andrea Cavallarol University of London
1Queen Mary University of London (UK), “4Fondazione Bruno Kessler, Trento (Italy)

1. Introduction 2. Related work Descriptor type
+ Matching local image features * Multi-scale keypoint localisation (detection) Histogram-based Binary
j j j * |n ndent for h le (Im ramid) [1 . t
(keypoint location + descriptor) for dependent for each scale (image pyramid) [1] Single scale SIFT [2] ORB [1] > T >
- 3D reconstruction * Scale-invariant [2] SLS [3] iy
o N . . . . .L_J
Simultaneous Localisation and_l\/lapplng (SLAM) | | Multi scale DSP-SIFT [4] MORB :Lé =
+ Challenges due to severe geometric transformations * Descriptor representation ASV [5]
+ Di * Single scale (detection scale Limitation in real-time < accurac v
Different scales ) y
o Di i i Camera 2  Multi scale (estimation across all scales) applications (e.g. SLAM) L "
Different viewpoints amera 1 efficiency
3.Proposed approach: MORB . . . 4. Experimental results
P pp_ MORB multi-scale descriptor and cross-scale matching P
1. Multi-scale detection Datasets Rotation + scale Viewpoint llumination
» Keypoint localisation for each scale (image pyramid) [1] Scaled keypoint / ~ / DetSC“ritOF * Planar image sets with e WAL dE KA -
: i .- eStimation ' '
» Cross-scale feature pruning to remove ambiguities | ' ge‘:mgtzgg[‘)otgremc changes Rei:rfgzgce
. . . < « Oxfor
« Sampling keypoint location for each scale . ~ .
PING KEYP ; J S . B |« * Heinly's dataset [7] \ H
. . . - S | - Target
2. Orlentat_lon as&gpment (0) g /7 —\ é f,; Performance measures mages / A
* IntenSIty CentrOK.j methOd [1] % IS N h Js\. % H: . Matching score [7] # CO;;eeC:th::heS 2
* Independent estimation for each scale > e N < ; . Precision:  correct matches i e @  Ground-truth
= g B S , # total matches poat[6]  graffiife]  leuven [6 venice 7]  homographies
/“ /T Y1 Matching scales . \ % * Recall: —— crue matches
b /Il //. \ . . N \ . E-score:- 2 PTeCl.Sl.OTL XReca
50 0 40 " 30 = & = / “ Detected Resampling\\ - J1\ Precision+Recall _
30 44 101 110 105~ \ | : N * Area under curve (AUC) [4] by varying Example of method rankings with different measure curves
keypoint ocation Hamming distance threshold [6]
Comparisons (detector/descriptor) 76 (1) .63 (3) FafENE)N AUC-Precision
153° 151° 160° 176° 168° 164O 174° 159° Patch p around ORB sampling Orientation Rotated ORlB « ORB[1]/ ORB [1] (ORB) 53(2) .353) .63(1) AUC-Recall
Orientation estimation across scales for a matching pair: keypoint location pattern §[1] ~ assignment ¢ ptter ' So 1] + SIFT [2] / LATCH [8] (SLATCH) 15(2) .19(1) .13(3) AUC-Recall vs 1-precision
example with 3 rods of the ORB sampling pattern [1] 1) 5% « MORB/ORB [1] (cCORB) 58 (2)] .36(3) .66 (1) AUC-F-score T
+ MORB / LATCH [8] (OLATCH) T |
. . I « MORB /independent ORB [1] (ORB-ALL) . Method rankings not preserved
- . C . AUC (rankin
3. Multi-scale ORB descrlptor (MORB) P * Nearest neighbor similarity matching ( 9
» Rotated ORB sampling pattern Sq [1] for each scale L (%
» Set of binary descriptors d,, = [d,, 4, ..., d} 5] R
| scale Results
4. Cross-scale matching: I
. . . . i ORB =—=sLATCH ==cORB ~~0LATCH =—=ORB-ALL—MORB
 Nearest neighbor with a scale-aware Hamming distance i > | | T T o
Matching scale - I | __Features matching _ venice [7] bark [6] boat [6] O o O < 0
ORB descriptor at at different scales S 8 0.8 o & < T S ® O
scale [ of feature n 104 95 87 [ 0.6 0.6 06| é O » © o 0O =
Hamming distance S O 02 0.2 W 0.2 v 25 21 22 .16 .23 .35 wall
h — min dm dn O O / \ O . . .
between feature m —> mn S, lES S @ ’ = res not matchin < 0 N 3 95 04 0.6 0.8 03 04 05 06 07 08 ?( 56 68 .49 51 .49 .61 leuven
and feature n . eatures not maiching
Detection scale — g at the detection scale = 08 0.8 0.8 . 39 29 34 28 .36 .47 Oxford avg. [6]
T o6 0.6 0.6 O
XOR °+°erat°r L .4 X ol /\/ ol // o 17 .10 .13 .10 .11 .15 graffit
counting v 8 0.2 M 0.2 M 02 /J CED 18 .20 .16 .14 .15 .24 wall
Set of scales: < o . : A — {/0_8 0, ﬁ 35 51 31 .32 .28 .35 leuven
1, ..., 8} Scale ratio between two views Scale ratio between two views "~ Scale ratio between two views = 28 .23 .25 .23 .24 .30 Oxford avg. [6]
= 9
References
1] Rublee, E. et al., “ORB: an efficient alternative to SIFT and SURF,” in ICCV, 2011. [4] Dong, J. and Soatto, S., “Domain-size pooling in local descriptors: DSP-SIFT,” in CVPR, 2015. 6] Mikolajczyk, K. and Schimd, C., “A Performance Evaluation of Local Descriptors,” in TPAMI, 2005.
2] Lowe, D.G.,° Dlstlnctive Image features from scale-invariant keypoints,” in IJCV, 2004. [5] Yang, T.-Y., et al., “Accumulated Stability Voting: A Robust Descriptor from Descriptors of Multiple [7] Heinly, J. et al., “Comparative Evaluation of Binary Features”, in ECCV, 2012.
3] Hassner, T. et al., “Sifting through scales,” in TPAMI, 2017. Scales,” in CVPR, 2016. 8] Levi, G. and Hassner, 1., “LATCH: Learned Arrangements of Three Patch Codes,” in WACYV, 2016.




