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WMR Dynamic model

differential WMR model
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General robot dynamic modeling

* The dynamic equations of the robot motion can be done by two methodologies:

1. Newton-Euler method

T (0),7,00....T_(1 ;Mﬁ{ quNLH&m
:‘p ynamic E
2. Lagrange method Model

T(0,7.(0)....T_(1 [nverse q.(0,a,(),....q ()
< - Dynamic < .
Model
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Lagrange model for multi-link robot

D(q)G+h(q,q) +g9(q) =<
* for g #+ 0: D(q) is n X n positive define matrix
* D(q)q, represents the inertia force
* h(q, q), represents the centrifugal and Coriolis force
* g(q), represents gravitational force
* 7, the net force\torque applied to the robot
*h(q,q) = C(q,q)g > A =D — 2C is n X n antisymetric
e 5> AT = -4
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Dynamic modeling of non-holonomic robot
d (0L 0L
( ) + M(q)"A=E7

dt \dq (’)q
* M(q),is m X nmatrix of the m nonholonomic constraints

*M(q)q =0
* A, is the vector of Lagrange multiplier

* E,the transformation matrix

D(@Q)G+C(q,q)q+9(q)+M(@"2=Et
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Constrained to unconstrained model

® To eliminate the constraint term 1\/[(61)’11/1 we use thel X (n — m) matrix B(CI)
*B(q)"M(q@)" =0

. B(qI\)/IT(CIQ?q):T 0= 0 } ; A(n — m) vector v(t): g(t) = B(q)v(t)

®* Now:

B(q)" x{D(q)4 + C(q,9)q + g(q) + M(q)" A = ET}

D(q)v+ C(q,¢)v+g(q) =Et
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Unconstrained model

® The reduced unconstrained model describes the dynamic evolution of the n dimensional

vector q(t) in terms of the dynamic evolution of the (n-m) dimensional vector v(t).

D(qQ)v+C(q, v+ g(q) =Et

«D =BTDB
«C =BTDB + BTCB
*g=B'g

+E=BTE
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Constrained model

* Since WMR moves in the horizontal plan the terms C(q,q) and g(q) are zero.

® The constrained dynamic model becomes:

D(q@)G+M(q)"'A=Et
°T = [Tr TZ]T
* M(q) = |[—sin(f) cos(8) O]
*q = |[Xor Yor 01"

m 0 0 ) cos(0) cos(0)
*D(@)=|0 m O|,E = ;[sin(e) sin(@)]
L0 0 [ d —d
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Unconstrained model

cos(0) O]
* B(q) = |sin(8) 0]..remember(ker(M) = img(B))
0 1 D(q)v = Et
*v= [V (U]T

-5=BTDB=[’81 (1)]

‘E :BTE:%EI —1d]

FS A A 4
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o Always remember:

M(q)g =0
B(q)"M(@)" =0

}
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Final model

. 1
V=W(Tr+rl)

. d
w ZF(TT_TZ)

?

= 3(n — m) vector v(t): q(t) = B(q)v(t)

cos(f) O v V.cos(0)
[sin(@) ||| = V.sin(@)]
0 1 W
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Newton-Euler WMR model

* Assume Oris the center of gravity

EF/OT — mV
ZM/Or — I(,()

T, =FRXr, 1y =FLXr

Z Fior = FR+ FL = (7, + 7))

Yi 4

d
> Mjor = d(FR = FL) == (1, - 1))

https://manara.edu.sy/

11



[

o)liaJl

Thanks

Think about the dynamic model of Bicycle WMR

oooooo
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