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Curve

m Derivation
& x ay (E-t b
W—x(‘o)"'x
ax la T-1ty)%+b (E-t€ K
E—Vxn-z— x (T-To)° +bx (€L-1Tg) +Kxa

1 1
X () = X¢ = T & (t—t0)3+5bx (t-10)? + Ky (t-1tg) +Kyo

d2y

Ez—=ay(t—to)+by

dy 1

E=Vyt=5ay (t—t0)2+by (t—t0)+Ky1

1 1
y(D) =ye= =2 (t—t0)3+-é'by (t-1t0)2 +Ky1 (t-1Tg) +Kyo

= Point Start

dx
vxo = —— (to) = Sp Cos[60] = DXp - Xo = Kx1
dt
dy .
Vyo = ot (to) = So Sin[6p] = Dyg - Yo = Kyz
Xo = Kx2
Yo = Ky2

Kx1 = vx0» Kyl = VYyo0
Kx2 = X0, Ky2 = Yo

60 = ArcTan[DXp - Xp, Dyg - Yol = ArcTan[vxo, vyol

So = 4/ (Do - Xo) % + (Dyo - Yo)
So = (DXg - Xo) Cos[60] + (Dyp - Yo) Sin[6p]
So = vxo COS[60] + Yy0 Sin[eg]

= Point End
dx 1 2
Va1 = o (t1) =S1 Cos[61] = DX1 - X1 = 5 ax (t1 -To)“ + by (t1 - to) +Kxz
dy : 1 ,
vii = o () = S1 Sin[e1] =Dy; -y1 = 7 ay (ti-To)"+ by (t1 - To) +Kya

1 , 1 ,
X1 = Eax (t1 - o) +be (t1 -To)° + Ky (T1 - o) +Kx2

1 1
Y1 5 ay (ty -t)3+ ) by (t1 - t0)? +Ky1 (t1 - to) + Ky

61 = ArcTan[Dx; - X1, Dy; -y1] = ArcTan[vxi, vy1]
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S = '\/ (Dx1 - X1)2 + (Dy, —y1)2
S1 = (Dx1 - X1) Cos[e1] + (Dyl -V1) Sin[el]
S; = vx1 Cos[O1] + Yyl Sin[e;]

m Results

1
Solve[{va = = a (1 - o) ? + bx (1 - o) + V30,
1 3 1 2
X1 = ax (t-10)% + 5 bx (ti-10)* + vio (t1-To) + X0}, {ax, bx}]

6 (-2 (Xo - X1) + (to-t1) (vxo+Vvx1))
(to-t1)3

2 (-3 (Xo-X1) + (to-1t1) (2vxo +vx1))
(to - t1)?

Ay =

by =

6 (-2 (Yo-Y1) + (to-1t1) (vyo+ vy1))
(to - t1)°

2 (-3 (Yo-Y1) + (to-T1) (2vyo +Vvy1))
(to - t1)?

y =

by =

m orientation

6t = ArcTan [Vxt s Vyt]

= speed

St = vxt COS[et] + Yyt Sin[et]

m X, y velocity
vxt = St Cos[6¢]

Yyt = St Sin[et]

= arc length

T T
L=j Stdlt=J~ w/v§t+v§t dt

o t

Data

m Acceleration

d?Zx

EZ— = Ay (t—to) +bx

d2y

d]_tz— =a.y (t—to) +by
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m velocity
dlx—lattzbtt K—lattzbtt
E-E x (€-1Tg)“ + by (€L-1o) + XI_E x (€E-1tg)“ + by (T-To) + vxo
1
= [———3 (-6 (t-1y) (t-1t1) (Xo-X1) +
(to - t1)
(to-T1) (-t+1y) (-3T+2Tp+11) vio- (-t +tg) (-to+ 1) (-3t+1g+21;) vxl)]
dly—lattzbtt K—lattzbtt
E_E y( -t)  + y( -t) + yl—E y( -t)  + y( - 0)+Vy0
= [—3 (-6 (t-1y) (t-1t1) (Yo-VY1) +
(to - t1)
(to-11) (-t+ty) (-3t+2to+1ty) vyo- (-t+tg) (-to+1ty) (-3t+1to+2¢;) vyl)]
m point

1 1
X (1) = = a (t—t0)3+-é'bx (t-1t0)? + Ky (t-1to) +Ky

[m (—(t—t1)2 (2t—3t0+t1) Xo +
0~ L1

(T-T) ((E-To) (2T+T-31Ty) Xg+ (T-T1) (To-T1) ((T-T1) vxo+ (T-To) Vxl)))]

1 1
y(t) = =ay (t—t0)3+-é'by (t-1t0)2 +Kyr (t-1Tg) +Kyo

1
) [(t—t—)—3 (-(€-11)2 (2T-3To+11) Yo+
0~ L1

(T-T) ((E-To) (2T+T-3Ty) y1+ (T-T1) (To-Ty) ((T-T1) vyo+ (T-To) Vyl)))]

u to =0
m velocity
6t2%xy 6txy 61>x; 6tx; 3t2vy 4tvy 3tvyg 2tvyg
Vxt = 3 - > - 3 + > + Vxo + > - + > -
t t1 t t1 t3 t t1 t
6t2y, 6ty, 6t’y; 6ty 3t2vyy 4tvy 3t2vy 2tvy
Yyt = - - + + Vyo + - + -
t3 t7 t3 t7 t©% t t© 4

® Xp, X1, Vx0, Vx1

6t (t-1y) Xo 6t (t-1y1) Xq (t-1ty1) (S3t-1t1) vxo t(Bt-21t)) v
+ +

t t t %

Vxt

6t(t-tyo 6t(t-t)yr (E-t) Bt-t)wo TEE-2t)vn
t3 t} t7 tf

Vyt
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mt
3t2 (2Xo—2X1+t1on+t1Vx1) 2t (3Xo—3X1+2t1on+t1Vx1)
Vxt = 3 - > + Vxo0
tl tl
3t2 (2y0—2y1+t1Vyo+t1Vy1) 2t (3yo—3y1+2t1Vyo+t1Vy1)
Yyt = 3 - > + Vyo
tl tl
] tl
612 (Xo-X1) 3t (-2Xo+2X1 +Tveg+Tvx) 27T (2vxo+ Vx1)
Vxt = 3 > - + Vx0
t t1 t
612 (Yo-y1) 3T (-2Yyo+2y1+Ttvyo+Ttwvy) 2t (2 vyo + vy1)
Yyt = 3 + > - + Vyo
tl tl t
m point
. x 2t3x 3t2x, 2t¥3x; 3t?xg ‘ Bvi 2vy v vy
t = X0 + - - + + Vx0 + - -
t3 t3 t3 t? t? t t7 t
213 Yo 3t2 Yo 23 Y1 3t2 Y1 t3 Yy0 2 t2 Yy0 t3 Vy1 t2 Vy1
Yt = Yo + - - + +Tvyo + - -
t3 t7 t3 t7 t©% t t7 t

- XO! Xll VYx0: Vx1

(E-t)? (2t+t1) xo T (2t-31t)xg

Tt (t-11)% vy
R

2 (t-11) va
+

Xe = -
t3 t3 tf t?
y (t-11)2 2t+t1) Yo T (2t-31t1)y; t(t-t1)’vy T (t-t1) v
t = - +
t} t3 tf tf
mt
2 (Xo - X Tt (v v 3 (Xo - X t: 2v v
g = (2 (Xo - X1) +T1 (Vx0 + Vx1) ) - (3 (Xo - X1) + €1 (2 vxo +Vx1)) € 4 vio T+ Xo
t3 tf
2 - + Tty (vyo + V 3 - + 1t (2 vy + Vv
ve = (2 (Yo-Y1) + 1 (vyo + vy1)) - (3 (Yo-Y1) +t1 (2vyo +Vvy1)) € 4 vy0 t+ Yo
t3 t7
.tl
213 (Xo-X1) T2 (-3 Xp+3X1+tvyo+Tvya) T2 (2 vy + Vx1)
Xt = - +Xo + tvyo
3 3 L8]
213 (Yo-y1) T2 (-3yo+3yr+tvypo+tvy) 12 (2vyo+ vy1)
Yt = + - +Tvyo + Yo

t3 L

L]
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Point
2 (Xo - X t 3 (Xo - X t; (2
¢ = (2 (Xo - X1) +T1 (Vxo + Vx1) ) 8. (3 (Xo - X1) +T1 (2 vxo +Vx1)) £ 4 vio t + %o
t3 t?
(2 (Yo -Y1) +t1 (vyo + Vy1)) (3 (Yo-Y1) +t1 (2vyo +vy1))
Ye = el — L 24w t+yo
tl tl
3t2 (2Xo—2X1+t1VXo+t1VX1) 2t(3Xo—3X1+2t1VXo+t1VX1)
Vxt = t3 - t2 + Vx0
1 1
3t (2yo—2y1+t1Vyo+t1Vy1) 2t(3yo—3y1+2t1Vyo+t1Vy1)
Vyt= t3 - t2 +Vy0
1 1
2 (Xo - X v v 3 (Xo - X 2v v
Xt=( (03 1)+ x0+2 xl)t3+(_ (02 1) 2vxo+ Xl)t2+Vx0t+X0
tl tl t]_ tl
2 - Vyo + V 3 - 2vyo + Vv
yt=( (YO3y1) L o g yl)t3+(_ (YO2y1) _ 2o yl)t2+vy0t+y0
3 t5 t7 t;
.,
1 s 1 2
Xt=€Axt +EBXt + vxo T+ Xo
1 s L 2
yt=€Ayt +EByt +vyot+Yo
1 2
vxt=—2-AXt +Bx T+ vy
1 2
vﬁ:EAyt +Byt+Vy0
12 (X0 -X1) 6 (vxo + vx1)
A = +
T3 T2
g . 8 (0-X1) 2 (2vx0+va)
S ) T
m Length
T Tt
L= Std]t:f '\’V)z(t+V)2/t dt
to to

' 1 2 /1 2
(—2— Axt2+BXt+vxo) + (—2— Ayt2+Byt+vyo) dt
0

f

(AZ + A?)
\/% T4+ (AcBx + Ay By) T3+ (B2 + B2 + Ac vy + Ay vyo) T2 + 2 (Bx Vo + By vyo) T+ (vio + vZo)

dt
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/

(AZ + A2)
\/;41— T4+ (AcBx + Ay By) T3+ (B2 + B2 + Ax vxo + Ay vyo) T2 + 2 (Bx Vo + By vyo) T+ (v3o + vZo)

dt

.
J VP, t4 + P33+ P, t2 + Py T+ Py dt
0

Tt
1 1
X[T, t] = 5 AT 2+ > Bx[T] t2 + vxo t + Xo
1 1
YIT, €] = = AyIT] L > ByIT] 2+ vyot+yo
1
V[T, €] = 5 Ac[T] 2 + B [T] t+ vxo
1 2
vy [T, t] = > Ay[T] €2 + By [T] t+ vyo
12 (Xp - X1) 6 (vxo + vx1)
AX[T] = T + T2
6 (Xo - X1) 2 (2 vxo + Vx1)
BX[T] == T2 - T
o T, S¢, L

E SYU S 7 Rl L A E oA
T/HBCH S & Zolx 1 L AT E dojR}.

St BAE AR SET, Lo] ZRFdH



