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NHO’NG KET QUA MO CUA LUAN AN

Luén an da cé nhirng déng gép méi sau:

1. Trinh bay lai dwec cac phwong phap loc Kalman mé& réng (EKF) va loc UKF
cho hé phi tuyén dwéi dang thuét toan chi tiét. Thém niva luan an cling da bd sung
phwong phap (rng dung Kalman tuyén tinh (KF) @é quan sét tirng doan hé phi tuyén
theo nguyén Iy t6i wu. Phwong phap dé xuét thém nay da dwoc ludn an xay dwng chi
tiét thanh: Thuat toan 2.1 dé quan sat trang thai hé song tuyén va Thuat toan 2.2 §é
quan sat trang thai hé phi tuyén.

2. Xay dwng dwgc phwong phap diéu khién dy bao phan héi trang thai hé phi
tuyén trén co s& st dung mé hinh dy bao tuyén tinh tlrng doan véi clra sb dw bao hiru
han. Cu thé, luan an da xay dwng dwoc cac thuat toan: 2.3 va 2.4 dé& didu khién hé
song tuyén, 2 5 va 2.6 dé diéu khién hé phi tuyén. Kha nang ap dung clia cac thuat toan
trén vao thuc té cling da dwoc luan an mé phéng v&i: Hé con lac ngwoc va con lic
ngwoc quay. Két qua mé phdng thu dwgc da xac nhan chét lwong tét ca bd diéu khién
dv bao phi tuyén s dung mé hinh dy bao tuyén tinh tirng doan nay, ding nhw nhan
dinh tlr ly thuyét.

3. Xay dwng dwoc b diéu khién dw bao phan hdi dau ra theo nguyén ly tach trén
co s& ghép chung bd quan sat trang thai Kalman va bo diéu khién dy bao phan héi
trang thai do luan an dé& xuat. Bua ra didu kién du dé bé didu khién dy bao phan hoi
dau ra lam hé én dinh 1SS (6n dinh thyc té). Kha nang ap dung cla thuat toan trén vao
thwe té cling da dwoc luan an mé phdng thanh céng trén: H& con I&c ngwoc va con lic
ngwoc quay. Két qua mé phdong thu dwoc cling d& khang dinh tinh kha dung cao cua
phwong phap vao thyc té cong nghiép.

4. Tién hanh thi nghiém kiém ching chat lvong clia bé didu khidn d& xuat trén mo
hinh thye: d6i twong con Ic ngwoc quay tai Phong thi nghiém Do lworng — Didu khién
cua Truwong Pai hoc Ky thuat Céng nghiép. Két qua thi nghiém da kidm chirng tinh
ding dan cla cac thuat toan & xuét trong luan &n déng thi khang dinh tinh kha dung
vao thirc té cla phwong phap dé xuat va hoan toan phu hop v&i nhan dinh ly thuyét.




CAC I’NG DUNG, KHA NANG (’'NG DUNG TRONG THWC TIEN VA NHING
VAN BE CAN TIEP TUC NGHIEN cU'U

* Cac rng dung va kha ning ng dung thuwe tién:

Cung cap duoc cac bo diéu khién dy bao (cu thé bang cac thuat toan) cho cac dbi
twong phi tu;}én trong cong nghiép.

Thiét ké va kiém chirng chat lwong cac bd diéu khién dy bao phan hdi dau ra trén
co s& (rng dung cac bé loc Kalman mé rdng cho cac déi twong: Con lac nguoc va con
ldc nguoc quay.

- Két qua nghién ctru 14 tai liéu tham khao hitu ich cho dao tao va nghién clru cla
can bo, giang vién, sinh vién khi nghién ctru v& didu khién dv bao phan héi dau ra cho
cac déi twong phi tuyén trong céng nghiép.

* Van dé bo ngo can tiép tuc nghién clru:

- Mé&c di chét lwgng bam 6n dinh tét cla nhirng bod diéu khién dw bao phan hoi
dau ra trén co s& s dung loc Kalman mé rong va bd didu khién dw bao phan hdi trang
thai nho tuyén tinh hoa tirng doan mé hinh dw bao phi tuyén da dwoc khang dinh thong
qua thwc nghiém mé phdng véi mot sb d6i twong phi tuyén, song van con thiéu phan
chirng minh ly thuyét chat ché cho né. B&i vay van dé ton tai nay sé la mét trong cac
hwéng nghién ctru tiép theo clia NCS.

- Tir két qua clia thuat toan 2.5 va thuat toan 2.6 cho I&p dbi twong phi tuyén
(2.39), (2.43), NCS nhan thay hai thuat toan nay hoan toan cé thé mé réng dwoc cho
ca I&p dbi twong phi tuyén tré diu vao. D6 ciing 1a hwéng nghién ctru tiép theo niva cla
tac gia luan an trong twong lai.

- Lop déi twong phi tuyén ma luan an dé& cap déu la khong lién tuc c6 nhiéu cong
tinh trong mé hinh, trong khi déi twong cong nghiép ludn ton tai & dang lién tuc theo
thdi gian. Viéc lwong t& hoa mé hinh lién tuc theo thoi gian dé cé md hinh khéng lién
tuc twong (rng phuc vu viéc thiét ké bd diéu khién khéng thé tranh khoi sy anh hwdng
clia sai léch mé6 hinh dbi v&i chat lwong didu khién. Vi vay trong twong lai, NCS sé
nghién ctru phat trién tiép cac thuat toan didu khién da dwoc luan an xay dung dé co
thé ap dung trwe tiép dwoc cho hé lién tuc co nhiéu lan truyén phi tuyén trong mé hinh
nham nang cao dwoc hon nira chat lwgng didu khién trong thue té cong nghiép.
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THE NEW SCIENTIFIC FINDINGS

The dissertation has the following new contributions:

1. Re-presented extended Kalman filtering methods (EKF) and UKF for the
nonlinear system in the detailed algorithm form. Furthermore, the dissertation also
supplemented the linear Kalman application method (KF) for observing each nonlinear
system segment by optimality principle. This additionally proposed method has been
built in detail by the dissertation into: Algorithm 2.1 for observing the bilinear system
state and Algorithm 2.2 for observing the nonlinear system state.

2. Built the state feedback predictive control method of the nonlinear system on
the basis of using each segment linear predictive model with the finite predictive
window, specifically built algorithms: Algorithm 2.3 and Algorithm 2.4 for controlling the
state feedback of the bilinear system. Algorithm 2.5 and Algorithm 2.6 for controlling the
state feedback of the nonlinear system.

The applicability of the above aigorithms to the practice has also been tested
simulation by the dissertation with: Inverted pendulum system and rotary inverted
pendulum system. The gained simulation result confirmed the good quality of the
nonlinear predictive controller using this each segment linear predictive model, right as
the judgment from the theory.

3. Built the output feedback model predictive controller by separation principle on
the basis of coupling Kalman state observer and the state feedback model predictive
controller proposed by the dissertation. Propose a condition that is enough for the
output feedback model predictive controller is Algorithm 2.7 as 1SS stability coefficient
(actual stability) (Theorem). The applicability of the above algorithm to the practice was
also tested simulation successfully by the dissertation on: Inverted pendulum system
and rotary inverted pendulum system. The gained simulation result also affirmed the
high availability of the method to the industrial practice.

4. Conducted the theoretical verification test on the actual model: rotary inverted
pendulum at the Measuring — Control Libratory of Thai Nguyen University of
Technology. The test result verified the correctness of the algorithms proposed in the
dissertation, at the same time affirmed the availability to the practice of the proposed
method and completely suitable to the theoretical judgment.

APPLICATIONS, PRACTICAL APPLICABILITY AND THE NEEDS FOR
FURTHER STUDIES

* Applications and applicability in practice:

- Providing model predictive controllers (specifically by algorithms) to non-linear
objects in the industry.

- Designing and testing the quality of output feedback model predictive controllers
on the basis of applying extended Kalman filters to the objects: inverted pendulum and
rotary inverted pendulum.




- The findings are useful references for training and research of staff, faculty and
students in learning about model predictive controllers to non-linear objects in the
industry.

* Issues needing for further studies:

- Although the good stable tracking quality of the output feedback model predictive
controllers on the basis of using extended Kalman filter and the state feedback model
predictive controller owning to the linearization of each nonlinear predictive model
segment that has been affirmed through the simulation experiment with some nonlinear
objects, but still lack of close theoretical proof for it. Therefore, these shortcomings will
be one of the next research directions of the dissertation author.

- From the result of Algorithm 2.5 and Algorithm 2.6 for the nonlinear object class
(2.39), (2.43), the research student realized that these two algorithms can completely
extend for the input delay nonlinear object class. This is also the next research direction
of the dissertation author in the future.

- The nonlinear object class mentioned by the dissertation is discontinuous 4.1)
has interference additivity in the model, meanwhile the industrial object always exists in
the continuous form by the time. The continuous model quantization by the time to have
respective discontinuous model to serve the controller design can not avoid the
influence of model error for control quality. Thus, in the future, the research student will
continue to research and develop the control algorithms built by the dissertation in order
to be able to apply directly to the continuous system with nonlinear spreading
interference in the model to further improve the control quality in the industrial practice.
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