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Abstract
There are two types of traditional control methods: classical and modern, rely on accurate models
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of the controlled object but lack flexibility and adaptability. In production practice, experienced op-
erators are able to realize effective control of complex systems with practical experience. This sug-
gests that simulating the human brain to design the controller is an effective way to solve the com-
plex system control, leading to fuzzy control. The single-stage inverted pendulum system is a clas-
sical problem in control research, which can be modeled by a linear T-S fuzzy model. In recent years,
nonlinear modeling based on T-S fuzzy system has become a hot research topic in control theory. T-
S fuzzy model can approximate the actual controlled object with arbitrary accuracy by using the
local information of the system and expert experience in the form of fuzzy rules. In this paper, the
design of T-S model fuzzy control system is further investigated. Based on the single-stage inverted
pendulum model and T-S fuzzy rules, the T-S fuzzy controller is developed using C++ language and
the simulation program is designed for testing. The results show that the originally unstable in-
verted pendulum can realize stable operation under the regulation of this control system.
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Figure 1. Single-stage inverted pendulum model diagram
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B 3: IF x(t) isabout i%(|x1|>%),Then x(t) = Ax(t)+Byu(t)
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Figure 2. Schematic diagram of fuzzy affiliation function
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Table 1. System resulting data of standard experiment
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Figure 3. Experimental data images

E 3. ERHEEE

K AT i 1 Bt 2 PR L AL 3, % R GUAE IR I 2 RE S TR i [, e 2 A T B RSN, A {857
PRI A FEAN SR BRI N T %, R SRR E .

DOI: 10.12677/dsc.2025.143018 179 ) 1 R a5


https://doi.org/10.12677/dsc.2025.143018

ek HmR

B AR R G RA R ENE, IEHIA B R DL SR B AR VR BT . B 7T ATt fRISr 43
{0 1y BEAN A R FEAE ISR I 20K, (HEEE I RIHER, , X PMEBH/ N T % . XERW] T-S Bz
i R A ROWK B IR R A TR AL E SRR ARG ZIBOR, Bl 5 B#R N T %, XK
W42 1] 45 RE O AR 2R S RS Sh A R B AN, DLSEBURR e ) s (B S PR I [R) Y ik 21 1 A E
KA, UL T-S B 2R G0 FAT RO IR i J52 38 AT R ) Bl A 1 g

5. &hig

RIRENLAR R MM ARE RS, BAZAE, AREMEMARUENE, W T 58IE2 Mz B K K
BRI, WNEEE . BARTEAIARZ AT . HABHITVET I B TR M. ZE T, AL AR Tl 4%
G, BATEE N TR SNSERRE L. FEE PG R AENREL, BRI ST T R
T2 FIUYHZ B ZOR BN R, JCHAE AN BE 2 A . SR E N RS RGUTT I

AICE SR BB IR R GEAT 1 R EAN RSN, AL 7 HBCARR, B, WS T T-S B
759, IFRET IBh RO A . B E DU AR I RN, SCEL T = AR R L R
AR I s CHARFPIT R . 2%, B0 1% T-S BOWITR il RETRENS AT Wohe e BN A%, i e %
il 2K

S E ik

[1] xi&dp. BaeEHIM]. 28 4 b dbnt B Tl R4, 2017: 94-116.

[2] BEE. —HBABBHEEG] LQR HIA PID 6 (¥ L A [J]. BT TR, 2016, 24(7): 116-119+124.
[3] R, MRAsil. T-S BORIRI AR B gg B S4B R i i 72 [3]. AR FHR, 2020, 43(8): 179-182.

[41 THIZy, #hpelg, BRER, & BT T-S B RENCIEEBUE I GI[I]. M E Tk 2B 223 (3 AR hR), 2009,
24(4): 88-91.

[5] Z=ENI, RAE. ZRBESLEE T-S BRI B L6 BT 0], B TR, 2018, 41(21): 111-116.

[6] . BIS742 R HIB ] 28 & T R A [D]: [t 2408 5C). K R T2, 2014,

[71 BRiE, ZKAE, RK%E. SETIREUHEEHIIERENIE RG], % HES 5N, 2004(5): 684-688.
[8] ®H/INE. ELLBIIERGEHIEENDIAD]: [t 2208 ). BrEg: IR T2k, 2011.

[91 ok, BB, ZErivde. B GuBTMits e 2R E g r P R ], A3k 51468, 2019, 34(3): 1-3+65.

DOI: 10.12677/dsc.2025.143018 180 1 R G5


https://doi.org/10.12677/dsc.2025.143018

	基于C++的单级倒立摆T-S模型模糊控制算法设计
	摘  要
	关键词
	Design of a Single-Stage Inverted Pendulum T-S Model Fuzzy Control Algorithm Based on C++
	Abstract
	Keywords
	1. 引言
	2. 单级倒立摆数学模型
	2.1. 建模前提
	2.2. 单级倒立摆数学模型

	3. T-S模糊控制器
	3.1. T-S模糊控制器的设计步骤
	3.2. 单级倒立摆模糊控制规则

	4. 利用C++设计算法
	4.1. 设计状态反馈增益矩阵与三角隶属度函数
	4.2. 设计倒立摆仿真系统
	4.3. 控制的实现

	5. 结论
	参考文献

