
CMSC5711 Formula sheet: Ch2.  Camera model: essential Formulas 
Ch3. Edge detection: essential Formulas, 
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Rodrigues formula

R=cos 𝜃I+(I-cos 𝜃)rrT+sin 𝜃

0 −𝑟௭ 𝑟௬

𝑟௭ 0 −𝑟௫

−𝑟௬ 𝑟௫ 0
,

Rcamx=[1  0              0
0  cos(theta_x)  -sin(theta_x)
0  sin(theta_x)   cos(theta_x) ];

Rcamy=[cos(theta_y)      0   sin(theta_y)
0                 1   0
-sin(theta_y)     0   cos(theta_y)];

Rcamz=[cos(theta_z)     -sin(theta_z)  0
sin(theta_z)      cos(theta_z)  0
0                 0             1 ];

1st order edge gradient , 

edge if G(I(x,y)> .
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Harris matrix (structure tensor): 𝐴(𝑥, 𝑦) =


𝜕𝐼(𝑥, 𝑦)

𝜕𝑥

ଶall x,y in N

,
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all x,y in N
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𝜕𝐼(𝑥, 𝑦)

𝜕𝑥

𝜕𝐼(𝑥, 𝑦)

𝜕𝑦

all x,y in 𝑁

,


𝜕𝐼(𝑥, 𝑦)

𝜕𝑦

ଶall x,y in N

,
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Ch4: Normalized cross correlation coefficient
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𝐶ℎ5. 𝐻𝑜𝑢𝑔ℎ 𝑡𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚: 𝑦 = 𝑚𝑥 + 𝑐

𝑚 = −
cos( 𝜃)

sin( 𝜃)
, 𝑐 =

𝑟

sin( 𝜃)
,

hence 𝑦 = −
cos( 𝜃)

sin( 𝜃)
𝑥 +

𝑟

sin( 𝜃)
,

so 𝑟 = sin( 𝜃)𝑦 + cos( 𝜃)𝑥
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Ch6: ---- Histogram equalization -------

𝑝(𝑟) =
𝑛

𝑀𝑁
, 𝑠 =

𝐿 − 1

𝑀𝑁
 𝑛



ୀ

 

-----Color model: RGB  to  HSV,HSL,HIS-----

𝑆ுௌ = ቊ
0,  𝑖𝑓 𝑀 = 0

𝐶/𝑉,  𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝑆ுௌ = ቐ

0,  𝑖𝑓 𝐶 = 0

𝐶/2𝐿,  𝑖𝑓 𝐿 ≤ 1/2

𝐶/(2 − 2𝐿), 𝑖𝑓 𝐿⟩1/2

𝑆ுௌூ = ቐ
0,  𝑖𝑓 𝐼 = 0

1 −
𝑚

𝐼
,  𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝑀 = 𝑀𝑎𝑥(𝑅, 𝐺, 𝐵)
𝑚 = 𝑀𝑖𝑛(𝑅, 𝐺, 𝐵)
𝐶 = 𝑀 − 𝑚

𝐼 = 1
3ൗ 𝑅 + 𝐺 + 𝐵

𝑉 = 𝑀

𝐿 = 1
2ൗ 𝑀 + 𝑚
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Ch8. Stereo vision
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ଶ ଵ ,  To rotate (R) and translate (T) a vector 
from X1 to X2.

ଶ
்

ଵ

×

For a stereo setup, a pixel at the reference (left) image 
is (u1,v2) , the right hand image point is (u2,v2), 

 fundamental matrix, such that 
ଶ ଶ ଵ ଵ

்

ଵଵ ଵଶ ଵଷ

ଶଵ ଶଶ ଶଷ

ଷଵ ଷଶ ଷଷ

ଶ ଵ ଵଵ ଶ ଵ ଵଶ ଶ ଵଷ ଶ ଵ ଶଵ ଶ ଵ ଶଶ

ଶ ଶଷ ଵ ଷଵ ଵ ଷଶ ଷଷ

If Ax=0, [U,S,V]=SVD(A), last column of V is x.

Normalization: Average distance of [u,v] around 
the center [0,0] is sqrt(2)

F*e1=0, where e1=epipole of left image
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Ch9. Factorization



ଵ ଶ ଷ ଵ

ଵ ଶ ଷ ଶ
ଶ×ଷ ଶ×ଵ

(u,v)=real pixel position, (u’v’)= affine translation eliminated pixel. 
(X Y Z)’ =  model point, x= projected image.
M = affine rotation ,
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(ଶ×)

(ଶ×)

ଵ,ୀଵ ଶ,ୀଵ ଷ,ୀଵ

ଵ,ୀ ଶ,ୀ ଷ,ୀ

ଵ,ୀଵ ଶ,ୀଵ ଷ,ୀଵ

ଵ,ୀ ଶ,ୀ ଷ,ୀ ଶ×ଷ
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Ch10 linear pose estimation, Barycentric 


௪


ସ
ୀଵ 

௪


ସ
ୀଵ

𝛼ୀଵ,ୀଵ

𝛼ୀଵ,ୀଶ

𝛼ୀଵ,ୀଷ

𝛼ୀଵ,ୀସ

𝛼ୀଶ,ୀଵ

𝛼ୀଶ,ୀଶ

𝛼ୀଶ,ୀଷ

𝛼ୀଶ,ୀସ

 . .

𝛼ୀ,ୀଵ

𝛼ୀ,ୀଶ

𝛼ୀ,ୀଷ

𝛼ୀ,ୀସ (4x)

=

𝑐௫,ୀଵ
௪ 𝑐௫,ୀଶ

௪

𝑐௬,ୀଵ
௪ 𝑐௬ୀଶ

௪  
𝑐௫,ୀଷ

௪ 𝑐௫,ୀସ
௪

𝑐௬,ୀଷ
௪ 𝑐௬,ୀସ

௪

𝑐௭,ୀଵ
௪ 𝑐௭,ୀଶ

௪

1 1
 

𝑐௭,ୀଷ
௪ 𝑐௭,ୀସ

௪

1 1 (4x1)

ିଵ
𝑃௫,ୀଵ

௪

𝑃௬,ୀଵ
௪

𝑃௭,ୀଵ
௪

1

𝑃௫,ୀଶ
௪

𝑃௬,ୀଶ
௪

𝑃௭,ୀଶ
௪

1

…

𝑃௫,ୀ
௪

𝑃௬,ୀ
௪

𝑃௭,ୀ
௪

1 (4x)


ସ
ୀଵ ௨ 


 _௫  




ସ
ୀଵ ௩ 


 _௬  



For feature i, a1=Alph(i,1); a2=Alph(i,2); a3=Alph(i,3); a4=Alph(i,4); where Alph=
https://www.epfl.ch/labs/cvlab/wp-content/uploads/2018/08/EPnP_matlab.zip
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Ch11. Iterative pose estimation
Ch12 Bundel adjustment

• 






=focal length

• భభ  భమ  భయ  భ

యభ  యమ  యయ  య

• మభ  మమ  మయ  మ

యభ  యమ  యయ  య

• Rotation is , 

• Translation T =[T1,T2,T3]T

•
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Ch14: Camera calibration and Homography
,
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where [  , ]T is on a  planner surface, [u’,v’]T is the 2D projection
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Case 1: neuron in between output and hidden layer

,
      

neuron between a hidden and hidden layer.

,
 ,
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Ch15 : Neural networks useful formulas
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