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Chapter 14

Design of a Hybrid Adaptive
Neuro Fuzzy Inference System
(ANFIS) Controller for Position
and Angle Control of Inverted

Pendulum (IP) Systems

Ashwani Kharola
Institute of Technology Management (ITM), India

ABSTRACT

This paper illustrates a comparison study of Fuzzy and ANFIS Controller for Inverted Pendulum systems.
IP belongs to a class of highly non-linear, unstable and multi-variable systems which act as a testing
bed for many complex systems. Initially, a Matlab-Simulink model of IP system was proposed. Secondly,
a Fuzzy logic controller was designed using Mamdani inference system for control of proposed model.
The data sets from fuzzy controller was used for development of a Hybrid Sugeno ANFIS controller. The
results shows that ANFIS controller provides better results in terms of Performance parameters including
Settling time(sec), maximum overshoot(degree) and steady state error.

1. INTRODUCTION TO IP SYSTEMS

The control of IP has been an interesting control problem since 1950s (Astrom & Furuta, 2000). It
comprises of a rigid (Srivastava, 2009) or elastic (Dadios, 1997) pole mounted on a cart which is free
to move in horizontal direction. A view of IP system is shown in Figure 1. It consist of cart driven by
electric motor and a pendulum freely pivoted above it, along with sensors and electronic circuits.

IP systems provides a testing bed for various control techniques (Prasad et al., 2011) like feedback
stabilization, variable structure control, passivity based control, non-linear observer, friction com-
pensation, task oriented control, hybrid systems control (Maravall., 2005), chaotic system control etc.
(Krishnan, 2012). The dynamics of IP is similar to two wheeled robots (Shiroma et al., 1996; Shimada
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Figure 1. A view of complete IP system
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& Hatakeyama, 2007), flexile robotic links (Zveu et al, 2004), biped robots (Kuo, 2007; Vanderborght et
al., 2008), missile stability controllers (Hauser et al., 2005) etc. IP consist of two equilibrium position i.e.
stable and unstable. The stable equilibrium is the position in which pendulum is pointing downwards and
unstable equilibrium corresponds to the position when pendulum points directly upwards. To maintain
pendulum in upward position a control force is required which is provided by Fuzzy or ANFIS controllers.

2. FREE BODY DIAGRAM (FBD) AND MATHEMATICAL
MODELING OF IP SYSTEMS

The IP system comprises of mainly two sub-systems i.e. Cart and Pendulum (Kharola & Gupta, 2013) as
shown in Figure 2. A pendulum of mass (m), hinged by an angle (8) from vertical axis and mounted on a
cart of mass (M). This cart is free to move in horizontal direction with the help of Force (F). The Coef-
ficient of friction acting between cart and ground (b), length of pendulum (L) and Inertia of Pendulum (I).

A view of forces acting on Cart and Pendulum are shown with the help of free body diagrams (FBD)
as shown in Figure 3 and Figure 4. The FBD are further used for developing governing mathematical
equations for IP system.

Figure 2. A view of IP sub-systems

309



11 more pages are available in the full version of this document, which may
be purchased using the "Add to Cart" button on the publisher's webpage:
www.igi-global.com/chapter/design-of-a-hybrid-adaptive-neuro-fuzzy-

inference-system-anfis-controller-for-position-and-angle-control-of-inverted-

pendulum-ip-systems/178400

Related Content

Machine Learning in Cyber-Physical Systems in Industry 4.0

Rania Salih Ahmed, EImustafa Sayed Ali Ahmedand Rashid A. Saeed (2021). Artificial Intelligence
Paradigms for Smart Cyber-Physical Systems (pp. 20-41).
www.irma-international.org/chapter/machine-learning-in-cyber-physical-systems-in-industry-40/266131

Smart IDS and IPS for Cyber-Physical Systems

Sara A. Mahboub, Elmustafa Sayed Ali Ahmedand Rashid A. Saeed (2021). Artificial Intelligence
Paradigms for Smart Cyber-Physical Systems (pp. 109-136).
www.irma-international.org/chapter/smart-ids-and-ips-for-cyber-physical-systems/266136

Auditory Feedback in a Computer Game for Blind People

Ana Teixeira, Anabela Gomesand Joao Gilberto Orvalho (2017). Smart Technology Applications in
Business Environments (pp. 134-158).
www.irma-international.org/chapter/auditory-feedback-in-a-computer-game-for-blind-people/179036

The Virtual Twin: A Socialization Agent for Peer-to-Peer Networks

Alexandre Gachetand Pius Haettenschwiler (2005). International Journal of Intelligent Information
Technologies (pp. 56-67).

www.irma-international.org/article/virtual-twin-socialization-agent-peer/2384

Energy Efficient Load Balancing in Cloud Data Center Using Clustering Technique

N. Thilagavathi, D. Divya Dharani, R. Sasilekha, Vasundhara Suruliandiand V. Rhymend Uthariaraj (2019).
International Journal of Intelligent Information Technologies (pp. 84-100).
www.irma-international.org/article/energy-efficient-load-balancing-in-cloud-data-center-using-clustering-
technique/221354



http://www.igi-global.com/chapter/design-of-a-hybrid-adaptive-neuro-fuzzy-inference-system-anfis-controller-for-position-and-angle-control-of-inverted-pendulum-ip-systems/178400
http://www.igi-global.com/chapter/design-of-a-hybrid-adaptive-neuro-fuzzy-inference-system-anfis-controller-for-position-and-angle-control-of-inverted-pendulum-ip-systems/178400
http://www.igi-global.com/chapter/design-of-a-hybrid-adaptive-neuro-fuzzy-inference-system-anfis-controller-for-position-and-angle-control-of-inverted-pendulum-ip-systems/178400
http://www.irma-international.org/chapter/machine-learning-in-cyber-physical-systems-in-industry-40/266131
http://www.irma-international.org/chapter/smart-ids-and-ips-for-cyber-physical-systems/266136
http://www.irma-international.org/chapter/auditory-feedback-in-a-computer-game-for-blind-people/179036
http://www.irma-international.org/article/virtual-twin-socialization-agent-peer/2384
http://www.irma-international.org/article/energy-efficient-load-balancing-in-cloud-data-center-using-clustering-technique/221354
http://www.irma-international.org/article/energy-efficient-load-balancing-in-cloud-data-center-using-clustering-technique/221354

