A A ey i ’ i

' = FLE 234
Lam | - Selafions S, 3010

T 7777 T TS S A

r\ — |
’Sae, MATLAR Cleg (O\\/w able vn uueb%”t’f’\‘\
‘53

. ——i i i Y "
4\ There are 2724090 coudts per vevolabon (R vad) )
ano rotah ﬂg Hhe enceder geac | fuen o the

%ear *‘r‘a@ covresponds Yo o linear distance
92 meters, CDO Four onswer Shodd be
QQ ;21; Jlama) =[O.00i5 34 (FCLA\MS /a~ ‘

v O 0G50\ /(2\2) =\ 2. D\’-}x\C"SCM/Qt) 3"
( &3 tihex oNnSwWesr (g (;)\A'kw\

b
SC&_ "g\o&\e, { ~>L le SDI,\}‘@_ 'ﬂm& \\ W\E‘.L&SLJ@’QJC{«
polnece rRe o Pec\l;\a, i e \:\m\e_ N O CEIRT

D = (4.0 0.3 and PZ_’“KC?O . c{-ﬂ

* There  owe. uxac"/m 2 W

Pcm’\”ﬁ So ¢
b 2ar —

AN

+ The ét?cms envelope Wil obeﬁ %= Ae.

; A (9- 4\ N
3_&},4 (_/ ?Uj (;z = ﬁ,& Tc»k«r\,\/s OS O QC\(_,(A %1(&&

=) |

jw 5 o= fn (.92 - .0%3

h - ("“‘/\

>‘< 23, gl‘f U UH&‘? S
T I"D

Wy »\\l( ICNECTE :\"i;éi W\P/JY(Q Cdr Qr ‘(’u ’\ [TT’U \ T,
il

—_— T >
§onl

X Lwd'

lu ~ /225\) +{. Olm\ = 2. 6\/@\

Z/\/;r\,

F:fﬁ
jfnw OO"}“\ 3« Klofzkzx

e e e FE——

\

)

|
\Sq O1e? %D‘Sx\/\‘smom D’a\[J\ \\




o
[ T T T T [ —
. —, ,— .
o .
© 1 |
o € b Hoe
S N o
o I - !
b )
I -
R R R R R i ®
I
I i
L] o
1 |
“““““““““““““““““““ — N~
I 1
i
1
MLl T~ o Jo
0| ! _
=S 1 1
<@ - - —~
S . , C)
g F b b - w m
' o [ =
- Do . =
o ~- 1 I
v ™M - = =
S ~o 1
DL o M- <
_I_l -
o - .
< | )
N .
. 1
SR T R R IR - ™
o , :
,— . —,
: : i
R o dw
1 , i
. . 1
| | L
l— “““ — —
g : : L
i : : :
1] L L L L L L L ] o
- @ © S N © N S © ® A\
s © o o $ ¢ ¢ 9

(snun Janareym)

-““f'l-‘- T

[

ll‘llll'hm

=z=TT .
m llll'l'l'll'l"”
—‘ll'llllll"l'llll]‘—
—~~ "ll |
N~ ] ' 'llllll,llllllll,l ]
- ‘6‘m o = hJ‘
O -
s = , o
o ! , .
L , “U»._.
i :
( '

15 20 25 30 35 20 pr -
Time (s)

10

(suun Jenareym)



fo\\ Ceomn 5\ Ve ‘gvm(\d the char r\(;%an&ng eﬁﬂ
"F@r’ ‘e S%c:t(q\ﬁ PC’/\&UA((AM e bc;
Sl ij;\fs + WO

5% 4 £.0338 % b.2A 0

TI’\@, %Ma‘rﬁ&m 5‘«? i~k o foe e e mf?\,&
:QE%’\du\b’\m 6{/\0@{;\& he jug{% e Sane as
“+he G\uw\/\\/\Ju\"CK"p()wﬁqr\pj Bu\db\tum )&xﬁ%
for Ahe divecthon V? h c"?\f'c?\\}ﬂ"/}
T +3E - Am ZS\V\‘@ - (O
Lw\ean Zw\zs
TE +Be —agm 26 =0
Svl & woe divde 'Hf\mui} b “3”) 'Ov\\ﬁ “Hie
last Term A *\’ﬂ\& checrocfeansha fclum:hm
‘S\’\ou\a\ c/homay:/

ST ro.0328-6.BA70 |

§
’

/‘\/\\\_//\J AN AT NN

N ofTate Leatn )

Loz
V_or o aocld vod, ;Em: zmLT, A

, L
. - %M” _ara o

- - 2. . _
e«\A _(ZW\L '.:2, L- ,hfy\j)\
o ("%
i~ S i};{’%ﬂ . = 2.5 NEJVQV,\
2 zf 2 LA |

$29) Some fftmr & deaariive £ v lew -pass Colgec
will probably be the mest comimon gouthtm

Cfﬁ g:[b\, _ {h T \ —> Convected. o 2 domain

e

{ [ Seg, ugv‘csuw& 2 @ MATLAD CKDO\@LW\{
\ _ B




Velocity (encoder cts / s)

Figure 2 - Problems 3 and 8 (velocity estimates)
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% labl mfile.m - Partial solution to Lab 1
% ECE 238, Spring 2010 (UCSB)
% (Solution code below by Katie Byl, 4/11/2001)

load labl matfile tdata ydata % raw data for encoder
T = tdata(2)-tdata(l); % sampling time, T=.001 (seconds)

% ydata : raw encoder data, “wiggling” pendulum
% tdata : corresponding time vector

Yp——————— Problem 2) POLYNOMIAL FIT:

% select indices for a range of iInterest in the data:
il = 1500; 12 = 2500;

% find a polynomial fit. (Here, 7th order):

pfit = polyfit(tdata(il:i2),ydata(il:i2),7);

% Make sure it matches the real data!

% Here, we will plot encoder data with stair steps,

% to show the discretization better:

figure(l); clf

tt = [tdata, tdata]*O0;

tt(l:2:end) = tdata; tt(2:2:end) = tdata+T;
yy = 0*tt;
yy(1l:2:end) = ydata; yy(2:2:end) = ydata;

plot(tt,yy, "b-"); hold on

ila = 11+50; 12a = i12-50;
plot(tdata(ila:i2a),polyval(pfit,tdata(ilazi2a)), "r-")
grid on

xlabel("Time (s)7)

ylabel ("Enconder counts®)

legend("Encoder data“, "7th-order polynomial fit")

% Take the derivative of the polynomial, to get

% VELOCITY. MATLAB can do this via "polyder™:

pfitvel = polyder(pfit);

figure(2); clIf

plot(tdata(ila:i2a),polyval(pfitvel,tdata(ila:i2a)), "b-",...
"LineWidth*",2)

hold on

Ypm—————— Problems 3) and 8) Velocity estimates

% To get a smoothed estimate of velocity, let"s
% try using a Filter "(s/(tau*s + 1))". After
% experimenting with several values for tau,

% let"s go with tau = 0.5 (sec):

tf_s_lowpass = tf([1 0],[-05 1]D);

% Now, create a DISCRETE version of this transfer
% function, either by hand or via MATLAB:
tf_filter_z = c2d(tf_s_lowpass, -001, "tustin®);



% Extract numerator and denominator polynomials:
Alowpassvel = tf_filter_z_num{:};

Blowpassvel tf_filter_z.den{:};

% Now, Filter the encoder data to get a low-passed
% estimate of velocity:

dy_lowpass = filter(Alowpassvel,Blowpassvel,ydata);
plot(tdata,dy_lowpass, "r-.", "LineWidth",2)

Y%——————- 9) Creative/Improved filters

% NOTE: 1 was just hoping to get people to be CREATIVE about the notion
% of what a "digital filter™ is actually DOING! Lot"s of answers would
% be acceptible here.

% * For instance: a HIGHER-ORDER (low-pass) filter on the velocity...

% * My solution: 1 tried to be as creative as possible and implemented

% a filter that does a polynomial fit to the last 101 data points and

% uses this to estimate velocity at the CURRENT point. The advantage

% is there is little or no time delay. The disadvantage is that it is

% such a high-order filter!! However, it is still "causal™ and could be
% implemented on a digital controller.

%

% In practice, if a little time delay doesn"t hurt too much, a little

% low-pass filtering wouldn"t prevent you from designing a nice controller
% for the overall system...

Xp [-100:0]*.001; % take the last 101 points
yp = 0*xp;
clear p2der
for n=1:length(yp);
yp=0*xp; yp(n) =1; % make only THIS data point "non-zero".

% Below, it turns out each past data point has a LINEAR

% effect on any order polynomial fit"s estimate of VELOCITY

% at the CURRENT time. This loop finds this linear relationship
% for each of the previous data points. (Note, you could try

% higher-order polynomials (above *2'), too... Higher-

% order polynomials will look less smooth.)

% Find effect of ONLY THIS POINT being non-zero:
p2der(n,:) = polyder(polyfit(xp,yp,2));

end
% Since we take derivative at x=0, only the LAST column matters...
% y est = a*x™2 + b*X + c, So:

% dy_est = 2*a*x + b, where x=0.
% dy_est(x=0) = b

Apoly = Fliplr((p2der(:,end))"); % last col gives "b" vals
Bpoly = O0*Apoly; Bpoly(l) = 1; % use for the CURRENT vel est!
dy Ffilter_poly = filter(Apoly,Bpoly,ydata);

plot(tdata,dy_filter_poly, "k--","LineWidth",2); grid on
xlabel("Time (s)"); ylabel("Velocity (encoder cts /7 s)")
legend("Polynomial fit","Prob. 8 answer®,"Prob. 9 answer"®)





