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TOM TAT , ,, ‘ ,, :

Bai bao trinh bay két qua nghién ctru phat trién mot loai nén tang dugc 6n dinh bang con
quay hoi chuyén ba truc dé c6 thé tich hop céc thiét bi do ludng va duoc st dung trén dbi
tuong di chuyén. Mot mo hinh vt 1y ctia nén tang duoc thiét 1ap bang cach sir dung: mot
hé treo gimbal; mot module do ludng quan tinh BMX055; cac truyén dong servo; va bo
ma hoéa tir tinh. Trong qua trinh di chuyén cua dbi tuong, nén tang s€ chiu tac dong cia
lic doc: rung dong cua dong co; va cham vat can; gia tdc tinh tién va anh hudng cia cac
tac dong nay 1én nén tang dugc phan tich. Trudce khi thir nghiém thyc t&, mot thuat toan
co s¢ dé xtr Iy cac phép do ludng dwa trén md phong MATLAB dugc dé xuat. Viée tich
hop cac tin hiéu cta: con quay; bd loc bd sung; bd loc mahoney; va bd loc Kalman mé
rong, dugc nghién cuu.
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ABSTRACT

This paper presents the results of research on the development of diagnostic methods and
the integration of these methods into a combined approach for diagnosing the reliability
of asynchronous electric drive systems. The reliability indicators of asynchronous electric
drive systems are calculated and verified in practice. Characteristic faults of electric
motors, inverters, and mechanical drive elements are considered and developed.
Diagnostic methods are proposed and experimentally proven. The research develops the
RULL algorithm based on the proposed Weibull model. An experiment to diagnose the
reliability of an asynchronous electric drive system with an AIR160S4 electric motor and
a Schneider Altivar 320 inverter with a centrifugal water pump as the load was studied,
yielding results including reliability indicators and economic efficiency when using the
combined diagnostic method.
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1. Pt van dé

Nén tang dugc On dinh bang con quay hdi chuyén
dugc sir dung trong cac hé thong: quan sat (6n dinh truong
nhin); dan duong mat dat [1, tr. 12] va duong thiy; ghi video;
robot; va hé thong thiét bi do dac cua cac dbi tuong (phuong
tién) di dong. Chirc nang chinh cua nén tang dugc hiéu Ia duy
tri huéng mong muén, hodc cua mot hé thdng chuyén dung
lap trén ddi twong; (thi du, kinh quan st trén va nong phao
trén xe chuyén dung, tau chuyén dung; ...) hodc cua ban than
dbi tugng, trong diéu kién di chuyen (cac gdc xoay theo cac
truc toa do khong gian s& bi bién thién boi tac dong cia
ngudn dong lyc co hoc cua d6i twong va cua cac loai nhidu
loan bén ngoai xudt hién khi d6i tugng di chuyén (thi dy, bé
mat di chuyen khong phang; chudng ngai vat; gio; ...).

Vé mit tong quat, bai toan on dinh dugc h1eu la xac
dinh cac gia tri cuia cac tham sb cuia cac vi tri goc cua nén
tang va tao ra cac tin hiéu diéu khién dam bao duoc vi tri
(hudng) mong mudn cta nén tang trong hé toa do khong gian
ba chiéu [1, tr. 23].

Cac nhiéu loan dién hinh, gém rung dong co hoc;
chu trac khong can bang cuia cac phan tir; khép ndi; ma sat
trong 6 truc quay; su thay d6i cia momen quan tinh cua tai
(dbi tuong) duoc yéu cau 6n dinh hudng; va cac dao dong co
ban khac. Déi v6i ddi tugng di dong trén mat dat va mat nude
thi cac tac dong bén ngoai, chu yéu 1a sy gd ghé ciia mat
duong; song nudc; rung dong cliia dong co tac dong Ién than
phuong tién di chuyén; tai trong gio; thém nira 1a cac tac
dong xung luc khac (nhu dan phéo khi dwoc bén ) cua cac
trang thiét bi dong luc chuyén dung duoc Iép trén phuong
tién di chuyen [1, tr. 35] va [4, tr. 152].

Dé bu trir cac yéu to nay, mot hé thong diéu khién
vong kin dugc thiét 1ap, bao gdm: cac cam bién dinh hudng;
thiét bi tinh toan; truyén dong (co dién; dién thuy luc; dién
khi nén).

Véi cac ddi tuong hién dai thi huéng ciia nd thuong
dugc xac dinh bang cach sir dung module do ludng quan tinh
(Inertial Measurement Unit — IMU), két hop véi gia toc ba
truc; con quay hdi chuyén ba truc; va tir ké ba truc. Tuy
nhién, mdi cam bién lai c6 nhirng han ché riéng cua no, thi
du, gia tdc ké nhay cam véi gia toc tuyén tinh va rung dong;
tir ké d& bi anh hudng bdi cac truong tir cuc bd cia dong co
dién va cua cac két cau kim loai nhiém tir. Viéc tich hop cac
tin hiéu cua con quay hdi chuyén dan dén tich liy sai sb.

Nhu vay, van dé dit ra: can phat trién cac thuat toan
dé tich hop cac dir lidu do luong; xac dinh mot phuong phap
bao dam dugc sy can bang cho phép giira d6 chinh xac-tdc
d6-d¢ tinh toan phuc tap.

Su phat trién manh ciia cong nghé tinh toan da mo
rong dang ké kha ning sir dung cac mé hinh toan hoc ap cho
chc cam bién va sai sb cia chiing, qua d6 cai thién d6 chinh
x4c cua cac thong tin dugc tao ra. Trong cac hé thong didu
huéng tién tién, thiét bi tinh toan dugc sir dung khong chi dé
xir 1y tin hidu, ma con dé loc tin hidu tir cam bién tao ra [3,
tr. 4].

2. Muc tiéu va phwong phap nghién ciu
2.1. Muc tiéu nghién ciru

Phat trién mot nén tang dugc on dinh bang con quay
hoi chuyén ba truc va thuat toan s6 xir 1y dir lidu ctia IMU.
2.2. Phwong phap nghién ciru

Pé dat duoc myc tiéu nghién ctru nay, can thyuc hién
tuan ty cac nhiém vy sau:

+ Phat trién thiét ké co khi cua gimbal ba tryc;

+ Thiét ké méi mot ciu truc cho hé thong didu khién

dién tu;

+ Thiét 1ap md hinh toan hoc cho cac phép do ludng va
tiéu chi chit luong;

+ Thyc hién mot vai thuat toan dé danh gia dinh hudng
khong gian;

+ So sanh cac thuat toan trong cac ché do di chuyén
khéc nhau;

+ Xac dinh mot thuat toan hop 1y dé sir dung trong mach
6n dinh.

Str dung méi truong MATLAB cho mé hinh héa nén
tang dugc phat trién va dua trén két qua mé phong nghién ctru
dé xudt thuat toan xur 1y tin hidu sb va sai s6 trung binh binh
phuong RMSE trong xac dinh vi tri géc cua ba truc xoay cua
con quay hoi chuyén dé phan tich so sanh cac thuit toan véi
nhau.

3. N¢i dung va két qua nghién ciru:
3.1. Phdt trién mot thiét ké nén ting én dinh bing con quay
héi chuyén ba truc
3.1.1. Phan co khi

Nén tang dugc phat trién 1a hé thong treo gimbal ba truc
(three-axis gimbal suspension). Viéc st dung h¢ théng treo ba
truc dugce quyét dinh 13 boi cac phuong tién di chuyen thuc té
s& bao gdm cac di chuyén: xoay; nghiéng; va lin. Dé loai trir
kha nang khung bi gép thi cac truc treo phai vudng goc voi
nhau [1, tr. 152]. Nén tang gdm ba khung: khung ngoai; khung
trung gian; khung trong, cc truc quay cua khung la vuong goc
nhau. Truc quay ctia khung ngoai cung cap chuyén dong xoay
vdi goc xoay y,grad.,truc quay khung trung gian — quay quanh
theo goc nghiéng 6,grad., truc quay cua khung trong — quay
quanh theo goc lan ¢,grad. Cac phan tir ctia nén tang dugc in
3D tir nhya PET véi ty 18 lap ddy 90%. H. 1. trinh bay mot mo
hinh 3D cuia nén tang c6 kich thude 30x30x15¢m.

Khung trong cua module dugc lép payload va module
do ludng quéan tinh IMU BMXO055. Trén mdi truc ctia module
nén tang duoc lap:

+bo truyén dong co dién;

+ cam bién vi tri goc;

+cum 6 truc quay;

+ céc chi tiét kep co khi;

+ cap va day dan két nbi.

H. 1. Module nén tang dwgc 6n dinh bing con quay
hoi chuyén

. H. 2. trinh bay hinh anh ctia mét pén tang dugc 6n dinh
bang con quay hoi chuyén dugc phat trién.
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H.2. Nén tang 6n dinh bing con quay hdi chuyén dwoc

nghién ciru

Heé thong dién tir cia nén tang nghién ctru, gom:

+vi diéu khién Atmel MEGA328P;

+ module IMU BMXO055 véi chin bac tu do;

+ gia toc ké ba truc;

+ con quay hoi chuyén ba truc;

+ tir ké ba truc;

+ cam bién goc xoay (phan tr ma hoa tir) AS5600;

+bd truyén dong servo MG996R;

+ céc bo diéu khién cac dong co dién.

3.1.2. Module mé phong

Module m6 phong dugc hién thyc hoda trong mdi
truong MATLAB. Module mé phong co sé cho phép tai tao
nghién ctru anh hudng ciia tic dong bén ngoai 1én nén tang
nghién ctru trude khi thir nghiém & mirc day du. Cu thé, khi
md hinh hoa nén tang dit trén d6i twong di chuyén thi chuyén
dong lic c6 thé duoc coi 1a lIyc dao dong diéu hoa véi bién
d6 va tan sb xac dinh [4, tr. 153]. Chuyén dong ctia nén tang
duoc xac dinh boi su két hop cuia cac thanh phén diéu hoa
theo cac goc lan; goc lic; va goc xoay. Ché do nay dugc sir
dung nhu 1a mot mo ta gan ding vé chuyén dong lic cua dbi
tuong khi di chuyén. Pé tinh toan, cac tin hiéu 4o duoc tao
ra tir con quay hdi chuyén; tir gia toc ké; va tir ké.

Tin hiéu ¢ dugc tir con quay hdi chuyén chira thong
tin: cac van toc go6c xoay thyc; d 1éch 0; nhiéu loan. Tin hi¢u
c6 tir gia toc ke chira thong tin; phép chiéu cua gia toc trong
truong g; gia toc tinh tién; cac thanh phan rung dong va nhidu
loan. Tin hiéu tir tir ké chtra thong tin: tir truong trai dat;
nhiu loan cuc bd va nhiéu loan khac. Sai s6 trung binh binh
phuong trong xac dinh vi tri goc duoc sir dung dé so sanh cac
thuat toan vdi nhau.

Céu trac ciia md hinh mé phong duoc sir dung dé
nghién ctru s€ tuong ddng véi mé ta duge chap nhan rong rai
vé MEMS-IMU, d6 la cac phép do luong cua con quay hoi
chuyén bao gdm vén tdc ctia goc xoay thuc; nhidu cong thém
va do 1éch 0 duoc dién ra cham; cac phép do cua tir ké co thé
bi méo do anh hudng boi cac tir trudng cuc bo [7, tr. 1205].
3.2. Cdc thudt todan nghién ciru

Céc thuidt toan phat trién s& duoc xem xét vé dd phuc
tap trong tinh toan va kha ning chdng chiu anh huéng cia
céc tac dong ndi tai va bén ngoai.

Thuét toan tich hop con quay hdi chuyén dwoc su
dung nhu 12 mdt phuong &n co s6. Thuat todn nay cho kha
ning t6t vé tinh tac dong nhanh, nhung dé tich liy 16i do do
léch 0 cua con quay hodi chuyén. Viéc tich hop cac 16i cta
phép do luong cua con quay hdi chuyén din dén tich liy 13i
trong tinh toan 6n dinh hudng, vi thé con quay hdi chuyén
khong nén dung nhu 13 mot cach duy nhit dé do luong vi tri
goc tuyét déi [5, tr. 3].

V6i con quay c6 sir dung thuat toan dé tang tinh tac
dong nhanh néu trén, dé khic phuc nhuoc diém cua no, s
dung bd loc bd sung va hiéu chinh cham tir gia tdc ké va tir

ké. Thuét toan st dung bo loc bd sung nay co uu diém 1a tinh
phirc tap tinh toan thip, nhung lai yéu cau phai diéu chinh hé
s6 loc.

Thuat toan b loc Mahoney 1a b loc quan sat phy phi
tuyén tinh cho ra két qua biéu thi huéng ¢ hinh thirc
quaternion. Thuat toan nay cho phép thyuc hién hi¢u chinh theo
vector hd trg va udce tinh sy thay doi cham cua do léch 0 cta
con quay hoi chuyén.

Thuat toan bd loc Kalman mé rong st dung module
trang thai phi tuyén tinh va thong ké dic tinh nhiu loan. Thuét
toan nay dam bao d6 chinh xac cao cua cac phép do luong,
nhung lai doi hoi phai diéu chinh ma tran hiép phuong sai va
thiét bi tinh toan manh hon. Trong thuat toan bd loc Kalman
mo rong thich ing thi ma tran hiép phuong sai ctia nhiéu loan
do luong c¢6 thé duge hiéu chinh trong qua trinh hoat dong dé
giam anh huong cia sy chuyén dong cia ddi twong va cua
nhiéu tir thoi gian (nhiéu tir tam thoi) [4, tr. 1346-1347].

3.3. Két qud nghién ciru
3.3.1. Kich ban co so

Hinh 3 trinh bay su phu thudc theo thoi gian cia cac
goc huong va ude tinh goc hudng & cac dao dong co ban cua
su di chuyen ctia déi tuong. Str dung thuat toan tich hgp con
quay hdi chuyén s& cung cip duoc cac tin hiéu muot ma, nhung
theo thoi gian s€ 1€ch khoi cac gia tri tham chiéu. Thuat toan
b loc bd sung; cac bd loc Mahoney va Kalman m(’y rong cho
phép tai tao chuyén dong cua nén tang mot cach 6n dinh.

Baseline

20

True angle

Accelerometer + magnetometer
Gyroscope integration
Complementary filter

Extended Kalman filter
Mahoney filter

Sigma-point Kalman filter
. M+ K acceleration tilter

0 10 20 30 40 . 50 60 70 80 90
Time. s

H. 3. So sanh cac wéc tinh huéng & qua trinh mé phong co sé¢
H. 4. Trinh bay két qua sai s6 binh phuong trung binh
ctia cac thuat toan. BO loc bd sung va bd loc Kalman mé rong
cho sai s6 nh6 nhit. Bo loc Mahoney cho két qua chap nhan
duogc vai tinh toan it phirc tap hon bd loc Kalman ma rong.

" RMSE algorithms in the baseline scenario

1 - F,oll
iy

0} | =0 Rotate

A 1.0 1

Complementary  Extended K Mahoney filter  Sigma-point KF M+ KF acceleration

g

i} =

Acc. +mag Integration

RMSE. grad

H. 4. Sai s6 binh phwong trung binh ciia cic thujt todn
trong kich ban co' s¢

3.3.2. Anh hudng ciia dao-rung dong

Hinh 5 biéu thi su phu thudc cua sai s6 lan va sai sb
nghiéng vao bién d6 va tan sb cua cac rung dong cuia dbi tuong
khi di chuyén, Nhirng tac dong nhu vay la dién hinh cho hoat
dong cia dong co két hop dbi tuong di chuyen s& truyén rung
d6ng qua than khung gdm cua ddi twong 1én nén tang.

Khi rung dong ting 1én thi cac udc tinh tryc tiép tir gia
tc ké s& x4u di dang ké, nhung cac bd loc bd sung; Mahoney;
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Kalman mé rong, van bao toan kha niang lam viéc. Trong
thuc té, dé giam sy x4u di do gia toc ké thi phai giam sy phu
thudc vao gia toc ké khi module gia tdc do cho ra tin higu sai
léch dang ké so véi gia toc trong truong g. Mot cach tiép can
tuong ty duogc sir dung trong cac thuat toan dinh hudng thich
nghi: khi module gia toc 1éch dang ké so véi g thi cac phép
do cua gia tc ké s& dugc gan trong sb thap hon [5, tr. 1347].

The influence of foundation
14 T T T
o

—dy Accelerometer + magnetometer > gl
12 € Gyroscope integration

Complementary filter
~—+&—— Extended Kalman filter

Mahoney filter

)

Sigma-point Kalman filter
i M + K acceleration filter

o

o

Average RMSE of roll and pitch, grad

IS
A

H. 5. Anh hwéng ciia dao dong 1én dd chinh xic ciia cic wée
luo’ng huo’ng
3.3.3. Anh huong ciia gia téc tinh tién
Hinh 6 minh hoa tac dong cua gia tdc tinh tién xay ra
trong qua trinh tang tc; giam tdc; va va cham vat can khi dbi
tuong di chuyén.

The influence of translational accelerations

12 T T T T T T
)~ Accelerometer + maguetometer
) Gyroscope is
mp! ary filter

Average RMSE of roll 2nd pitch, grad

H. 6. Anh hwéng ciia gia tdc tinh tién 1én d chinh xéc ciia wéc
tinh géc lan va goc nghiéng

Khi d6i twong di chuyén thi gia tc ké phat dong thoi
gia tdc trong trudng tham chiéu va thanh phan dong hoc. Do
do, khi gia tdc tinh tién tang thi d6 chinh xac cua viéc xac
dinh d6 nghiéng s& giam xudng [5, tr. 1346].

Nhu thé 1a khi gia toc tinh tién ting 1én thi do chinh
xdc cua cdc thudt toan dua trén gia toc ké s& giam xudng. Bo
loc Mahoney bao toan tinh 6n dinh mong muoén va co thé str
dung n6 nhur 1a mot thut todn co s¢ clia mot nén tang phién
ban day du.

Ngoai ra, mot thuat toan lai cling dugc nghién cuu,
trong do, b loc Mahoney dugc dung két hop véi udc tinh
Kalman co s& vé thanh phan gia toc dong. Khong nhu viée
ap dung tuln tu hai thuét toan udce tinh hudng hoan chinh, bo
loc Kalman trong thudt toan lai nay chi duoc dung dé uéc
tinh thanh phan nhidu cua tin hidu tir gia téc ké. Sau khi ba
gia tde dong, di liéu duoc hi€u chinh s€ dua vao b loc
Mahoney.

Cac két qua ctia md hinh hoa cho thdy ring, & gia toc
tinh tién thép, thuét toan lai khong mang lai lgi thé dang ké
nao so vdi bd loc Mahoney thong thuong. Tuy nhién, hi¢u
qué ctia thuat toan lai s& tang 1én khi bién d¢ gia tdc tinh tién
tang. D6i v6i bién do cia gia toc 16n hon 0.2g thi thuat toan
lai s& cho biét sai s6 binh phwong trung binh (RMSE) 14 thip

nhét trong tit ca cc thuat toan dugc xem xét. Piéu nay lam
cho thuat toan lai tré thanh mét lua chon déy hra hen cho hoat
dong cua ddi tugng chiu taic ddng manh cua vat can bén ngoai.
3.3.4. Anh hudng ciia d¢ léch 0 ciia con quay hoi chuyén

Hinh 7 biéu thi su thay d6i ctia sai s6 khi d6 1éch 0 cta
con quay hoi chuyén ting 1én.

Affect of gyroscope zero offset
T T T

s b Complementary filter /
-:.' ) Extended Kalman filter P
3
g
d6f
g 7
s /
&
g =4
Z4f /

-~ K gy ST W WE B

H. 7. Anh hwéng ciia d9 l1éch 0 ciia con quay hdi chuyén

Sai s6 khi tich phan truc tiép van toc goc (dé c6 gia tri
goc) s€ tang nhanh. Cac thuat toan vdi hi¢u chinh bén ngoai ¢
tinh 6n dinh dang ké ddi véi do 1éch 0. Két qua thu duoc khiang
dinh sy can thiét str dung t6 hop dir liéu IMU BMX055 khi nén
tang hoat dong lién tuc va lau dai.

4. Thao luin vé két qua

Qua trinh bay két qua nghién ctru phat trién nén tang
dugc 6n dinh bang con quay hdi chuyén ba truc va nghién ctru
so sanh céac thuat toan xur 1y ky thuat sé cac dir liéu cua cam
bién quan tinh, c6 thé thay:

Két qua mo hinh hoa chi ra rang, viéc tich hop truc tiép
con quay hoi chuyén khong thé dugc sir dung lam phuong phap
chinh dé wéc tinh huéng trong diéu kién nén tang hoat dong
lau dai;

B6 loc bd sung bao dam bao d§ chinh xac cao va tdi
thiéu hoa khdi luong tinh toan. No ¢6 thé duoc st dung nhu
mdt tily chon co ban khi tai nguyén ctia bo vi diéu khién bi han
ché;

B6 loc Kalman mé rong cung cép d6 chinh xac cao va
cho phép diéu chinh d6 tin cdy thich tmg v&i cam bién. Tuy
nhién, viéc str dung b loc Kalman doi hoi trién khai phtre tap
hon va khéi lugng tinh toan 16n.

Pbi v6i phién ban dau tién cta nén tang v6i quy mo
dﬁy du thi bo loc Mahoney dugc chon lam thuat toan co sé. B
loc Mahoney dugc chon vi tinh kha thi cta n6 trong viéc trién
khai trén thiét b tinh toan nhing va sy sin c6 clia co ché wdc
tinh do 1éch 0 ciia con quay hdi chuyén trong qué trinh hoat
dong 07, tr. 1203-1204]. Thuat toan nay két hop dugc khdi
lwong tinh toan vira phai v&i mé ta quaternion vé huéng khong
gian va cho phép bu sy thay d6i cham cta d6 léch 0 cua con
quay hdi chuyén. Diéu nay de hién thyc hoa trong vi diéu khién
va thyc hién tht nghiém tlep theo trén ddi tuong nho.

Két qua mo hinh hoa ciing cho thay rang, trong ché do
c6 gia toc tinh tién dang ké ctia d6i tugng di chuyén thi thuat
toan lai dya trén b loc Mahoney va udc tinh gia tdc dong hoc
t6 ra c6 nhidu htra hen t6t. Thuat toan lai c6 kha ning bo sung
cac cach bu trir khi phat hién céc tac dong dong hoc dang ké.

Viéc thu nghiém toan dién s€ cho phép tinh chinh cac
gia tri ciia cac tham s6 cua bd loc; danh gid tac dong cua
chuyén dong cua dbi tugng; va do rung dong thuc té cua dong
co; cudi cing 1a xac dinh xem c6 can thiét phai chuyén sang
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NGHIEN CUU PHAT TRIEN NEN TANG DPUQC ON BPINH BANG CON QUAY HOI CHUYEN VA
THUAT TOAN XU LY TiN HIEU SO TRONG CAM BIEN QUAN TiNH

céc thuat toan phuc tap hon hay khong.
5. Két luin

Bai viét da néu bat dwoc két qua phat trién mot nén
tang duoc on dinh bang con quay hdi chuyén ba truc, gdm:
phat trién phan co khi, thiét 1ap mot module mo phong trong
mbi truong MATLAB; trinh bay két qua 1a kich ban co s&
dudi tac dong cua cac rung dong diéu hoa; két qua vé tac
dung cua cac thuat toan tich hop; bd loc Kalman; bd loc
Mahoney; va thuat toan lai dudi tic dong cta: rung dong; gia
tde tinh tién; va ciia d6 1éch 0 ciia con quay hdi chuyén ba
truc.

Phan tich két qua va khuyén nghi str dung thuat toan
sao cho hop Iy twong tng véi diéu kién thuc.

Hudng di tiép clia nghién ctru phat trién nay 1a tiy
chon mot dbi tuong di chuyén cu thé dé hién thuc héa nén
tang dugc 6n dinh biang con quay hdi chuyén ba truc véi muc
tiéu cu thé hon, thi dy, 6n dinh huéng di chuyén cua tau
thuyén trén bién hodc 6n dinh nong phao khi khéa muc tiéu
hodc 6n dinh trudng nhin (thi dy, véi xe ting thiét giap tac
chién trén dia hinh phirc tap 1am trudng nhin cua kip tac
chién bi anh huéng nghiém trong dén quan sat tran dia).
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