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Bo diéu khién pid online auto - tuning si* dung
mangnoronchohéxehaibanhtwcanbang

Hoang Anh Vii’, Dao Tang Tin
Truwong Pai hoc Quéc té Hong Bang

TOMTAT

Trong baibdo nay, chung ta tiép cdn mét phuwong phdp diéu khién khdc cho hé théng phi tuyén
v@ibé diéukhiénPID (Proportional - Integral - Derivative) online auto - tuning si*dung mang no
ron. Sw phdt trién cia khoa hoc kj thudt dé tao tién dé cho nganh cé6ng nghé robot ngudi dat
nhi*ngthdanhtwutoldnnhw:ASIMO, Avatar...ching cdnbdng tétvadichuyénlinh hoat. DEhiéu
duwocthudttodn cdn bdng cla nd, ta phdinghién ciru nhitng vén dé cdn bdang co bén théng qua
xehaibdnhtwcdnbdng. N6 hoatdbéngdwatrénmé hinhhéconldcnguwocphituyéngdntréntruc
céhaibdnh xe, doddéng hocphituyéncuahéthéngnéncdnphdicé métbod diéukhiénthichnghi
dérobotcdnbdngvadichuyénlinh hoat. Hiéusudtciabd diéu khién PIDonline auto-tuning st
dungmangnoronladéitwongdénghiéncirutrongbdibdonay.

Tir khéa: phuwong phdp diéu khién, PID tuning, mang no ron, bé diéu khién PID, hé théng

phituyén

1. DAT VAN DE

Ngay nay, bd diéu khién PID trong céng
nghiép chiEm mottilé khdldnvitinh lgiich
clabddidukhiénnayla:chiphithap, dé ¢ng
dung, dé diéu khién va twong d6i 6n dinh.
Céc hé théng c6 tinh phi tuyé&n doi hdi tinh
thichnghibo diéu khién phditéthon,dodé
cac nha nghién cru da tim ra phuwong phap
caitién bo diéu khién PID nhw: Neural - PID,
GA-PID,Fuzzy-PID,..v&imuctiéu:nangcao
chat lvuong cha bd diéu khién PID, cai thién
tinh thich nghiclda bd diéu khién, *ng dung
chonhiéuloaidditwongvéidddndinhcao.

B6 diéu khién PID auto - tuning update
onlined3raddigitpchoviécdiéukhiéncac
déi twong tré nén dé dang hon, thich nghi
tét hon cho cac hé théng phi tuyén va lam
gidmthoigianthiétkébodidukhiénnénlam
giamchiphisovéicacphuvongphapkhac.B6
dieukhiénPIDauto-tuninglathuattodnma
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trong d6 trong sé Kp, Ki, Kd thay ddi theo
thdigiantuytheoddctinh chdadditugng dé
ddp ng cla hé théng thich nghi t6t hon
giéng nhu dya trén nguyén ly diéu khién
truwot[1-2] haydiéukhién mo [3]. Diéu nay
rat thich hop d6i véi hé thong dong va lam
cho hé théng cé tinh thich nghi cao [4]. PID
auto-tuningsirdungmangnoronnhantao
[5] v&i phuong phap Gradient (steepest
descent) dénangcaochatluvongdiéukhién
cuahéthdngtheothdigianthucvagiupviéc
hdi tu mot cadch dé dang hon bo diéu khién
PIDc6dién|[6].

Hau hét cdc &'ng dung cdng nghiép hién dai
khéng con didu chinh vong diéu khién sk
dung cdc phuong phdp tinh todn thd cong
nhuv PID Ziegler - Nichols tuning. Mot
phuong phép hiéu chinh khac la dung giai
thudtditruyén GA(GeneticAlgorithm)-PID,
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détimra 3 hésdKp, Ki, Kd t&i wu thi phailai
gencGa3hésdquanhiduthéhévathychién
offline. M6t phwong phap hiéu chinh nirala
m& Fuzzy-PID[7]nhwngbahésdchithay doi
trong khoang cho trudc, ludt mo va phu
thudcnhiéuvaokinhnghiémciangudithiét
ké. Thay vao d6, phan mém diéu chinh PID
online auto - tuning va téi wu hda vong ldp
duocdungdédambaokétquadap inghon.
Nhitng gdiphan mémnaysétap hopdirliéu,
phat trién cdc md hinh x& ly, va dé xuat
phuvongphdpdiéuchinhtdivuchotirngthoi
diémvandécothétycapnhat,diéuchinhcac
thong s& bang cach thu thap di liéu tir cac
thayddichahéthdng.

Tinh thich nghi online va hiéu suat cha bd
diéu khién PID online auto - tuning st dung
mangnoronlacosddédanhgidhiéuquacua
phuwongphap.

2. MO TA TOAN HOC CUA VAN BE CAN GIAI QUYET
Tuy vao d&i twvgng diéu khién trong mién
tanséhaymiénth&igianrdirac,tachonbé
diéu khién PID twong *rng & dang lién tuc
hoacroirac.

Tacéd bd diéu khién PID & dang lién tuc:

é ! U
W)=, be(t) + L gede + 17, T4 )
é T, i

K, :hésotilé; e: sai s6 dau vao; u: ngd ra;
T : thoi gian tich phan; T, : thoi gian dao ham

Vé&i thoi gian 18y mau T, bo diéu khién PID dang roi rac duoc viét lai nhu sau:

u(k) =u(k - 1) + K, [e(k) - e(k - D]+ +Ke(k) + +K [e(k) - 2e(k -1) + e(k - 2)] (2)

K, =K,TT': hé s6 tich phan

K,=K,T,T™": hé s6 dao ham

Ta c6 thé viét lai dang bd diéu khién PID dang roi rac viét lai nhu sau:

wk) =K e(k)+ Ke,,, + K [e(k) - e(k -1)]

2.1. No ron tw hiéu chinh dang mdt SNN
(singleneuralnetwork)

2.1.1. C4u truc co’ ban ciia mét no ron tv
hiéuchinh

net=1-7F (4)

a[l - exp(—bnet)]

O = h(net) =
" [1 + exp(—bnet)]

(5)

Ngd raclanoronlamotham tiép tuyén tiém can
dang hyperbol

a: murcbaohoa

b:dddéccuahamngdra
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(3)

bat g= [f a b]TIé bo trong sd can hiéu chinh
ddivdi motno ron.

Hinh 1. Céu truc co bédn cia mét no' ron ty
hiéu chinh
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2.1.2. Céu truc bé diéu khién da bién PID nhw  tuong (rng vdicacgia tri dau.

hinhsau - Phuwong phdp gradient (steepest descent) sé
C4au trdc no ron ty hiéu chinh dang moét cho ba tinhtoanvacipnhatlaicachésé.
héso K, K, K,dugcthiét ké nhu sau: -Ba hésd sau khi duoc cdp nhat sé tiép tuc cép

- Mbi hé s6 s& dugc hiéu chinh bang moétnoron  nhatcholuatdiéukhiénu.

auto-tuning neurons
adaptation I [0 0 0] [0 O O
mechanism : . .
A l000| - [000]
Kp | Ki | Kd
Y + E PID L/ Plant Y
o
> Y ke TP G >

Hinh 2. Cdu truc bo diéu khién da bién PID vdi cdc no ron tw déng hiéu chinh

Vector ngd ra mong muén: Y, = [ydl Viy e ydn]r (6)
Vector ngd ra thucté: Y = [yl Vo o Y, ]T (7)
— — T

Vectorerror: E=Y,-Y = [el e .. en] (8)
Vector diéu khién ngd vao: U = [u1 U, .. un]T (9)
nxn doi twong da bién: Dinh nghia 1: d6i twgng diéu khién phai I3
dap *ng duong hodc dap tng dam twong rng
{Egn(S) gln(S)l) véiuvay.Neumotngdraytianghodcgiamkhi
G(s): g; : H (10)  dauvao u cling téng hodc giam. Ca dap tng
A z duwonghodcdap ngam phailadap ‘rng mot

sgnl (S) . grm (S)H g ) p g p p g )

cachdondiéu.

Pinhnghifa2:néudditvongladip dngduwong
hodac am twong &ng vdi u vay, ta dinh nghia

ékll(s) kln(S)l\;l
() o kO g~ Y
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2.1.3. Phwong thie céip nhét trong sé

Ham muc tiéu:

1
= (v,-vy

Phuong phdp gradient (steepest descent)

qlk+1)=glk)-

h>0: hing s6 hoc

Ay

NJ = :
efga

: 1a mot vector cét gom 3 théng s6

u [ aij

théng s6 cho PID nhu sau:

Hés6 K
Pij

YV o_1s W W,u%w K,
7, A, T Ik, 97,
Hés8 K,

1Y :‘l,é i/ Tb/ml,J ﬂ”i ﬂKif/
ﬂai}'_i ’:\m=1 ﬂym ﬂuz ﬂKi,-/- ﬂaij i
ﬂJ :‘I'é ﬂ‘] T[ymlﬁl ﬂuz 1TI{I.I’/
W, , oW, T piK, b,

W18 Y ,0 T K,
T, Ay, W, K, T
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(12)

(13)

(14)

b, ] nén ta cé luat cap nhat moi

(15)

(16)

(17)

(18)

(19)

(20)

Hés8 K,

J _\l,é W 'Hyml,l Nu K,
— = \
ﬂalj Tm=1 T[ym ﬂui %ﬂKd ﬂalj

v _18 Y T, 0 T, YK,
= Ia

bif Tm:l 1-[ym ﬂul gﬂKd ﬂb,]
Vo_ig W b, T 1K,
—=ia

7, 1ty T pik, 97,
i,j, m Thn
Ta cé

W _

=

i

(21)

(22)

(23)

(24)

Hau hét cac hé théng xr ly 1a dap &ng duong
hoac dap rngam tuong ngvdiu,vay, . Vivay ta

c6théthaythé

W bang sgneﬂy—’"u = 1(-1).
1-[Mi eﬂ i U

Néu tinh theo dang r&i rac thr nhat:

ﬂ‘;g;_ej(k)_ej(k_l)

Mo, _

3 e, (k)

W, = o (k)-2¢,(k-1)+e,(k-2)

Né&u tinh theo dang r&i rac thi hai:

u, _

K, _ej(k)
Mo, _
W_ jw(k)
|7

—ej(k—l)

(25)

(26)

(27)

(28)

(29)

(30)

(31)
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Ta co:
K, K, 1K, . omet, & K, @ K, 0

K, (32) a, _ Ay ahely 4 §1+ 4 0?5
Ya; , a;, 16, 4 2 i agd Yjap
¥, K, 9, a f & K, & K, 0

L— ij (33) Pij - _Yy.pryr §1+ Pij :§1_ Pij : (38)
ﬂay T ﬂf] p 2 i p g i p g
ﬂKd.‘ Kd. ﬂKz al“ ,fl i € K . Oa Kl 0

i = ij (34) i = y_toy_ §1+ Lj —gl_ if : (39)
ﬂalj d ij_a ﬂfu i 2 a4 i @ aij,lﬂ
1K net, & K @ K, 0§ 1K, f & K, & K, 0

Pi - ay_p"ely p §1+ Py i§l' P > (35) 4y _ Qij_alij_a §1+ dy 1 - dy > (40)
ﬂbij,p 2 ij p ﬂ A py ﬂ ﬂf-i-j,d 2 dij a QJ dij a IZJ

K. a, net, .2 K, & K, 0
V= i_ iy_ §1+ ij :gl_ Ly : (36)
16, 2 A igd Y ig

Tl céng thirc (13) két hop véi (15) dén (40), ta cod cdng thirc cdp nhat théng sé sau:

eﬂyml;llil 1Tui Kpfj
U
eﬂui UgﬂKp,/ i p

158
lj p(k+1): lj p(k) J:@

| m=1

_ 1g ey, 0 T, K,
k+1)=a, (k)+h, , e Weg o
a_ a; (k+1)=a Dy (k) v %ale”’ Sgngﬂ“f HgﬂK@ dij_d

n

éﬂqug 1Tui Kd”

J

SEhee U
m=1 6 Tlu; ﬂKd,.j aij a

— S éﬂym l:“}‘ ﬂui aij,pnetijip &1 + Kplj gal Kpi 9
i =b; i - 8 ( &1 - B
1m=1 é T, Ug ﬂKp,-/ 2 § i p ﬂg i pg

1 e ud t K, Oa K, 0
bu z(k"'l) blj'_i(k)+hii_ I'é gﬂeﬂym' T, dy ime 1"' . :gl‘ - H
Tm=1 eﬂ i Ug ﬂK 2 aij',i 1] aij,i [/}

14 éqy, uu a, net, & K, & K, 0
by d(k'l'l):bz‘j d(k)+hij 4 1aLe, Sgng W Vo %y Yy 1+ Zgl‘ v
} - T el eﬂu %ﬂK 2 a; 458 diag
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(41)

(42)

(43)

(44)

(45)

(46)
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ey, 0l Tu, a; b; ,& K, & K, 0

14
i d (k + 1) =T 4 (k) hz_‘jid’ll\aem sgn
| m=1

- SENE
m=1 éﬂui l]g ﬂKi,-,

14
ij _d (k + 1) = f;];d (k) +/71_‘j7d I,aem Sgn 8

Cac cong thirc tir (41) dén (49) thé hién quy
luat cdp nhat cac théng s6 clia mdt no ron
tronghédabién.Saudod, taslrdung céngthirc
(5) tinh todn ngd ra cia mot no ron. Pay chinh
la phwong thirc cac hé s6 K, K, K,duoc chinh
dinhclabodiéukhiéndabiénPID.

2.2. No ron tv hiéu chinh dang hai MLFNN
(multi - layer feed - forward neural network)
2.2.1. C4u truc co ban cda mang no ron ty

hiéuchinh

E.‘Slll'.l'l

Hinh 3. C4u truc co ban cua mang no' ron ty
hiéu chinh

u=Kp *e+ K *e

i sum +Kd *e (50)

) [1 - exp(—bl’lel‘)]

O = h(net) =
(net) [1 + exp(—bnet)]

(51)

Ngd ra clia no ron la mét ham tansig (kha vi).
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e u
Tm=1 & Tu, Gg ﬂKd,j

1+ ¢ T (47)
e u - -
éﬂui UgﬂKp;j 2 § dij p ﬂ dij p ﬂ
6y Wiy a, b, &2 K, & K 0
. - o, a, b §1+ i :gl i : (48)
2 dij igd Yy ig
&My i Yu, a, b, & K, & K, 0§
ﬂym ;. ﬂul y_171_ §1+ d!/ :§1 dt/ : (49)
2 Qi agd Yijag

2.2.2. Phwong thire cép nhét trong sé

Luat cap nhat trong sé bo diéu khién PID auto -
tuning:

Ham muc tiéu:

1 2
= 5 (v,-7) (52)
Phuong phdp gradient (steepest descent)
gl +1)= glk)- AU (53)
h>0: hang s6 hoc
Ta co:
_ 1E
K,=K, -hﬂKp (54)
K. =K, —hﬂ—E (55)
1K,
_ £
K, =K, hﬂKd (56)
T _IEW o)
K, ik,
E _IE Ty -
1K, v Tu 9K,
TE_TED o)
1K, T TuiK,
£ =-e (60)
v
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Ve rw (61)
M

Tu _

‘HKP —e (62)
Tu _
ﬂ_[(l_ = €.m (63)
T _, (64)
1K,

Tlr cdng thire (53) két hop vdi (54) dén (64), ta cd
céngthirc cdp nhatthdng s6 sau:

K,=K, -he.f (u)e (65)
K. =K. -he.f (u)e,,, (66)
K,=K,-he.f (u).e (67)

2.3.Méhinhhéarobothaibanhtwcanbang
Robot hai banh ty can bang dwa trén mé hinh
hé con l3c ngwoc phi tuyén tuong tu pen-
dubot [8] nhwng it hon mdt khau. Viéc diéu
khién m6 hinh robot hai banh ty can bang
giéng nhuy twdng diéu khién hé thanh truot
vabanh[1]nhungkhé honvitinh phituyénva
quantinhchahéthéng[9]. Hon nita, tacé thé
diéu khién vi tri xe, géc pitch, géc yaw nén hé
théngla dabiénngdra[10] nén gdp khé khan
trongdiéukhiénhéthéng.

2.3.1. Mé td phén cing
A
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Hinh 4. Hinh chiéu canh va chiéu bdng cla xe
con Idc nguroc 2 bdnh

W: géc pitch cliacon lac

®: gécyaw cla con lac

B, goc traiva phaiclia banh

q,, : goc dong co DC

Cdcthéng sé cta con ldc ngwo'c 2 banh

g =9.81[m/s’]: giat&c trong trudng
m=0.05[kg]: khéiluvgng béanh

R=0.051[m]: bankinh banh

J,=mR’/2[kgm’]: mémen quén tinh banh

M =0.6[kg]: khéi lwgng con |ac

W =0.227[m]: bé rong con lac

D=0.178[m]: bé ngang con lac

H=0.144[m]: chiéu cao con lac

L=H/2[m]: khodng cach tirtrong tdm con lac d&n
tam banh

J,=ML’/3[kgm’]: mémen quén tinh pitch ctia con lac
J,=M(W’ + D’)/12: mémen quan tinh yaw clia con I3c

Cdcthéng sé ciia déng co’' DC

J, = 1x10°[kgm’]: mémen quén tinh ctia déng co' DC
R,=6.69[Q]: diéntrd cuadongco DC

K,= 0.468[Vs/rad]: hé s6 suat dién dong hoi ti€p
(BEMF) clladéngco DC

K.=0.317[Nm/A]: hé s6 mdmen ctia déng co DC
n=1:tisétruyén chahdp gidmtdc

f =0.002: hé s6 masatgilta con lacva déng co DC
f,=0.18: hé s6 masat gitrabanh va san
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2.3.2. Mé hinh todn hoc W: géc pitch clia con lac

Gia st hwdng clia con ldc nguoc 2 banh lahwédng  ®:gdécyaw clacon lac

duong cua truc x vao thoi diém t =0, theo hé toa 0:gdctrung binh clia banh trdiva banh phai
ddtacdcacphuongtrinhsau: Phuongtrinh Lagrange cia hé:

difl L _, dfn? _p dE fe? w

— ¥ — - = - =F, (68)
= q 3 y f
dzgﬂqg Tq dtg.”yb 5% dtg.nf r
[(2m +M)R* +2J, +2n°J, ]d+ (MLRcosy -2n*J, )y~ MLRY *siny =F, (69)
(MLRcosy -2nJ,)q+(ML +J,, +2n*J )y~ MgLsiny - MI* > siny cosy = F, (70)
el 2 W2 2 2 2
eomW +J],=+2 (J, +2n°J,)+ ML sin yuf+21\ﬂ vy fsiny cosy = Fy (71)
e
F =F+F (72) F, =F, (73) F=Y (F -F) (74)
q / r ’ 3% v ’ r 2R r !
E =anil +fm(y_ql)_qul (75)
F.=nK,i, +f,0/-q.)- [, 4, (76)
Fy = _nKtil _nKtir +fm(y_ql)_fm(y_ q}) (77)
Lm il;r = Vv],r + Kb (y_ (71',1*) - Rmi/,r (78)
Gia st Lm =0, tir (78) ta co:
V. +K. (V-0
i],,: Lr b(y q[,r) (79)
El Rm
Fy= 0+ V) =2 5 4 £gw 2 R+ )y (80)
K, nk,K
By ==t V) +2(— =24 f G- 2( b+fm)y (81)
W nK w? nK K
Fp=——L(V.-V)- bif o+ f)F 82
f2RRm(’ ) 2R2(Rm Sut ) (82)
nk nkK K W
a=—-!= b=—"t+ =— 83
R, R, S I=7R (83)
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F,=al,+V,) —2(b+fw)7+ 26y (84) Ta khong tuyén tinh héa hé théng quanh diém
. _ can bang dé gilr tinh phi tuyén clda hé théng
F,=-a(V,+V,)+2bqg-2by (85)  trongviéc mé hinh hda déi tugng dé ki€m tra
| | . tinh thich nghi cta b diéu khién PID online
fzzga(V,—V})—Egz(b+fw)f (86)  auto-tuning.

3. KET QUA MO PHONG

»  f(u)
L1
u_Fen

Kp
Kp_auto D
P! bus pitch_si pitch

Ki_auto »( 2 ) | ¥ Vol_motor_left average_theta_left right >
Ki
f(u f(u f(u z
w) w) w Kd_auto »(3) theta_left theta_m

x_Fen tansis_Fen1 z_Fen ¥ Kd

Subsystem theta_right | 1
” — VVol_motor_right
yaw_phi — theta_m_left
Derivative1 L ¥ o ]
two_wheel_inverted_pendulum_nonlinear v
theta_m_right
N[
N W A 2 A . 7 A &

Hinh 5. So d6 mé phong hé xe hai banh cdn bang T

K&t qud md phdng dang mdt SNN va dang hai MLFNN
Tai vi tri can bang gdc pitch = 0°. Gdc vi tri ban dau 13 3°. Ta chon dinh cac hé s& Kp = 50.00, Ki = 1.155,
Kd=3.355tuyy.

He so Kp tuning theo thoi gian He so Ki tuning theo thoi gian
50.003 ; ; 1.155 Y ?
L Kp P Ki
50.002 e deem e — : E E :
: ‘ : 1.155§-\----- iy i R
L s P
E E 5 1,155 t----=% : : :
50 ; : : ‘ ' :
49 999 i H H H H A
0 05 1 15 2 0 05 1 15 2
He so Kd tuning theo thoi gian
3.358 T v
L Kd
k. ] S— — A— CI— ~
3354 AR SRS SR :
3.352 . . : 1 : : :
0 05 1 15 2 0 05 1 1.5 2

Hinh 6. Két qué mé phdng dang mét SNN
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He so Kp tuning theo thoi gian
50.025

11 7] T T ——
50.015 f .......
80.01 p---=--- SR S S
50.005 f------- —

-------------

...............

S "

m -
0 05

i bassabacad

.
n

He so Kd tuning theo thoi gian
3.355 -

Kd

3.35

bedecrsrcenes

L
i bedeucscsssnad
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Hinh 7. Két qud mé phdng dang hai MLFNN

Nhanxétdang1:vitaxidcdinhcidchésdKp,Ki,
Kd I&n hon nén téc dé dap ing nhanh va bam
sattin hiéu dat. Taimdithoidiém, ddp rngcla
héthéngvdimotbd cactrongsdthay d6ikhac
nhau nén céac trong s6 Kp, Ki, Kd sé& ty hiéu
chinhqualaidédap *nghéthénglatétnhat.

Nhéan xét dang 2: v&i cac hé sé Kp, Ki, Kd 1&n
bat ky, tathdy ddp &ng cdia hé thdng can mot
bd cac trong s& khdc nhau & céc thoi diém.
Dangcipnhatddanghaiciingkhdctwongddi
véidangmoétnhuwngthoigiandap ngclahai
dang gan nhu nhau. Nhu vay, ta c6 thé thay
tinh thich nghi rat cao ctiia hé diéu khién PID
online auto - tuning s&* dung mang no ron tai
cacthoidiémddap rngkhdcnhau.

4.KETLUAN

PID auto - tuning s&* dung mang no ron nhan
tao v&i phuong phap Gradient (steepest
descent) d3 nang cao chat lvong diéu khién
ciahéthéngvatinhthich nghitheothdigian
thucvagitpviéchditumotcachdédanghon
bédiéukhiénPID.

ISSN: 2615 - 9686

BodidukhiénPIDonlineauto-tuningcaitién
phu hop véi tng dung cho hé xe hai banh ty
can bang theo thoi gian thuc. Bo diéu khién
nay dwgcthuchién dé kiém soat tot vitrigoc
nghiéng cho hé xe haibanh ty canbang duoc
th& nghiém trong bai bdo nay. K&t qua thi
nghiém cho thdy bé diéu khién PID online
auto - tuning dwoc dé xuat cé thé hoc dwoc
cadc dactinh ddng va phi tuyén cha hé théng
nhanh chéong va do dé lam gidm sai s6 goc
nghiéng va thoi gian dap &ng clia hé théng
nhanh.HiéusuatclabddiéukhiénPIDonline
auto-tuningduwocnhanthaylarattétvatinh
thich nghi cao khi cé sy thay d8i bén ngoai.
Hon nita, vdi dé xudt nay, thuat todn PID
onlineauto-tuning gid tri cdcthdong sé Kp, Ki
vaKdcothéduocsradobitrongthdigianthuc
vadép ngthyctéclingcdthé dwgcgidmsat.
Diéu nay tao diédu kién thudn lgicho viécthr
nghiém trong cic diéu kién dau vao khéac
nhau va dam bdao cac &*'ng dung trong tuwong
laiclacachéthdngkhéac. Tacédthétytinrang
bd diéu khién PID online auto - tuning duoc
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dé xudtkhéngchichingminhhiéusuattuyét
voitrongviécdiéukhiénhéxehaibdnhtycan
bangvéiphituyéntinhcaomaconsérathiéu
qua trong viéc kiém sodt cdc rng dung cong
nghiép va cdc hé phituyénkhac. Day chinhla
hudng phattriéntiép theo cho bd diéu khién
nayvakiémtratinh8ndinhvathich nghitrén
nhiéuhéthéngkhac.
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Online auto-tuning pid controller using neural
networkfortwo-wheeledself-balancingrobot

ABSTRACT

Hoang Anh Vu*, Dao Tang Tin

In this paper, we approach a different control method for nonlinear systems with a PID (Proportional -
Integral - Derivative) online auto - tuning (PID) controller using neural networks. The development of
science and technology has created a premise for the human robot technology industry to achieve
great achievements such as: ASIMO, Avatar ... They are well - balanced and flexible. To understand
their balancing algorithm, we must study fundamental balance problems through two - wheeled self -
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balancing robot. It works on the model of a nonlinear inverted pendulum system mounted on a two -
wheeled axis, and because of the nonlinear dynamics of the system, an adaptive controller is required
for the robot to balance and move flexibly. Performance of PID online auto - tuning controller using
neural network is the main subject of study in this paper.

Key words: control method, PID tuning, neural network, PID controller, nonlinear system
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