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How do you make a robot write hello ?

We need a
mathematical model
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" How do you derive the mathematical model?

12 We need to
Interesti
L3y understand ”ﬁgﬁm
the physics.

Mathematical model
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We need to apply
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M(g).4 + C(q, 9.9 + K(@.q + g(@ = Q(t.q)

| bh_LAGRANGE_¢dof_manipulator.mb 0 | + |

Explore the dynamics of a 4-dof Robotic manipulator

xamale: we're gaing i derive and fien imalem
ulatar, Specically we're going :
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The system St we're gaing & explore is shown below. Al each joint we have |
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STAGE 1: symbolic derivation of system equations
Euler-Lagrange equations of motion:
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'How do you derive the Mathematical model ...... in MATLAB ?
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| bh_tmp_EOM_file_WILL_BE_DELETED.txt \ + |

Bg b R R R BB R R E AR R R B R R B
#E q = THI_s

#HF
### LHS of EOM is:
#HF
1 116 s*TH1 s DD
2 + I26G s*TH1 s DD
3 + I26 s*TH2 s DD
4 + (L1X_s”2*TH1_s DD*ml_s) /4
5 + L1X_s”~2*TH1_s_DD*mZ_s
3 + (L2X_s"2*TH1_s DD*m2_s) /4
7 + (L2X_s"2*TH2_s DD*m2_s) /4
8 + (L1X_s*g_s*ml_s*cos (TH1_s)) /2
9 + L1X_s*g_s*md_s*cos (TH1_s)
10 + (LZX_s*g_s*m2_s*cos(TH1_s + THZ_s)) /2
11 + L1X_s*L2X_s*TH1_s_DD*m2_s*cos (THZ_s)
12 + (L1X_s*L2X s*THZ s DD*mZ_s*cos (THZ_s)) /2
13 + -(L1¥ s*L2X s*TH2 5 D"2*m2 s*sin(TH2_s))/2
14 + -L1¥ s*L2X s*TH1 s D*TH2 s D*m2 s*sin(TH2_s)
#HEF
##4# RHS of EOM is:
1 QL s

B R R R R R R R R R R R R R R R R R
$4#4 q = TH2 s

#HF
##4# LHS of EOM is:
#HF
1 126G 5*TH1 s DD
2 + I2G 5*THZ s DD
3 + (L2¥ s72*TH1 s DD*m2 s)/4
4 + (L2¥ s72*TH2 s DD*m2 s)/4
5 + (L2X s*g_s*m2 s*cos(TH1 s + TH2Z s5))/2
3 + (L1X s*L2X s*TH1 s DD*m2 s*cos (THZ s))/2
7 + (L1¥ s*L2X s*THl1 5 D"2*m2 s*sin(TH2 s))/2
#EF
### RHS of EOM is:
1 Q2 s

Laborious

2-dof 4-dof

Approx Approx
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d oL _ 9L _
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$44 g = THL_s

##
### LHS of EOM is:
H#
1 (L1Y_s2%TH1 s _DD*ml_s) /3
2 + L1Y_s”2*TH1_s_DD*m2_s
3 + L1Y s"2*THl_s DD*m3_s
4 +  (L2Y s°2%TH1 s _DD*m2_s)/3
5 + L2Y s”2*TH1_s_DD*m3_s
6 + (L2Y_s"2*TH2_s_DD*m2_s) /3
7 + L2Y s”2*TH2_s5 DD*m3_s
8 + (L3Y s"2*TH1 s DD*m3 s)/3
9+ (L3Y_s~2*TH2_s_DD*m3_s) /3
10 + (L3Y_s72*TH3_s_DD*m3_s)/3
11+ (D12 s"2%*TH1 s DD*ml_s) /12
12 + (L2Z_s~2*TH1 s DD*m2 s) /12
13+  (L2Z_s"2%TH2 s DD*m2_s) /12
14  + (L3Z s"2*TH1 s DD*m3 s) /12
15 + (L3% s"2*TH2 s DD*m3 s)/12
16 +  (L3Z_s"2%TH3 s DD*m3_s) /12
17+  (L3Y_s"2%*TH4 s D*2*m3_s*sin(2*TH1 s + 2*TH2 s + 2%TH3 s5))/6
18 + —(T3% s*2*TH4 5 D"2*m3 s*sin(2*THT 5 + 2*TH2 s + 2*TH3 s5))/24

49 + -(L1Y 5*L3Y S*TH3 s D*TH4 s D*m3 s5*sin(2*TH1 s + THZ s + TH3 s5))/2
50 + -(L1Y S*L3Y S*TH2 5 D*TH4 s D*m3 s*sin(TH2 s + TH3 s))/2
51 + -(L1Y s*L3Y S*TH3 5 D*TH4 s D*m3 s*sin(TH2 s + TH3 s))/2
52 + —L2Y_s*LBY_S*THl_s_D*THél_s_D*mB_s*sin(Z*THl_s + 2*TH2_s + TH3_s)
53 + —L2Y_s*LBY_S*TH2_S_D*TH4_5_D*m3_s*sin(2*TH1_5 + 2*TH2_s + TH3_s)
54 + —(LZY_S*LBY_S*THE_S_D*TH4_5_D*m3_s*sin(Z*THl_s + 2*TH2_s + TH3_s))/2
55 + -(L1Y s*L2Y s*TH2 5 D*TH4 s D*m2 s5*sin(TH2 s))/2
56 + -L1Y s*L2Y s*TH2 s D*TH4 s D*m3 s*sin(TH2 s)
57 + -(L2Y S*L3Y S*TH3 5 D*TH4 s D*m3 s5*sin(TH3 s))/2
58 + -L1Y s*L2Y s*TH1 s D*TH4 s D*mZ s*sin(2*TH1 s + TH2 s)
59 + —Z*LlY_s*LZY_s*THl_s_D*THél_s_D*mB_s*sin(2*TH1_5 + TH2_s)
60 + —(Ll‘[_s*LZY_S*THZ_S_D*TH4_5_D*m2_s*sin(Z*THl_s + TH2_s))/2
61 + —LlY_s*LZY_S*TH2_S_D*TH4_5_D*m3_s*sin(2*TH1_5 + TH2_s)
#i#
### RHS of EOM is:
1 Q4 s



The role of Symbolic computing in your classroom:

@, i
[}

smaller
problems

The
understanding
of the problem

physics

Bigger
problems

Hand written
implementation

d oL _ 0L _
dt 9q, 0q,

Symbolic computing
implementation
d oL 0L - 0
dt aqk @qk

Manual
implementation

Automated
implementation

4\ MathWorks

fundamental
concepts

interesting
applications
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The role of Symbolic computing with MATLAB In your classroom:

Enhancement
of
AL AR Understanding
d oL 0L _
@t ag, g, | o
= Build upon existing skills
and experiences
Nfpe a_> Ntpe a_>
- E Vil s 7. %% _ _
% Zl 04, jzl K 94 = Provide choices on how to
solve.
Technical Computing
Environment = Decompose BIG problems
Into several smaller
problems.

= Provide self serve support
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| Today’s Agenda:

Symbolic Computing

— Review of some fundamental patterns in MATLAB

= Lagrangian Dynamics — part 1
— Manual application
2 LINK robot

= Lagrangian Dynamics — part 2
— How to automate the application
2 LINK robot

= Lagrangian Dynamics — part 3
— Make a robot write hello
4 LINK robot

BONUS session: Inverse kinematics
—  Symbolic computing AND a constrained optimization problem

= Where can you find teaching resources ?

. QIA

— Would you like ALL of the examples that you’ve seen today ?

& MathWorks'

4| Robx DEMO — O
Robotics Explorer DEMO selector

HELLO 2_LINK 3_LINK 4_LINK CLASSES TIDY SYSTEM_CHECK

Rate_Jacobian Model_Rate_Jacobian

Model_EOM . . Inverse_Kinematics

Lagrange_ECM () —

. Control_IDEAL_Acts

orr @ e |_TQ_FFWD

DEMOS

>




Demo
these
concepts




'Task: Symbolic computing patterns

bh_short_intro_fundamental_symbolic_patterns.mlx +

A Case Study - part 1: Deriving the equations of motion

Look at a simple application of Lagrange's equation __. say for simple spring, mass mechanical system:
40L_aL_
dt dx dx

b . .

=
L h
Y

LI_J b

T

% Rl

Normal

ACC

ACC

VEL

m ‘
UM )
F (t} Command Window
>> Z =X+ ¥
clear; clc
Define some Symbolic variables that we can play with:
syms t x(t) mkbF
syms THE_X THE_XD THE_XDD
actual_list = [ X, diff(x,t), diff(x,t,2)];
HOLDER_list = [ THE_X, THE_XD, THE_XDD] ;
Define our system Lagrangian and Generalised force: =
bh_a_spring_mass_model - Simulink
B ) Flle Edit View Display Diagram Simulation Analysis Code Tools Help
v = diffix,t); % velocity B-o-8 We-E-® GO b
KE = 0_5*m*v"2; % KINETIC energy P p——
PE = B_5%k*x"2; % POTENTIAL energy © [Falons_spring_mass_mocet
0 =F -b*v; % total NON conservative forces for deltaX &
L =KE - PE % our Lagrangian a
=
B
- THE_X_DD_SYS
: ood dL _aL . =
MNow let's start applying Lagranges equation — — - =—1:
pplying Lagranges eq i DF
% OLD_LIST NEW_LIST Step E'_”
L_new = subs(L, actual_list, HOLDER_1list) z'_”
Our 1st piece is: S—L k THE_X_DD_SYS
X
———»{THE X
dLdx = diff(L_new, THE_X)
THE_XD
Our 2nd piece is: Q% (4$
ax .
(7]
|E]
dldxdot = diffil new. THE XD >

&\ MathWorks

Live Script:
bh_short_intro_fundamental_symbolic_patterns.mix

y

Robotics Explorer DEMO selector

HELLO 2_LINK 3_LINK 4_LINK CLASSES TIDY SYSTEM_CHECK >

Review some
Fundamental SYMBOLIC
computing patterns

NULL

SHORT intro

EXPLORE /\‘<EZ>

(31

11



'Task: 2-LINK manual application

bh_LAGRAMGE_double_PEND_MANUAL_derivation.mlx +

Explore the dynamics of a DOUBLE compound Pendulum

In this example we're going to derive and then implement the equations of motion for a DOUBLE compound pendulum. Specifically

we're going to:

= Derive the equations of motion using's Lagrange's method

The system that we're going to explore is shown below:

STAGE 1: symbolic derivation of system equations

Euler-Lagrange equations of motion

4oL oL _
dr 94, 0qs

where nis the DOF of the system, {qy, @z, .., q,} IS @ set of generalized coordinate
associated with those coordinates. and the Lagrangian: L= T - V, is defined as il
energy of the n- DOF system

Note :

= For our system, we will choose g ={8&,, 8,5}
= This is a 2 degree of freedom system, and as such there are two 2nd orde

bh_LAGRAMGE_double_PEND_MANUAL_derivation.mlx ap

d oL _JdL _g,

Derive the 6, EOM: . =
erive the 0, d a6, 26,

Recall our variable mapping

q Tip 2] Qap

L = subs(L_ORIGINAL, [thetal(t), diff(thetal(t),t), theta2(t), diff(theta2(t),t)],
[ al, q_lp, q.2, 9 2pl};

Now let's do this part ﬁ = _oL
ae.

9(qz,)

dLdq2p = diff(L, q_2p);
dldg2p = subs(dlLdg2p, [ gq_1, q_lp q.2 q_2pl, ..

[thetal(t), diff(thetal(t),t), thetBZ(t], diff(theta2(t),t)]);

Next, let's take the derivative writme: L0L — 4 0L
dt ad, dt d(qz,)
der_dt_of_dldg2p = diff(dLdq2p, t);

Next, let's do this part 2L — 9L
a8, algs)

dldg2 = diff(L, q 2);
dldq2 = subs{dldg2, [ q_1, q_lp, q.2, q_2p],
[thetal(t), diff(thetal(t),t), theta2(t), diff(theta2(t),t)]);

So our second equation of motion is

syms 02_s

EOM TH2 LHS = der dt of dldq?p - dldg?;
EOM TH2 LHS = simplify( EOM TH2 LHS };
EOM TH2 RHS = 02 s;

EOM_TH2 = EOM TH2 LHS == EOM TH2 RHS;

4\ MathWorks

Live Script:
bh LAGRANGE_double PEND_MANUAL _derivation.mix

4 Robx DEMO - O X
Robotics Explorer DEMO selector

HELLO 2_LINK 3_LINK 4_LINK CLASSES TIDY SYSTEM_CHECK >

Lagrange_EOM Model_MNewton

N

Newton_EQ . Rate_Jacobian

Lagrange_manual_EOM . . IModel_Lagrange

. Model_Rate_Jacohian

DEMOS

12



' Task: automating the application

for kk=1:0BJ.N dof

L CORIGINAL = OBJ.L;

% OLD NEW
L = subs(L ORIGINAL, states actual list, states holder list );
THE g = OBJ.holder list SYM pos(kk);
THE gp = OBJ.holder list SYM vel(kk);
dLdgp = diff (L, THE gp):
$ OLD NEW
dLdgp = subs (dLdgp, states holder list, states actual list);

der dt of dLdgp

diff (dLdgp, t):

- Class
¥ bh_ eom_CLS.m

¥ bh_genF4manips_CLS.m

% bh_lagrdmanips_CLS.m
¥ bh_MCKGQ_CLS.m
¥ bh_gman4manips_CLS.m

&\ MathWorks

d oL _ L _
dt 4 dq

end

dLdg = diff (L, THE q);

dLdg = subs(dLdg, states_holder_list, states_actual list):
eom LHS = der dt of dLdgp - dLdgr

eom LHS = simplify( eom LHS );

THE Q = OBJ.Qk 1list(kk); % actual

eom RHS = simplify( THE_Q )

eom LHS = formula( eom LHS ):

eom RHS = formula( eom RHS );

% now store into a struct array

EOM (kk) .actual_eom LHS = eom LHS;

EOM (kk) .actual eom RHS = eom RHS;

EOM (kk) .actual eom EQ = eom LHS == eom RHS;

% store a few other useful things

EOM (kk) .actual SYM pos = OBJ.actual list SYM pos(kk);
EOM (kk) .actual_SYM vel = OBJ.actual list SYM vel (kk):
EOM (kk) .actual SYM acc = OBJ.actual list SYM acc(kk):

% for kk=1:0BJ.N dof

4. Robx DEMO
Robotics Explorer DEMO selector

HELLO 2_LINK 3_LINK 4_LINK CLASSES TIDY

Have a look at how we automated the application of
Lagrange's equation

OFF S Show_me
1;//// .o
/ 4/" \\
1
|

CLASS FILES

SYSTEM_CHECK

>

13
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Task: automating the application - Class

¥ bh_ eom_CLS.m

N dof = OBJ.N dof; ] .
the tau mat = OBJ.THE CORE.the tau mat holder; j b h—ge n dea ni pS_C LS m
the w mat = OBJ.THE CORE.the w mat holder; % bh |agr4mani DS CLS.m
for kk =1:N dof ¥l bh MCKGQ CLS.m

¥ bh_gman4manips_CLS.m

the gdot sym = OBJ.holder list SYM vel (kk);

% initialise the Qk
the Q = 3ym(0);

for jj=l:size(the_ tau mat,2)
the tau col = the tan mat(:,jj):
the w col = the w mat(:,3]);

4| Robx DEMO — O b4

Robotics Explorer DEMO selector

the dwdg col = diff(the w col, the gdot sym):
- - - - - HELLO 2_LINK 3_LINK 4_LINK CLASSES TIDY SYSTEM_CHECK >

% now do the DOT product Have a look at how we automated the application of
this Q = sum( the tau col.* the dwdg col ) Lagrange's equation:
v % accumulate
the ¢ = the ¢ + this Q; OFF — sh
| _ _ — ow_me
end % 77 ./ ®
Nﬁ:c — d_> Nrm‘ — a Y, / \
Qk - F Vi + T w i % assign the final holder result i I."' |
C o Z Jt - the holder eom Q(kk,1) = the Q; I I
i=1 q k j=1 6q k -8 ! 2 \ ;.'

% create and assign the ACTUAL symbol result
act list = [ OBJ.actual list SYM pos; /
OBJ.actual list SYM wvel;

OBJ.actual list SYM acc 1; CLASS FILES
hol list = [ OBJ.holder list SYM pos;
OBJ.holder list SYM vel;
OBJ.holder list SYM acc ];
the actual eom Q(kk,1) = subs( the holder eom Q(kk),

hol 1list, act list):
end % kk 14
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Task: 2-LINK automate application

bh_LAGRAMGE_double_PEND.mix +

Live Script:
bh_LAGRANGE_double_PEND.mIx

[Explore the dynamics of a DOUBLE compound Pendulum

In this example we're going to derive and then implement the equations of motion for a DOUBLE
compound pendulum. Specifically we're going to:

= Derive the equations of motion using's Lagrange's method

The system that we're going to explore is shown below. At each joint we have:

= T,, . Actuation torques (eg: by electric motors)
= b Viscous damping torques

12
bh_LAGRANGE_double PEND.mlx +

Apply Lagrange's equation:

, ! ) 4| Robx DEMO - O ¥
So let's now apply Lagrange's equation:
daL _dL _ . for k=12 ..n Robotics Explorer DEM ector
dt dg, g
HELLO 2_LINK h 4_LINK CLASSES TIDY SYSTEM_CHECK >
First we'll define our generalised co-ordinates. I'm going to use 2 sets of these generalised co-
Bradley Horton : 0l1-AZug-2016é, bradley.hori ordinates
Lagrange_EOM Model_Newton
= the ACTUAL set of symbols are our "proper” set of symbols . .
. . . = the HOLDER set are for easier expression manipulation
STAGE 1: symbolic derivation of sy P P
Lagrange_manual_EOM . . Model_Lagrange

Euler-Lagrange equations of motion actual_list_SYM_pos = formula( |[ thetal, theta2] D3

daL_aL _ ~ holder_list SYM pos = [ TH1 s, TH2_s 1;

L= =Q for k=12..,

drog, dg;

- Sy Newton_EOM . . Rate_Jacobian
where nis the NOF of the austem {a. a- n lis ace
Automate
N S OFF . Model_Rate_Jacobian

OK: let's create a Lagrangian object using the class <bh_lagr4manips_CLS>

DEMOS

lag O0BJ = bh lagrdmanips CLS( KE, PE, actual list SYM pos, holder list SYM pos);

And let's compute the system's equations of motion:

lag 0BJ = lag OBJ.calc eom()

So what do the equations of motion actually look like ?

15



'Task: 4-LINK automate application

bh_LAGRANGE_4dof_manipulator.mx +

[Explore the dynamics of a 4-dof Robotic manipulator

In this example we're going to denve and then implement the equations of motion for a 4-dof robotic manipulator.

Specifically we're going to:

= Dernve the eqguations of motion using’s Lagrange's method

The system that we're going to explore is shown below. At each joint we have:

= T, - Actuation torques (eg: by electric motors)
= b.§ - Viscous damping torques

e

Bradley Horton : 13-Sep-2016, bradley.horton@mathworks.com.a

STAGE 1: symbolic derivation of system equations

Euler-Lagrange equations of motion:

The Euler-Lagrange formula will be used to derive the equations of motion for our|
form

4L oL @ for k=12..,n

dt g, O
where nis the DOF of the system, {gy. g ... g, } IS & set of generalized coordinat
generalized forces associated with those coordinates, and the Lagrangian: L= 7]
between the kinetic and potential energy of the n- DOF system. The Generalised
of the non conservative forces and torques acting on the multibody system. The fi
acting on the system is:

Mne [, > Wy —
Q= Z F. ﬂ + Z 7. dﬂ!
i=1 aq A\ dgy

where

bh_LAGRANGE 4dof_manipulator.mix +

Now let's get the M,C,K,G,Q matrices:

We can express our system equations of motion in the following form:
Mig)d + Clq.q).q + K(q)l.g + g(q) =Q
lag_0BJ] = lag_0BJ].create_MCKGQ();
Retrieve the MCKGQ struct:
res_T = lag_OBJ.get MCKGQ()

And let's have a look at each of these terms:

Here's M
res_T.M
Here's C
esil. G
Here's K:
res_T.K
Here's G
res T.G
Here's Q

res T.Q
Now create the MATLAB function blocks for Simulink:

xS AP

Y my_sys

>

To use/solve these derived equations of motion we'll create a MATLAB Function block that can be used inside
Simulink:

lag_OBJ.create MLF_blocks()

Live Script:
bh_LAGRANGE_4dof_manipulator.mix

4\ MathWorks

ry O
Robotics Explorer DEMO selector
HELLO 2_LINK 3_LINK 4 LINK

CLASSES TIDY SYSTEM_CHECK

Rate_Jacobian Model_Rate_Jacohian

Model_EOM .

Lagrange_EOM @) :-:':_______——- @ Control_IDEAL Acts

. Inverse_Kinematics

orr @

. Control_TQ_FFWD

DEMOS

16
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Task: Inverse kinematics

bh_invKIN_4dof_manipulator NUMERICAL_OPTIM.rlkx +

Live Script:
bh_invKIN_4dof_manipulator NUMERICAL_OPTIM.mix

Solving the Inverse KINEMATIC problem numerically - part 2

So we're going to formulate and then solve a constrained optimization problem. The "general” form of a constrained
optimization problem is shown below:

c(x) <0
ceq(x) =0
min J(x) such that A-x<bh
" Aeq - x = beq
Ib < x < ub,

= J{x)is a Cost function: it is the thing that we need to minimize. In our case we have:

» J(x) = || DESIRED_XYZ - FORWARD_KINEMATICS (6, 65, 85, 8,) ||, where: iﬁ’ii:\.-"'pﬂ P2+ p?

= "x"is a vector of design variables, ie” the things that we need to determine in order to minimize the cost function_ In our Yy
case we have:
" Xx= {911 0y, 03, 0, } Robotics Explorer DEMO selector
Now we're going to use the fmineceon () function to solve our optimization problem. The format that we need to package our HELLO 2_LINK 3_LINK 4_LINK CLASSES TIDY SYSTEM_CHECK  »

problem into is this:

* X = fmincon( J_fun, x0, A, b, Aeq, beq, 1lb, ub, nonlcon, opts) Rate_dJacobian . . Model_Rate_Jacobian

5o let's start setting up the problem to solve.
Maodel _EOM Inverse_Kinematics
opts_T = optimset; /
opts_T.Display off';
Lagrange_EOM . 4 . Control_IDEAL_Acts
Here are the lower and upper bounds for our 4 joint angles {61, 65, 01, 6, } - NOTE, how we're asking for a solution \

where 6, =20

ga_lb = [ 0; -pi; -pi; -pi]l; % LOWER bounds for angles OFF Control_TCQ_FFWD
ga_ub = [ p1; pi; pi; pil; % UPPER bounds for angles

Here's an initial guess for what we think the solution is DEMOS
qa = [ 08.5; 0.5; E.55 0.5]; % 1nitial guess

MNow at the heart of this approach is the utilization of our FORWARD KINEMATICS function that we derived earlier

L] XYZ _EFF = bh_xyz_f-:)z_4ci-3f_r1artip (L1Y_s,L2Y_s,L3Y_s,thetal, thetaZ, theta3, thetad)

Forward Kinematic Solution
(6, 63, 83, 6,) > f(6,, 6a, 63, 8,) > (Xg, Ve, Zg )

17



| - . . . 4\ MathWorks
The role of Symbolic computing with MATLAB In your classroom:

Enhancement
of
AL AR Understanding
d oL 0L _
@t ag, g, | o
= Build upon existing skills
and experiences
Nfpe a_> Ntpe a_>
- E Vil s 7. %% _ _
% Zl 04, jzl K 94 = Provide choices on how to
solve.
Technical Computing
Environment = Decompose BIG problems
Into several smaller
problems.

= Provide self serve support
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| For Educators

— O
v 9

s:/ oo mathworks.com/academia/courseware O ~ & || 4\ Courseware based on MAT..

ATLAB Courseware a

Educator Home = Classroom Resources +  Hardware Support  License Options +  Research

Mathematics

Applied Numerical Methods with MATLAB Differential Equations and Linear Algebra

Professor Steven C. Chapra | , Professor Gilbert Strang

Tufts University Massachusetts Institute of Technology
Cleve Moler
MathWorks

Numerical Computing with MATLAB MATLAB Courseware Search MathWorks.com

Cleve Moler
MathWorks

Educator Home  Classroom Resources +  Hardware Support  License Options +  Research

elated Booke S ' Earth, Atmospheric, and Ocean Sciences

Geoscience with MATLAB

| fom SERO@Caretr MATLAB Courseware
Educator Home  Classroom Resources +  Hardware Support  License Options ~  Research
I I . . .
. ntroduction to Engineerin
Related Books Earth Sciences 9 9

Engineering Models | Engineering Models I
Professor Kathleen Ossman ) Professor Kathleen Ossman
Professor Gregory Bucks B Professor Gregory Bucks
University of Cincinnati University of Cincinnati

http://www.mathworks.com/academia/courseware

e i Discovery-Based Learning Engineering Problem Solving
Professor Steve McKnight Professor Stanley Hsu
' Professor Rajeevan Amirtharajah

- .' < : L
r r I C I m Professor Gilead Tadmor
C u u u Northeastern University Professor Andre Knoesen
University of California, Davis
materials:
u ) Introduction to Engineering Analysis

Professor lvan V. Bajic

Professor Fabio Campi

MATLAB Courseware S
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|Cody Coursework™

Online automated grading system for
MATLAB assignments

Create online private courses and assignments
Students execute MATLAB code on the web
Control the visibility of the test suites from students.

Visualize solution results using MATLAB graphics

Download all student attempts and report on grading data

Problems

http://mathworks.com/help/coursework/
cody—coursework—for—instructors.html

4\ Solve Problem - Cody Cc %

& C 1} | & https://coursework.mathworks.com,/courses/357-bh0123-matlab-science-and-systems/problems/11463-q1b-calculate-the-fr & tr

it Apps G Google A\ AUTMW 4\ MathWorks - Acader: 4\ Videos and Webinars 4\ Cody Coursework G Gmail 4\ MATLAB Academy

Create Report : Assignment 1
1b:: Represent a piecewise linear ...
Assignment 1
2b:: Derive the ANALYTICAL solufi...

Last best solution as of today

2e:: Calculate the Frequency Res... - All solutions

Report Format CSY [«

Excel

2f_1:: Derive the ANALYTICAL sol...

2f_2:: Calculate the unit STEP res... | ]

@ Last best solutions submitted by due date(05 Jun 2015 2:00 PM UTC)

<4 Cody Coursework Course ISEEU STUDENT v
== VA LAD DOCUITIE .
Course Details & expand atl‘ 17 -
18| % INSERT YOUR CODE HERE:
LAB: Least Squares 19
2060 R = 1000; % ohms
# LAB: Linear systems 21 R1 = 2008; % ohms
22/C = le-3; % ohms
Q1a.) Derive the 23
ANALYTICAL solution for 24'a = 1/(R1*C);
the Transfer Function 25 b = (R1 + R)/(R1*C*R);
26|% define the transfer function
le.)Calculatethe 27 my_tf_FH = @(5) ( (5 + 3 ) ./ (s + b))
Frequency Response of 28
iz oisi=t 29|% define the "s" vector
Q1c.) Derive the 30 the s = j * the w vec;
ANALYTICAL solution for 31
the step response of the 32 % evaluate the transfer function at "s" -
system > 4
Q1d.) Calculate the unit
STEP response of the
system The due date for this assignment has passed.
== - |
No limit

<\ MathWorks:
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For Students A‘

The 1st Stop: .... For students
« MATLAB ACADEMY (the portal)

— Access a free interactive training course called MATLAB Onramp

PLOTS APPS SHORTCUTS 2] 2| Pl_new (2| P2_CODY |A| P3_6dof (2| P4 Robo S| SL (C) CCC LS R N TR Search Doc
. E:::j | =3 [ Find Fies & E Lizy New Variable | Analyze Code IEI E {0} Preferences E% O (*% Community

Open Variable « Fun and Time Set Path = Reguest Support
MNew  New Dpen |l=| Compare  Import Save E’ & Simulink  Lavout ﬁ Add-Onz Help
Script w Data Workspace | Clear Workspace w |7 Clear Commands ~ * |l Paraliel = - ~ B =] Learn MATLAB
FILE YVARIABLE CODE SIMULINK ENVIRONMENT RESULRLIN

‘ RN

©

4\ https://matlaba r O~ @ C || 4\ MATLAB Academy

MATLAB Academy

Learn MATLAB for Free Launch the FREE

Hands-on practice sessions and demonstrations

course called
Launch MATLAB Onramp MAT LAB O N Ram p

(® Preview (1:24) | View my courses

22



For Students A‘

The 1st Stop: .... For students

= MATLAB Onramp
— Provided through your web browser
— Introduction of programming concepts
— Students answer questions ... and get IMMEDIATE feedback

- O *
e 4\ hitps://matlabacademy.mathworks.com/R2016a/portal.hitml” 2 ~ @& & || 4\ MATLAB Onramp by ‘:’
» MATLAB academy MATLAB Onramp 3% complete Bradley Horton
= 6.1 Performing Array Operations on Vectors < previous next >
Task 1 O
>> load datafile WORKSPACE
Info: MATLAB is designed to work naturally with >> density = data(:,2); Name | Value Size ' Class
arrays. For example, you can add a scalar value to >> vl = data(:,3); [Hd...7x4...7x4 _double
>> v2 = data(:,4);
all the elements of an array. FHd..[05... 7x1  double
>>y =X + 2 e EHvi [40... 71 double

HHv2 [05... 7x1  double]

Try adding 1 to each element of v1 and store the

result in a variable named r. F r e e

Hint | See Solution

Interactive

tutorial

4
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Connecting to Hardware

http://www.mathworks.com/hardware-support/home.html

<\ MathWorks-

4\ MathWorks-

Hardware Support
Connect MATLAB and Simulink to

Hardware

Search for supported hardware

— Explore hardware by vendor —

Popular: ARM, Arduino, Altera, National Instruments
Raspberry Pi, Xilinx, Android, STMicroelectronics, K

24
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Wrap up

4\ MathWorks
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4\ MathWorks

Q/A:

= Are there some | 20]6
uestions please ? e e e
q p d aL —_ aL — Qk HELLO  2_LINK | 3_UNK | 4_LINK  CLASSES | TIDY | SYSTEM_CHECK >

dt 0q,  0q G

- Download the - N\ e R %
examples that you a=> | F.2%| . 7. 99
saw today ... and i-1 0q k 1 0q [

more that you didn't !
>> bh robx startup

- ..And | have 1
guestion for you
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