PID Controller
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Téng quan

e PID Controller:
Wikipedia

Bo dicu khien PID o mot co che vong dieu
khien s0 dung phdn héi (vong kin), duoc sU
dung réng rd&i trong cac hé théng di¢u khién
coOng nghiep va nhieu Ung dung khac doi hoi
kicm soat lien tuc duoc diéu chinh.



https://en.wikipedia.org/wiki/Proportional%E2%80%93integral%E2%80%93derivative_controller

N6 dung

|. He théng va nhan dang hé théng

2. Cau H va Encoder

3. Bo di¢u khien vong kin va bd dieu khien PID
4. Thiet k& bd dieu khien PID cho doéng co DC
D. Phu luc



|. H¢ théng va nh@n dang h¢
théng

Tin hiéu vao —- Hé théng > Tin hiéu ra

Tin hiéu: ham cda mdét hodc nhiéu bién déc lap (thoi
gian, khéng gian,...) mang théng tin vé hanh vi
hodc bdn chat cda cac hién tuong.

Hé thé&ng: mo hinh vat ly hodc gidi thuat dé xa ly tin
higu vao va tao tin hiéu ra.



|. H¢ théng va nhén dang h¢
théng

Tin hiéu lien tyc: tin hiegu cd gia Tin higu rdi rac: tin hieu cod gid
tri tai moi thdi diém (lien tuc tri tai cac thdi diém xac dinh

trén thang thdi gian) (r&i rac trén thang thoi gian)
£(t) s f(nT)
co et
He




|. He théng va nhén dang hé

théng

Hé théng lién tyc: tin hieu vao Hé théng rdi rac: tin hieu vao
lien tyc, tin hiéu ra lién tuc

f(t) —

HTLT

— y(t)

rdi rac, tin hiéu ra rdi rac

f(nT) —

HTRR

— y(nT)




|. He théng va nhén dang hé

théng

« Ham truyén I modt ham sé& md t& m&i quan hé
giCa tin hi¢u vao va tin hi¢u ra cua mdt he

théng diéu khién.

Tin hiéu vao —

Hé thong

— Tin hi€u ra

—

Ham truyén

H

>




|. He théng va nhén dang hé

théng
Vidu |.]
V_OUT!
R1 R2
F :m::_'
T




|. He théng va nhén dang hé

théng

Vidu 1.1

H¢ thong lien tuc

Tin hi¢u vao: V_IN

Tin higu ra: V_OUT

Quan hé giva tin higu vao/ra: V_OUT = 1/2 V_IN
Ham truyén H = V_OUT / V_IN = 1/2

'V_OUT!

I

1F
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|. H¢ théng va nhén dang h¢
théng

bong co DC:

- Tin hieu vao

- Tin hieu ra

- Quan he vao/ra




|. H¢ théng va nh@n dang h¢
théng

* D6ng co DC:

- Tin hieu vao: Pien ap U, dong dién |.

- Tin hi¢u ra: Téc do quay w .

- Quan hé¢ vao/ra:

11,1 A [0
| DC Motor >
y

Il




|. H¢ théng va nhén dang h¢
théng

—Toc d6 dong co DC

| uw)

12



2. CaAu H va Encoder

* Pulse Width Modulation

50%

TON

10%

TOFF

Period

a) Signal A with 50 % duty cycle

!

|

30%

b) Signal B with 10% duty cycle

70%

c) Signal C with 30% duty cycle

|

i L

d) Signal D with 70% duty cycle

- P& di¢u khién déng co theo
mong mudn thi ta sé thay ddi
dién dp cdp vao dong co.

- Phuong phdp pht hop nhat
& PWM (Pulse Width
Modulation).

13




2. CaAu H va Encoder

Mach cdu H bao gém 4 khoa diéu khién,

1_ﬂlf y duoc ky higu la S1, 82, $3 var S4. ,
+ Hai khoa (S1 va S4) duoc sU dung dé
G) o l(@)_ kigm soat déng co theo chiéu moét, trong
51( s /' Kkhi hai khda con lai (52 va $3) kiém soat

doéng co theo chi¢u nguoc lai.

12V 12V

14




2. CaAu H va Encoder

¢ C@U H:
- Khoa S: O la ngat, | la dong
- A la quay theo Clockwise

- B la quay theo Counter

Clockwise
. S14 | 23 | A [ B
0 0 0 0
0 | 0 |
| 0 | 0
| | 0 0
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2. CaAu H va Encoder

- Tin hieu diéu khién: S14 va S23
- Tin hieu daura Ava b

_S14 | 523 | A B
0 0 0 0
0 | 0 |
| 0 | 0
| | 0 0

16




2. CaAu H va Encoder

Tin higu di¢u khien: S14 va $23
« 2 PUM




2. Cau H va Encoder

Logi K6t ndi

S14 PUWM Chon chi¢u va diéu
khién t&c do.
S23 PUWM Chon chi¢u va diéu
khién t&c do.
18



2. CaAu H va Encoder

S14 0% va $23 0%

S14
523
A
B _
19
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2. CaAu H va Encoder

S1450% va S23 0%

S14
523
A
B
20
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2. CaAu H va Encoder

S1470% va S23 0%

S14

523




2. CaAu H va Encoder

« Cau H théng dung: L298N
-INT: 514

- IN2: 323
- OUTI va OUT2: DC MOTOR

- Tuong tu cho IN3, IN4
va OUT3, OUT4
- Coéng suat 250

ADIY L298N Motor Driver Module

Ll
1
]

— i
‘ = I
ain ~
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2. CaAu H va Encoder

« Cau H théng dung: BTS7960
- R_PUM, L_PWM: S14, 323
- Cong suat: 43A

23




2. CaAu H va Encoder

 Encoder

“ LED

! \
! \
| 4 |

< _ Lens

Code wheel |

Fixed Slit J

jiBipb S o B

Photo sensor
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2. CaAu H va Encoder

* Incremental Encoder: Tadng gid ftri khi xoay,
cung c@p thong tin ve sy thay doi vi tri, sU
dung xung va bd dém.

* Absolute Encoder: Cung c@p thdéng tin vi fri
chinh xac, mdi vj tri co6 gid tri tuyet ddi rieng

bi¢t, gi0 nguyén thdng tin sau mat dién hodc
khdi dong lai.

29



2. CaAu H va Encoder

* Absolute Encoder

O (<]
n Block the light = Angle [degrees]
- | @ 0.00
11.25
22.50
33.75
45,00
56.25
67.50
7875
90.00

1 | Pass the light ¢

- o oo oo o o o o @
- - oo o o o o o o @
DN = = == =] @

315.00
326.25
337.50
34875

—_ == =
—_ == =

-o——oo——-oo@
-o—no—-c—nc—no@

—_ == =
- = o o
- o = o



2. CaAu H va Encoder

Angle [degrees] Digital Binary Code Analog

o 2 @ Voltage [V] . A
0 000 0.00 |
45 001 0.63 .
90 010 1.25 %
135 011 1.88 S
180 100 2.50 “_E
225 101 3.13 = o
270 110 3.75 _ o
315 T 438 Angle [degrees]
o=,
1
—---- N ---- r—
Parallel
= --- _ - ? o ]
—.-- Frl - —— o
| " 1 Serial
=—--r -~ > l—
N\
LED Photo sensor

Code wheel (4 bits)
n Block the light
Pass the light

>

2/




2. CaAu H va Encoder

* Incremental Encoder:

- Dua vao tin higu xung tra vé ta co thé xac
dinh dugc chieu quay, t6éc dd va vi tri cua fruc
déng co.

?

N -

Fixed Slit

Photo sensor .B A

®
Phase: A
Phase : B i

23



2. CaAu H va Encoder

1- Motor -

2- Encoder -

3- Encoder A Phase

4- Encoder B Phase

5- Encoder + (3.3V/5V)
w6 Motor +

29



2. Cau H va Encoder

« Chicu quay: Khi encoder
quay theo chieu kim déng hd
(CW), xung A sé xudt tin hieu
trudc xung B va lech pha 90
dd. Nguoc lagi, khi encoder
quay nguoc chieu kim doéng
hé (CCW), xung B sé xudt tin
hieu trudc va legch pha 90 do
sO vOi xung A.

CW / CCW
\

ABRIA
W) @@) /J

Pha A xudt tin hiéu trude pha B va léch pha 90°

Clock A Phase '
Wise ,.(‘E; -
(CW [

) B Phase I I |

Pha B xuét tin hiéu trdc pha A va léch pha 90"

Counter ;
clock A Phase _l_[_l_

wise

(CCW) I = | | |
Phase
B Phase 500

30




2. CaAu H va Encoder

2
A

e T6¢ d6 va vi tri: dua vao s6 xung tra vé deé
xac dinh.

forward jitter backward jitter forward
m | L] L
TI2 | L T
J_l_l_,_l—lf |
Counter
] up down up|
N I

31




2. CaAu H va Encoder

* PPR(Pulse per round/Resolution) la s& xung A
hodc B trénl vong quay

« Cach doc encoder:

Van toc = S6 xung tra vé trong | khoang thoi
gian
Vi tri = Tich phan van téc

32



2. CaAu H va Encoder

° VI dp:

- PPR: 1000

- Ngat 10 ms

- Poc duoc 20 xung
- Van toéc: 2 xung/ms

2/1000x1000x360 =720(degree/ s)
- Vi tri: Cong them: 2/1000x 360 =0.72(deg ree)

33




B& diéu khién vong kin va

3.
b6 diéu khién PID

« Bo dieu khien vong kin:

Actuating

- Output
Plant
_I_ Error

Signal

Feedback -
Elements

Feedback Signal

Error Detector

pi Controller

34
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3. Bo diéu khién vong kin va

C?

b6 diéu khién PID

D@y sai s diéu khién
ve O theo thoi gian He théng ta mudn dic¢u khién

Caima ta mudn he
thé&ng thuc hien

Actuating
Signal

,QTQO ra tin hieu nay de"quorc

tin hieu déu ra ta mudn

Feedback
Elements

Signal
/S\

Caita mudn bang O

Feedback Signal

35




3. B dieu khien vong kin va
bd dieu khién PID

e Sai s6 dieu khien (error signal)

Error value = Output value — Input value

36



3. B dieu khien vong kin va
bd dieu khién PID

*Vidu: Giasu | drone - = ---- -~~~ o i
dang nom fren mat
dat, va ta mudn no
bay lén dé cao S0m

37




3. B dieu khien vong kin va
bd dieu khién PID

Q—‘E”;(_J R
Error 5 f::-t-"' AETENY
ﬂ_'““a_ﬂ_f— d______;——i—————- PI’GPE”‘—""B wh 5p?ﬂ P

- # e & s 8 =
= — drore il rise, rr}dur,mﬂ Ha erfor

33




3. Bo dieu khien vong kin va
bd dieu khién PID

" : 0 meters
5O meters i:,_i D speed @ altitude o

Seedback path

39
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Q,
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<
O .
-
Q
.
-
<
0.

7 50 meters :
- — = = g By = = = o .- Errer 15 %grume'l'era

@ ™
m w prof'?.ner"a 'u-—‘lli 5Prﬂ L.hP
. - =" et - drore will rise redud) nﬂ‘r-lrﬂ_e.rr‘b*r
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3. Bo dieu khien vong kin va
bd dieu khién PID

50 meters Errer 15 Zero M&+EF5

N propellers will S'}op
drc:ne. "-u"l“ S‘I'th"l' "L-::r 'Fn.”

W Error 185 SO meters
_‘_‘_'_'_._,_n_|_\_,_l-"'-'_._'_._-_‘_\_-_. P £
e SRR = o~ propanerf; Will spin up

h — drore wil rise redur_'.na He error

41



3. B dieu khien vong kin va
bd dieu khién PID




3. Bo dieu khien vong kin va
bd dieu khién PID

" : 0 meters
5O meters i:,_i D speed @ altitude o

Seedback path

43




3. Bo dieu khien vong kin va
bd dieu khién PID

Command = S50 meters "
________ LC,+5 OLS_':U-W we m& IDD rEM +l:’ hovel

—




n vong kin va

o>
O
Q,
.
C
~—
Q.

il aMihde 0 melers

rror
SO mekers bem | \ speed @s

Leedback poth
&
T i
f,-"' '+' f-l!.+=‘ assSume We m& [ rpot +o howelr
/ S
|I|l.
i 3D
|
\ coun = Prope
5 SO L s
T -'=.uu|'.-."-
} drone 10 w 5 180 g~
will hever
.ﬂ-”"_h"-a-'l{__,_,_.-—-—-—_.---’
—
Py -
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3. BO diéu khién vong kin va
bd dieu khiegn PID

P'T‘Fﬂ”tr allibad © meters

.
SO mehers bem [ \ speed Dﬂgc : —

Commond = sa§ eters

Sandback path
/f}__’? Lets assume we newed [0Orpm to hover
)
| .
ll‘u
b here 50 ¥ % = |0Oepm
This s i
$re drone a5 ® 5 = oo rpm
'k.-H” ouer 1O « W —: IDG rP'ﬂ
~ﬁ/t\J(_/———J [ x D0 = DO rpm
-, - —

46




o
Ep-o0=50 ]
propeller :
s Gem \ o3 alibude O meler
-
ED 'J"IFM SP[-EA 3 ;
Command = 50§1+-r5 L
feedback F-d-lrh
//H”-—-r_t? If_c_'k':: assuE  WE raed 0O rpr += howver
fx‘r =SS
' EY
I‘\H i 50 x | = |00 rpm
Thig 1% where
b dpans 268 % 5§ = loorpm
o 1o 2o = 100 rpm
=l mrnier
= ‘—- - n\"-._ Errﬂr \.up..-:"* g.ﬂ n"u"ln‘.\l| :5\_,-\_5+

gebs smaller!

4/




3. B dieu khien vong kin va
bd dieu khién PID

43



3. B dieu khien vong kin va
bd dieu khién PID

gl olihode 0 meles

SO meters ﬁ? ii:ir' Speed _@ ,

u -/

‘Fc:é\ga_{_ k ?o.JrH
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3. B dieu khien vong kin va
bd dieu khién PID

input over +ime

o0



3. B dieu khien vong kin va
bd dieu khién PID

te .
il R e 5_? F,ﬁ_t_ S 5-itﬂ€1 5‘]‘:-5’: srfor INcreasing
T ™ J total sUM
Steady ( L
! ’_ mamory L
5 [« 9 fll-ﬁ":lﬁ'j
totel of +he
inpb-'i" puer e

o)



3. B dieu khien vong kin va
bd dieu khién PID

totol of +he
input over +ime

52



3. B dieu khien vong kin va
bd dieu khién PID

O rmﬁ;ﬂa

+otol ofF +he

fnpu+‘ ouver +iwme

1049 rpm



‘?

3. Bo dieu khien vong kin va

¢ A

bd dieu khien PID
e B s wa ':4"'_" Memory > 100 cpm
%,__%Tj Y 5mpJ1imr

nnnnn
really small oLl i ,H,E > 100 pm
eccol input ouver +ime
srall cgnjrr;bu."l']on
PSR
s . _
r R .

o4



3. B dieu khien vong kin va
bd dieu khién PID

50 meters
e = 7]\ —_
’\ clrone. n“]“‘uclc
Q—ﬁi@ -
—, __H_Hf_ﬂ_______#_._-——-—"-—h\—-_._
— s ¥ g T

9




3. Bo dieu khien vong kin va
bd dieu khién PID

propelles

erver ::I.H r']'u'cJE
B g -t SE R

. _

feedbeck poth

Ble




,,

T
Q,
-
<
O .
-
Q
e
-
<
0.

Eector qut](]:j clﬂ‘eﬂ& ng ngja:l’:l‘\f& Volue

e of : )
% change /_L:;L_]:

- look of He current rate of chownge ok error

— Determine how we ore appl‘an.chingh qad..i

- ﬁemj‘“rfltj 5.'|9w down 'H-‘E F-l"bpt:lllltfi

S/



kh 2n vong kin va

O W
OO>
g.l-.
®>‘
:— C
N{,
E

-~ <

crror propelles
(oo 02 ()R
HC,? . o _J
gr;ﬂﬂ-'“\f
Lfeedback poth
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3. Bo dieu khien vong kin va
bd diéu khién PID
P o .t
o J

Lfeedback poth

09




3. B dieu khien vong kin va
bd dieu khién PID

+ [
_S-Etpnijl1"®7 Error »f | K}I.ﬁ{ ThiT Output —p
]

60
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3. B6 diéu khién vong kin va

b6 diéu khién PID

Khau ti 1& P (Proportional):

—s P K elr)
e Ti [ tuyén tinh v&i sai s&
» D&i d&u khi sai s6 doi B e T 3%a
dau —
L Kﬂ.?

Uu diém:

« Tac déng nhanh don gidn
e Gidm sai s& nhanh trong giai doan dau
Nhuoc diém:

 Dao déng l6n néu hé s& P 1on

* Nhay cdm v&i nhieu do

o}
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3. Bo dieu khién vong kin va

bd diéu khién PID

Khau tich phan | (Integral):

> P A . — P K elt)
e Con duoc goi la khau sai
SO -I-ICh |Uy . , 5tlpnin1+ Error -+ | Kfie[r}u'r -'U“‘P“[—"
e TAng/gidm tin hi¢u dieu khién -
khi sai s& duong/am — D g0
Uu diém:

e Triet tieu sai s& & trang thai xac 1Gp
« Tac doéng bat ké sai s& nhd hay 16n
Nhuoc diém:

« Chém xac 1Gp

« H2 56 | qud lon co the lam xdu dac tinh déng hoc cua hé
théng, dao déng ddo chi¢u lién tuc, mat én dinh

62
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3. B dieu khien vong kin va
bd dieu khién PID

Khau vi phan D (Derivative):
e Dy dodén ddau ra cla

. < Setpoint 1 Error -+ | x,:[e[ tdr - — Output —
qud trinh ) "
Uu, diem: — D kh

. On dinh hé thdong
e T&ng t6¢c dd dép Ung cua hé thdng
Nhuoc diem:
e Sai sO xac 1&p
« C6 khodng tré so vai thay déi cta hé théng

~E

03




Amplitude

\D

Step Response

0 0.2 0.4 0.6 0.8 1 12 14 1.6
Time (seconds)

Giam Téng Thay déi nho Gidm Giam
Giam Tang Tang Loai bo Giam
Thay déi nhé Giam Giam Khéng tac dong Cai thién

64



3. Bo dieu khien vong kin va
bd dieu khién PID

« Do vot 16 :
- Percentage overshoot (POT):

POT = Zma

yxl




3. B dieu khien vong kin va
bd dieu khién PID

« Sai s6 xac 1ap:

r@&) e A - o J“i’“’

66
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3. B dieu khien vong kin va
bd dieu khién PID

« Thoi gian qua dd va thoi gian lén:

_ y(f) _ _ y(f}
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3. Bo dieu khien vong kin va

bd dieu khién PID
« Cong thuc bd diéu khién PID so.
u(k) =u,(k)+u, (k) +u,(k)

Voi u(k) la gia tri dau ra cua b pid tai thoi diem k
e(k) la gia tri sai s6 dieu khien tai thoi diegm k
e(k) la gia tri sai s6 dieu khien tai thoi diem k-1 (truoc thoi diem k 1 méu)
Ts la thoi gian lay m&u
Kp, Ki, Kd la trong s& cac khau P, | va D cua bo di¢u khien

u(k)=u,(k)+u , (k)+u,(k)=e(k)xG(z)

03
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3. B dieu khien vong kin va
bd dieu khién PID

« Ta co céng thuc voi tung khau nhu sau:

up(k) = Kpe(k)

u (k) =K, %[e(k) +e(k—1)]+u, (k-1)

(k) = Ky 2 e(k)— ek~ )]~ u, (k— 1)
Ts

09



3. Bo dieu khien vong kin va
bd dieu khién PID

up (k)

e

e(k)

Vi mdi m&u e(k):

up (k) = Kpe(k)

/0




3. B6 diéu khien vong kin va

¢ A

b6 digu khién PID

e(k) \ uy (k)
i }/ f "
e(k—1) / u; (k —1)

Vi m&i mé&u elk):

uw (k) =K, %[e(k) e(k—1)]+u,(k-1)

e(k —1) = e(k)

u, (k—1) =u, (k) a




3. B6 dlé khien vong kin va

D-
.O>
9'- °
),
C
E’_
N
=
A
(W

e(k) up (k)

(_
v
e
o
<_
\4

t;u
o

e(k—1) uy(k—1)

Vi m&i méu ek):
u, (k) =K, %[e(k) ~e(k—1)]—up (k—1)
S

e(k —1) = e(k)
uy (k—1) = u,) (k)

/2
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3. B6 diéu khién vong kin va

b6 diéu khién PID

« Phuong phap “tunning” cac trong s6 Kp, Ki, Kd cho b diéu
khign PID:

. Dat Ki, va Kd, bang O, tdng dan Kp dén gid tri hé sé khuéch dai gidi
han Kgn (tgc 1& hé s& khuéch dai lam cho hé thédng & bién gidi 6n dinh)

2. Dat Kp~Kgh/2 (hoac chinh Kp de POT ~ 25%)

3. Tang dan Ki, dén khi sai s6 xac |1dp bij triet tieu trong thdi gian du
nhanh (Chu v Ki, qua 16n c6é the lam hé théng mét 6n dinh).

4. Tang dan Kd dé gidm do vot 186 va thoi gian xac lap (chu vy Kd qua
lon cd thé lam co hé thdng vot 16 trd lai)

5. Tinh chinh Kp, Ki, Kd dé dap ong dat yeu céu

/3
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4. Thiet k& bo diéu khién PID
cho déng co DC

- GUI
- STMCubelDE

. ADVENTORIS

USB

USB-UART
Convert

‘ TX/RX

UsB

ST-LINK

+3V3/GND
Encoder: C1A/C2B PWM

-
S

12V DC Servo Motor

+12V/GND

12V Power Supply

/4




4. Thiet k& bo diéu khién PID
cho déng co DC

* Firmware:

GCoém cac phan:

- Serial (quan ly giao tiep UART)
- Pid (B¢ dieu khign pid)

- Motor (Péng co DC)

/'



4. Thiet k& bo diéu khién PID
cho déng co DC

« State machine

NONE: Trang thai m&c dinh/nghi cua hé théng
SPID: Nhan théng so Kp, Ki, Kd

VTUN: Gan Setpoint van t6c va dieu khien van
t6c theo thong s6 bd pia

PTUN: Gdn Setpoint vi tri va dieu khien vi tri
theo thong s6 b pid

STOP: Dung VTUN va PTUN, reset bd nho

/0




4. Thiet k& bo diéu khién PID
cho déng co DC

* Firmware flowchart: Main program

Initialize

eeeeeeeeeeeeeeeee




4. Thiet k& bo diéu khién PID
cho déng co DC

 Convert command to state process




4. Thiet k& bo diéu khién PID
cho déng co DC

e State Process Handle

State Process Handle

Get Kp, Ki, Kd and setpaint
values

Assign velocity setpoint

Assign position setpoint

Stop tunning and reset

Nothing




4. Thiet k& bo diéu khién PID
cho déng co DC

* Firmware flowchart: Timer interrupt 10ms




4. Thiet k& bo diéu khién PID
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Command Kp Ki Kd Setpoint

%s %d %d %d %d \rin

STM32 _— PC
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RCC_OSC_IN
RCC_0SC_OUT

TIMZ_CH1
TIMZ_CHZ2

TIML_CH2
TIM4_CH1

kyy

STM32F103C8Tx

USART3_RX |LAN

USARTI_TX |40

SYS_JTCK-8NC LK

PIN

PAQ
S TuESn PAI
PB6
PB7

PB10

PBII

Channel |-Timer 2
PUM

Channel 2-Timer 2
PUM

Channel [-Timer 4
Encoder A

Channel [-Timer 4
Encoder B

UART 3 TX

UART 3 RX

Name and function Connect with

H Bridge IN/PUM
H Bridge IN/PUM
Encoder A

Encoder B

RX

TX
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PID

To IWDG (KHz

[0 ]
|
» 8 To FLITFCLK (MHz)

[1 W

H 72 | HLLA 10 AHD DUS, COre,
mamans an A NRA IRAH>
To Cortex System timer (

L

PLL Source Mux
HSI [
) *PLLMul
To USB (MHz

Input frequen... . HS l 8 "',‘(9_‘/'_ [ 1 ] ,..
i:l-HSE o /1 "‘, PLL

PCLK1 _
APB1 peripheral clocks (N

HSIRC Syst_e\em Clock Mux

- 1 HSI IO

— SYSCLK (MHz)AHB Prescaler HCLK (MHz) APB1 Prescaler

8 MHz HSE"__O % 72 | l"l 71 “"l 72 | | 72 “"l
PLLCLK 72 MHz may

xz]

APB2 Prescaler

I 72 | FCLK (MHz)

APB1 Timer clocks (MHz)

b
T
m
N
°
@
3
-]
-
[
5
-2
13
9
(1]
1)
w
=

X

-

1]
ADC Prescaler

>

..l 72 |APBZtimercIocks{MHz)
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« Config timer interupt | Oms:

Turning.ioc - Pinout & Configuration

Pinout & Configuration Clock Configuration Project
v Software Packs v Pinout

Q v {ch TIM3 Mode and Configuration :
Gategoiiesy ~->7 L Mode

System Core 5 Slave Mode Disable v | l

Trigger Source |Disable v |
Analog > ™ Internal Clock
Timers hd Configuration
¢ Reset Configuration
RTC
TIM1 @ NVIC Seftings

v TIM2 & Parameter Settings

E’_‘ \Conflgure the below parameters :

v TIM4

Q 0 5 o
~ Counter Settings
Connectivity > Prescaler (PSC-16b.. 7199
Counter Mode Up
Computing » Counter Period (Auto... 99
Internal Clock Division ..No Division
Middleware and Software Packs ’ auto-reload preload Disable

~ Trigger Output (TRGO) Par...

L T T i T Y

NVIC Interrupt Table Preemption Priority | |
Mm 2

TIM3 global interrupt
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« Config PUM [KHz:

Turning.ioc - Pinout & Configuration

Pinout & Configuration Clock Configuration Project
v Software Packs v Pinout
{ch TIM2 Mode and Configuration :
Galegories] .->: | Mode |
System Core 5 Slave Mode |Disable v |
Trigger Source |Disable v |
>
Analog Clock Source ‘Dlsab\e A
Timers v Channel1 |PWM Generation CH1 v |
N Channel2 |PWM Generation CH2 v
RTC
M1
TIM3 Reset Configuration
v TiM4 @ NVIC Settings @ DMA Setlings
@& Parameter Settings
|Conf|gure the below parameters :
Connectivity > _
( 0 ) 0
Computing > ~ Counter Settings [
Prescaler (PSC - 16b.. 719
Middleware and Software Packs » Counter Mode Center Aligned mode3

Counter Period (Auto... 99

lrbmemnl Plaale Miiminm Ao Miiimine
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 Config encoder counter:

I STMA32CUD eMX PV _STM3Z i0C™. STM 32F10308Tx

STM r’ Fila Window Help

|| Deepdiuchingtgsd.cim |

Q vid Mo tion
Categaries | - 1

P i i i System Core
Xz Pulses Going Z k
To Counter Analog ;

RTC nanneld Disable

Ti1

Config Encoder X4
— Mode: Encoder Mode TI1 and TI2
= Polarity: Rising Edge

Encoder Mode Encoder Mode Ti1 and TE
. Pararmateds Tor
Step 1 "l Palarity Riging Edge
C Salaction Dirat
Prescaler Dwision Ratio Mo division
npul Fiter
____ Paamaters for
Falarity Rising Edge
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« UART interrupt:

¢u k

hién PID

UART interrupt’s Priority > Timer interrupt’s Priority

System Core i

DMA
GPIO
IWDG

NVIC
« RCC
» SYS

WWDG

Analog ?

Timers ?

neration

Undefined instruction or illegal state
System service call via SWI instruction
Debug monitor

Pendable request for system service
Time base: System tick timer

PVD interrupt through EXTl line 16
Flash global interrupt

RCC global interrupt

TIMZ global interrupt

TIM3 global interrupt

TIM4 global interrupt

USART3 global interrupt

(<HEp<HEUEEEEEY < <R PP
- O N D OO0 D o0 S O
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* Project manager:

Tab Code Generator

Tick “Copy only the necessary library files”

Click “GENERATE CODE” to generate C project

Pinout & Configuration Clock Configuration Project Manager

STM32Cube MCU packages and embedded software packs

Project
®) Copy only the necessary library files

O Add necessary library files as reference in the toolchain project configuration file

Generated files

Generate peripheral initialization as a pair of ".c/ ' files per peripheral
[ Backup previously generated files when re-generating

Advanced Settings Keep User Code when re-generating

Delete previously generated files when not re-generated

HAL Settings
[ Set all free pins as analog (to optimize the power consumption)

[ Enable Full Assert

User Actions

Before Code Generation

After Code Generation

én PID
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e Create file .c, .h
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» Create file

poid.c, pid.h ->Functions for control PID
motor.c, motor.h ->Functions for control motor
serial.c, serial.h ->Functions for serial interface

user_define.h ->=Macro

0




én PID
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e uyser_define.h

INT

ECODER_TIMER htim4
IMER htim2

#define

#define

#defin

#define
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e Structure:

typedef struct

{

fleat dlim_min;
float dlim_max;

dlim_max_int;
dlim_min_int;

derror;

dpre_error;
dfiltered_error;
dpre_filtered_error;

float dproportional;
float dintergral;
float dderivative;

float dresult;

} PID_CONTROL_t;
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e Structure:

typedef struct
{

uint32_t ipulse_per_round;

typedef enum

{
NONE = 0,
SPID,
VTUN,
PTUN,
STOP,

} PROCESS_t;

intlé_t icounter;

float dvelocity;

float dposition;

float dreference_velocity;

float dreference_position;
} Motor_t;
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e serial.c

#tinclude "serial.h"

uint8_t urx_buff[MAX_LEN]
uint8_t utx_buff[MAX_LEN]

char scmd[4];

float dkp;

float dki;

float dkd;

float dset_point;
uint8_t urx_index = 0;
uint8_t urx = @;
PROCESS_t tprocess;

L

L

codesnap.dev.
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e serial.c

93
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e serial.c

serial_write_com(char *scmd, float dvalue)

if (semd = NULL)
I

T
return;
}
char str[MAX_LENI;
strepy(stxr, semd);

char str_value[MAX_LEN];

sprintf(str_value, " %.2f\r\n", dvalue);

strcat(str, str_value);

for (int 1 = 0; i < strlen(stxr); i++)
{
utx_buff[i] = (uint8_t)stx[i];

int count = 0;
while (strlcount] == '\@' && strlcount] == '\n') {
count++;
1

I
HAL_UART_Transmit (&UART_COM, utx_buff, (count+1), HAL_MAX_DELAY);
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e serial.c

serial handle (uint8_t xubuff)

if (ubuff = NULL)
{

return;
}
char str[MAX_LEN];
snprintf(str, sizeof(str) %s", ubuff);
sscanf(str, "%s %f , scmd, &dkp, &dki, &dkd, &dset
HAL_UART_Transmit (&UART_COM, ubuff, urx_index, HAL_MAX_DELAY
urx_index = @;
if (StrCompare(scmd, (uint8_tx)"SPID", 4))
{
tprocess = SPID;
¥
else if (StrCompare({scn (uint8_t*)"VTU
{
tprocess = VTUN;
}
else if (StrCompare(scmd, (uint8_tx)"PTUN", 4))
{

tprocess = PTUN;

lse if (StrCompare{scmd, (uint8_tx)"STOP", 4))

tprocess STOP;

else
£
{
tprocess =

}
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e serial.c

bool StrCompare(char *pBuff, uint8_t %pSample,

{
for (int i = 0; i < nSize; i++)

{

if(pBuff[i] == pSamplel[il)
{

return
¥
}

return

hien PID

uint8_t nSize)

codesnap.ae
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e serial.c

HAL_UART_RxCpltCallback (UART_HandleTypeDef whuart)

if (huart—Instance = UART_COM_INSTANCE)
{
if (urx = '\n')
{
uxrx_buff [urx_index]
urx_index++;
}
else
{
urx_buff[urx_index] urx;
urx_index++;
serial_handle (urx_buff);

}
HAL_UART_Receive_IT (&UART_COM, &urx, 1);

QQ
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e serial.h

#ifndef INC_SERIAL_H_
#define INC_SERIAL H_

#include
#include
ttinclude
#include
#include
#include
#include
#include

UserCode/user_define.h

<stdbool.h
<stdint.h>

<string.h>

<math_h>
<stdio.h>
<stdlib.h>
"usart.h"

typedef enum

{
NONE =
SPID,
VTUN,
PTUN,
STOP,

} PROCESS_t;

serial_init(

serial_write_com(char xucmd, float dvalue);
serial_handle(uint8_t
bool StrCompare(char *pBuff, uint8_t #pSample, uint8_t nSize);

#endif

)i

buff);

"

¢

ien PID
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e pid.c

#include "pid.h"

pid_reset (PID_CONTROL_t *tpid_ctxl)

if (tpid_ctrl = NULL)
{

return;
1
tpid_ctrl—dlim_max_int = @.0f;
tpid_ctrl—dlim_min_int = 8.0f;

tpid_ctrl—derror = 0.0f;
tpid_ctrl—dpre_error = 0.0f;

tpid_ctrl—dproportional = 0.0f;
tpid_ctrl—dintersral = 0.6f;
tpid_ctrl—dderivative = 0.0f;

tpid_ctrl—dresult = 0.0f;
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e pid.c

pid_init (PID_CONTROL_t =#tpid_ctrl, float dkp, float dki, float dkd, float dlimit_max, float dlimit_min, float dts)

if (tpid_ctrl = NULL || dkp < 0.0f || dki < @.0f || dkd < 0.0f || dts < @.0f || dlimit_max < dlimit_min)
{

return;
¥
pid_reset (tpid_ctrl);
tpid_ctrl—dkp = dkp;
tpid_ctrl—dki = dki;
tpid_ctrl—dkd = dkd;

tpid_ctrl—dlim_max = dlimit_max;
tpid_ctrl—dlim_min = dlimit_min;

tpid_ctrl—dts = dts;
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e pid.c

pid_tunning_set (PID_CONTROL_t =tpid_ctrl, float dkp, float dki, float dkd)

if (tpid_ctrl = NULL || dkp < 0.0f || dki < 0.0f || dkd < 0.0f)

r
1

return;

}

tpid_ctrl—dkp
tpid_ctrl—dKki
tpid_ctrl—dkd
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e pid.c

float lpf_trap(float draw_signal_value, float dpre_raw_signal_value, float dpre_filtered_value, float dfc, float dts)

I
L

float
float
float
float
float

dfiltered_value = 0.0f;
dal
dbe
db1
dwe

if (dfec < 0. dts < 0.8f)

{

return dfiltered_value;

dwe
dal
dbB
db1

dfc % 2 % 3.141592f;

(2.0f - dwc % dts) / (2.0f + dwc % dts);
(dwc = dts) / (2.8f + dwc = dts);

dbo;

dfiltered_value = dal = dpre_filtered_value + db® » draw_signal_value + dbl * dpre_raw_signal_value;

return dfiltered_value;
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e pid.c

L_max » toid_etrldpropo:

max int iu etri—ovin

—cerrar, Tpid tri—dpra_lilte nUT_ORF_F

tive - 2,0F = tpid_ctrl ddkd [ tpid_et Ltpid_r=zl sefiltexed errer  tpid_r=zl sepre filtered erzor)

6 clol—dlin fax;
. tpdd_errlsdlin_ming

Tzl odlin

dfilrered
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e pid.h

#ifndef INC_PID_H_

flo
float
float

dlim_max

dlim_max
dlin_min_int;

dpre_error;
dfilt

¥

float dkp, float dki, float dkd, float dlimit_max, float dlimit_min, floatr drs
float dkp, ci, float dkd};
1pf_trap(fl rau_sig . gnal_value, float dpre filtered value, float dfc, Float dts)
loat pid_compute (PID_CONTROL_t floa value, float dact_value};

#endif
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* mOtor.c

#include "motor.h"
motor_init (Motor_t =tmotor, uint32_t ipulse)

if (tmotor = NULL)
{

return;

motor_reset (tmotor);

tmotor —ipulse_per_round = ipulse;
HAL_TIM_Base_Start_IT (&INTERUPT_TIMER);
HAL_TIM_Encoder_Start (&ECODER_TIMER, TIM_CHANNEL_1);
HAL_TIM_Encoder_Start (&ECODER_TIMER, TIM_CHANNEL_2);
HAL_TIM_PWM_Start (&PWM_TIMER, TIM_CHANNEL_1);
HAL_TIM_PWM_Start (&PWM_TIMER, TIM_CHANNEL_2);
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* mOtor.c

#include "motor.h"
motor_init (Motor_t *tmotor, uint32_t ipulse)

if (tmotor = NULL)
{

return;

motor_reset (tmotoxr) ;

tmotor —ipulse_per_round = ipulse;
HAL_TIM_Base_Start_IT (&INTERUPT_TIMER);
HAL_TIM_Encoder_Start (&ECODER_TIMER, TIM_CHANNEL_1);
HAL_TIM_Encoder_Start (&ECODER_TIMER, TIM_CHANNEL_2);
HAL_TIM_PWM_Start (&PWM_TIMER, TIM_CHANNEL_1);
HAL_TIM_PWM_Start (&PWM_TIMER, TIM_CHANNEL_2);
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* mOtor.c

motor_reset (Motor_t xtmotor)

if (tmotor = NULL)
{

return;

L

tmotor—icounter = 0;
tmotor—dvelocity = 0.0f;
tmotor —dposition = 0.0f;
tmotor —»dreference_velocity
tmotor —dreference_position
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* mOtor.c

motor_set_duty (int32_t iduty)

if (iduty = 0)
{

MOTOR1_FORWARD_DUTY_CYCLE_REGISTER = iduty;
MOTOR1_BACKWARD_DUTY_CYCLE_REGISTER =

b

else

{
MOTOR1_FORWARD_DUTY_CYCLE_REGISTER =
MOTOR1_BACKWARD_DUTY_CYCLE_REGISTER = -iduty;

codesnap:dev

10
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* mOtor.c

motoxr_read_encoder (Motor_t +«tmotor, TIM_HandleTypeDef xhtim)

if (tmotor = NULL || htim = NULL)
{

return;
}
tmotor —icounter = htim—Instance—CNT;
tmotor—dvelocity = (float)tmotor—icounter / (float)tmotor—ipulse_per_round % NUMBER_OF_DEGREES_ON_A_CIRCLE / SAMPLING_TIME;
tmotor —dposition += (float)tmotor—icounter / (float)tmotor—ipulse_per_round * NUMBER_OF_DEGREES_ON_A_CIRCLE;

htim—Instance >CNT = 0;

codesnap.dev
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* mOtor.c

motor_set_velocity (Motor_t *tmotor, PID_CONTROL_t *tpid_ctrl, float dvelocity)

if (tmotor = NULL || tpid_ctrl = NULL)
{

return;

tmotor—dreference_velocity = dvelocity;
motor_set_duty ((int)pid_compute(tpid_ctrl, tmotor—dreference_velocity, tmotor—dvelocity));

codesnap.dev
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* mOtor.c

motor_set_position(Motor_t *tmotor, PID_CONTROL_t =tpid_ctrl, float dposition)

if (tmotor = NULL || tpid_ctrl = NULL)
{

return;
}
tmotor—dreference_position = dposition;

motor_set_duty ((int)pid_compute (tpid_ctxl, tmotor—dreference_position, tmotor—dposition));

codesnap.de
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* motor.h

#ifndef INC_MOTOR _H_
#define INC_MOTOR_H_

#include <stdint.h>
#include <stdlib.h>
#include <math.

#include " .. /PID/pid.h"
#include "../user define.h"
#include "tim.h"

typedef struct

r
1

uint32_t ipulse_per_round;

intl6_t icounter;

float dvelocity;

float dposition;

float dreference_velocit

float dreference_position;
} Motor_t;

motor_init (Motor_t *tmotor, uint32_t ipulse);

motor_reset(Motor_t xtmotor);

motor_set_duty{(int32_t iduty);

motor_read_encoder (Motor_t #tmotor, TIM_HandleTypeDef wxhtim);
motor_set_velocity{Motor_t xtmotor, PID_CONTROL_t =tpid_ctrl, float dvelocity);
motor_set_position{Motor_t =xtmotor, PID_CONTROL_t =tpid_ctrl, float dposition);

#endif

14
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* mAain.c

#include "stdio.h"

#include "string.h"

#include "../UserCode/Motor/motor.h"
#include "../UserCode/PID/pid.h"
#include "../UserCode/Serial/serial.h"

1S
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* mAain.c

Motor_t tmotor;
PID_CONTROL_t tpid;

extern PROCESS_t tprocess;

extern
extern
extern
extern
extern
extern
extern

&u khién PID

uint8_t urx_buff[MAX_LEN];
uint8_t utx_buff[MAX_LEN];
char scmd[4];

float
float
float
float

dkp;
dki;
dkd;
dset

_point;
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* mAain.c

motor_init (&tmotox, PPR);
pid_init(&tpid, ZERO, ZERO, ZERO, PID_CONTROLLER_LIMIT_MAX, PID_CONTROLLER_LIMIT_MIN, SAMPLING_TIME);
serial_init();

codesnap-.dev
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tmotor.dreference_velocity dset_point;

PTUN:
tmotor.dreference_position = dset_point;

oP:
motor_reset (&tmotor);
motor_set_duty (0);
pid_reset(&tpid);
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HAL_TTM_PeriodFlapsedCallback (TTM_HandleTypeDef =xhtim)

if (htim—Instance = INTERUPT_TIMER_INSTANCE)
{

switch (tprocess)

{

case NONE:
break;

case SPID:
break;

case VTUN:
motor_read_encoder (&tmotor, &ECODER_TIMER);
motor_set_velocity (&tmotor, &tpid, dset_point);
serial_write_com(scmd, tmotor.dvelocity);
break;

case PTUN:
motor_read_encoder (&tmotor, &ECODER_TIMER);
motor_set_position (&tmotor, &tpid, dset_point);
serial_write_com(scmd, tmotor.dposition);
break;

case STOP:
break;
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. Phu luc

« Khai trién cong thuc bo diéu khien PID s6
« B ngdn vot 16 do khau |
« Bd loc thdng thap cho khau D

» Trien khai bo loc va bo dieu khien theo dang
chinh tac

120



. Phu luc

« Khai trién cong thuc bo diéu khien PID s6

- Ta co cong thuc bd dieu khién PID trong mién
thoi gian nhu sau:

de(t)
dt

u(t) = Kye(t) + K; [Ot e(7)dr + Kgq

2]




. Phu luc

« Khai trién cong thuc bo diéu khien PID s6

- Cong thuc bod dié‘u,khié’n PID trong mifé‘n thoi
gian bieu dién he théng lien tuc nén no khong
phu hop voi nen tang vi dieu khien (Iay mdu va
dua ra tin higu diegu khién roi rac voi tan so lay
m&u nhat dinh)
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. Phu luc

« Khai trign coéng thuc bd diéu khién PID s6

- Thay vi chuyén ’rhcng cong thuc bd dicu
khién PID ien tuc o mien thoi gian sang céng
’rhuc roi rac thi ta chon coch di ’ru cong thuc O
mién thoi gian sang mien tan s6 sau do moi
chuyén sang mién roi rac

- be hIZU vcz ly do thi ’rruoc hcz’r ta can hiéu
qua v¢& 3 mién thoi gian, t&n s& va roi rac
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. Phu luc

« Mién thoi gian t:

- Day |& mien trong dé ching ta xem xét phdn
OUng cua hé thdng theo thdi gian. Trong mién
ndy, chung ta quan tdm dén cdac thdng s6 nhu
thoi gian dap Ung, dang séng, va dang ddp
ong tu do (d&i véi hé thdng mdt chiéu)
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5. Phu luc

« Mién tan s6 phuc s:

- Mien nay liegn quan dén phdan tich cac phdn
Ong cua he thdong dudi goc dd tan sb. Trong
mien S, chung ta sU dung bién déi Laplace dé
chuyén déi cac phuong trinh vi phan théng
thudng sang phuong trinh dai s& tuyén tinh,
giup de dang phan tich va thiét k€ he théng
di¢u khién
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« Mién roi rac z:

- Miéen z |& miegn cua bién so rdi rac, thuong
duoc sU dung trong xU ly tin hieu ky thudt so.
Trong mién nay, tin hiéu duoc bi¢u dién bang
cac gida tri 1@y mdu tai cac diém cé dinh trong
thoi gian. Céng thdc PID duoc trien khai trong
mign z dé di¢u khien cac hé thédng rdi rac
hodc dé thiét k& bd loc soé.
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5. Phu luc

- Nhu vay khi trong mlén tan s6, ta van danh
gia duoc dop UNg Cua he ’rhong mot cach lién
fuc nhung no don gian hoa cac pth tich
phdn va dao hom theo thoi gian, them vao do
Io, dop ung cua h¢ théong doéi voi cac dai tan
s& khac nhau

- Do do, nguoi ta thuong su dung cong thuc
frong mien tan s& khi xet dén cac he thong lién
tuc thay vi mién thoi gian
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- Quay de lai cong thuc b diéu khien PID
trong mién thoi gian

u(t) = Kye(t) + K; [0 e(7)dr + Kgq dzgt)
B o = | a4
=> ) g(t) = Kp-l—Kz!dr—de 7
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. Phu luc

* Bi¢n doi Laplace

- Dung bign doi Laplace dz chuyén tu mién
thoi gian sang mién tan so.

- Pon gian hoa bi¢n doéi Laplace:

d
— . S
dt
de l
0 S
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. Phu luc

« Bi¢n doi Laplace:

- D¢ hieu séu veé bien dbéi Laplace, tham khao
khoa hoc sau: LaplacelranformCourse
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https://www.youtube.com/watch?v=8oE1shAX96U&list=PLnVYEpTNGNtVH5YLVJsA2WxWXk6bAps-D

. Phu luc

g(t)=Kp+Ki d2'+Kdi
g dt

Coéng thue trong mién s:

1
= G(s)=Kp+ Ki—+ Kds
S
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. Phu luc

« Cong thuc bo diéu khien PID s6

- Xap xi gia tri cua phep tich phan va vi phan
trong mién roi rac nhu sau:

2 z-1 21-z"
Ts Z+1_T l‘l‘Z_1

Tq : chu ky &y m&u
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. Phu luc

- O day, phep x@p xi su dung luat hinh
thang:Trapezoidal rule (differential equations)

- Cac tréen Internet thuong xu dung xap xi Euler:
Packward Fuler method
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https://en.wikipedia.org/wiki/Trapezoidal_rule_(differential_equations)
https://en.wikipedia.org/wiki/Backward_Euler_method

. Phu luc

« Cong thuc ham diéu khién PID trong mién z:

Ts 1+z! 2 1-z""
G(z)=K,+K + K
=Kt b PTs1+z"
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. Phu luc

» Tu cong thuc roi rac, ta chuyén doi sang
ohuong trinh sai phan:

u()xz"' =u(k -1

Voi u(k) la gia tri doi dac tai thoi diem k vo
uk-1) la gia tri doi dac tai thoi diém
k - | (truoc thoi diém k | lan lay mau)
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5. Phu luc

Ts1+z"" 2 1-z7"
G(z)=K,+K + K
@ =Kt b e T
G(z) = 22
E(z)

u(k) =up(k)+u,(k)+upy(k)

u(k)=u,(k)+u , (k)+u,(k)=e(k)xG(z)
136




. Phu luc

 Khau P:

up(k) = Kpe(k)
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T 1+z"
u,(k)y=K, 51_2_1

e(k)
su,(k)(1-z")=K, %(l +z e(k)
<u,(k)—u,(k-1)=K, %[e(k)+ e(k—1)]

su,(k)=K, %[e(k)+e(k—l)] +u, (k—1)
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2 1-z"
uD(k):KDFSl )

(k)
o, (O1+2) =K, = (1-2"e(k)

Ts
& uy(k)+uy (k-1 =K, T%[e(k) —e(k 1))

o uy (k) = K,y 2 e(k) — ek~ )]~y (k ~1)
Ts
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. Phu luc

e Tai ligu tham khao b diéu khien PID so:
[. First Link

2. Second Link

- Trong bdl wé’r dau fien, ho su dung phuong
phop xop xi Euler dé trién khai bd dicu khién
PID s6 va ho khéng tach ra ’rung khau dén dén
khi chuyén tu ham truyén roi rac sang cong
thuc sai phan phuc tap hon
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https://www.scilab.org/discrete-time-pid-controller-implementation
https://www.youtube.com/watch?v=zOByx3Izf5U&t=978s

. Phu luc

- Trong ca 2 tai ligu ho déu them bo loc thong
thap vao khéu D va trong tai ligu thu 2 con
them vao bd giam vot |6 gy ra do khéau |

4]



. Phu luc

« Bd ngdn vot 16 do khau |

- Cac ban xem video sau dé hieu vé ly do can
thiet k& bd nay: Anti-Windup
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https://www.youtube.com/watch?v=NVLXCwc8HzM&list=PLn8PRpmsu08pQBgjxYFXSsODEF3Jqmm-y&index=2

. Phu luc

« B loc thdng thap cho khau D

- Cac ban xem video sau dé hieu vé ly do can
thiet k& bd nay: LowPassFilter
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https://www.youtube.com/watch?v=7dUVdrs1e18&list=PLn8PRpmsu08pQBgjxYFXSsODEF3Jqmm-y&index=3

. Phu luc

« B loc thdng thap cho khau D

- Tai ligu tham khao vé thiet ke bo loc théng
thép s&: LowPasskilter

- Trong tai ligu, ho da :rr‘inh kgdy \{é bd loc
thdng thap vdrdnh huong cua no len he théng
(chém pha) cac ban co the tim hieu them kien
thuc o chuong 4 mdn Tin higu va he thong de
hieu ky hon. O day ta di vao cach trién khai
bd loc thédng thap béc nhat s6
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https://www.youtube.com/watch?v=HJ-C4Incgpw&t=460s

. Phu luc

« Bd loc théng thap bac nhat so:
- Bo loc théong thap bac nhat co dang:

N (O
s+,  X(s)

c

Voi w. =27 f. latan sé cat (rad/s)
y la tin higu ra (tin higu da duoc loc)
x la tin higu vao (tin hi¢u chua duoc loc)

145




. Phu luc

- Xap xi roi rac theo quy tac hinh thang, ta
duoc bd loc thdng thap roi rac nhu sau:

Voi:

2 z—1
S =
T z+1
Y(z)
H(z)= < =
2251 X()
T z+1 ‘
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H(z)=—— z)
221, T X()
T z+1
Y(z) . B o xT x(z+1)
X(z) 12z-D+oxI[x(z+D) 2(z-1)+w xT. x(z+1)
T z+1
Y(z) o xT. x(1+z7")

X(z) 20+zY+o xT x(1+z7")
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. Phu luc

Y(z) o xT. x(1+z7")
X(z) 20+zY+o xT. x(1+z7)
B oI +COCTSZ_1
Q+ol)-C-oT)z
o 1 ol
+ z
2t I 2tofT,
B 2-o I
—— iz
2+o T,

1
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. Phu luc

« Phuong trinh sai phan cua bd loc théng thap:

o I n o I o
yk)y 2+oT 2+o0T,

xky o 2-od
2+a)T
2 — oI w T w T
= (k) ——= -1 = k) + € s k—1
y(k) 2+0)cs y(k=1)= +60cTsx() s CZ;X( )
& Y0 =2 a(h) Oy k- 1>+§ “’ﬂ;y(k 1

CS a)CS c S
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. Phu luc

» Trien khai bo loc va bo dieu khien s6 theo
dang chinh tac:
- G phan trén, ta da di qua cach trién khai bo
dicu khlzn PID theo dang truc ’rlzp Tuy nhien,

cach triegn khai tfren co mot van deé. Loy bd loc
thdng thap da trién khai o trén lam vi du
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. Phu luc

« Dang truc tiép

o T o T 2—w T
s __x(k)+ s _x(k—-D+ S vik—-1
2+ T () 24+ T ( ) 2 Ty( )

c S c s c s

(k)=

< y(k)=byx(k)+bx(k—-1)+ayk—-1)

V&ib0 bl vaal lacac hding so

§o)



. Phu luc

« Dang truc tigp

x(k) g i v

|_>
x(k-1) y(k-1)

« Voi mbi mau x(k)
B1: Tinh toan y(k)
B2: Luu lai x(k-1) = x(k), y(k-1) = y(k)
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. Phu luc

 Dang chinh t&c

1 Y(2)
D(z) X(2)
b,+b,z”"  Y(2)
l-az" X(2)
N(z)=b,+b,z"
D(z)=1-a,z""

H(z)=N(2)

=

- Ta co W(z) la tin higu trung gian
Voi quan hé: W(z)D(z) = X(z) va Y(z) = W(EN(z)
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. Phu luc

 Dang chinh tac:
- Phuong trinh sai phan:

w(k)=x(k)+aw(k—-1)
y(k) = byw(k)+bw(k =1)

154



. Phu luc

 Dang chinh tac:

X

« Voi mbi mEu awn.
- Buoc 1: Tinh toan w(k)
- Buoc 2: Tinh toan y(k)
- Buoc 3: Luu lai wk-1) = wk)

1353



. Phu luc

* Nhén xet:

- Voi dang truc tiep ta phai luu lai 2 bién

x(k-1) va yk-1) mb&i lan lay | m&u x(k) con voi dang chinh tdc voi
m&i bien x(k) chi can lvu lgi | bien wk-1). Tuy nhien dang chinh tac

lai yéu cau tinh toan thém | buoc so voi dang truc ti¢p, nhung chi la

ohep toan don gian khédng qua anh huong dén téc do.

- Vay voi bo loc thdng thap bac cao hon thi se can phai luu nhi¢u
bien hon (VD: x(k-1), x(k-2), y(k-1), y(k-2),v.v..) thi su dung dang chinh
t&c se phai luu it bien hon méi lan 1ay m&u x(k)
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. Phu luc

» D¢ tim hieu ky hon cac ban tham khao
chuong 6 mén Xu ly s tin hi¢u
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	Slide 6: 1. Hệ thống và nhận dạng hệ thống
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	Slide 125: 5. Phụ lục 
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	Slide 136: 5. Phụ lục 
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	Slide 150: 5. Phụ lục 
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	Slide 152: 5. Phụ lục 
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