


   
   



















 









 



    


           

      

          

         

          

        

      

         



      

     

       

        

        

        

        

         



         

           

          



      














 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 





 

 

 

 

 

 

 

 

 

 

 

 








            

          

           

              

             
















   



 









 

  

































https://www.codecogs.com/eqnedit.php?latex=H%5C%5Bu%2Cv%5C%5D#0
https://www.codecogs.com/eqnedit.php?latex=%5Cmu#0
https://www.codecogs.com/eqnedit.php?latex=%5Csigma#0
https://www.codecogs.com/eqnedit.php?latex=%5Ctheta#0
https://www.codecogs.com/eqnedit.php?latex=e%5E%7Bx%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Cast#0
https://www.codecogs.com/eqnedit.php?latex=%5Cnabla%20f#0
https://www.codecogs.com/eqnedit.php?latex=%5Cfrac%7B%5Cpartial%20f%7D%7B%5Cpartial%20x%7D#0
https://www.codecogs.com/eqnedit.php?latex=%7C%7Cx%7C%7C#0






        

           

         

           

     

         

        



        

          

           

          

       

       

         

           

       

         

          

           



        

        

         

       

        

      

         

      

          

        

        

        

         

          







           

         

         

         

         

           

         

         

         

          

         

         





        

       

         

           

        

        

         

       

         

          

          



           

       



           

          

    

         

           

    





         

        

          



           

             



          





           

        

           

         

         

            



         

             

             

         

        

            

          





           



          

        

          

        

        

        

          

       

          

       

























        

         









        

          

         

            

          

         



      

          

         

            

            

         



      

      

          

         



         

          

          

         

         



       

        

      

           

         

          

         

            

            

          



          

          

              

            

          





            

         

           

           

            

          



        

          

           

       

          

         



           

        

         

            

          

           

          

           

          

           

          

          

          

          













           

         

         

         

            

            

          

 

        

         

      

      

           

            

            



         

          

         

           

            



       

         

       

       

         

            

           

            

       

 







              

       

           

            

        

             











https://www.codecogs.com/eqnedit.php?latex=G%5Bi%2Cj%5D%20%3D%20H%20*%20F%20%3D%20%5Csum_%7Bu%3D-k%7D%5E%7Bk%7D%20%5Csum_%7Bv%3D-k%7D%5E%7Bk%7D%20H%5Bu%2Cv%5DF%5Bi%20-%20u%2C%20j%20-%20v%5D#0
https://www.codecogs.com/eqnedit.php?latex=%5Cast#0


            

          

           

         

        





 

          

       

              

           

       

          

          

         

           

            

          

        

           

         

          

           

 



         

         





https://www.codecogs.com/eqnedit.php?latex=h(u%2Cv)%20%3D%20%5Cfrac%7B1%7D%7B2%5Cpi%5Csigma%5E2%7De%5E%7B-%5Cfrac%7Bu%5E2%2Bv%5E2%7D%7B%5Csigma%5E2%7D%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Csigma#0
https://www.codecogs.com/eqnedit.php?latex=%5Cnabla%20f%20%3D%20%5C%5B%20%5Cfrac%7B%5Cpartial%20f%7D%7B%5Cpartial%20x%7D%2C%20%5Cfrac%7B%5Cpartial%20f%7D%7B%5Cpartial%20y%7D%20%5C%5D#0






           

 



      

         

         

          







         

          



https://www.codecogs.com/eqnedit.php?latex=h_x(u%2Cv)%20%3D%20%5Cfrac%7B1%7D%7B8%7D%20*%20%5Cbegin%7Bbmatrix%7D%20-1%20%26%200%20%26%201%20%5C%5C%5C%5C%20-2%20%26%200%20%26%202%20%5C%5C%5C%5C%20-1%20%26%200%20%26%201%20%5Cend%7Bbmatrix%7D#0
https://www.codecogs.com/eqnedit.php?latex=h_y(u%2Cv)%20%3D%20%5Cfrac%7B1%7D%7B8%7D%20*%20%5Cbegin%7Bbmatrix%7D%201%20%26%202%20%26%201%20%5C%5C%5C%5C%200%20%26%200%20%26%200%20%5C%5C%5C%5C%20-1%20%26%20-2%20%26%20-1%20%5Cend%7Bbmatrix%7D#0
https://www.codecogs.com/eqnedit.php?latex=%7C%7C%5Cnabla%20f%7C%7C%20%3D%20%5Csqrt%7B%20%5C(%20%5Cfrac%7B%5Cpartial%20f%7D%7B%5Cpartial%20x%7D%20%5C)%5E%7B2%7D%20%2B%20%5C(%20%5Cfrac%7B%5Cpartial%20f%7D%7B%5Cpartial%20y%7D%20%5C)%5E%7B2%7D%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Ctheta%20%3D%20%5Ctan%5E%7B-1%7D%5C(%20%5Cfrac%7B%5Cpartial%20f%7D%7B%5Cpartial%20x%7D%5Cslash%20%5Cfrac%7B%5Cpartial%20f%7D%7B%5Cpartial%20y%7D%20%5C)#0


            



          

          

             

          



       

           

          

        

        

          

          

          

         

        

        



         

            

           

       

           

           

         

         

           

         





        

         

           

           

           

        

       

         





         

          



           

          

        

           

         



        

         

          

            

          

           

          

         

            



        

      

       

        





         

         

           

           

            

         

         

            

             

          

             









         

         

          

          

           

            

         

           

        

           



         

       

         

        



        

           

       

          

           

          

         

            

          

           

          

          

        





            

          

          







         

       

          

      

          

             

       



        

        

            

         

           

            

          

          

        





          

         

         





         

            

            

             

           

           

         

          

          



         

        

         

          

         

        

        

         



      

          

       

          

       

           

           

          

          

          









        

         

           

            

           

        

           

          

         

       



       

          

         

       

              

         

          

          

           

          



           

           





        

        

        

           



        

           

           

        



      

           

          

         

         

         





         

      

       

            



            

         

            

        

           

         

            

           





           

          

         

         

           

           



         

        

         

           

           

          

          

          

           

       

      
        



       

       

           

              

        



         

         

          

         

        

           

        

            

         

          

             

            

         









       

           

          

              

        

          

     

          

          





         

          

       

         

        

          

       

         

        





https://www.codecogs.com/eqnedit.php?latex=%5Cmathrm%7Bsoftmax%7D(y_i)%20%3D%20%5Cfrac%7Be%5E%7By_i%7D%7D%20%7B%5Csum_%7Bj%7D%20e%5E%7By_j%7D%7D#0




        

        

       

         



      

         

     

         

           



          

       

         

           

          

          

        

          

         

        

          

       

         







       

           

        



        

          

        

           

        

           

   

         

            

         



        

           

           



      

        

          

          

          

       

          

         

       

        

           



        

         

          

          

          

          

        

        

         





https://www.codecogs.com/eqnedit.php?latex=%5Cmu#0
https://www.codecogs.com/eqnedit.php?latex=%5Csigma#0


       

          

          

        

         

        

         

            



      

          

          

         

        

         

       

         





       

              

         

            

          

          





        

         





           

          

      

          

         

          

         

           

 

      

       

          

        

           

          

         

            

           

         

         

           

          

       









          

        

      

















  







          

      

         

           

           







https://www.codecogs.com/eqnedit.php?latex=%5Cmathbf%7Bp_%7Bi%7D%7D%20%3D%20%5Bx_%7Bi%7D%2C%20y_%7Bi%7D%2C%201%5D%5E%7BT%7D%20%5Cin%20%5Cmathbf%7BP%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Cmathbf%7BP'%7D%20%3D%20%5Cmathrm%7BH%7D%5Cbf%7BP%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Cmathbf%7Bp'_%7Bi%7D%7D%20%3D%20%5Bx'_%7Bi%7D%2C%20y'_%7Bi%7D%2C%201%5D%5E%7BT%7D%20%5Cin%20%5Cmathbf%7BP'%7D#0
https://www.codecogs.com/eqnedit.php?latex=f(y')%20%3D%20%5Calpha%20y'%5E%7B2%7D%20%2B%20%5Cbeta%20y'%20%2B%20%5Cgamma#0
https://www.codecogs.com/eqnedit.php?latex=%5Cmathbf%7Bw%7D%20%3D%20(%5Cmathbf%7BY%7D%5ET%5Cmathbf%7BY%7D)%5E%7B-1%7D%5Cmathbf%7BY%7D%5ET%5Cmathbf%7Bx%7D'#0
https://www.codecogs.com/eqnedit.php?latex=%5Cmathbf%7BY%7D%20%3D%20%5Cbegin%7Bbmatrix%7Dy'%5E%7B2%7D_%7B1%7D%20%26%20y'_%7B1%7D%20%26%201%5C%5C%5C%5C%20%5Cvdots%20%26%20%5Cvdots%20%26%20%5Cvdots%20%5C%5C%5C%5C%20y'%5E%7B2%7D_%7BN%7D%20%26%20y'_%7BN%7D%20%26%201%20%5Cend%7Bbmatrix%7D#0
https://www.codecogs.com/eqnedit.php?latex=y'_%7Bi%7D#0
https://www.codecogs.com/eqnedit.php?latex=x'%5E%7B*%7D_%7Bi%7D%20%3D%20f(y'_%7Bi%7D)#0
https://www.codecogs.com/eqnedit.php?latex=x'%5E%7B*%7D_%7Bi%7D#0
https://www.codecogs.com/eqnedit.php?latex=x_%7Bi%7D#0
https://www.codecogs.com/eqnedit.php?latex=Loss%20%3D%20%5Cfrac%7B1%7D%7BN%7D%5Csum_%7Bi%3D1%2C%20N%7D%5C(x%5E%7B*%7D_%7Bi%7D%20-%20x_%7Bi%7D%5C)%5E%7B2%7D#0


         

           

         

          

             

         

        

         

         

            

           





         

           

         

       

          

      

            

        

         

             





         

       





       

        

            

         

           



       

            

          

       

           

        

      

           

            

           

       





                        

        



         

         

         

          



        

       

    

           

           



          

       

          

          



https://www.codecogs.com/eqnedit.php?latex=%5Cvarepsilon_%7Bloss%7D%3D%5Csum_%7B%5Cmathbf%7Bx%7D%5Cin%5COmega%7D%20w%5C(%5Cmathbf%7Bx%7D%5C)log%7B%5C(p_%7Bl(%5Cmathbf%7Bx%7D)%7D%5C(%5Cmathbf%7Bx%7D%5C))%7D#0


        

           

        

           





         

         

           

          

          

       

         

         

         



       

           

           

        

         

          

             

         

         

           









         

       

            

  



          

              



          





         

       





         

        





        

       

       

            





https://www.codecogs.com/eqnedit.php?latex=L_%7Bcls%7D%3D%5Csum_%7Bi%3D1%7D%5E%7BC%7D%5Csum_%7Bj%3D1%7D%5E%7Bh%7DL_%7BCE%7D(P_%7Bi%2Cj%2C%3A%7D%2CT_%7Bi%2Cj%2C%3A%7D)#0
https://www.codecogs.com/eqnedit.php?latex=L_%7Bsim%7D%3D%5Csum_%7Bi%3D1%7D%5E%7BC%7D%5Csum_%7Bj%3D1%7D%5E%7Bh-1%7D%7C%7CP_%7Bi%2Cj%2C%3A%7D-P_%7Bi%2Cj%3D1%2C%3A%7D%7C%7C_%7B1%7D#0
https://www.codecogs.com/eqnedit.php?latex=L_%7Bshp%7D%3D%5Csum_%7Bi%3D1%7D%5E%7BC%7D%5Csum_%7Bj%3D1%7D%5E%7Bh-2%7D%7C%7C(Loc_%7Bi%2Cj%7D-Loc_%7Bi%2Cj%2B1%7D)%20-%20(Loc_%7Bi%2Cj%2B1%7D-Loc_%7Bi%2Cj%2B2%7D)%7C%7C_%7B1%7D#0
https://www.codecogs.com/eqnedit.php?latex=L_%7BTotal%7D%20%3D%20L_%7Bcls%7D%20%2B%20L_%7Bstr%7D%20%2B%20L_%7Bseg%7D#0




          

          

          

           

      

      



       

           

         

          

        

           

           

        

         



     


        

         

            

           

         

          

           

            

      

           

         

       

           

          

          

           

         

          





        

            

       

        

      

         



     

          

      

            

       

          











         

           

        

        

         

           



            

        

           

          

         

         



          

           

       

          

          

           



         

            

            

       

         

       

         



          

          

         

        

           

       

           

        





          

         

            

          

          

        



        

           

           

           

          

           

             

             

        

            

         

         



           

         

         

         

            

         

          











           

           

          









           

















          

          

       

           





          

        

         



           

         

       

           

        

        

            

        



           

          







          

              

        

            

            

            

             

          

          





         

          

          

            

         

          

         







           

          



            

 

           



           

         



          

          

           

         

            



         

        

         





         

            



       

           

         

           

         

         



           

           

          

        

            



https://www.codecogs.com/eqnedit.php?latex=%20MSE%20%3D%20%5Cfrac%7B1%7D%7Bn%7D%20%5Csum_%7Bi%3D1%7D%5E%7Bn%7D%20%5C(%20Y_%7Bi%7D%20-%20%5Chat%7BY%7D_%7Bi%7D)%5E2%20#0
https://www.codecogs.com/eqnedit.php?latex=Y_%7Bi%7D#0
https://www.codecogs.com/eqnedit.php?latex=%20%5Chat%7BY%7D_%7Bi%7D%20#0
https://www.codecogs.com/eqnedit.php?latex=n#0


             

            

          

          



         

         

           

          

         

      

        

            

          





           

         

             

             





              

             

           

              

        

         

         

      

          

             

         



https://www.codecogs.com/eqnedit.php?latex=%20CE%20%3D%20-%20%5Csum_%7Bi%7D%5E%7BC%7D%20t_%7Bi%7D%20%5Clog%7B%20(s_%7Bi%7D)%20%7D%20#0
https://www.codecogs.com/eqnedit.php?latex=s_i#0
https://www.codecogs.com/eqnedit.php?latex=y_i#0
https://www.codecogs.com/eqnedit.php?latex=%20CE%20%3D%20-%20%5Csum_%7Bi%7D%5E%7BC%7D%20t_%7Bi%7D%20%5Cln%7B%20%5C(%20%5Cmathrm%7Bsoftmax(y_%7Bi%7D)%7D%20%20%5C)%20%7D%20#0


           

            

         

            



        

          

              

         

          

         





         

         



           

         

           

            

            

            

            



          

            

            

         





         

           





https://www.codecogs.com/eqnedit.php?latex=%20BCE%20%3D%20-%20%5Csum_%7Bi%7D%5E%7BC%3D2%7D%20t_%7Bi%7D%20%5Clog%7B%20(s_%7Bi%7D)%20%7D%20%3D%20-t_%7B1%7D%5Clog(s_%7B1%7D)%20-%20(1%20-%20t_%7B1%7D)%5Clog(1%20-%20s_%7B1%7D)#0
https://www.codecogs.com/eqnedit.php?latex=t_1#0
https://www.codecogs.com/eqnedit.php?latex=s_1#0
https://www.codecogs.com/eqnedit.php?latex=t_2%20%3D%201%20-%20t1#0
https://www.codecogs.com/eqnedit.php?latex=s_2%20%3D%201%20-%20s_2#0
https://www.codecogs.com/eqnedit.php?latex=%20l_%7B1%7D%20%2B%20w_%7B2%7Dl_%7B2%7D%20%2B%20w_%7B3%7D%20l_%7B3%7D%20%2B%20w_%7B4%7Dl_%7B4%7D%20#0




         

           

        

          

             

           



         

          

            

           

          

           

          

          

           

        

             

          

           



        

           

           

          

          

          

           



       

          

           

          

           

          

           

             

        

         





         



       

          

         

            

           

           

           

       

         





         

          

          

            

            



          

           











            

        

           

           

          

         

        





        

       

            

          

          

          











           

       

           

          

       

          

          

       

        

          

         





           

        

         

            

           

         

        

           

           





         

        

         

            

            

         

        



         

          

            

           

          

          

        











            

          

           

         

          

         

          

        

         

         

        

         

          

           

          

              



          

         

         



       

        

        



       

      

             

          

        

        

         

           

           

 







           

          

         

           

          

         

          





         

         





            

          

         







https://www.codecogs.com/eqnedit.php?latex=%5Cbf%7BPrecision%20%3D%20%5Cfrac%7BTP%7D%7BTP%2BFP%7D%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Cbf%7BRecall%20%3D%20%5Cfrac%7BTP%7D%7BTP%2BFN%7D%7D#0


           

            

         

          

          

             

          

          

             



      

         

           

        

          

             

           





         

         

          

         





         

       



         

         

           

            

            

           



https://www.codecogs.com/eqnedit.php?latex=%5Cbf%7BF1%20%3D%202%5Ccdot%20%5Cfrac%7BPrecision%20%5Ccdot%20Recall%7D%7BPrecision%20%2B%20Recall%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Cbf%7BAccuracy%20%3D%20%5Cfrac%7BTP%20%2B%20TN%7D%7BTP%20%2B%20TN%20%2B%20FP%20%2B%20FN%7D%7D#0


               

                

           

          

          

          

         

        

          





          

          

        





             



           

         

            

        





         

          

 



https://www.codecogs.com/eqnedit.php?latex=%5Cbf%7BAccuracy%7D%20%3D%20%5Cfrac%7B%5Csum_%7Bclip%7D%20C_%7Bclip%7D%7D%7B%5Csum_%7Bclip%7D%20S_%7Bclip%7D%7D#0
https://www.codecogs.com/eqnedit.php?latex=C_%7Bclip%7D#0
https://www.codecogs.com/eqnedit.php?latex=S_%7Bclip%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Cbf%7BFP%20%3D%20%5Cfrac%7BF_%7Bpred%7D%7D%7BN_%7Bpred%7D%7D%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Cbf%7BFN%20%3D%20%5Cfrac%7BM_%7Bpred%7D%7D%7BN_%7Bgt%7D%7D%7D#0
https://www.codecogs.com/eqnedit.php?latex=F_%7Bpred%7D#0
https://www.codecogs.com/eqnedit.php?latex=N_%7Bpred%7D#0
https://www.codecogs.com/eqnedit.php?latex=M_%7Bpred%7D#0
https://www.codecogs.com/eqnedit.php?latex=N_%7Bgt%7D#0


         

         



        

           

         

          

           

          

             

            

         



        

          

         

           

            

             

             

           

         

            

             

              

            



          

           

             

         

             

             

          

            







https://www.codecogs.com/eqnedit.php?latex=%20Threshold%20%3D%20%5Cfrac%7B20%7D%7B%5Ccos%20(arctan(m))%7D%20#0


   

             

          

          

           

            



         

         

           

            

           

         

          

        

            

          

       

         



        

            

           

         

         

            

          

         

         

          





https://www.codecogs.com/eqnedit.php?latex=m#0
https://www.codecogs.com/eqnedit.php?latex=y%3Dmx%2Bb#0


         

         

            



            

         

           







           

         

            









         

         

           

            

             





            

          

         

             

           

          

         

          





        

        

         

          

         

            

          

          

        





           

        

         

          

             





           

          

              

            

         

       

        







          

        

         

          

         

            

          

          

         

            

          

        

          

         





  

  

  

  

  

  

  





          

          

           

























 

 

   









 

          

        

        











         

          

         

             

       

        



        

            

        

         

            

         

         



         

        

            

         

       

         

           

          

          

            

          

           

          

         

            

         



      

            

        

         

         





          

       



        

       

         

           

        

       

         

              

           





          

           



          

            

              

          

            

          

         

          

          

             

          

             

           



        

        

         

        

          

           

        

         





        



           

      

       

             

            

        

          

          

        









       

    







       

     

      





             

       









         

      

     

      

   







      

       







         

     





        

       

     



        

    



https://swov.nl/en/publicatie/advanced-driver-assistance-systems-0
https://swov.nl/en/publicatie/advanced-driver-assistance-systems-0
https://medium.com/@ducannissan/a-brief-history-of-lane-departure-warnings-f6316fce8427
https://medium.com/@ducannissan/a-brief-history-of-lane-departure-warnings-f6316fce8427






        



         

         



       

        



         



         



       

    



            

          



          

    

       



          

      

      

      



          

      

     

     













        

     



https://doi.org/10.1155/2012/273164
https://doi.org/10.1117/12.2072393


    

   



        

    



          

      

      

     



         

      



       

  

  



          

      

      



       



        

    



       

     









       



        



          

      





https://github.com/udacity/CarND-Advanced-Lane-Lines
https://www.v7labs.com/blog/neural-networks-activation-functions


      



        

     

    

     

     



           

      

       



      

    





        

      



       

      



         

     

 



         

       

        



      

  





           

       



         

    





https://cs231n.github.io/convolutional-networks/
https://pytorch.org/vision/main/models/generated/torchvision.models.resnet34.html
https://pytorch.org/vision/main/models/generated/torchvision.models.resnet34.html
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https://developers.google.com/machine-learning/crash-course/classification/accuracy
https://research.aimultiple.com/data-augmentation-techniques/
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