
 



 

 







 



 



 





 



  

 

 

 



 

 

 

 

→ 

.



→ 

• 

• 

• 

• 

• 

→ 

• 

• 

• 

• 

 



  

 



→ 

→ 

→ 

→ 



• 

• 



 

 



 

→ 

→ 



→ 

→ 

→ 



→ 

 

→ 



→ 

→ 

→ 



→ 

→ 

→ 

→ 

• 

• 

• 



→ 

• 

• 

• 

• 

 

• ,

• 

 



→ 



(𝑡0, 𝑥0) (𝑡1, 𝑥1)

𝑥

𝑥 =
𝑥0(𝑡1 − 𝑡) + 𝑥1(𝑡 − 𝑡0)

𝑡1 − 𝑡0

→ 

(𝑡𝑖 , 𝑥𝑖) 𝑎 = 𝑥0 < 𝑥1 < ⋯ < 𝑥𝑖 = 𝑏
𝑆(𝑥)

𝑆(𝑥) ∈ 𝐶2[𝑎, 𝑏]

𝐶 = 𝑎𝑖 + 𝑏𝑖𝑥 + 𝑐𝑖𝑥2 + 𝑑𝑖𝑥3 𝑖 = 1, … , 𝑛.

→ 



→ 

 (𝑡0, 𝑥0)

→ 

𝑷(𝑥) =  𝑿𝑇𝑴𝑩; 𝑼𝑇 = [𝑥3, 𝑥2, 𝑥, 1]

𝑥 𝑿 𝑴

𝑩 𝑷

𝑃𝑖−1,𝑃𝑖 , 𝑃𝑖+1, 𝑃𝑖+2)

𝑃𝑖 ,𝑃𝑖+1 𝑃𝑖−1,𝑃𝑖+2



     𝑃′𝑖 =  
1

2
(𝑃𝑖+1 −  𝑃𝑖−1)

     𝑃′𝑖+1 =  
1

2
(𝑃𝑖+2 −  𝑃𝑖)

𝑃𝑖

→ 



→ 

• 

• 

 



→ 

𝑃 = [𝑥, 𝑦, 𝑧]  ∈ ℝ3

𝑣0 = (𝑥0, 𝑦0, 𝑧0) ∈ ℝ3

𝑣1 = (𝑥1, 𝑦1, 𝑧1)  ∈ ℝ3

𝐿𝑒𝑟𝑝(𝑣0, 𝑣1, ℎ)  =  𝑣0(1 − ℎ) + 𝑣1ℎ

ℎ ∈ [0,1]

𝑣0 𝑣1



→ 

𝑞 = 𝑠 + 𝑖𝑥 + 𝑗𝑦 + 𝑘𝑧 𝑠, 𝑥, 𝑦, 𝑧 ∈ ℝ

𝑖2 = 𝑗2 = 𝑘2 = 𝑖𝑗𝑘 = −1

→ 

𝐻 𝑝, 𝑞 ∈ 𝐻, cos(𝛺) = 𝑝 ∗ 𝑞

𝑆𝑙𝑒𝑟𝑝(𝑝, 𝑞, ℎ) =  
𝑝 sin((1 − ℎ)𝛺) + 𝑞 sin (ℎ 𝛺) 

sin (𝛺)

ℎ ∈ [0,1]

→ 

𝑆𝑞𝑢𝑎𝑑(𝑞𝑖 ,𝑞𝑖+1, 𝑠𝑖 ,𝑠𝑖+1, ℎ) = 𝑆𝑙𝑒𝑟𝑝(𝑆𝑙𝑒𝑟𝑝(𝑞𝑖 ,𝑞𝑖+1, ℎ), 𝑆𝑙𝑒𝑟𝑝(𝑠𝑖 , 𝑠𝑖+1,ℎ), 2ℎ(1 − ℎ))

ℎ ∈ [0,1] 𝑠𝑖 =  
𝑞𝑖 exp(−log(𝑞𝑖

−1 𝑞𝑖+1)+log(𝑞𝑖
−1 𝑞𝑖−1))
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→ 

• 



• 

→ 



• 

• 

• 

 

• 

• 



• 

 

 



 

 

 



 

 



 



→ 

 



 

 

 

 



 

 



 



• 

• 

 



→ 

→ 

→ 

c3dserver.dll 

>> 

test_variable_name = c3dserver

>> methods(test_variable_name)

 



[Markers, VideoFrameRate, AnalogSignals, AnalogFrameRate, Event, 

ParameterGroup, CameraInfo, ResidualError] = readc3d(FullFileName); 

tempM = Markers(:,n,m); 

temp_l = 1:length(tempM); 

x = find(tempM ~= 0); 

v = tempM(tempM ~= 0); 
New_M = interp1(x, v, temp_l, 'spline')'; 

 





[cleaner_tempM,pos_outlier] = rmoutliers(tempM_local); 

 

• 

• 

• 



 

• 

• 



• 

• 

• 

H_len

𝑚𝑖 𝜎𝑖

𝑥𝑖 𝑘 =
H_len −1

2
 

𝑛𝜎

|𝑥𝑖 − 𝑚𝑖| >  𝑛𝜎𝜎𝑖

tempM = Markers(:,n,m); 

hampel_M = hampel(tempM,k,nsigma); 

hampel_temp = hampel_M; 

N = length(tempM); 

    for n = 1:N 

        if (abs(hampel_M(n) – tempM(n)) < 0.1) 

            hampel_temp = x(n); 

        end 

    end 

Markers(:,n,m) = hampel_temp; 

 



Wn = 2*cutoff/fs;

M_in = Markers(:,n,m); 

[z,p,k] = butter(b_order,Wn,'low'); 

[b,a] = zp2tf(z,p,k); 

M_out = filtfilt(b,a,M_in); 

 

 



 

 

 POSITION  ORIENTATION 

 



 

if 

|xhand,yhand,zhand|>|xSS,ySS,zSS|  

𝑟(𝑥, 𝑦, 𝑧) = √(𝑥1 − 𝑥0)2 + (𝑦1 − 𝑦0)2 + (𝑧1 − 𝑧0)2 

𝑟 = 200

 



 O

readc3d.m

[first_word ; zeros(gap_length) ; second_word];



interp1

makima.m

 



  



 



 

 



 

 

 

 

 

 



 



 

 











 



 

 

 



 



https://www.c3d.org/index.html


https://machinelearningmastery.com/an-introduction-to-recurrent-neural-networks-and-the-math-that-powers-them/
https://machinelearningmastery.com/an-introduction-to-recurrent-neural-networks-and-the-math-that-powers-them/
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