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Achieving and maintaining stable operation in power systems (PS) is a challenging task that

aims to satisfy both consumers and suppliers. Control and stability in power systems involve
addressing various challenges. To ensure stable operation, different control loops are
implemented to regulate different parameters. For instance, Load Frequency Control (LFC) or
Automatic Generation Control (AGC) is utilized to keep the frequency close to its nominal
values. In addition, that control loop has the charge of upholding the scheduled power exchange
between interconnected control areas through tie-lines. Power systems also employ other control
loops, such as the Automatic VVoltage Regulator (AVR). The focus of this thesis is on addressing
frequency deviation (FD) in PS and proposing diverse solutions depending on several
hypotheses.

First, the utilization of SMC in LFC of power network (PN) poses challenges as a result of the
chattering phenomena connected to high-frequency switching. These chattering issues can be
highly detrimental to actuators employed in PS. To address this problem, this research proposes
an approach to continuous control that combines a second order mode and integral sliding
surface. The suggested approach, known as second order integral sliding mode control
(SOISMC), not only effectively eliminates chattering in the control input but also ensures the

multi-area PN's adaptability. This robustness is particularly valuable in the presence of
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parametric uncertainties including fluctuations in loads and uncertainties related to parameter
matching or mismatching. Simulation results demonstrate that the suggested controller satisfies
quality requirements by effectively managing a wider range of operating conditions, rejecting
disturbances, reducing transient frequency response, eliminating overshoot, and providing
improved handling of load uncertainties compared to a few existing control approaches.
Additionally, the results obtained from simulations highlight the suitability of the proposed
SOISMC for practical implementation in multi-area PN, where it effectively mitigates high
parameter uncertainties and load disturbances, time-delay communication.

Second, in response to the escalating demand for electricity and the need to balance the total
generated power, the concept of the multi-area power system (MAPS) has emerged. This MAPS
incorporates various power sources such as gas, nuclear, hydro, thermal, etc., leading to
implications for LFC. Addressing this, the LFC of the two-area gas-hydro-thermal power system
(TAGHTPS) is presented through the application of a single-phase sliding mode control-based
state observer (SPSMCBSO). This approach offers several notable contributions. Firstly, the
TAGHTPS model accounts for uncertainties in both parameter and interconnected matrix states.
Secondly, a state observer is utilized to determine the state variables, enhancing feedback control.
Thirdly, the SPSMCBSO technique modifies the conventional SMC, thereby improving
TAGHTPS performance in the context of overshoot and time for settling. Moreover, the
SPSMCBSO design relies exclusively on the state observer, mitigating challenges related to
state variable measurement. A stability evaluation of TAGHTPS is conducted using a novel
linear matrix inequality (LMI) scheme based on the hypothesis of stability proposed by
Lyapunov. Finally, the experiment's outcomes are presented and compared against reputable
traditional control techniques, confirming the viability of SPSMCBSO for LFC within the multi-
area multi-source power system (MAMSPS).

Last, this research introduces a novel LFC approach tailored for a MASHPS under parameter
uncertainty. The suggested technique employs a second order sliding mode control with double
integrated sliding surfaces, aiming to enhance frequency regulation, tie-line power management,
and overall system reliability of the MASHPS. Notably, this method not only enhances the
asymptotic stability and dependability of the MASHPS but also mitigates the inherent presence
of the chattering phenomenon in first order SMC. Additionally, the study employs a new LMI
based on Lyapunov stability to comprehensively analyze the stabilization of the entire MASHPS.
To assess the efficiency of the suggestion's strategy for LFC, a two-area steam-hydropower

system (TASHPS) is investigated. Through simulations involving parameter uncertainties and
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various load disturbances from different sources like households, commercial buildings, and
industries, the efficacy of the suggested second-order SMC with double integral sliding surface
(SOSDISS) is demonstrated. This approach exhibits robustness and notable improvements in
MASHPS response concerning frequency regulation, tie-line power management, and system
reliability compared to other existing methods with limited consideration of uncertainties. The
effectiveness and reliability of the suggested control scheme are demonstrated through its rapid
frequency responses and its resilience to factors such as parameter fluctuations, load
disturbances, load variations, delay time, and the nonlinearity effects of governor dead band
(GDB) and generation rate constraint (GRC), IEEE 39 bus on the PN. In conclusion, the
outcomes highlight the new approach's practicality for LFC in MASHPS and its positive impact
on PS reliability.

Tom tit nhirng déng gép méi vé Iy luan va hoc thuat caa luan an (téi da 2 trang A4)
Pat duoc va duy tri hoat dong on dinh trong hé thong dién (PS) 1a mot nhiém vu day thach thac

nham 1am hai long ca nguoi tiéu dung va nha cung cap. Kiém soat va on dinh trong hé thong
dién lién quan dén viéc giai quyét cac thach thirc khac nhau. Dé dam bao hoat dong 6n dinh, cac
vong diéu khién khac nhau dugc trién khai dé diéu chinh céc thong sé khac nhau. Vi dy: Diéu
khién tan s6 tai (LFC) hoic Diéu khién phat dién ty dong (AGC) dugc sir dung dé giir tan s6
gan véi gia tri danh dinh cta né. Ngoai ra, vong diéu khién d6 c6 nhiém vu duy tri viéc trao doi
dién ning theo lich trinh giita cac khu vuc diéu khién duoc két néi véi nhau thong qua cac duong
day ndi. Hé thong dién ciing sir dung cac vong diéu khién khac, chiang han nhu B diéu chinh
dién ap tu dong (AVR). Trong tam cua luan an nay la giai quyét do léch tan s (FD) trong hé
thdng dién va dé xuit da dang cac giai phap tly thuoc vao mot sé gia thuyét.

Pau tién, viéc sir dung diéu khién truot (SMC) trong diéu khién tan s tai (LFC) ciia mang dién
(PN) dit ra nhitng thach thirc do hién tuong hién tuong dao dong vai tan sé cao (chattering).
Nhitng van dé hién tugng chattering c4c trang thai xung quanh mit truot nay cé thé gay bat loi
I6n cho cac bo truyén dong dugc str dung trong hé thong dién. Bé giai quyét van dé nay, nghién
ctru ndy dé& xuat mot phuong phéap diéu khién lién tuc két hop phuong thirc bac hai va mit truot
tich phan. Phuong phap dugc dé xuat, duoc goi 1a diéu khién ché do truot tich phan bac hai
(SOISMC), khdng chi loai bo hiéu qua hién tuong dao dong trong dau vao diéu khién ma con
dam bao kha ning thich tng ciia hé thdng dién da ving. Do bén nay dic biét co gia tri khi c6 su
khong chic chan vé tham s6 bao gom sy dao dong vé tai va d6 khong dam bao lién quan dén
viéc khép hozc khdng khop tham sb. Két qua mé phong chirng minh rang bo diéu khién dugc
dé xuat dap ting cac yéu cau vé chat luong bang cach quan ly hiéu qua pham vi diéu kién van

hanh rong hon, loai bo nhidu, giam dap ung tan s nhat thoi, loai bo hién twong vot 16 va cai
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thién kha nang xir Iy ¢6 khong d¢am bao tai so véi mot sb phurong phéap diéu khién hién co. Ngoai
ra, két qua thu duoc tir cdc md phong néu bat tinh phi hop cia SOISMC duogc dé xuat dé trién
khai thuc té & PN da khu vuc, noi n6 giam thiéu mot cach hiéu qua 6 khong dam bao cua tham

s6 cao va nhiéu loan tai, lién lac c6 do tré thoi gian.

Thir hai, dé dap @ng nhu cau dién ngay cang ting va nhu cau can bang tong luong dién ning
duoc tao ra, khai niém hé théng dién da ving (MAPS) di xuat hién. MAPS nay két hop nhiéu
nguén nang lugng khac nhau nhu khi ddt, hat nhan, thuay dién, nhiét di¢n, v.v., dan dén nhirng
tac dong dbi voi LFC. Dé giai quyét vin dé nay, LFC cua hé thdng nhiét dién khi-thay dién hai
khu vuc (TAGHTPS) duoc trinh bay thdng qua wng dung cta bo quan sat trang thai dua trén
diéu khién ché do trugt mot pha (SPSMCBSO). Céch tiép can nay cung cap mot sé dong gop
dang cht y. Thtr nhat, mé hinh TAGHTPS tinh dén do khong dam bao & ca trang thai tham sb
va ma tran lién két vai nhau. Thi hai, bo quan sat trang thai duoc st dung dé xac dinh céc bién
trang thai, ting cuong kiém soat phan hoi. Thi ba, ki thuat SPSMCBSO sira d¢6i SMC thong
thudng, tir d6 cai thién hiéu suat caa TAGHTPS trong bi canh vuot mic va thoi gian giai quyét.
Hon nia, thiét ké SPSMCBSO hoan toan dua vao ngudi quan sat trang thai, giam thiéu nhiing
thach thirc 1ién quan dén phép do bién trang thai. Panh gia d6 6n dinh cia TAGHTPS dugc thuc
hién bang cach str dung so do bat dang thirc ma tran tuyén tinh (LMI1) mai dua trén gia thuyét
vé d6 on dinh do Lyapunov dé xuat. Cudi cung, két qua cua thir nghiém dugc trinh bay va so
séanh véi cac ky thuat didu khién truyén théng c6 uy tin, khang dinh kha ning ton tai cua
SPSMCBSO d6i véi LFC trong hé thong dién da nguon da ving (MAMSPS).

Cubi cung, nghién ctu ndy gisi thiéu mot cach tiép can LFC méi duoc thiét ké riéng cho
MASHPS véi d6 khong dam bao vé tham s6. Ky thuat dugc dé xuat st dung diéu khién ché do
truot bac hai véi cac bé mat truot tich hop kép, nham ting cuong diéu chinh tan s, quan ly
ngudn dién lién két va do tin cay tong thé cua hé thdng MASHPS. Péang chua y, phuong phap
nay khong chi nang cao tinh 6n dinh va do tin cay tiém can caa MASHPS ma con giam thiéu sy
hién dién vén cé cua hién tugng rung trong SMC bac nhat. Ngoai ra, nghién ctu sir dung LMI
méi dua trén do on dinh Lyapunov dé phan tich toan dién do on dinh cua toan bo MASHPS. Dé
danh gia tinh hiéu qua cua chién luge dé xuat cho LFC, hé théng thiay dién hoi nuée hai khu
vuc (TASHPS) di dugc nghién ctru. Thdng qua cac mo phong lién quan dén do khong dam bao
ctia tham sé va céc nhidu loan tai khac nhau tir cac ngudn khac nhau nhu ho gia dinh, toa nha
thuong mai va nganh cong nghiép, hiéu qua cia SMC bac hai duoc dé xuat véi bé mat truot tich

hop kép (SOSDISS) di dugc chizng minh. Cach tiép can nay thé hién su manh mé va nhitng cai
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tién dang cha ¥ trong phan hoi MASHPS lién quan dén viéc diéu chinh tan sb, quan Iy ngudn
dién lién két va do tin cay cua hé thdng so véi cac phuong phap hién c6 khac vai su xem xét
han ché vé do khong dam bao. Hiéu qua va do tin cay caa so d6 diéu khién dugc dé xuat duoc
thé hién thong qua dap @ng tan s6 nhanh va kha ning phuc hdi cua né truéc cac yéu té nhu dao
dong tham sd, nhidu tai, bién ddi tai, thoi gian tré va hiéu tng phi tuyén cua dai chét bo diéu tbc
(GDB) va han ché tdc d6 phat dién (GRC), bus IEEE 39 trén PN. Tom lai, cac két qua néu bat
tinh thuc tién cua phuong phap méi dbi véi LEC trong MASHPS va tac dong tich cuc caa nd

dbi véi o tin cay caa PS.
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