CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

PNG DUNG BO BIEU KHIEN PID TREN CO'SO' MANG NO-RON
(PIDNN) TRONG THIET KE VA CHE TAO THU NGHIEM

THIA CHONG RUNG

APPLIED NEURAL NETWORK BASED PID CONTROLLER (PIDNN) IN DESIGN AND TEST ANTI-VIBRATION SPOON

TOM TAT

Ngay nay, run tay la mot rdi loan van ddng kha phd bién. C nhiéu nguyén
nhan ¢d thé dan t6i chiing run tay, song hién tai van chira co phiong phép digu
tri dac hiéu. Tuy gy anh hudng I6n dén cudc sng clia bénh nhan song cac cong
oy hd tro cho bénh nhan méc chimg run tay hién tai chura diroc quan tam nhiéu,
nhét la ¢ Viét Nam [1]. Chinh vi Iy do d6, nhém nghién ctu d& nghién ctu thiét
ké thir nghiém thia chdng rung voi muc dich giam thiéu t6i da cc rung dong tir
tay truyén t6i mét thia trong qua trinh sinh hoat clia nguoi bénh. Thiét bi bao
gom 01 c&m bién gia tdc IMU (Inertial Measurement Unit) nhdm phét hién cic
rung dong, ddng thoi sir dung cac ddng co di chuyén mét thia nguoc lai vdi chiéu
rung dong. Qué trinh d6 duoc digu khién bang b digu khién thich nghi PID trén
¢ s& mang no-ron (PIDNN). Két qua nghién cttu cho thay tinh kha thi clia thiét bi
vakhandng hoan thién nhan rng trén bénh nhéan.

Tir khda: Run tay, thia chdng rung, digu khién thich nghi, PIDNN.

ABSTRACT

Today, hand tremors are a fairly common movement disorder. There are many
possible causes of hand tremors, but there is currently no specific treatment.
Although it has a great impact on the patient's life, support tools for patients with
hand tremors have not been paid much attention, especially in Vietnam [1]. For
that reason, we has studied the design of the anti-vibration spoon with the aim of
minimizing the vibrations from hand to the spoon during the patient's life. Device
includes an IMU accelerometer (Inertial Measurement Unit) to detect the vibrations,
and at the same time uses the motors to move the spoon face against the direction
of the vibration. The process is controlled by a Neural Network based PID adaptive
controller (PIDNN). Research results show the feasibility of the device and the ability
to complete the replication on the patient.
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1. GIOI THIEU CHUNG

MOt s6 nghién clru wéc tinh chi ra rang ching run tay
chan co thé tac dong dén khoang 2,2% dan so vai nhiéu
nguyén nhan khac nhau, tir bénh Parkinson, mot con tai
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bién mach méau nio, mdt chan thvong dan dén tén than
than kinh hodc do qua trinh 130 hda & nguoi I6n tudi [1, 2].

Chiing run tay hién tai chua cé phuong phap diéu tri
dac hiéu, tuy khéng nguy hiém dén tinh mang, tuy nhién
chirng run tay gay nhiéu anh hwéng lau dai dén cudc séng
cla nguoi bénh nhu gidm hoac mat kha nang lao dong,
khéng tu thie hién dwgc cac hoat dong céphén hang ngay.
Bénh nhan nang can nguoi cham séc dan dén gia tang
ganh nang Ién cac hé théng phdc lgi xd hoi. Viéc lam gidm
tac dong clia chitng run tay, giip bénh nhan cé thé tv chd
mot phan cac sinh hoat ca nhan la chia khéa gitp giam
ganh nang xa héi cling nhv nang cao chat lvgng cudc séng
cho cac bénh nhan.

Mot trong nhitng cong viéc hang ngay quan trong nhat
ma bénh nhan run tay thwong gap nhiéu khoé khan la qua
trinh an udng, do d6 nhém lya chon dé tai thiét ké thia
chong rung gilip nguoi bénh run tay cé thé tu thuc hién
viéc an udng voi rat it sw tro gidp cdia ngudi cham séc.
2.CAU TRUC THIA CHONG RUNG
2.1.Cautao

Thia gdm bén khéi chikc nang chinh:

- Khoi diéu khién: chira mach diéu khién véi chirc ndng
kiém soat toan bo hé théng.

- Kh&i chdp hanh: gdm hai déng co RC servo dugc gan
vudng goc vai nhau, cé chirc nang tao ra chuyén déng chdi
dodng tai mat thia.

- Khdi cdm bién; gobm hai cdm bién IMU (Inertial
Measurement Unit), mot gan trén tay cdm va mdt gén gan
mat thia, gitp ghi nhan cac théng s6 vé gbc nghiéng va gia
téc, phuc vu cho khéi diéu khién.

- Kh6i ngudn: gdm pin, mach sac va mach diéu chinh
dién &p, cung cdp nang lvong cho céc khdi khac.

angle - pwm )
- Control Unit Actuator Unit
acceleration

Sensor Unit

| Power Unit |

Hinh 1. So d0 cac khdi chiic nang
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2.2. Nguyén ly hoat dong

Nguyén tic hoat déng chung ciia thia 1a gitt cho mét
thia ¢6 dinh tai phvong ndm ngang, nho' do gitt cho thirc
an khong roi ra khdi mat thia. Bd diéu khién PID neural
network (PIDNN) dugc cai dat dé thuc hién nhiém vu nay,
vGi diém dit (setpoint) la gia tri goc can bang duoc xéac
dinh tl trwée, bo diéu khién lién tuc diéu chinh céc dong co
gan voi mat thia nham gitt sai s6 gitta goc nghiéng thuc té
va goc can bang la nhd nhét. Goc nghiéng cha thia dugc do
bang cam bién IMU BNOO55 tir Bosch Sensortec.

Trong thuc té, khi nguoi bénh str dung thia, thia s& bi rung
dong theo tat ca cac hudng. Tuy nhién, trong khuon kho
nghién ctu sé chi khdo sat rung dong cla thia theo hai
phuwong chinh 1a phrong ndm ngang va phuong thang ding.

Gia tri dat: Gia tri goc
khi mat thia can bang

v

Gia tri gbe nghiéng

. 2 - S Bo diéu khién PIDNN
hi¢n tai cia mat thia

v

a

Motors

IMU sensor

Hinh 2. Nguyén Iy hoat dong clia thia

Trén co s& da, dé triét tiéu rung déng theo phuong nay,
hai déng co servo sé duoc sir dung dé bu lai nhirng rung
ddng cho tay ngudi bénh gay ra nham gir cho mat thia 6n
dinh nhét c6 thé.
3. BO PIEU KHIEN PID TREN CO SO MANG NO-RON
(PIDNN) [3]

PIDNN la mét bd diéu khién voi cdu triic mang neuron,
né bao gébm cac neuron ty I& (P), neuron tich phan (1) va
neuron vi phan (D). Cac trong s duwoc diéu chinh qua quéa
trinh lan truyén nguoc (back-propagation) do dé cé thé
dung diéu khién cac hé théng khac nhau.

PIDNN gbém 3 16, 16p dau vao, I16p an va lop dau ra, cau
trlc 2-3-1. Lép dau vao gébm hai neuron P, mot neuron
nhan diém dat (setpoint) va 1 neuron két ngi véi dau ra clia
hé théng. Lép dn gdm 3 neuron: neuron P, neuron | va
neuron D. L&p dau ra chi gdm 1 neuron P hoan thanh dau
ra ctia hé thong. Cau tric mang va hé théng diéu khién
dwoc thé hién trén hinh 3.

SYSTEM

Hinh 3. C4u tric b9 diéu khién PIDNN
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B0 diéu khién lay gia tri dat r(t) va gia tri dap ¢ng y(t), hé
thong tinh toan gia tri diéu khién v(t), hé théng dap tng voi
y(t) méi, gia tri tri nay ti€p tuc dwgc s dung nhu gia tri
phan hdi. O day, r(t) la gia tri goc thiét 1ap cho mit thia
(duoc dat bang 0), y(t) la gia tri géc nghiéng tirc thoi cla
mat thia, v(t) la gid tri géc quay thiét 1ap cho dong co servo.

Cong thirc neuron P;

-1, ut) <—1
x(t) =< u(b), -1 <u(t) <1
1, ) >1

Cong thirc neuron [;
-1, ) <—1
x(t) =4x(t —1) +u(b), -1 <x(t) <1
1, Xt) >1
Cong thirc neuron D:
-1, ) <-1
x(t) =<5 ut) —u(t —1), -1 <£t) <1
1, Xt) >1
Phiém ham muc tiéu:

J =ZE =§i(r<t) ~y(t)3

BO diéu khién PIDNN st dung thuat toan lan truyén
nguoc (back-propagation) nham huén luyén mang, voi cac
trong s dugc thé hién trong hinh 4.

Hinh 4. Trong s6 clia PIDNN
Sau n buéc huan luyén va hoc tap, cac trong sé két noi
I6p an dén I6p daura la;
a]
wi(n+1) =w;(n) —n ow,

VGin la buée va

-y (t - 1)
Trong s6 két nGi lop dau vao véi lép an la:
d
wiln 1) =w () = -

Volnlabucycva
26( (0 —%;(t —1)

5® —u,c - u(t —yWixi(t)
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S6 lvgng mau N dung dé hudn luyén mang duoc cap
nhat va tdng dan trong qua trinh huan luyén mang (gia tri
t6i da cla N la 65536). Bd diéu khién PIDNN c¢é kha nang
thich nghi nhanh, cé kha nang ty huan luyén dé toi wu cac
tham s6 hé théng. Do do6, trong nghién ctu nay, bo diéu
khién PIDNN dwoc cai dat cho thiét bi thia chéng rung.

4. THIET KE VA CHE TAO THU NGHIEM THIA CHONG RUNG
4.1.Thanvod

Than vo duoc thi€t ké trén phan mém NX va hoan thién
str dung cong nghé in 3D. Phan tay cam dugc thi€t ké sao
cho co thé dat vira pin, mach diéu khién va hé théng hai
dong co (hinh 5).

Khép gén 2 dong co duoc thiét ké sao cho chuyén dong
cla hai dong co linh hoat nhat. Mt thia c6 cdu tric co ban
nhu nhitng chiéc thia binh thudng (hinh 6 va 7).
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Hinh 6. M hinh 3D than thia
4.2.Dodng co

Co cdu chap hanh st dung hai déng co RC Servo
ESO9MA cho lwc kéo du I6n trong khi van gitt dugc khdi
lvong nhe.

Bang 1. Thong s6 ddng co ES09MA [8]

Hinh 7. M@ hinh 3D khép gén hai dong co

Dbién ép 48—6,0V

Khdi lvong 14,89

Lwc kéo 2,6 Kgf.cm

Toc do 0,08s/60°

Kich thudc 23,0x12,0x24,5mm

Hinh 8. Bong co RC servo ESOIMA

Hinh 9. BAng mach ESP32
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4.3. Mach diéu khén

Mach diéu khién st dung SoC ESP32, cho tdc do xt ly
nhanh, tich hop san két néi Wifi va Bluetooth, san sang dé
phat trién thém céac (’ng dung két ndi sau nay.

Bang 2. M4t s6 thong s6 ki thuat SoC ESP32 [9]

Vixt ly 2 core Tensilica Xtensa 32-bit LX6
Xung nhip T6i da 240MHz

Flash 4MiB

SRAM 2MiB

Wifi 802.11 b/g/n/eli

Bluetooth v4.2 BR/EDR & BLE

4.4, Cam bién

Thia si dung cdm bién IMU BNOO55, tich hop gidi phap
téng hop di¥ liéu BSX3.0 FusionLib tir Bosch Sensortec [4],
téng hop dir lieu tr thong s6 ba truc gia téc
(accelerometer), ba truc van téc quay (gyroscope) va ba
truc tlr trudng (magnetic) cho ra gia tri goc nghiéng hién tai
cla mat thia.

Bang 3. Mot s6 thdng s6 cam bién BNO055

Tan s6 &y mau 100Hz
Giao ti€p 12

Ponvido Euler Vector, Quaternion

Hinh 10. Bang mach cam bién
4.5. Kh6i nguon

Kh6i ngudn cla thiét bi s dung pin Li-ion cho dung
lvgng cao va trong lvong nhe. Mach diéu chinh dién ap
dugc st dung dé nang muc dién ap tir pin 1én 5V/2A dé cap
ngudn cho toan hé théng, bao gbm mach diéu khién, cdm
bién va cac dong co.

- 603043 3.7V S00mAh
+ 333Uk AS1304

Hinh 11. Mach sac pin, mach diéu chinh dién ap va pin li-ion dung lrgng
900mAh
4.6. Cai dat bo diéu khién

Bo diéu khién PIDNN dugc cai dat trén vi diéu khién
ESP32, voi gia tri dat r(t) la gia tri goc dat tai vi tri can bang
va duoc thiét 1ap bang 0, y(t) 1a gia tri goc nghiéng tic thoi
clia mat thia, tin hiéu v(t) la gia tri géc quay dat cho déng
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co servo, dugc quy doi sang tin hiéu PPM (Pulse Position
Modulation) diéu khién tuong (rng cho déng co.

Céc trong s6 ban dau dwgc chon nhu sau, trong d6 hw
(twong ng voi tap w;) la mang chita cac trong s6 két noi
I6p dau vao va lép an, ow (twong ng vai tap w;) chira cac
trong so két ndi I¢p an va lép dau ra;

// Starting weights

float hw[2][3] = {{-1, -1, -1},{1, 1, 1}};

float ow[3] ={0.03, 0.1, 0.6};

Ham tinh toan gia tri diéu khién déng co vai hai tham s
la gia tri g6c nghiéng hién tai va gia tri géc nghiéng mong
mudn:

float PIDNN::predict( float measured, float expected )

{

y[pos] = measured;
if (pos >WINDOW_SIZE) {
learn();
pos =0;
}
// Register values for expected
pos++;
r[pos] = expected;
// Set the values for the Input Layer
i_y[pos] = ptransfer(measured);
i_r[pos] = ptransfer(expected);
// Hidden P Neuron
u_p[pos+1] =i_y[pos+1]*hw[0][0] + i_r[pos]*hw[1][0];
x_p[pos+1] = ptransfer(u_p[pos+1]);
// Hidden | Neuron
u_i[pos] =i_y[pos]*hw[0][1] + i_r[pos]*hw[1][1];
x_i[pos] = itransfer(u_i[pos], x_i[pos-1], ts);
// Hidden D Neuron
u_d[pos] =i_y[pos]*hw[0][2] + i_r[pos]*hw[1][2];
x_d[pos] = dtransfer(u_d[pos], u_d[pos-1], ts);
// Output Neuron
v[pos] =x_p[pos]*ow][0] + x_i[pos]*ow][1] +
x_d[pos]*ow][2];
return v[pos];

}

Trong do, céc trong s6 trong tap hw (w;) dwoc gitlt c6
dinh, cac trong s6 trong tap ow (w;) dugc cap nhat thay d6i
lien tuc thdng qua qua trinh huan luyén mang chay truc
ti€p trén vi diéu khién, song song voi qua trinh hoat dong
clia mang.

Trong nghién clru nay, thuat toan lan truyén ngugc
(back-propagation) dwoc st dung dé huan luyén mang.
Chuong trinh huén luyén mang duwgc thic hién nhu sau:
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void PIDNN::learn( void )
{
// Do Back Propagation
float d_ow[3] ={0, 0, 0},
float d_hw[2][3] = {{0,0,0},{0,0,0}};
float avg_error =0;
for (inti=1;i <=WINDOW_SIZE; i++){
float dr =r[i+1] - y[i+1];
avg_error += abs(dr)/WINDOW_SIZE;
float dy = y[i+1] - y[i;
BackProp(dr, dy, d_ow, d_hw, i);
}
// Update weights if average error is >= tol
if (avg_error >=tol) {
// Update Weights
for (intj=0;j<3;j++){
// Update Output Weights
if (abs(d_ow[j]) >d_tol) {
d_ow[j] = ((d_ow]j] > 0) - (d_ow[j] < 0))*d_tol;
}
// printf("d_ow[%(d)]: %f\n", j, d_ow[j]);
ow[j] = ow[j] -n*d_ow][j]/WINDOW_SIZE;
// Keep between 0 and 1
ow[j] = (float)min(max((double)owf[j], 0.0), 1.0);
}

}
// Update the Input Layer Values

i_y[0] =i _y[WINDOW_SIZE+1];
i_r[0] =i_r[WINDOW_SIZE+1];
// Update the Hidden Layer Values
u_p[0] =u_p[WINDOW_SIZE+1];
u_i[0] = u_i[WINDOW_SIZE+1];
u_d[0] = u_d[WINDOW_SIZE+1];
X_p[0] =x_p[WINDOW _SIZE+1];
X_i[0] = x_i[WINDOW_SIZE+1];
x_d[0] = x_d[WINDOW_SIZE+1];
// Update the Output Layer Values
v[0] = vV[WINDOW_SIZE+1];
}
5. KET QUA VA THAO LUAN
Sau qua trinh nghién ctru, nhdm nghién ctru da xay
dwng thanh céng mé hinh mau véi day du cac thanh phan:
nguon, cdm bién, mach diéu khién va co cdu chap hanh
(hinh 12).
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Hinh 12. Thia chdng rung Iap rap hoan thién

Sau khi I&p rap, thia hoat dong ddng véi yéu cau dé ra,
goéc nghiéng trén hai truc diéng (pitch) va ngang (yaw)
duoc gitt 6n dinh quanh vi tri can bang. Pay Ia hai truc c6
tac dong lon nhét téi d6 6n dinh clia thic &n trén thia. BO
sung truc quay (roll) c6 thé lam ra téng trong lvong cla
thia, cling nhu viéc can bang truc roll s& dan dén kho khan
trong hoat dong xdc thirc an ty nhién clia nguoi s dung.

Trong khuén khd nghién citu, rung dong theo hai
phuong duwgc xem xét tuong ty nhau. Khdo sat dap tng cla
hé thong dwgc xem xét trén mot truc cla thia. DI liéu géc
nghiéng thu duoc truc ti€p trén bé mat thia dwoc luu tri
trong thé nhé microSD sau dé dwgc so sanh voi dir liéu thu
duoc tr mot cadm bién khac dugc gan trén tay cam, cho
thady mirc dd dao ddng goc nghiéng trén truc thi nghiém
giam di dang ke tai tan s6 dao dong thir nghiém ~3Hz, cho
thay thuat toan diéu khién hoat déng c6 hiéu quéa (hinh 13).

Pitch angle (°)
°

Time (s)

Hinh 13. Két qué giam thiéu dao dong gdc nghiéng khéo sat trén mt truc
clathia
6. KETLUAN

Nghién clru da chirtng minh tinh kha thi cta thiét bi thia
chong rung. T dé mé ra cac huwdéng nghién clru ti€p theo
dé hoan thién thia, nhém nghién cru sé tiép thir nghiém
tric ti€p trén bénh nhan, cﬁng nhu thir nghiém thém céac
thuat toan diéu khién khac nham cai thién hoat dong cla
thia t6t hon nira.
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