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« Pinhole camera model (or central projection)
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« Offset of projection center

X v x f 0 x| | X
517:f7+5170 nyZWLyo — yl < |0 f wyol| |Y
1 0O 0 1 /
X X
f X=|Y
X / Z _f O xo_
% K=1(0 f o
O] — /ry 7 _0 0 1 ]
X — [37]/ Matrix of
Yy internal parameters




DASDRMAZEHNETIL (3/3)
- RmH—ILLIZHD

— Non-square pixels > aspect ratio
— Non-perpendicular image plane
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« Matrix of internal parameters
— 5 parameters = 5DoFs
— Upper triangular
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Camera matrix
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Rotation matrix
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— [ElEsEHAE, Eulerf, quarternion

o|§R il A ERIR

- MEHMOEEHAR, RSHEEAEDIKINT ML TERIA
- X7 bbb 5 3x 3[EERTTHIZETHE (Rodrigues formula)
— R, jac = cv2.Rodrigues(v) (¥Z#a+ AJRE

R =1+sinf[v]x + (1 —cosf)(vv' —1)
I 0 —U3 (05)
[V]X — U3 O —U1
—U9 V1 0




AXZETILOWHESR

ZRDILAFZERAEICIRT LiEE I 5B draw_cube()

impo
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def

rt numpy, cv2 cam_model.py

numpy.array([[e,@,e], [e)@J-l]J [@)1)9]J [1)@J@])¥
[9)1)-1])[1)@)-1]1 [1)1)9]J [1,1,-1]],Float)
[[e,1],[0,2],[0,3],[1,4],[1,5],[2,4],%
[2,6],[3,5],[3,6],[4,7],[5,7],[6,7]]

draw_cube(image, K, base, length, Rmat, tvec):

#print base.shape, cubept[0:1,:].T.shape, tvec.shape

for 1 in 11:
iptl = K.dot(length*Rmat.dot(pt[1l[@]:1[0]+1,:].T+base)¥
+ tvec)

K.dot(length*Rmat.dot(pt[1[1]:1[1]+1,:].T+base)¥
+ tvec)

cv2.line(image, (iptl[@]/iptl[2], iptl[1]/iptl[2]).,¥
(ipt2[e]/ipt2[2], ipt2[1]/ipt2[2]), (@,0,255), 3)

ipt2
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if _name_ == "_main_ ": cam_model.py

focal, zo

1000.0, 500.0 # zO must be greater than 100

cube_orig = numpy.array([[-0.5,-0.5,0.5]], float).T

ang = 0.0

while 1:
rotl, jacl = cv2.Rodrigues(numpy.array([[0, ang, ©0]], float))
rot2, jac2 = cv2.Rodrigues(numpy.array([[0.4, 0, 0]], float))

ang = ang + numpy.pi/100
rot = rot2.dot(rotl)
trans = numpy.array([[0,0,z0]], float).T

K = numpy.array([[focal, 0.0, 320.0],¥
[0.0, focal, 240.0],¥
[0.0, 0.0, 1.0]], float)

image = numpy.zeros((480,640,3), dtype=numpy.uint8)
draw_cube(image, K, cube orig, 100, rot, trans)

cv2.imshow('Image', image)
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Camera calibration (A X > D8KIE)

while 1: calib.py
stat, image = cap.read(9)

ret, centers = cv2.findCirclesGrid(image, (patw, path))
cv2.drawChessboardCorners(image, (patw, path), centers, ret)

cv2.imshow( 'Camera’, image)
key = cv2.waitKey(10)

if key == Ox1b: # ESC
break
elif key == 0x20 and ret == True:
print 'Saved!’
objp list.append(objp.astype(numpy.float32))
imgp list.append(centers)

17 lem{ebip lhsn) >= 2 "Zhang’s calibration method”

cv2.calibrateCamera(objp list, imgp list, (image.shape[l],
mage.shape[0@]), K, dist)




PnP: Perspective-N-Point
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while 1: pPNp.py

stat, image = cap.read(9)
retval, centers = cv2.findCirclesGrid(image, (patw, path))

if retval == True:
ret, rvec, tvec = cv2.solvePnP(objp, centers, K, dist)
Rmat, jac = cv2.Rodrigues(rvec)
cam_model.draw_cube(image, K,¥
numpy.array([[0.0,0.0,0.0]], float).T,¥
3.0, Rmat, tvec)
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def calcHomography(objp, imgp): homography.py

numPts = objp.shape[0]

A = numpy.zeros((numPts*2, 9), float)

imgp = imgp.reshape(numPts,2)

for i in range(numPts): =
A[i*2+0,0:2] = objp[i,0:2]
A[i*2+0,2] = 1.0
A[1i*2+40,6:9] -imgp[i,0]*A[i*2+0,0:3] -
A[i*2+41,3:5] objp[i,0:2]
A[i*2+1,5] = 1.0
A[i*2+1,6:9] -imgp[i,1]*A[i*2+1,3:6]

U, w, Vt = numpy.linalg.svd(A)

'+: return Vt[8,:].reshape(3,3)
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K'&ehir%
HOCK[I’Q I t] = Q = K 'H x [I‘O Iy t]

= Q/lqo| =[ror1t] R ={[ror; (rg xry)]
FINT MLORSZETIC 351HIR1, 25IBEEXR

homography.py
retval, centers = cv2.findCirclesGrid(image, (patw, path))

if retval == True:

H = calcHomography(objp, centers) # H = K[ro,rl,t]
Q*numpy.sign(numpy.linalg.det(Q))
numpy.linalg.inv(K).dot(H) # Q=K"{-1}H
Q / (numpy.linalg.norm(Q[:,0])) # Normalize
R[:,2].reshape(3,1).copy() # Deep copy
R[:,2] = numpy.cross(R[:,0],R[:,1]) # r2=roxrl
cam_model.draw_cube(image, K,¥

numpy.array([[0.0,0.0,0.0]], float).T,¥
3.0, R, t)
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(singular value decomposition)
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1) BEFERX Ax=Db (A:m xn)
~-m=nTA®b fullrank - &% : x=(A"A)"'A'b
- m>nT Ab full rank - BEERLL - RINFEIE
x = argmin||Ax — b[?=(A"A)"'A'b
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1) J(x) = ||Ax — b||* — min.

B8=: j—J —2AT(Ax—b)=0 = x=(A"A)'A'b
X

2) J(x) = ||Ax||* = min. subject to [|x[|* =1

Lagrange multiplier:
J(x) = ||Ax][|* + X(||]1 — x]|?) — min.

E8s fl—‘] —2ATAx - 2x=0 = A'Ax=)x
X

BIMEIFZDOEEMEMEDR : x =e; (A'Ae, = \yep)
RNEBEICHTT 52T MNLHEE
|Ax[|* = ey A" Aey = Aillex[® = A
E) ATADEIRE=ADFEMED "%
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— cv2.warpPerspective()
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