CMSC5711 Formula sheet: Ch2. Camera model: essential Formulas
Ch3. Edge detection: essential Formulas, Ch4. Harris corner feature extraction

Ch8. Stereo vision

F*e,=0, where el=epipole of left image

_t3 t2 x1=P1X,x2=P2X )
[T], = [ ] -t P; = My [Ri|T;],
—tz t, 0

X, Xw 1st order edge gradient , : .
Y -M Y, . R=cam. rotation, T=cam. translation
c = Mextiax | 7. edge if G(I(x,y)>> Threshold. [Tl Tg = TA X Tg by definition X=model point, x=image point
i) 1 laxyy AN . (01 ey N2 X, = RX; + T, To rotate (R) and translate (T) a vector |  projection matrices (P, P)of 2 cams
_ [GU(x,y)| = ( o ) + ( 3 ) from X1 to X2.
Meyt say = Rc(3x3) 3] — Tel(axa 4 hence X,” *E +X, = 0 u, P37 — pIT
rs % U );W where essential matrix E = [T]\R v,p3T — p2T
S * ”] = Mint(3x3) * Mext(axa) Zw 2nd order edgeI((I;Capl§1C|agZolp(iratsjr) For a stereo setup, a pixel at the reference (left) image AX = u, P37 — P1T X=0,
L S l@ax {V |721(x y) — Y 4 — is (u1,v2), the right hand image point is (u2,v2), 3T oT
(ax1) ' dx? dy? ’ , F is the fundamental matrix, such that v Py — P
Rodrigues formula [u, vy, 1]*xFx[u; v, 1]7=0
0 Tz Ty iT _ ;th
where = i"" row of P
R=cos 0 1+(I-cos 0 )rr"+sin 6 | 1, 0 -7, 2 — D Gaussian: G(xy) = 5 fir fiz fas 5 p
-1, 0 F=|f1 foz fas|, Wnere 0 -1 0 0O 1 0
yox 1 Ge-m)?+(y- my)° for for f
orld 202 31 /32 /33 W=l1 0 0|,Z=|-1 0 o0f,
RCme:[lé ?:os(theta x) -Zin(theta x) i 0 O 1 0 0 0
0 sin(theta x) cos(theta x) ]: Uy f11 + UpVs f12 + Unfiz + Vol fo1 + V201 o
- - Harris matrix (structure tensor): A(x,y) = +vofo3 FUif31 +Vifs2+ f33=0 [U’ S, V] = SVD (E)
Rcamy=[cos (theta_y) 0 sin(theta_y)
o 1 0 all xy in N ) allxy in N If Ax=0, [U,S,V]=SVD(A), last column of V is x.
-sin(theta_y) 0 cos (theta_y)]; (61(x,y)> (z?[(x,y)) (z?[(x,y)) ] ] ) [T]x — UZUT
Reamz=[cos ( ?ﬁe ta—z) _sin t:e ta_Z) g _ ox . ox ay No&lma//zit/o&' av§rag; 2121stance of [u,v] around
::m( eta_z) <o:os( eta_z) ° . all)g:mN Aoy (3G allxyin N 21Goy\? e center [0,0] is sqrt(2) R=UwvT
7 dx ady ay
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Formulas v3. (250402a)
Ché: ---- Histogram equalization ------- Ch9 Factorization
Ch4: Normalized cross correlation coefficient e L1 a; a, az t M ¢
Tf 1 =Z ( _)( , _) p(ry) = uN S = szo n; Affine Py fine = lz)l %2 %3 t12 — 2><3 21><1
— — r
wye\foy = \ey = /7)) COlorOmOdel' RGBi;‘;Wl'l_S‘(I)'HSL’HIS """ (u,v)=real pixel position, (u’v’)= affine translation eliminated pixel.
Y (f _ 7)2 3 (f' _ f_,)z Susv = {C/V, otherwise (XY Z) = model point, x= projected image.
x,yes\Jx,y x,yes\Jx,y 0 ifFC =0 . . . .
) ifC= M = affine rotation , t=affine translation,
. L Sus, =14C/2L, ifL<1/2 u X ,
s = all_range, f =mean(f), f' = mean(f") C€/2Z=2L), if L)1/2 x = ( ) =M|(Y |+¢ min ZU”W — (Min)”
0, ifl1=0 v 7 Mix;
Ch5.Hough transform:y = mx + ¢ Susi = _m .
i cos(6) B - 1 T otherwise u,% ur% u,}L
“sincg) )¢ T \sin(e) ) M = Max(R, G, B) :
_ cos(0) r m = Min(R,G,B) T N T
henceyi = |~ sin(6) ) ! " Sin(e))' C=M=-m Werxn) = uri urf u,;l
sor = sin(8)y; + cos(0)x; 12(1/3)(R+G+B) vy VU, ... Uy
V= [V{ .11" .11" T
L=(1/)M+m) vy vy Valdorkm
) ey ||2 cf1- x—xi”2 ||ﬂ|| <1 where Wioryy) = MX=
Ch7: The Epanechnikov kE(" A )= h noll =
0 otherwise A1i=1 Gz,i=1 43,i=1
S xigi || ) )
, 2Ckd XX =171 aqi= ay = as =
P(x) =Ck_3 n K IH) yp(x) = —kd b [ ™ g i ] _|%i=r Qzj=r 3,i=T
ik (), e (e e 2 = e e
2 f X=X < 1 . . .
Where i ( el ) = {C ! || h - Formulas v3. (250402a) 2 b . b . b . Formulas v3. (250402a) 4
” 0 otherwise 1,i=T 2,i=T 3,i=T 2I'%x3
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Ch10 linear pose estimation, Barycentric homogenous coord.

Formulas v3. (250402a)

V= Z ith Z 1,
=Yjo1 ¢, wi - @ =
w w w w w w
®i=1,j=1 Ai=2,j=1 Aj=n,j=1 Cx,jzl Cx,j:Z Cx,j:3 x1 4 th 1 Px,i:z th =n
P P P w w w w w w
Zz:l,}zz 51:2,1:2 gl:n,J:Z Cyj=1 Cy=z2 Cyj=3 y} -4 Pyi—1||Pyi=2 Pyi—n
i=1,j=3 i=2,j=3 i=n,j=3 w w w w w w
a: J a: J a: J Czj=1 Czj=2 Czj=3 Z} =4 Pzz 1 PZl 2 P,
i=1,j=4 i=2,j=4 i=n,j=4 (4Xn) 1 1 1 1 1 1
(4x1)

a;; = homogeneous barycentric coord. can be estimated
2D case Vi, (i =1, 2 ,n andj = 1,2,3,4). A = camera intrinsic parameters

. fu uC_OX
U c uz
=APf =A aU ¢, where U; = VA= fo  Veoy|,then

1
U uc 0x
w; 111- = f» vcoy Z(xu y, ,

Z?:l aij fuxj + aij(ucfox - ui)zj =0, Z;*:l Qij fvyjc + aij(vcfoy - Ul-)ZjC =0,

For feature i, a1=Alph(i,1); a2=Alph(i,2); a3=Alph(i,3); a4=Alph(i,4); where Alph=«a

See code compute M_verZ.m of nips://www.epfl.ch/labs/cvlab/wp-content/uploads/2018/08/EPnP_matlab.zip
M—i(2x12)=

[a1*fu, 0, a1*(u0-ui), a2*fu, 0, a2*(u0-ui), a3*fu, 0, a3*(u0-ui), a4*fu, 0, a4*(u0-ui);
0, a1*fv, al*(v0-vi), 0, a2*fv, a2*(v0-vi), 0, a3*fv, a3*(v0-vi), 0, a4*fv, a4 *(u0-ui)]
M(anlZ):[M—i:]‘(leZ)’ M—i:2(2x12)""' M—i:n(zmzﬂT

M*Cgy; ;=0, where

¢ —[x¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ c ¢ r
Couj=l¥=1 Yiz1 2 XYoo Ve Zea Xz Yjms Zjzs Xjoa Yjea Zjea)

zi=n

(4xn)
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Ch14: Camera calibration and Homography

u'yj Hy, Hi, Hig)[x;] [X;
[v'w Hyy Hp, Hys Yl 1Y
s H3y Hz, Hisf|1 1
where [X;, ¥;]Tison a planner surface, [u’,v']" is the 2D projection
ul] u',-,j:H1_1-Xj+H1_2~Yj+H1,3~1
, S Hyq-Xj+H3zYj+H33°1
v ;= V’i,j — H2'1-Xj+H2'2-Yj+H2’3~1
2 s H31-Xj+H3p Y j+H33-1

Eliminate the term s

Wi j(H31Xj+Hap Yy + Haz)-(Hyg - Xj+ Hyp Yj+ Hiz) =0
vy j(Hay  Xj+ Hap - Yy + Hyz)-(Hyy - X; + Hyp - Yy + Hy3) = 0
Seth = [Hy 1, Hy, Hy 3, Hoy, Hy 2 Ha o, Hayy Ha g, Ha 5],

(=X, =Y, —1 0 0 0 U= X; W=Y) Uimg]
0 0 0 X =Y -1 v X; weyY; Ve
=X, =Y -1 0 0 0 WX WYy Uiy, 0
0 0 0 X YV -1 viyX; ;¥ Vi-=2j h=|0
H 0 2NX1
-X; =Y, -1 0 0 0 W=njX; U-n;Y; Uimn;
L 0 0 0 _)(J _Y} -1 Ui:NJ'X]‘ ui:N;]‘Y]‘ vi:N'j-Zng

Ch11. Iterative pose estimation
Ch12 Bundel adjustment

I i

i_

v, = r21Xi+r22Yi+r23Zi+T2
131 Xj+132Y+133Z;+T3
ri1 Tz Ti3 1 —-93 ¢
* RotationisR = |21 T22 T23| =~ | @3 1 -9,
31 T3z T33 —@; @1 1

®1, V5, @3 are small angles rotate aginst X, Y, Z axes resp.
* Translation T =[T1,T2,T3]"

u.
[X;,Y/,Z]]is a 3D poiin, image is at [vi]
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Ch15 : Neural networks useful formulas

Al i Indexed by i

: : _ Weight !ndexed by
Sigmoid_f(u) = ——

& S )_ h(1)+ e U Layer L

sinh(u el—e U
Tanh_(u) T cosh(u)  e¥+e W W]- =i
Relu_f (1) = max(0,u), .
y;=SoftMax(z;) = M, wW..
j-‘=1 exp(z;) Ji=2

Case 1: neuron in between output and hidden layer

de
P A [Gei —t) - fu)(@ = fu))] - x;

J,Ll

Case 2: neuron between a hidden and hidden layer. Wj i=1

Afa)( - F@p)] - x

i=I
Z(Si 'Wj,i)
i=1

Ch18 :Radiance field rendering, Alpha composing (blending)
Opacity= a, Density= o, Transmission=t, Color=c

a=1- exp(—a 6j); a =1-T; §;=1 at sampling point j, otherwise =0
C(ray) = X}X5'T; * (1 — exp(—0; &))) * ¢;, where T; = exp(— X'} 0; ;)
At sampling point i=1,2,...N of a ray, the color receiving at the viewing pixel is
Crotar = 01¢1 + (1 —0q)ac2+(1 — o) (1 — @) a3€3 e (1 — ay—q)Cy

Formulas

Output .
layer

3. (250402a)

o)
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