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/* USER CODE BEGIN PV */

long interrupt_counter;

long ref,data_counter;

short data[8001];

char data_flag,data_done;

long sampling_frequency;

int y;

float k,ta,tb,delt,error,olderror,control,oldcontrol;
/* USER CODE END PV */

IE 72

/* USER CODE BEGIN 1 */
sampling_frequency= 1000;
k=1;ta=0.0722;tb=0.271*%0.0722;delt=1/(float)sampling_frequency;
interrupt_counter=0;
data_counter=0;
data_flag=0;
data_done=0;
/* USER CODE END 1 */
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/* USER CODE BEGIN Callback @ */
int32_t da_value,ad_value,sum;
if (htim->Instance == TIM1@) {
sum=0;
for (int i=0; i<20 ; i++) {
HAL_ADC_Start(&hadcl);
if (HAL_ADC_PollForConversion(&hadcl, 10000) == HAL_OK) {
ad_value = HAL_ADC_GetValue(&hadcl);
sum += ad_value;

}
}
y = sum/20 - 2048;
interrupt_counter++;
if (interrupt_counter >= sampling frequency*4) {
interrupt_counter=0;
if (data_flag==1) {
data_counter=0;
data_flag=2;
}
ref=205;
}
if (interrupt_counter >= sampling_ frequency*2) {
ref=0;




}
if (data_flag==2) {
if (data_counter<=sampling frequency*4) {
data[data_counter++]=(int16_t)y;
}
else {
data_done=1;
}
}

error=ref-y;

control=(k*(delt+2*ta)*error+k*(delt-2*ta)*olderror+(2*tb-
delt)*oldcontrol)/(delt+2*tb);

oldcontrol=control;

olderror=error;

if (control > 2047) control = 2047;

if (control < -2048) control = -2048;

da_value = control + 2048;

HAL_DAC_SetValue(&hdac, DAC_CHANNEL_2, DAC_ALIGN 12B_R,
(uint32_t)(da_value));

}
/* USER CODE END Callback @ */

a8 7-29& T Mof7|7t HEE OfE21 Cio[LfY A[Z2|0[E2| AT SEE 2N ECt

1.8

14+

12r

Output/(Volt)
i

0 0.5 1 1.5 2
Time(sec)

orC

a8 7-29 Ty MO7[7F HEE OtZ21 CIo|Li9) A0l AT SE

2ol 5Z0|AM PD X1|017|% 8ot DC ZHOf CHsiA Tl HO{7|E HAStD F3e =Ct.
T4 Hof7|el DC O|5 Z(DC gain)2 K =5, 7%= 94 e 502 Stk




7.7.2 Xp7| B8 X chgt T H o7

of oM E AH7| & FX|of tishM T HMo7|E A5t Foists ddS Tttt

X721 28 X oy 7K FF7S MEO| e, 0| MH0|M = Feedback InstrumentsO

M HZEet X7 2o FHX|E O|82tCh(Model Number 33-210). 212 7-302 O 20 A}

8ot A7 24 FXQ Yl AHEE EOELCL O MM AT X7 2o X<t
St HEO| ot B0 CHEES X7 B4 XK= #40| HXSEZ 0| Ho| MA
22 ME8T o UCE £ K| BA FAE AE MESHM HdBdStE Ax 7HSSHEf
®i i
= @ e
=% e
(a)
W/
q ——]
i Current U |D/IA
— Amplifier converter
g STM32F429
.2 2 Discovery
y K(l /y ) Board
Photo M Photo |V _|AD
Emitters Receiver converter
Mg
(b)
a7 7-30 AH7| B HA| (@ A7 24 KO BY (b) FEE

T2 U Hes 2d XLt 0

PN 2
RE2 FAMo 28 F= HF 10K, 282 N2 2RH 2FETK2] A



g7l g2 BF2 Mo st AH2le| M&of g

ojn

2l y o[t ®MAMO| 2F&

{n

d
Bl

)
o

wl

(7.81)
(7.82)

Hlg| &=0|tt. Of

—

—

£, J2|n K

S
=

7t

1=0.15u+1,

M
~

b= XM HRE

.
o

2
[S)

ol M At
b ZCt

4

=]

e

flel Ao M

Al
=

r

Yo o RIX[OA B HEfO RUCH

7e

7p gttt A7

A
i

H

—

(7.83)

(7.84)
(7.85)
(7.86)
(7.87)

|

2

7k (0.15u+1,)*

X
M (/7 +Y,)*

09 =d0|M Cta

X|ob Mol clsfM =gotet. /X M

}{79

o
o g2 thEa Ztt

X, =V =yX

Xt
V=7(y_Yo)
X

4

X =0,x,=0,u=0

HFa}
=is]

£, (%, %;, 1)
f, (X, X, U)

|

|

%

Xa

o 9Ixl& oM

Atole] AHelof Bl StE
Hlg &==0|Ct

A2

=

—

—

A

=
Bof A 27ae HA| Aejol2z X,

I

A
o

4

b 2=
| AOAM y

e
[=}
o

X
9
o
o
Ct.
et B SEfoA SEf Bt g



oy _o,
X1 % =0,%,=0,u=0
al o,
8X2 %=0,%=0,u=0
(7.88)
of, _ 2K (0.15u +1,) 29
6X1 %=0,%=0,u=0 M (X1/7+Y0)3 %=0,%=0,u=0 YO |
ol
8X2 %=0,%=0,u=0
A,
au X =0,%,=0,u=0
(7.89)
o, 0.3yK (0.15u+1,) 039
au % =0,%,=0,u=0 M (X1/y+YO)2 % =0,X,=0,u=0 IO
9lo] ADOIN CHEIF 2 MY AE W4 WHAS @2 + Ut
AX, 0 1 AX, 0
2 +| 0.3yg |Au 7.90
{ij 9 9 {ij 78 790
YO IO
glo] ME B4 WHAS AW MY WHAODE CH2I 2o| BtEaia Wg 7% 4
O||_'_|-_
SAX,(S) =AX,(s)
. 7.91
sAX, () = 29 AX, (5) = 279 AU s) 791)
YO IO
9o BHEata wBAON CHST 2E MY H4E 7F 4 YUch
AXy(s) _ _0.3y9 1 (7.92)

of 2ol AFEE AH7| &Y EX|o] 4 &=+529| U2 th31t ZCh



¥ =333.3 (V /m)
g=9.8 (m/sec?)

(7.93)
,=0.817 (A)
X, =0.023 (m)
o] =X|E CiUSHH Ot &2 HF &8 22 = Uh
(S)——ﬂ (7.94)
5?2 -852 ‘

oo o 7io] TS K2R 2QHES A2"OICE Ol #A
A

Met st om
oA E[X| Y2 4% FE2 E2=E HOLICHE AMEOA Ofslg

NESE=1 PU VS 1o B

|
oUct 3t 0 MY B0l S()2| BT}
o

1 o

>

T 2 = =0{ACt. Mo A=It FSIH5IH FALA Q|
HFR7L S7215t22 278 @74 =of FAAMaL £ ALo|e| Z+AH0| EO0{ =Lt Ao
Mz ol FZ7t0f CHshAM Z=3H0| ZAstE2 ME 20| ()2 F=27t 22 AMdd} YX[THC}
ditioz mEH Hof AAEES FdY W ALES HE3 o7 SiM HIAHEE
oeHo 22 =8 40 229 £2 & 20AM MO Mz=E Fdotct 28 7-31 2
Mt A7) 2o X0 2 Mo7|§ HE¢t €8 M=E HOECL O] OAZHOM =
M=o 22 2¢)el RF=e A dE g0 201 UYE Z(-)2 F20/2=, HO M9
ALol= HAHEE DEHo=z E5tr| 2ot 2(-)2 #=2E 29 Ea7t it
ref - Ts+1 u 1200 Y
—»O—»| K——— —»| —— >
TJ, als+1 s°—852

ad 7-31 dgstE A7 8 RO i Xd M7 HE

Mz = X427 24 ZX|0f CisiM 4 o7t 70 221 T MO 7|E HABHCL ofel=
T HMoZ7| dAHE fIst MATLAB 2 EO|C,

IE 74

clf;format shortg;

k=1;

N=1001;w=1logspace(-1,4,N);
phimax=70;alpha=(1-sin(pi*phimax/180))/(1+sin(pi*phimax/180))
0.5*20*1ogl10(1/alpha)

wmax=112;T=1/(wmax*sqrt(alpha))
sys(1)=tf(2*[1200],[1 © -852]);
sys(2)=tf(2*1200*[T 1],conv([alpha*T 1],[1 © -852]));




[mag,phase]=bode(sys(k),w);
for i=1:N
mag_bode(i)=20*1ogl0O(mag(i));
phase_bode(i)=phase(i);
end
[w' mag_bode' phase_bode']
figure(1)
subplot(2,1,1)
semilogx(w, mag_bode,'-b");
axis([.1 10000 -60 20])
set(gca, 'GridLineStyle',"-", "FontName', "times', 'FontSize',12)
set(gca, 'ytick',[-60 -40 -20 0 20 40 60])
xlabel('{\omega} (rad/sec)');
ylabel('Magnitude (dB)')
grid on;
hold on
subplot(2,1,2)
semilogx(w, phase_bode,'-b");
axis([.1 10000 -180 -90])
set(gca, 'GridLineStyle',"'-", "FontName', "times', 'FontSize',12)
set(gca, 'ytick',[-180 -150 -120 -990])
xlabel('{\omega} (rad/sec)');
ylabel('Phase (degree)')
grid on;
hold off

[Gm,Pm,Wcg,Wcp]=margin(sys(k))
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/* USER CODE BEGIN PV */

long interrupt_counter;

long ref,data_counter;

short data[8001];

char data_flag,data_done;

long sampling_frequency;

int y;

float k,ta,tb,delt,error,olderror,control,oldcontrol;
/* USER CODE END PV */
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/* USER CODE BEGIN 1 */
sampling_frequency= 1000;
k=2;ta=0.05;tb=0.00155;delt=1/(float)sampling frequency;
interrupt_counter=0;
data_counter=0;
data_flag=0;
data_done=0;
/* USER CODE END 1 */
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/* USER CODE BEGIN Callback @ */
int32_t da_value,ad_value,sum;
if (htim->Instance == TIM1@) {
sum=0;
for (int i=0; i<20 ; i++) {
HAL_ADC_Start(&hadcl);
if (HAL_ADC_PollForConversion(&hadcl, 10000) == HAL_OK) {
ad_value = HAL_ADC_GetValue(&hadcl);
sum += ad_value;

}
}
y = sum/20 - 2048;
interrupt_counter++;
if (interrupt_counter >= sampling frequency*4) {
interrupt_counter=0;
if (data_flag==1) {
data_counter=0;
data_flag=2;
}
ref=-102;
}

if (interrupt_counter >= sampling frequency*2) {




ref=-205;
}
if (data_flag==2) {
if (data_counter<=sampling frequency*4) {
data[data_counter++]=(int16_t)y;
}
else {
data_done=1;
}
}

error=-ref+y;
control=(k*(delt+2*ta)*error+k*(delt-2*ta)*olderror+(2*tb-
delt)*oldcontrol)/(delt+2*tb);
oldcontrol=control;
olderror=error;
if (control > 2047) control = 2047;
if (control < -2048) control = -2048;
da_value = control + 2048;
HAL_DAC_SetValue(&hdac, DAC_CHANNEL_2, DAC_ALIGN 12B R,
(uint32_t)(da_value));

}
/* USER CODE END Callback @ */

a8 7-32 = Y Ho717F HEE A7 28 KXo AH SEHE EO0EL =2 37
A O7E 7tRle T MO7|7t HEEIYLEZ %0 el gl AS = & AULL

1 T T ¥ T T

-0.2 *‘/ \.‘ J
| |
0.4 H \ 4
| \
-0.6 ]
[ \_
-0.8 R
| 1 1 1 1 L 1 1
0 0.5 1 1.5 2 2.5 3 35 4

Time(sec)

a8 7-32 M017] (7.96)01 CHet AT SE

U Moj7|ef A Hatrt SEO| o Fets OX[=A 27| 1M T Hof7|2
O2g A+E 0050M 0022 #HES ChZ2 Y MO7|E HE =Lt




(7.97)

0.02s+1
0.00155s+1

D(s)=2

3.5

25
Time(sec)

1.5

0.5

.

10
ao
&r

X

HMoZlE

(7.98)

0.01s+1
0.00155s +1

2

D(s)

0, 9o SEt HlwsiN 28 sent

K-

e

1ol T Mo7|7t

o

—

gl 7-33

a2l 7-33 H0{7| (7.97)01 CHSE A

o~

—

c ® © ¥ 8 o 8 % © © O
S o o o S 9 9 9
(JloA)AndiINO
)
o3
<+
Hu
o
[S¢

HIRE oM T4 HMoj7|el o2 & A+E 0012

2L}
a8 7-342 9|0 T4 HMOj7|7t =

24 o|d0] AT As =



1
I
|

A

i

|/

=}

(lop)andino

3.5

25

1.5

0.5

Time(sec)

2l 7-34 07| (7.98)0 CHet A

=8 7.2

F

23
Sl

=~
~

=3
=

O|2siA ZI& HO{Z| (7.96), (7.97), (7.98)

MATLAB A|E2{0|4



