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Data Fitting

« Approximate fit
— Design a model that generalizes the patterns of the input data
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Image Transformation Method

« Translation
« Rotation

« Scale

« Similarity
+ Affine

» Perspective(Projective)
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Simiarlity
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Image Transformation Method

 Translation
(x’) _ (x + dx)
y' y +dy
 Rotation
(x’) _ (x cos f — ysin 9)
y')]  \xsin@ + ycosé6

 Scale
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Similarity Transform in 2D Image

Resampling

M x N image # M' x N'image

(x’) _ (sx cos — sysinf + dx)
') \sxsinf + sycos8 + dy
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Affine Transform in 2D Image

M x N image
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transformed image

(aox + ay + az)
aszx + a,y + as
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Perspective Transform in 2D Image

Transform

M x N image # transformed image

(x’) _ 1 (hox + hyy + hz)
y’ _h6x—|—h7y-|—1 h3x+h4y+h5

- This transform is called homography
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How to compute Homography?

 Transformed Position
_hox+hiy+hy
" hgx+hyy+1

_ hzx + hyy + hs
" hgx+hy+1

!/

X

!

y

* Need to determine 8 parameters
- [hO' hlr h2' h31 h4r h5' h6; h7r h8]

-> Solution is Non-linear Least-Square fitting using LM method

MIXED REALITY LABORATORY | HANYANG UNIVERSITY HTTP:/ /MR.HANYANG.AC.KR



Revisiting Levenberg-Marquardt method

a _ : Near the minimum

cur

3, =8, +H[-V2(a,,)]

x2 min cur
Aa=a_ -a_=H'[-Vx’(a_))]
Aa — “min cur cur
[e—>f
. 2
. HAa=-Vx
Hessian update gradient
A, a,, matrix term

Inverse—Hessian method

a . Far from the minimum

cur

Aa=-constxVx'(a,,)

Steepest Descent method
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Revisiting Levenberg-Marquardt method
Algorithm

i ) Guess a
i
i
WY,

cur

) compute x’(a,)
) pick a modest _A,say ] = (.00
) solve

H Aa=-Vx'(a, ) ®
where | =H + 11
v)if x*(a, +Aa)>x’(a_,)
increase Aby a factor of 10 and go to iv)
else
decrease Aby a factor of 10 and

updatea,, =a., +Aa and go to iv)
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How to compute Homography?
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How to compute Homography?

import numpy as np
import cv2

compute_residuals(params, ptsl, pts2):
residuals = []
for pl, p2 in zip(ptsl, pts2):
x1l, yl = pl
X2, y2 = p2
norm = params[6] * x1 + params[7] * y1 + 1
x1 proj = (params[@] * x1 + params[1l] * yl + params[2]) / norm

yl proj = (params[3] * x1 + params[4] * yl + params[5]) / norm
residuals.append((x2 - x1_proj)**2)
residuals.append((y2 - yl proj)**2)

return np.array(residuals)
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How to compute Homography?

compute_ jacobian(params, ptsl, pts2):

J =[]

for pl, p2 in zip(ptsl, pts2):

x1l, yl = pl
X2, y2 = p2

norm = params[6] * x1 + params[7] * y1 + 1

x1 proj = (params[@] * x1 + params[1l] * yl + params[2]) / norm
yl proj = (params[3] * x1 + params[4] * yl + params[5]) / norm

d x_proj = [
2 * (x1_proj
2 * (x1_proj
2 * (x1_proj
9, 0, 0,

x2) * x1 / norm,
x2) * yl / norm,
x2) * 1 / norm,

-2 * (x1_proj - x2) * x1_proj * x1 / norm,

-2 * (x1_proj - x2) * x1_proj * yl / norm

]

d_y proj = [
9, 0, 0,
2 * (yl_proj -
2 * (yl_proj -
2 * (yl_proj -
-2 * (y1 proj - y2) * y1 proj * x1 / norm,

y2) * x1 / norm,
y2) * y1 / norm,
y2) * 1 / norm,

-2 * (yl proj - y2) * yl proj * yl / norm

]
J.append(d_x_proj)

J.append(d_y proj)
return np.array(3J)
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compute_homography(ptsl, pts2):
params = np.array([1, €, @, @, 1, @, 0, 0], dtype=np.float64)

max_iter = 100
lambda_factor = le-3
tolerance = 1le-6

for iteration in range(max_iter): .
residuals = compute_residuals(params, ptsl, pts2) /\ISJ()rltr]rT]
J = compute_jacobian(params, ptsl, pts2)

H=3.T@]3 i
H_1lm = H + lambda_factor * np.eye(len(H)) i

compute x’(a,,)

)
i)
g pick a modest A, say ] = 0.001

g = J.T @ residuals 111
i

delta = np.linalg.solve(H_lm, -g) Vv SOlve
params_new = params + delta II ! A ] e
Aa=-Vx'(a ) @
cur
if np.linalg.norm(delta) < tolerance: I
print(f"Converged after {iteration} iterations.™) _\A/f]iBFEB H =1+ gl
break V ) If X (ac“r +Aa) 2 X (acur)

increase Aby a factor of 10 and go to iv)

residuals_new = compute_residuals(params_new, ptsl, pts2)
if np.linalg.norm(residuals_new) < np.linalg.norm(residuals): GEIESEB

lambda_factor /= 10
params = params_new decrease by a factor of 10 and

lambda_factor *= 10 update a., =2, +Aa and go to iv)

H_optimized = np.array([
params[©], params[1], params[2]],
params[3], params[4], params[5]],
params[6], params[7], 1

D

urn H_optimized
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How to compute Homography?

* Find correspondence in Two Images
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How to compute Homography?

main():
imgl = cv2.imread('target_img.png', cv2.IMREAD_ GRAYSCALE)
img2 = cv2.imread('transformed_img.png', cv2.IMREAD_GRAYSCALE)

orb = cv2.0RB_create()
kpl, desl orb.detectAndCompute(imgl,
kp2, des2 orb.detectAndCompute(img2,

bf = cv2.BFMatcher(cv2.NORM _HAMMING, crossCheck=
matches = bf.match(desl, des2)
matches = sorted(matches, key= X: X.distance)

ptsl np.float32([kpl[m.queryIdx].pt for m in matches[:10]])
pts2 np.float32([kp2[m.trainIdx].pt for m in matches[:10]])

H_optimized = compute_homography(ptsl, pts2)
print(H_optimized)

transformed_image = cv2.warpPerspective(imgl, H_optimized, (imgl.shape[1], img2.shape[0]))
cv2.imshow('Transformed Image', transformed_image)

cv2.waitKey(0)

cv2.destroyAllWindows ()

if __name__ == '_ main__'
main()
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How to compute Homography?

* Result

7 Transformed Image - O X
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How to compute Homography?

« Worst case

B Matches - O X

- Solution is RANSAC

MIXED REALITY LABORATORY | HANYANG UNIVERSITY HTTP:/ /MR.HANYANG.AC.KR



B e WA | -
RS RV
N, 030 A R =is).
D -

How to compute homography: Other Solution

 General Form in Homogenous Coordinate

x' hi1 hiy hyg\ /x
y' | = ha1 hay hys <3’>
1 h3; hzy hs3/ M
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How to compute homography: Other Solution

 General Form in Homogenous Coordinate

r ~ 1 Al i —,\1 -
x® y® 1 0 0 0 _lezxm _x;iym . lej
0 0 0 x® y® 1 F7'x® _F7y® iy 7
(i) (i) s o
X (1) y(l) 1 0 0 0 —x x(z) % y(i) h21 _ 2
0 0 0 x® y(i) 1 _:/y\(l) x® _y(l) y(i) hy» g(z)
h23 e
(n) (n) ~(1) (n) ~(n) (n) i h32 i (n)
L0 0 0x™ ¥y 1 -y & -y ¥y K
A hoob
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