1/2/25,2:54 AM Document

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 1/35



DDDDDDDD

Copyright @ T 23 AEINZE @4215E22FA

/s/1vecK-Ce-kWFA3f15pX0B5w

/j//) anfl
2/35



1/2/25,2:54 AM Document

Vuw?

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 3/35



1/2/25,2:54 AM Document

Pl D

MFEEI=

reference sanal

b

Copyright @ Tl 28 ASEINZ=E @421t 23 FA

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w

4/35



1/2/25,2:54 AM Document

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 5/35



1/2/25,2:54 AM Document

PID  Contrml Theory
Ca.ta.ta}

— —. 1t RK
R

2. L AR
3. 4%

= AR
| AR
OfrE ‘
2. 3k A E Refls
= . eavdfd AAX
| PIVAA MR (m%oR
2. PIDGR MR w oR)

» P05 3R T (i)

L 4 s smant e

B . SRT] AAKK
< FH 0. WER 4

. RM B mIsof g TR

2 AM R, Lnzo AT voTh

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 6/35



1/2/25,2:54 AM Document
.- R (VA NI VR S S ]ﬂl&/\-\1|‘

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 7/35



1/2/25,2:54 AM

— .
I. 3] A

14 (L1s)
D AEL %% —

e ﬁtﬂ"ﬁ‘i
@ mEAEL

\ 4=

2. E AR

z = M ﬁﬂ%ﬁ
._E_ \‘i_ . . ,‘Ai;ﬁ MAEEITEE
FHAE R (4 ~109

A4y . MR AL fh ‘
0, j?ﬂ‘i = oo
UPfT 1}: Je x

2
@ T L = foxy)
"#:. = ‘]CCK?_)
HTdL Ly = ke fog= frorfoo
S 3 = fxitxa)
_L_F;T -T ﬂ" + 2 \; Ti‘i’. -+ 3 = )47(
oAt dit,
— i 4 = My &AL
RLE % (t>0) R i RLCH B (f>0)i"
P, = _— B TG 15 - .
MAKVLRRBHVCRE: g, MAKVLAERVCRS | A
Ri+u, =uy/t) - — Ri+u, +u.=uyt) =
di o - : e
rqua' —-RRHLE":u_\(f) i=C% "’:ngLC% L
L Eﬁ EE %: — —; 2
# DL R AR Ljil[df+!l| uy(1) —*L('dd:';"JrRC%Hft )
— 5” du, :du\(l}f
L dr dt

HA AT R e, TR
NEBr MR TR, FRR .

FERLA: A AL B S m i

TudifxF-4
N ’
Sl +h 347, 2B
https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w

>1% ¥ 141,

8/35



1/2/25,2:54 AM Document

e e T .

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 9/35



1/2/25,2:54 AM Document

3. LB
(Ly 95k
WE ., LRk

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 10/35



1/2/25,2:54 AM Document

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 11/35



1/2/25,2:54 AM

¥ A R
O FHFis| i M
A TBRFAENRL
- —)
At X [@HE | [ WAk ; = % Hszgm
Pesired Lontreller Actwators Plant Actund
autput WtPut
b. PR T B Ji
T @i—'
\l, FHMEZ <—l D)
L | | E | %k 48 32
Controller Actuators — Plant . Actunl
o'u.tPut

@ M LR R

A R
E=X-Y
KL 0 s AHE | MR
Y

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w

EER [

12/35



1/2/25,2:54 AM Document

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 13/35



1/2/25,2:54 AM

Rtk v

UGJ Ez»:' Vo —Ts U(/
+

Y.

B.

42

>

%% 14 77

2 Va

ro bR AR E

Xz

PR

ER& [

Q) BerEsin

F#,
73 E T HEEK
l/C U&_
Va . M A
Ho——> WUT% -——X3+

1 Ha L"?ﬁﬂ 3
y

EE& [

\
et

=

| m

TR —& e 3 I

Q@ ILls—2Ls
J\r%
/

IR,

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w

Eedk [f

14/35



1/2/25,2:54 AM Document

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 15/35



1/2/25,2:54 AM

(D) #¥th8
A k%
b. TEHE A &
- ANE it
d. ALtk

Document

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 16/35



1/2/25,2:54 AM Document

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 17/35



1/2/25,2:54 AM Document

2. BR4H B K (LS

ol Y time

”
0 time

ORI FEAN

N
f*; A dt —> = Xn)

N=0

d Xt) X(ny—Xn-])

W

d€ At

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w

18/35



1/2/25,2:54 AM Document

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 19/35



1/2/25,2:54 AM Documen t

= . R AAX

| PID 4 & fffﬁ (M%ﬂ‘&)

= ——~( e,-t-'_[ e dt +Tdde)

4 ot
X InFER
2% C = ke t K,-[ﬁealt + Kkdde
ot

B - Kpe; + K; ze v Kgei-ep)
At

= Kpe; + k; Ze; + Kd(e;-e;,)
1=

2. ﬁftf‘fﬁ_ ( 1 %oik)

@ T
< )
12+ P | Eh
_)% =, J > 4_)( I((ﬁ - G g S ‘L%
Laom T 0.5 m obor sreed ahstmce_.
D. 0k
E2d [
SOv
distoncen motor 9raw//\
j oo

[ I\

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 20/35




1/2/25,2:54 AM Document
W ~ F N~

Y £ 0

c.g,\/

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 21/35



1/2/25,2:54 AM Documen t

loom

o)
® Om

WY [ 1
Wk .

é§\9‘—> P oo
J]O0 m
1 D
. Lterm
height A~ i -
eight 4 & o _\I( .
T joom - =
DR > D j%—p?
NV erm
> a‘f}l o%t
0 € —

L
TIRGt™ Tlat————]i————:»

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 22/35



1/2/25,2:54 AM Document

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 23/35



1/2/25,2:54 AM Document

PvRD 14 % Rk W% P EREs
} 00 |

pS = Jop

Y X 2 A"
25 X 4 = 0V
10 X 10 = Jov
l X 1o = gy

3 PID % BB 7 (&)

Uu‘b}?h't AN
5 -
toarget N
(- g
@' (Q_: = 6;"1)

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 24/35



1/2/25,2:54 AM Document

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 25/35



1/2/25,2:54 AM

4. EEMZITS 9%

g%ﬁﬁmm

loom

(/38
|oon

ol
3
;

el
A\
T R —
& oV o
O O om

!

1

Liem

Prerm,

WY o 1
Wk
> P v
[O0 m
D

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w




1/2/25,2:54 AM Document

‘ EEE ‘

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 27/35



1/2/25,2:54 AM

Document

3. 2R 'J'kﬁm)t-

0. W ER 4

zm‘&bﬂ ﬁ_%la o)

pip ¥y

< Rt (v-p1.02

TP i (KR R i)

FiF ID
DATA[O] }I%JEE,,.L{Em 81 1
DATA[1] 1= AR 8 2
DATA[2] EHIERIR{ER 8 U ,
DATA[3] Rl RER 8 iz
DATA[4] EHERRES 8 U 3
DATA[5] EHIRRRER 8 iz
DATA[6] I=HIEBRES 8 U 4
DATA[7] 1=HIERRER 8 17

it AE
DATA[0] ®rWRES 81U
DATA[1] EFHMAEE 8
DATA[2] HTiiRE 8 fi7
DATA[3] HLFAEIRAT 8 iz
DATA[4] SCRREEFEFETRS 8 U
DATA[5] SCEREEFEERIRE 8 {U
DATAI[6] BELRE
DATA[7] Null

b EBRBRES D T can T,

CANE &R

Bk R FIAEE % % SR

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w

MBI =

28/35



1/2/25,2:54 AM Document

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 29/35



1/2/25,2:54 AM

. RM B#L misvf g B 7T
D FEHRER

P 1P
Controlder

ﬁrwd

Document

ﬂ.

MY b L

>k N imd

fz

24

ORNLE

chasss -motor_pULi]. SpecdPLD. Tosget = fwo 5 Cvpmis) AR Fdee

chassis_motor_pid[i].SpeedPID.cu

rrent =
pid_cal u(ac*assls_ﬂwtc:_;ldL;j Spee

jFZEI.

pid->

) out =

(int32_t ) (pid->Kp

otor_chassis([i].speed_rpm:

e = pid->target - pid->current;

* pid->e);

pld—*l_o:c +=

(int32_t ) (p1d—>K1

Hnl

limic (& (pid->i out),pid->Integrallimit);

* pid->e);

HoaE
if tfaba(;xd—'e) . I_Band)
{
?P )= ﬁ%@ . pid->i_out 4= (int32_t ) (pid->Ki

r 3} ﬂ i

else

{

pid->i out = 0;

i

G) PATKRPRIBY

if (fabs(pi

* pid->e): ‘

d->e)

Banj}

_t ) (pid->Ki * pid->e);

pid->d out = (int32_t ) (pid->Kd *
pid->tota
pid¥ L

limit (& (pid->tota

ut = pid->p

pid->last_e = pid->e;

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w

_out + pid->i

(pid->e - pid->last_e)):

_out + pid->d_out;

1 out), pid->MaxOutput);

30/35



1/2/25,2:54 AM Document

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 31/35



1/2/25,2:54 AM Document

2. RM BPL boze mfg_xxﬁ
D 24 &
B

20 9 Controlder

AAEF’ZD. et
ﬁ%ﬁﬂw : FHE

542 > KR4

N

3.2

EEE

@ K 3aE

Mrula.tor_motﬂ_rid [i). An,h?lﬂ ‘tﬁra et=30; ( ﬂaamﬁ)

update_angle (émanipulator _motor_pid[i]._angle, motor_manipulator([i].angle);
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pid_calc(&émanipulator motor pid([i].SpeedPID):;

fr BpiaBiE
void pid_calc(_pid* pid)
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else .
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pid¥ L IRE

limit (& (pid->total_out), pid->MaxOutput):;

nid-slaat & = nid-sa:

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 32/35



1/2/25,2:54 AM Document

https://pan.baidu.com/s/1vccK-Cc-kWFA3f15pX0B5w 33/35



1/2/25,2:54 AM Document

void update_angle (motor_angle* _angle, uintlé_t angle_£fb) a’ﬂ\épbo mﬁi%ﬁ ( degmls)

K
_angle->encoder = angle fb;
if (_angle->encoder_is_init)

| {

if (_angle->encoder - _angle->last_encoder > 4096)
_angle->round cnt --;
else if(_angle->encoder - _angle->last_encoder < -4096)

_angle->round_cnt ++;

_angle->encoder_offsert = _angle->encoder:;
_angle->encoder_is_init = 1;

}

_angle->angle_offset = _angle->encoder_offset / £19%2.0f * 360.0f;

_angle->last_encoder = _angle->encoder;
_angle->total_encoder = _angle->round cnt *
_angle->angle = angle->total encoder / 81%2.
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