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Motivation: Matching Problem

* Vision tasks such as stereo and motion estimation require finding corresponding features across two or more views.

Hangzhou Dianzi
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Motivation: Building a Panorama

* M. Brown, D. G. Lowe. Recognising Panoramas. ICCV 2003




More motivation...

*Feature points are used also for:
*Image alignment (homography, fundamental matrix)
*3D reconstruction
*Motion tracking
*Object recognition
*Indexing and database retrieval
*Robot navigation

e ... other
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How do we build a panorama?

* We need to match (align) images
* How would you do it by eye?

* Global methods sensitive to occlusion, lighting, parallax effects. So look for local features that match well.
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ow do we build a panorama?

*Detect feature points in both 1images

*Find corresponding pairs

*Use these pairs to align images
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How do we build a panorama?

*Problem 1: Detect the same point independently in both images

no chance to match!

We need a repeatable detector

Hangzhou Dianzi University Ml 1R K% School of Computer Science and Technology T+t i SCHE




How do we build a panorama?

*Problem 2: For each point correctly recognize the corresponding one

We need a reliable and distinctive descriptor
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SUSANA ri il

* HStephen M. Smith#1 J. Michael Brady#& 1 (1997)
T HALE/ T, FILTE R
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H arri S% }:l:_( ﬁ?ﬂj‘"‘l C.Harris, M.Stephens. “A Combined Corner and Edge Detector”. 1988
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Harris £ =Rl

3T BB I(x,p), BAE R (xp) PR (Ax, Ay)Ja B EABRME, Rl E E A < R 4
c(x, y;Ax,Ay) = Zw(x,y)[[(x+ Ax, y+ Ay) —I(x, )]z

X,y \
Window Shifted CIntensity)
function intensity

« HrPwOe ) NIIAEREL, R UAep) D HIE H o BRER] DL WA, Wn] LU S B ek 4

e e e e m e = e e
- - OI'
-
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-
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__________________________

1 in window, O outside Gaussian
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Harris £ =R

RPE RIS, K EUGI(x+ Ax, y+Ay)BEA T — B el
I(x+Ax,y+Ay) = I(x,y)+[x (x,y)Ax+Iy (x,y)Ay+0(Ax2,Ay2)

zl(x,y)JrIx (x,y)Aerly (x,y)Ay
o HrP L AN 2 BRI ) R 280 RS A G BR B R A N -

(X, y; A, Ay) ~ Y w(x,y)(lx(x,y)AxHy(x,y)Ay)2 =Ax Ay]M(x’y)Kj
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X, YEW
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Harris £ =R

o BEUBRICe ) 75 15 e ) A PR (A, Ay) 5 1 EE R 5 B BT S0 — VT B

c(x, y;Ax,Ay) ~ AAX® + 2CAxAy + BAY® 3t A=) I, B=XI', C=>11
BHERME LR c(x, y, Ax, Ay) RAIWT A =2
Harris £ 2R T RSB I 67 11482y 1L BORBIEL S5y )7 10 L OBBIE L, #4750 A0 07

— RIS R — MBI . IR B 2R < RERATE
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X derivative Input image patch

Y derivative
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The distribution of the x and »
derivatives is very different for
all three types of patches
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principal component ellipse
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Harris £ =R

o WA I B KRR A5 B PR K A Bk GBI AP
2% R0 R E TR, 4R = A

o (1) 4 FAMAEAE AN, FLEUSS, 5456 R 0
fEAESATT I E#N.
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Harris £ =R

Ay and A, are large
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Harris £ =R

L R -
W i)

large A, small A,
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Harris £ =R

small A, small A,
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Harris £ =R

o MRYE IR BAFEAE TR 220, ATRUKR E MCey) FEFE FRFIE{E . (HHarris ff1 5RO VAR AN f7 Z T 5
HARBVRFLAE, W2 thE A s MAERAR AW A . REJTHRE A2 y:

R=detM —k(traceM)2

« Kb detM NFEFEMEIAT ) traceM AR PEMB)IE;  kAH Zl(empirical constant), HUE 75 240.04~0.06.

Mol A € | detM =44, = AC-B’
C B traceM =4, + 4, = A+C
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Harris £ =R

* R depends only on eigenvalues of M
* R is large for a corner
* R 1s negative with large magnitude for an edge

* |R| 1s small for a flat region

Hangzhou Dianzi University Ml 1R K% School of Computer Science and Technology T2t J& SCHE




Harris £ =R

* The Algorithm Workflow:

* Find points with large corner

response function R (R >

threshold)

* Take the points of local

maxima of R
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Harris £ =R

« Compute corner response R
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Harris £ =R

* Find points with large corner

response: R>threshold
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Harris £ =R

* Take only the points of

local maxima of R

o000
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Harrisf RURL LR

1. Compute = and y derivatives of image 4. Define at each pixel (x,y) the matrix

,r = GI * I f = Gy % f H{: p— -‘E::;IEE(I*.I y.) S.Ey{ﬂff y:’
! 7 J 7 (IE’ U) 'EHl'y{x? y) 'gyE {:?J ?Jlr)

2. Compute products of derivatives at every
pixel
5. Compute the response of the detector at
Ipp = Ipdy lyp = Iy dy lpy = Ia.1y each pixel
R = Det(H) — k(Trace(H))?

3. Compute the sums of the products of deriva-
tives at each pixel

Seo = GorxIpp Syp = Gor* Ly Sey = Gor* Iny 6. Threshold on value of R. Compute nonmax suppression.
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Harris £ =R
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Ideal feature detector

* Would always find the same point on an object, regardless of changes to the image.

*i.e., Insensitive to changes in:
*Scale
*Lighting
*Perspective imaging

e Partial occlusion
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Harris Detector: Some Properties

N oA

Harris corner response measure depends only on the eigenvalues of the matrix M

17 11
M =) w(x, ) rY
S

7 =

Ellipse rotates but its shape (i.e. eigenvalues) remains the same

* Rotation invariance?

Corner response R is invariant to image rotation
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Harris Detector: Some Properties

* Partial invariance to additive and multiplicative intensity changes
v" Only derivatives are used => invariance to intensity shift/ — I+ b

v Intensity scale: / — a I Because of fixed intensity threshold on local maxima, only partial invariance to
multiplicative intensity changes.

N d N\ N
threshold /N =

AN, VAVER

x (Image coordinatej x (Image coordinatej

Hangzhou Dianzi University Hi/H o1 HRHK %

School of Computer Science and Technology v+ 5N #Wi J& SCHE



Harris Detector: Some Properties

* Not invariant to image scale!

All points will be
classified as edges
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We want to: detect the same interest points regardless of image changes

*Models of Image Change:
*Geometry
*Rotation [l = ’
*Similarity (rotation + uniform scale) - ) .
* Affine (scale dependent on direction) - ) -

* Photometry

* Affine mtensity change (I > a I + b) - —)
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Rotation Invariant Detection

e Harris Corner Detector

12+ Harris —-— |
: ImpHarris -+---
1 L
&
o 08
2
%
= 06
8
o
04
02
0]

0 20 40 g0 80 100 120 140 160 180
rotation angle in degrees

C.Schmid et.al. “Evaluation of Interest Point Detectors™. IJCV 2000
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Scale Invariant Detectors

eHarris-Laplacian!
Find local maximum of:

* Harris corner detector in space
(image coordinates)

* Laplacian in scale

scale

A

%| | |
<« Laplacian —

A\ 4

s

<« Harris —»

' K.Mikolajczyk, C.Schmid.
“Indexing Based on Scale
Invariant Interest Points”.

ICCV 2001

« SIFT (Lowe)?

Find local maximum of:

— Difference of Gaussians in
space and scale

scale
" —

.¢

<~ DoG —>

2D.Lowe. “Distinctive Image
Features from Scale-Invariant
Keypoints”. IJCV 2004
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Scale Invariant Feature Transform (SIKT)
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Scale Invariant Feature Transform (SIKT)

SIFTHIRRFE AP IR:

o JXEE AR A BB ARSI Scale-space extrema detection

o KB SUREHA EL Keypoint localization
o~ R K MIFRIE Orientation assignment

o - HFEREIR FFAE A Generation of keypoint descriptors.
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SIFT: <% 57 FARic

* Extracted keypoints, arrows

indicate scale and orientation
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L.A.F. Fernandes and M.M. Oliveira, Real-time Line Detection Through an Improved Hough Transform Voting Scheme.
Pattern Recognition, 2008. 41(1): p. 299-314.
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Charles R. Qi, Or Litany, Kaiming He, Voting from input point cloud 3D detection output

Leonidas J. Guibas. Deep Hough Voting
D eep HOugh (@J ) for 3D Object Detection in Point Clouds.

ICCV2019 |
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1?[ Kai Zhao; Qi Han; Chang-Bin Zhang; Jun Xu; Ming-Ming Cheng. Deep Hough
Deep HOllgh ( J ) Transform for Semantic Line Detection. TPAMI. 2021
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Fig. 2. The pipeline of our proposed method. DHT is short for the proposed Deep Hough Transform, and RHT represents the Reverse Hough DHT ..:
Transform. CTX means the context-aware line detector which contains multiple convolutional layers. H - 5 oeje R
RHT
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The End
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