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| Zmien przedmiot v

[ i@ Informagja ]

‘ Strona zapisana (wersja 3). ’

Higher-order Ck basis functionsin 1D Brak plikéw do pobrania.

Wyprowadzenie 1: Higher order basic B-spline functions

Knotsvector[0 0 O 1 2 3 4 5 5 5]inwhichthe firstand last knot are repeated 3 =2 + 1 times, it defines us the

second order basis functions.
In order to illustrate the basis functions resulting from the various knot vectors, we recommend the attached MATLAB code.

So we have now

§=6=86=04=1=2=3,{r=4 =86 =E0=>5

Since the number of knots the vector has changed, we need to redefine the new zero and first order basis functions (because
there will be more of them and they will have different numbering).

Zero-degree basis functions:
Big =1ldlaz € [£,& = [0,0] = {0}, 0in other points,
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Byp =1dlaz € [£,&3
B3,0 =1dlaz c £3,§4
Byo =1dlaz € |£4,&5

[ ] = {0}, 0in other points,
€3, &4]
€4, &5]
B5,0 =1dlazxz & [55,56]
€6, &7]
€7, &3]
[

[0,0]

[0, 1], 0in other points,
[1,2], 0in other points,
2, 3], 0in other points,
3,4]
[4,5]
[

Y

0,0
0,1
1,2

Bﬁ’():].dlaxe 66,57 3,4

Bro=1dlax € [£7,& 4, 5], 0in other points,

Bsy =1dlaz € [£s,&)] = [5,5] = {5}, 0in other points,

By =1dlaz € [£,&0] = [5,5] = {5}, 0in other points

Similarly, we need to redefine the first order basis functions for the new knot vector. We recall the formula for
p=1

& §io—¢&
Bin() = g =g Bin(&) + g =g Birr0(§)
where we insert the next knots:

,4|, 0in other points,

Bia(8) = £ Bio(§) + £ SB 0() = S5 B10(6) + g5 Bao(€) =0

Bz,1(€)=f§§3 <£>+£ e Bs0(€) = ¢ B20(6) + 15 Bso(§) = 1 — £dlag € [0, 1]

By (€) = + gB 0(€) + £5Buo(€) = 55 Bso(€) + 3 Buo(§) = £dlag € [0,1],2 — £dlag € [1,2]
Bui(§) = gB 10(8) + 2 o fB 0(6) = 57 B10(€) + 35 Bso(¢) =€~ 1dlag € [1,2],3 — £dlag € 2,3
Bs1(§) = + gB o(6) + 57 €B 0(8) = £2B50(8) + i Bso(¢) =€ —2dlag € [2,3],4 — ¢ dlag € [3,4)
Bs1(§) = gB 0(&) + 2= Bro(€) = 52 Bop(€) + == Brg(§) =€ —3dlaé € [3,4],5 — £dlag € [4,5]
Br1(€) = +—=Bro(&) + ¢ ”B o(8) = %Bm(o 2 Byo(6) = €~ 4dla € [4,5)

8
Bs(€) = =+ Bso(¢) + fw_f 00(6) = 2 Bso(£) + 25 Bo(€) =0
Second degree basis functions are obtained again using the formula for p = 2, assuming that the subsequent knots inserted
into the denominator must be different, and if they are not different, then the given term is changed to zero. The elements that
disappear are marked in red. In the final stage of the derivation, we insert the formulas calculated before B ; (&) =0,
B2,1 =1—-¢dlag e [0,1], Bg,l =¢dlag € [0,1],2 —&dlag € [1,2], B471 =¢—1dlag e [1,2],3 —&dlag e [2,3],
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Bs1=¢—2dlag € [2,3],4—-¢dla € [3,4], By =& —4dlag € [4,5],iBs; = 0. At this point, we write down the
formulas fFor up to three elements on which the second-order B-spline function is determined.

Bi2(§) = é__%l B11(¢) + 544__52 By1(§) = %31,1(5) + %32,1(5) =

=(1-¢2dla¢ € |0,1]

Bys () = 564_—5522 By1(§) + 555__53 Bs1(§) = f—:832,1(§) + 37_533,1(5) =

=01 —¢dlage [0,1]] + tedlaé € [0,1],2 — £dlat € [1,2]]
—E1-O+32-9edlage(0,1), 32— ¢)? dlag € [1,2]

Bsa () = =2 B3 (&) + -5 Baa(€) = 50 Bsa(§) + 2= Bua(§) =

= Lefgdlaée0,1),2—¢dlad € [1,2]] + 25— 1dlag € [1,2],3 — ¢dlag € [2,3] =
=Lle2dlag e (0,1, 22 -+ L3-8 -1 dlage 1,2, 13- ¢ dlag € [2,3]
Bis(€) = £ 5By (&) + c—5B51(8) = 51 Bua(§) + 15 Bs1(6) =

= ¢ —1dlage[1,2],3—¢dlag e [2,3)] + [ —2dlag € [2,3,4—£dlag € [3,4] =
=1(¢-1)2dlage€[1,2],2(6-1)B -+ 14— -2)dlag € [2,3],1(4 - §)? dlag € [3,4]
Bs2(¢) = 657_—%5 Bs,(¢) + ég__é Bs1(£) = 55 B51(€) + 35 B (€) =
=Lle-2)[e-2dlace (23,4 ¢dlatec3,4]+1(5-¢)[¢—3dlace[3,4,5—Edlate [4,5]=
=2(6—2)2dlad€[2,3],3(6-2)4 - +3(-(E—-3)dlag € [3,4],(5 - ) dlal € [4,5]
Bsa(€) = £ Bsa(€) + £ Bral€) = £ Bo1(6) + 5 Bra(€) =
= e —3dlagc[3,4,5 - ¢dlat € [4,5] + 25[0] =

1

L3P diag e 34,1~ 3G -6 daé e 45

https://epodreczniki.open.agh.edu.pl/tiki-index.php?page=Higher-order+Ck+basis+functions+in+1D 3/4



7.10.2020 OpenAGH e-podreczniki | Higher-order Ck basis functions in 1D

3 §10—¢ §—4 5-¢
Bra(§) = c=£Bra(8) + ¢ Bs1(§) = 53 Bra(§) + 5= Bs1(6) =
= £20]+0=0
We got six second order basis functions (leaving the last seventh equal to zero), By 2, ..., Bg 2.
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