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Feature Detection and Matching
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Applications: stereo matching, image stitching, 3D reconstruction,
camera pose estimation, object recognition
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Feature Detectors

* How to find image locations that can be reliably matched with
images?




Feature Detectors
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Harris Corner Detector

* Corners are regions with large variation in intensity in all directions
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Harris Corner Detector lﬁj

Grayscale image I(Qj, y)

Window function

...........................

1 in window, O outside Gaussian
‘ Image patch inside the window
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sum of squared differences (SSD)

Shift (offset) |dea: if f(A:L‘, Ay) is large for all (AZC, Ay) , the patch has a corner




Harris Corner Detector

* Taylor series

One dimension /" (xo +A x) = f (x0) + A x f7 (x0) + 5, (Ax)* [ (o) + ...
about |

Two dimension about (ac, y)

fa+Ax, y+AY) = fx, )+ [f 6 ) Ax+ [ (6 DAY+ 3 [AX fro (6 ) +2AXAY fry (x, ) +AY) [ (x5, 0]+
3 (A foxx ) +3 QX7 AY froxy (6, W+3AXAY) foyy (56 )+ BYY frpy (x5 0]+




Harris Corner Detector

Sum of squared (A Ay) = Z w(ar, yp) (L (xr, yi) — L(@g + Az, yy, + Ay))?

differences

First order I(z + Az,y+ Ay) = I(z,y) + L, (z,y) Az + I, (z,y) Ay

approximation
X derivative Y derivative

f(Ax, Ay) ~ Zw z,y) (L (z,y) Az + I, (z,y)Ay)?

Ax . I:v ICCIZJ - Zﬁ?’a ’ v L
f(Az,Ay) ~ (Az Ay)M ( ﬂ_y) . %w(x’ y) [ley 2 ] . [Zm,yw v,y Lty 3, w@ Yl ]

Idea: if f(/\:z:, /\y) is large for all (A(L’, Ay) , the patch has a corner




Harris Corner Detector

* A quadratic function

Gradient covariance matrix




Harris Corner Detector

* A quadratic function f(Az, Ay) ~ (Az &y)M(&m)

o B 8 8 8 8
o B 8 8 8 8

Flat Edge Corner

Idea: if f(Ax, Ay) is large for all (AZC‘, Ay) , the patch has a corner




Harris Corner Detector

* Compute the eigenvalues and eigenvectors of (\4

eigenvalue
Eigenvalues: find the roots of det(M — AI) — O
J
Me = )e
N
eigenvector Eigenvectors: for each eigenvalue, solve (M — AI)e p— 0




Harris Corner Detector

e Real symmetric matrices
 All eigenvalues of a real symmetric matrix are real
* Eigenvectors corresponding to distinct eigenvalues are orthogonal

I I,I Soow(x,y) 2 S w(x,y) LT
M = w\x, z v y] o [ L,y ’ x T,y y Y
xzy (z,v) [Ixfy I Doy W@, Y) 1 Zm,yw(:c,y)fg

e Since M is symmetric, we have

M=R"

R Ris a 2D rotation matrix




Harris Corner Detector

* Interpreting Eigenvalues

M=R"' R

f(Az, Ay) ~ (A ay)M(ij)

Al X direction gradient AQ Y direction gradient




Harris Corner Detector

* Define a score to detect corners

Mﬁ\ Option 1 Kanade & Tomasi (1994)

R = min()\l, )\2)

strong corner

Option 2 Harris & Stephens (1988)

R = Ay — K)()\l -+ )\2)2

M Can compute this more efficiently...




Harris Corner Detector

* Define a score to detect corners R = XXy — "‘3()\1 4 )\2)2
A , 1

corner detM _ ;\1}\.2
R<0 R>0 trace M =\ + A\,

a b
det(lc d])—ad—bc
trace([a b])za—i—d
c d

R A O R det (AB) = det (A) det (B)
[0 xJ tr(P'AP) = tr(APP ') = tz(A)

R = det(M) — xtrace*(M)




Harris Corner Detector

1. Compute x and y derivatives of image
— (" _ (Y :
[ =G *1 I, = G =1 Sobel filter
2. Compute products of derivatives at every pixel

I,=1-1,  I,=1-I, I =I_-I,

y

3. Compute the sums of products of derivatives at each pixel
Gaussian window

S.=Gy*xl, 8,=0G.*1, § =G =*I
e L e e




Harris Corner Detector

3. Determine the matrix at every pixel

S.(6y) S, (xp)
Sxy(xay) Sy2(x9y)

4. Compute the response of the detector at each pixel

R=det M - k(traceM )2

5. Threshold on R and perform non-maximum suppression

M()C,y) =




Non-Maximum Suppression (NMS)

Adaptive non-maximal
suppression
Suppression radius r

:_7.&_‘(&’:“, \—.,‘ T ~».‘.. 0

(d) ANMS 500, r = 16
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Further Reading

e Chapter 7.1, Richard Szeliski

 Harris corner detector
https://en.wikipedia.org/wiki/Harris corner detector



https://en.wikipedia.org/wiki/Harris_corner_detector
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