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ABSTRACT: Heating, ventilation and air conditioning (HVAC) systems are known to be the key energy 

consumption appliances in buildings. Today, because of the great request for HVAC installations in buildings, 

the design of efficient controllers is a significant problem for system designers to reduce the consuming of 

energy of HVAC systems while meeting the thermal comfort requirements of buildings. Large efforts have 

been done to address designing powerful and effective controllers for various HVAC systems. Large efforts 

have been done to address designing powerful and effective controllers for various HVAC systems. This 

paper focuses on reviewing techniques and approaches used in designing HVAC controllers with their main 

strength and weak points. Various control approaches were presented including, but not limited to, 

proportional-integral-derivative, optimal, nonlinear, adaptive, robust, and artificial intelligent controllers. 

Special attention was given for presenting the intelligent control approaches, as well as fuzzy logic, neural 

networks, fusion or hybrid difficult-and soft-control techniques, and genetic algorithms. 
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INTRODUCTION 

Energy usage of space cooling is increasing higher than any other energy-consumption equipment of 

buildings, more than tripled between 1990 and 2016 (International Energy Agency, 2018). Usually, space 

cooling, via an air conditioning (AC) or electrical fan system, is progressively donating to worldwide request 

of energy. International deals of ACs have risen fixedly and substantially. Since 1990, yearly deals of ACs 

nearly quadrupled to 135 million units (H. Mirinejad et. al., 2008; Ashrae, 2003). There are now around 1.6 

billion in usage, with above half in just two republics, USA and China. Those ACs differ extremely in 

effectiveness of energy and preserving them consecutively munches above 2000 TeraWatt Hours (TWh) of 

electric power annually. This is two and a half times the overall electric power consuming in Africa. About a 

quarter of wholly the energy utilized in buildings is for cooling (Ashrae, 2008; International energy agency, 

2018). 

Taking into account the possible influence of present policies and goals, the energy requirements for space 

cooling will triple via 2050. Global energy demand for space cooling is expected to exceed 6200 TWh in 

2050, with almost 70% of the growth coming from the remaining side and most of it happening in a few of 

developing economies. The portion of room cooling in the overall usage of electricity in buildings is up to 

30%. Cooling is the main driver of growing in request of electricity in houses, accounting for 40 % of total 

growth. There is a year-round demand for cooling, such as Singapore or several countries in the Middle East 

and the portion of air conditioning in peak loads can be as high as 50 percent or more. In Saudi Arabia, air 

conditioning financial records for incredible 51% of overall request of energy, with summertime usage twice 

as high as throughout the colder 'winter' months. Figure 1 depicts electricity demand for some countries. 

Clearly, the reliability of AC equipment has a significant influence on this influence, with one study 

estimating that a 30% increase in global AC output via 2030 will decrease peak loads via 710 mid-sized coal 

power plants (IEA), http:/www.iea.org). 
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Figure 1. Electricity demand and peak load for some countries 

In past times, the need for thermal comfort for occupants has increased and thus the number of HVAC 

systems has considerably improved. This is because of the fact that these procedures account for 50 % of the 

overall energy consumption in buildings (Hossein. 2008). Improving the control methods applied can be a 

more effective way of avoiding power loss and preserving the comfort conditions at the same time. The two 

major considerations of any HVAC and R device are first of all to ensure adequate inside thermal relaxation 

(relative moisture and temperature) for both human and equipment housing and, at identical time, to reduce 

consuming of energy. One more essential condition is to avoid the propagation of whichever biological or 

chemical organisms from whichever point where they are exposed to the remainder of the building. The main 

technical body accountable for entirely operations of systems of HVAC and R is the American community of 

Heating, Refrigeration and Air Conditioning makers, which is headquartered in Georgia, Atlanta  and has 

involved in writing and modernizing manufacturing-wide typical manuals for example ASHRAE (2003, 

2008). Per the Payne (1984) and Imbabi (1990b), consuming of power because of systems of HVAC and R in 

buildings of marketable and manufacturing represents almost half of the world's consuming of energy. The 

HVAC system, and especially the air conditioning systems, is non-linear and complex, and in fact they are 

Multiple-Input and Multiple-Output (MIMO) devices with coupled parameters (A.I. Dounis 2009). From 

control engineers’ perspective, the significant concern is of How to mimic the actual setting as nearly as 

probable with the purpose of planning schemes to be as applicable as probable, by effective when applied 

control methods that respect the characteristics of HVAC systems. 

The characteristics of the systems of HVAC are MIMO, time-changing, non-linear, dynamic styles and inter-

parameter pairing influences (Farinaz, 2018). At the other hand, the key complications of systems of HVAC 

are fluctuations in system factors, environmental settings, and correlations amid environment parameters, 

extreme non-linear variables, and model instability. As a consequence, the systems current important non-

linear performance and time-changing features, linear control methods can’t provide acceptable output and 

stability-level answers, especially over a extensive range of operations, and where the non-linearity of the 

system possess a distinctive effect on the performance of the system, a necessity for non-linear control is 

necessary. 

CONTROL APPROACHES IN HVAC SYSTEMS 

There are two basic types of control approaches classical control and advanced control. Figure 2 illustrates the 

basic types and their divisions. Common classical approaches in local control functions such as (ON/OFF) and 

proportional-integral-derivative (PID) are widely used in HVAC because of their low-cost and ease of tuning 
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and operation. 

 

Figure 2. Schematic diagram for control approaches in (HVAC) systems 

Classical control purposes are the elementary automation and control functions that permit systems of 

building services to work correctly and deliver appropriate support. Which can be advancing subdivided to 

two classes, namely sequence control and controlling of process. Sequence control states the request and 

settings for bringing the facilities online or travelling it offline (Abdul Afram, 2014).  

Typical sequence control in systems of HVAC comprises of control of cooler sequencing, pump sequencing, 

cooling tower sequencing, fan sequencing, etc. controlling of Process is designed to regulate control variables 

to attain well definite procedure purposes despite turbulences, by utilizing case or/and disturbance variable 

measurement results (Xu M, 2005 and Zaheer-Uddin M, 2004). 

Advanced control comprises of multiple control groups distributed to hard, soft and hybrid. Hard control 

methods are commonly utilized and are still an acceptable select of building safety. Many of the tough control 

procedures didn’t take interested in account the variation of control limitations, and the states did not disclose 

the actual conditions. The soft management approach can be used for the purpose of decision-making and 

human interaction. The variations of these approaches in hybrid techniques are utilized for toughness and 

great work under a wide range of working settings. 

CLASSICAL CONTROLS 

On /Off method 

The On/Off control mode have two values, True (extreme) or False (zero). This form of controller only 

possesses the power to go on or off a thermostat, a pressure adjustment and a humidistat. Regardless of the 
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simplicity of this approach, it is not reliable enough. In spite of low-cost, the quality of this controller is very 

poor (Shengwei, 2011). The typical On/Off control approach is showed in Figure 3. 

 

Figure 3. On/Off control approach 

PID METHOD 

Additional kind of conventional control technique is Proportional, Integral and Derivative (PID) that has been 

used in various implements and researches in this domain (Zakia, 2017). PID controllers are feedback controls 

that operate on the basis of device mistakes accumulation and the term derivative displays the future equalizer 

via bearing in mind the changes rate of the procedure. P and PI controllers are the greatest using control 

algorithm (M. Mohanraja, 2012). 

ADVANCED CONTROL 

Hard control 

Optimal control 

Optimal control theory is a mature mathematical discipline with numerous applications in both science and 

engineering. It is emerging as the computational framework of choice for studying the control of movement, in 

much the same way that probabilistic inference is emerging as the computational framework of choice for 

studying sensory information processing. Given the Dynamic nonlinear Multi-Input Multi-Output (MIMO) 

system: 

ẋ(t) = f (x(t), u(t))       (1) 

The objective is to elaborate the admissible control law u ̽ (t) which transfers the system from the initial state 

x(t0) to the final state x(tf) under the following performance criterion 

𝐽 =  𝜑(𝑥(𝑡𝑓 ), 𝑡𝑓 )  + ∫
𝑡𝑓

𝑡𝑜 𝐿(𝑥, 𝑢, 𝑡)𝑑𝑡    (2) 

Where t0 is the initial time, tf the final time (free), L(x, u, t) is the running cost, and φ(x(tf ), tf ) is the cost at 

the terminal time. 

The latest reporting of HVAC and R Study published via Abdelaziz and Radermacher (2008) obviously stated 

that "optimization," a procedure is intended to "deliver a considerable decreasing in energy and supply chain 

performance." Therefore, it also seems that, out of wholly control methods, optimum control has occupied the 

biggest portion of implementation to the HVAC and R systems, which isn’t unexpected because of the 

optimization nature in terms of reserving of energy and comforting of human. 

The early uses of static and dynamic optimization (Kaya 1978; Hartman 1980; Kaya et al. 1982) considered the 

development of optimum control rules to reduce total energy consuming and concurrently control temperature 

of room, moisture of room and external wind speed to preserve room in a coziness region, as suggested via 

ASHRAE. A relative research was conducted by utilizing usual control ways comprising of cooling / heating 
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thermostat and humidistat, requesting a reserving of energy of 38.5 per cent with an optimum control stratagem. 

Different behavior was provided via Nizet et al. (1984) utilizing the rate of airflow as a control adjustable for a 

basic style. This is to reduce the overall cost of energy and thermal relaxation drawback by discretizing the 

main continued optimal control troubles and via resolving the subsequent trouble via utilizing a way of 

conjugate grade (Fletcher 1980) to achieve energy reserving about (12 – 30) percent related to the state devoid 

of utilizing the conjugate way. 

In Cherchas et al. (1985), a grouping of PID, feed-headlong and optimum control of temperature was developed 

to keep a value of set-point with a linear fee purpose. In specific, an accurate style for a particular ecological 

region has been advanced for equations of accurate and simplistic by utilizing the theories of humidity, energy, 

and mass preservation (Borresen 1981). The two state variables of the model were the humidity contented or 

moisture ratio (w(t)) and the temperature of dry bulb (T(t))  and, as the three control variables, the space-

sensitive load (q(t)) and the volumetric flow rate of the inlet air (f(t)) to control the ratio of humidity and the 

temperature of the entering air (wi(t)) to regulate the levels of wetness, With a humble price tag function in 

relations of q(t) and f(t), a feedback and feed headlong controlling algorithm has been advanced and applied in 

a discreet manner. 

The study is followed-up by Townsend et al. (1986), For a particular region, the content of moisture and 

temperature of the region are described as the two cases (output) variables which are the rate of heat input and 

the volumetric flow rate of inlet air as the two control variables. Neutral feature consisting of comfort, cost of 

energy, and start-up.  The optimum bang-bang exchanging control technique was accomplished utilizing the 

concept of Pontryagin Maximum (Naidu 2003), leading to lesser working costs related to the preceding study in 

Cherchas et al. (1985). 

A best control plan by utilizing the concept of Pontryagin Maximum (Pontryagin et al. 1962) was carried out to 

a system of heat pump, once the ability of storing was obtainable and period of daytime energy motivations 

were presented via electric usefulness company, utilizing a particular-region style and a modest space load and 

function of cost to be reduced as the fee of buying electric power (Rink et al. 1988), resulting external paths by 

one bang period and one remarkable period. The correlated studies by Le et al. (1987) and Zaheer-Uddin (1989) 

for a further correct particular-region style and Zaheer-Uddin (1991) for numerical control with a presentation 

standard to reduce the costs of operating and energy and to get the best out of human relaxation, a fuzzy 

optimum controller was advanced via Shoureshi and Rahmani (1989). 

The Research Group (House et al. 1991) has advanced a technique of optimal control for a typical system of 

HVAC. The technique contained the variance of the continued optimum control trouble and was named 

(Discrete Time Method) .The volumetric rate of airflow and the heat entering to the heat exchanger were the 

two control variables, and the temperatures within the thermal space and heat exchanger were, in particular, the 

two state variables.  Supposing that the system is firstly in condition at steady-state, the presentation standard to 

be reduced was consist of five terms: failure to act as a drawback for a system that isn’t in steady state, thermal 

relaxation drawback, fuel consumption, airflow penalty, And the power required to run the fan. Sequential 

quadratic programming has been introduced with the DTM to solve the optimal control problem. It has been 

discovered that, by the bang-bang as in a modest room regulator, fuel is 49% greater than with optimum power. 

In addition, the output index in terms of the relaxation drawback is used for deviances of the temperature of air 

region from the value of set-point and the energy consuming cost. The best control stratagem is related to the 

traditional control stratagem for two-region building and systems of HVAC and R with two-region covering 

temperatures as energy and state variables use for coils of heating and cooling. 

House and Smith (1995b) have been shown to have 11 per cent cost savings with an optimal strategy. Optimum 

control was achieved here via discretizing the continued optimum control problematic (Arora and Tseng 1989). 

Likewise Smith and House (1995a) for the similar issue approached by a system solution that accommodates a 

range of system requirements, limitations, and various set-points for various areas , producing  in 24% energy 

reserving. The implementation of modern methods, for example adaptive and optimum control, to systems of 

HVAC and R was discussed in Zaheer-Uddin (1993), which involved a great study of the literature. 

Subsequent, utilizing linearized style consisting of the flow rate of mass of the stream air as the control variable 

and the temperature of zone air and the ratio of moisture of zone air as the two state variables, the linear 
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quadratic regulator principle (Moore and Anderson 1971) was carried out to adjust moisture and temperature 

while at the similar period avoiding every turbulence. 

In the case of a system of HVAC and R comprising of two coolers first for direct chilling and the second for 

storing of ice, a tower of cooling, a condenser and refrigerated water pump, an air handler, and a storing tank of 

ice, Emery and Kintner-Meyer (1995) delivered a detailed study of best control to reduce operating costs more 

than 24 hr. span. The function of cost comprised of the electric consuming cost and charges of request, and the 

prime outcome exposed a noteworthy decreasing in costs of working related to the traditional control pattern 

because of "free cooling" along initial morning aeration and shifting of cooling loads from highest to out of 

peak hours. In additional study via Patel and Zaheer-Uddin (1995), a nonlinear multi region ecological system 

can be exhibited as a linear (second order) summary order style established on rapid second order and (fifth 

order) dawdling subsystems utilizing exploration of SPAT (Naidu 1988; Kokotovi'c et al. 1986; Naidu 2002). 

The second order rapid style was reserved via ignoring the dawdling subsystem, though the fast subsystem is 

neglected in the normal SPATS literature whereas reserving the dawdling subsystem and an optimum control of 

the tracking was planned for changes in set-points. 

The techniques of nonlinear programming (NLP) and two differential dynamic programming (DDP) were 

related to three states of optimum control of the system of HVAC and R; Termed via the heat entering to the 

scheme and the rate of flow of air from external as two control variables, whereas the temperature of the air 

exits from heat exchanger and the thermal space temperature being measured as two case variables, and the 

function of cost. Differential dynamic programming was establishing to be more effective than nonlinear 

programming, though nonlinear programming was stronger (Kota et al. 1996). 

A modern optimum preview control utilizing linear quadratic Gaussian (LQG) optimum feed frontward control 

(Stengel 1986) was applied in Kasahara et al. (1998) to develop tracing and overpower collaboration amid 

various loops. The control algorithm utilizes a self-regressive (AR) style with three contribution variables 

(humidifier current, heater current and opening the valve of the cooling water) and two yields (humidity and 

inside temperature) for the scheme style of HVA and R. 

The optimum control for system of HVAC and R and associated systems includes the Zaheer-Uddin and Zheng 

(1999) discharge air system (DAS) comprising of a coil of electrical reheating, a stowing tank of chilled and a 

coil of cooling and dehumidifying. The reproduction outcomes were related with investigational details 

utilizing optimum control stratagems to adjust the settings for together control of cooling temperature and 

moisture and control of temperature cases. 

The optimum function of cost was expressed in terms of the releasing temperature of the air and the setting of it 

as the case variable; and the rate of flow of mass of the cooled water as the controlling variable for the 

reheating state; the releasing ratio of the air moisture and the settings of it, the temperature of releasing of the 

air as case variables; the flow rate of mass of the cooled water and the electrical energy of the heater, and the 

entering of energy to the refrigerator, as three control variables. Reproductions by utilizing the mathematical 

examine (gradient) way (Mufti 1970) for best control exposed quicker and flatter reactions in the moisture and 

temperature of the air discharge, while the efficiency of the monitoring showed substantial improvement. 

Optimum control stratagems have been advanced in Zheng and Zaheer-Uddin (2000) for the time-limited 

process of the system of HVAC and R, utilizing a two zone heating (VAVH) design comprising of a storing 

tank, a system of airflow and water, a heat pump, and two ecological regions. Thus, the period cycle of the 

building process was distributed to 3 modes: 

The mode of set-back amid 5 p.m. to 7 a.m. of the subsequent day. 

The mode of start-up amid 7 a.m. and 8 a.m. 

The mode of operational standard amid 8 a.m. to 5 p.m. of the same day. 

Airflow subsystem can be distinguished quicker than the ecological regions subsystem; the optimum 

managerial control problematic was raised in a uniquely disrupted construction and resolved utilizing the 
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SPATS procedure (Kokotovi'c and Sannuti 1968; Naidu 1988). 

An identical methodology via (Zheng and Zaheer-Uddin 2001), including SPATS procedure and multistage 

optimization, has been advanced for a system of single zone space heating (SZSH) with specific constant-

volume (CV) operating strategies, where region temperature is modified on its own. The outcomes exposed that 

the stratagem obtainable a reserving of operational cost of 25 % matched to the stratagem of CV. A simple 

second order style was utilized for the Tıgrek et al. 2002 HVAC&R system with two state variables, 

temperature instantaneously subsequent the heat exchanger and temperature belongs to the thermal zone. In 

addition, two control variables, the heat entering to the heat exchanger and the volumetric flow rate of air, and 

the non-quadratic term (cubic) in the working principles, carrying to the theory of optimum control to get state 

and co-state equations and linearize them to eliminate non-causality. In addition, an adaptive controller was 

developed to be careful of exterior temperature and thermal changes utilizing RLS to be careful of variations in 

exterior temperature, alteration of thermal load over time and the trouble of correctly calculating these 

adjustable. 

The united use of passive (precooling) and active (storing of ice) record to minimize costs of electric usefulness 

utilizing communal differentials of use rate time headed to the strategy of an optimized system , resultant in 

reserving in energy costs and significant peak electricity request decreases (Henze et al . 2004). 

The current system of HVAC and R mounted at the university grounds of Montreal of the Ecole de 

Technologie Sup'erieure (ETS) has 70 internal regions and over 60 set point variables to be adjusted with the 

several target standards for reducing consuming of energy (resultant from using of energy of fan and using of 

cooler energy) and exploiting the building thermal relaxation (characterized via PPD in relations of PMV) via 

selecting the optimal set points for the superintendent control stratagem. Deb (2001) was specified two various 

evolutional procedures: the non-dominated arrangement GA (NSGA) and the selective NSGA (NSGAII), 

which were estimated and related with Pareto-optimum results (Engwerda 2005). It was resolved that NSGAII 

works improved with power request decreased around 18.8% for the 29th  day of July and 19.5% for days from 

July 25–31. 

Additionally to utilizing HVAC set-points as control variables and a direct digital control (DDC) system, a 

technique was advanced in Xu et al. (2005) joining stochastic dynamic programming (SDP), NNs, Lagrangian 

relaxation (LR), and heuristics with mathematical trying and model application. Here LR, a breakdown and 

organization method is utilized to convert the first problematic to a separate construction. This is done via 

presenting two new variables; NNs are utilized to expect dynamic forces of system; SDP and uncontrollable 

loads are utilized to resolve the unit of HVAC sub complications with a thermal load defined via a particular-

case Markov chain. Heuristics are utilized to attain practicable answers. 

(Sun and Reddy 2005) were applied A calculated foundation for a comprehensive simulation based SQP 

procedure was advanced and carried out to a modest style rising in defining the optimum control for the process 

of building systems of HVAC and R. (Liu and Henze 2006a, 2006b) discover An investigational work applied 

on a marketable building’s active and passive thermal storing record utilizing a hybrid control comprising of 

mode-based optimum control and mode free strengthened learning control; the projected way, related with 

mode-based predictive optimum control, was applied on filled-scale workshop ability. 

An imitation strengthening learning comprises of two parts: a simulator learning part where a learning 

controller is qualified via a simulant devoid of utilizing the genuine reply and an applied learning mode where 

the learning controller is predictable learn and advance whereas in direct connection with the surroundings. The 

hybrid method was confirmed via an investigational work, and it was discovered that the hybrid method 

attained fee reserving about 8.3% related to the state utilizing calculated records, whereas the superiority of the 

simulant continued a main shortcoming. 

A modest close optimum way was advanced via Braun (2007) for adjusting the discharging and charging 

thermal storing systems possessing real time valuing via defining the active off peak and on peak intervals. The 

presentation was estimated comparative to the standard optimization problematic, resultant in yearly prices 

around 2% of the charges using optimum control by means of the added properties of small hardware charges 

and streamlined controller construction. 
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Additional study via Sane et al. (2006) of literature concentrated on HVAC and R optimization and controls. It 

providing an outline on building dynamic forces (chilled water, air-side, energy costs, disturbances and loads) 

and control complications in cool water dynamic forces (control associated to flow control, source distribution 

with cool sequence, source temperature) with a performance of a sample on dither-based optimum control. For 

a system of HVAC nad R comprising of heat exchanger of types of water-to-air and air-to-air (Komareji et al. 

2007), an purpose task to be reduced was molded in relations of energies because of wheel turning, tertiary and 

primary pumps, thermal power, and fan. Optimum set points were calculated for two states of unable flow of 

water of the third electrical circuit and the source i.e. main /minor circuit. Komareji et al. (2009) were formed a 

study that utilized a streamlined optimum control construction with the linearized mode from the main flow of 

water to the temperature of entering air. 

Recognizing that the new buildings are extremely undefined nonlinear complicated, and multi-dimensional 

dynamic systems with extensive variations of turbulences, Borggaard et al. (2009) were subjected the 

problematic of control and approximation for a dispersed factor style of a multi room building. 

Utilizing the dispersed parameter LQR concept united with determinate factors to calculate the feedback 

functional improvements and viewer functional improvements for thermal control of a three dimension room in 

a usual system of HVAC and R. For instantaneously controlling the moisture and temperature of interior air for 

thermal relaxation and interior air quality via changing the speeds of together the source fan and compressor in 

an investigational direct extension (DX) A/C system, Qi and Deng (2009) was advanced a MIMO control 

stratagem comprising the LQG method to be careful of disruption refutation and Qi et al. (2010) were stated the 

following the order and develop control of superheat. 

Lukasse et al. (2009) were carried out A retreating horizon optimum control (RHOC) at a superintendent grade 

to regulate the environment of storing services for onions and potatoes by the outcomes from together filled-

scale investigation and imitation. An online optimum controller stratagem comprising of a mode-based 

presentation interpreter to achieved function of cost,  streamlined models of air-handling unit (AHU), 

superintendent and local control systems for different units of coolers, and method of optimization, heat 

exchangers,  variable-speed pumps was offered by Ma and Wang (2009) to toughness, understand effectiveness 

of energy, and tracing with a simulated surroundings. Yu and Chan (2010) evaluated an optimal control 

strategy for regulating the towers of cooling and pump of condensed water in a system of water cooler, 

demanding that the load based speed controller to the fans of tower of cooling lead to 9.9% working cost 

reserves and 8.6% yearly energy related to the state devoid of utilizing the suggested procedure. 

ADAPTIVE CONTROL 

An adaptive control system can be definite as a feedback control system intelligent sufficient to regulate its 

features in a varying setting thus that a number of identified standards are mollified (See Figure 4). Usually 

speaking, adaptive control procedures are primarily appropriate for (a) mechanical schemes that don’t have 

important time delays; and (b) systems that have been planned so as to their dynamics are well realized. 

Adaptive control approaches, whichever mode reference or self-tuning, generally need some type of 

documentation of the procedure dynamic forces. This donates to a number of essential difficulties for example 

(a) the quantity of offline training essential, (b) the trade-off amid the determined excitation of indications for 

accurate documentation and the stable system reply for control presentation, (c) the supposition of the 

procedure construction, and (d) the mode meeting and system steadiness matters in real implementations. 
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Figure 4. Adaptive control system 

In this control approach, the plant has a known structure but the parameters are unknown. Reference model 

specifies the ideal (desired) response ym to the external command r. Controller is parameterized and provides 

tracking and Adaptation is used to adjust parameters in the control law. 

Farris and McDonald (1980) created a primary studies to carry out adaptive control for systems of HVAC and 

R concentrated on DDC for solar heated buildings, with a particular-region air space and temperature of air of 

room as the yield of the scheme. In specific, an adaptive optimum control stratagem was planned utilizing a 

linearized style of the prime nonlinear HVAC and R system and locked-loop optimum attained by the matrix 

Riccati calculation which was explained by Zelikin (2000). 

Astrom and Wittenmark (1989) were studied region temperature and temperature of hot water as heat pump 

input as the control variable, and the two cases variables, an adaptive control stratagem was carried out to a 

releasing air temperature mode (Zaheer-Uddin 1993) for the releasing temperature of air to path the optimum 

reference temperature in the existence of turbulences. 

Model-reference adaptive control (MRAC) considers as Additional level of adaptive systems. It was carried out 

to a system of VAV with coil, zone, and water temperatures as the three cases variables; 

Entering energy to the cooler. 

Rate of flow of mass of chilled water. 

Rate of flow of mass of source air as the three control variables; and a second-order style as the reference style 

for the system of VAV. 

The reproductions presented well adaptableness of the definite region temperature with its reference value.  

For a fan coil heating with two thermal regions defined via three entering two controllers are: 

rate of flow of mass 

one rate of flow of normal gas to the Bunsen burner 

Fifth-order dynamic trouble, a tough adaptive controller was planned in Singh et al, and three yields 

(temperature of boiler and two region temperatures). 

(2000) utilizing the continued time least squares algorithm (Astrom and Wittenmark 1989) to calculate a linear 

style of the prime nonlinear FCH scheme. Then, this projected linear style was utilized to plan a linear feedback 

controller founded according to the LQR method (Naidu 2003). The outcomes exhibited that the tough adaptive 
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controller was capable to discard the influence of dynamic and static turbulences quickly and pay attention of 

nonadjustable dynamics in the actuators. Mathews et al. (2001) were examined different control stratagems 

connecting to reset ,setback, developed open/close times, air-bypass, economizer, save energy, and CO2 use in 

Quick Control© software advanced via Motion Control, resultant in developing the relaxation and reserving 

energy about (60%) for a specific system of HVAC. 

The particular zone VAV HVAC and R nonlinear style in Arg¨uello-Serrano and V´elez-Reyes (1999), 

comprising of three cases variables: 

1. Supply air temperature 

2. ratio Humidity of thermal space 

3. temperature of the thermal space 

4. Two control variables: 

5. volumetric rate of flow of air 

6. Rate of flow of cool water 

7. And two yields: 

8. ratio of humidity 

9. thermal space temperature 

This is popularizing as a level of an organized MIMO scheme comprising of many dynamical subsystems. 

Huaguang and Cai (2002) were advanced decentralized nonlinear adaptive controller (DNAC) in rapports of a 

case frequency field adaptive compensator for the external loop and feedback FL controller for the internal loop 

a with the worldwide target of reducing the fault amid the definite yield and wanted path in the existence of 

turbulences, approached as a function of Fourier integration. The resultant DNAC providing greater accuracy, 

lesser overshoot, and shorter time for settling, with superior total work than the SFLC and additional 

controllers. 

Huang et al. (2006) improved an energy management control (EMC) stratagem for a particular region VAV 

HVAC and R system comprised of a region style, style of cooling coil, storing and heat pump style, style of 

heat pump COP, and style of fan motor. 

The energy management control comprised of five parts: programmed stop / start lead-time, outside air 

economizer cycle, employed time adaptive control stratagem and load reset. The target task to be improved was 

the power of system comprised of power of fan, pump, and heat pump, provided the optimum set points that are 

utilized as tracing pointers for the adaptive controllers. This control stratagem produces energy reserves about 

17% related with the no- energy management control stratagem. Albieri et al. (2009) were planned an adaptive 

controller for a particular scroll compressor, utilizing packed air chilled water coolers with SIMULINK© 

/MATLAB© reproductions and a case of the art investigational ability to get outstanding adjusting working. 

MODEL PREDICTIVE CONTROL (MPC) 

Henze et al. (2005) performed an unusual superintendent controller efficaciously by utilizing a three-step 

process for style based projecting optimum control for building a thermal storing register in a trial ability in 

actual time utilizing time of utilize distinguished  fees of electricity devoid of request fees according to their 

prior workings (Henze et al. 1997). Xu et al. (2006) were projected A hierarchical construction founded on 

reducing the generalized predictive control (GPC) standard to adjust traditional Proportional Integral Derivative 

controller factors, which was appropriate to an extensive collection of working settings for unit of coil of 

cooling in a system of HVAC. In Xu and Li (2007), utilizing consecutive step variations, the first united HVAC 

and R factory was separated to 4 subsystems, and an applied method of GPC alongside with new factor 

documentation was offered, thus delivering a smaller amount of calculation related to the prime joined system, 

and was proved via reproductions of an HVAC system.  Reproductions for two states examine connecting to 

controller working analysis and changing rate of metabolic and clothing index (Parsons 1988) confirmed the 

outcomes. 

Huang and Wang (2008) offered a strong MPC method for regulating the AHUs temperature by utilizing two 

loops, the first is external loop utilizing Lyapunov study and the second is internal loop with I controller to 



A review of intelligent control approaches in heating ventilation and air conditioning systems 

145  
 

 

 

 

progress working of scheme in the existence of style suspicions and restrictions. The newness of this method is 

the adaptation of overlying models to create assured that the controller doesn’t change frequently amongst the 

working models. The implementation of this procedure to a usual AHU and an evaluation of the outcomes with 

a reverse clockwork PI controller display advanced toughness and total working development devoid of the 

necessity for online tuning. Huang and Wang (2009) were described a connected performance on the 

implement of an LMI founded tough MPC stratagem for a procedure of separate time restriction, with time 

deferral handled as a hesitation for a usual AHU. 

Huang et al. (2009) carried out a related work for a 1st order plus delay time style for the AHU with indefinite 

delay time and earning of scheme by utilizing an off LMI founded tough MPC algorithm and offered an 

evaluation with an old-style proportional integral control method. Henze et al. (2009) advanced a new method 

for regulating of temperature of tankless water heaters (TWHs) according to MPC to reduce the fault of exiting 

temperature with an investigational confirmation of a physical model tankless heater system (THS) with an 

integral work principle. 

H∞ OR ROBUST CONTROL 

The strong control method pay attention of style hesitation and the nonlinearities connected with the scheme 

(Subbaram 2011). 

(Zaheer- Uddin et al. 1993) were advanced an methodical bilinear style For a two zone space reheating system 

with seven case variables, and four control variables , three output variables; it was linearized around an 

working point to attain a linear case space style. A decentralized strong controller was planned to 

asymptotically adjust the temperatures of two zones to the wanted set points in the existence of indefinite 

turbulences in the outside temperatures and any non-destabilizing alarms in the factors of the scheme. In 

specific, two various strategies of controller were got, based on the system as a nonlinear, unnatural, 

servomechanism problematic (NCSP) (Davison 1976) and as linear, unnatural, robust servomechanism 

problematic (LCRSP) (Davison and Ferguson 1981). 

A different research of reproductions exhibited that the decentralized controllers are worthy for systems of 

several zone and space reheating. A strong control stratagem joining gain scheduling, freezing, feedback 

conversion control, and    I-term reset was advanced in Wang and Xu (2002, 2004) to overwhelm the 

unsteadiness for the duration of processes of transition amid various control models whereas joining the 

economizer control and demand-controlled ventilation (DCV), provided that reserves in necessity of energy. 

Though an evaluation controller of H∞ and PID for the controlling of temperature of a particular zone room 

exhibited well work with big worries, the controller of PID s will last to show a chief part for controlling of 

schemes of HVAC (Noda et al. 2003). 

It was exposed via results of hypothetical and investigational work in Anderson et al. (2007, 2008) that the 

implement of the MIMO strong control procedure massively reach to 300% will advance work and restrictions, 

as was confirmed via building an investigational arrangement to check a different controllers of HVAC and R, 

comprising the recognized SISO PI controllers. In specific, the investigational system comprised of five 

subsystems, mixing box, styles blower, boiler, coil of heating, and control valve of flow of water. The control 

software utilized involved MATLAB © with tool cases Simulink, Windows Objective, and Real-Time Works. 

The four significant control variables in a DAS are the temperatures of water and entering air, and the 

analogous rates of flow delivered to the coil of heating. The H∞ strong controller was planned according to the 

arranged particular value (μ) and applied with the investigational work. 

Nonlinear control 

Semsar-Kazerooni et al. (2008) were explained for the particular zone VAV HVAC and R system, a bilinear 

style was measured for showing together dynamics of humidity and temperature; a controller of back stepping 

was planned for the feedback linearized style, in view of loads of humidity and heat as determinate turbulences; 

and a steady viewer was planned for non-determinate turbulences backed via reproduction outcomes for 

optimum consuming of energy. It was imitated with a laboratory measure plant and exhibited greater work in 

preserving relaxation and optimum power related to the usual controller of proportional integral. In a usual 
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system of control of room temperature utilizing a standard controller, for example a controller of PI, it was 

discovered that temperature occasionally hesitated round the continuous reference value with unsatisfactorily 

high bigness. The grouping of recognized methods (describing function, inner method, and linearization) shown 

to be an appreciated ways to discover controllers with higher work related to the proportional integral controller 

(Rehrl et al. 2009). 

Soft Computing 

Generally, methods of control are classified into soft and hard control. Soft-Calculating (SC) is an developing 

domain founded on the request of fuzzy logic (FL), neural networks (NNs), and genetic algorithms (GAs) and 

other evolutionary methods to whichever domain for example system of HVAC and Whereas, The hard 

calculating or control methods utilize (PID), adaptive, optimum, nonlinear, or/and strong control (Subbaram et 

al., 2011). 

Neural Network (NNs) 

NNs are accurate exemplifications of biological neurons that communicate output and input activities and 

takings the formula of a greatly related and network of parallel dispersed. These are named synthetic NNs to 

recognize them from the biological Neural Networks. The Neural Networks have identified for the 

documentation and controlling of physical schemes, particularly once the modes of system aren’t methodically 

recognized completely (Hunt et al. 1992; Poznyak et al. 2001). Curtiss et al. (1994, 1996) were showed an 

evaluation of global (centralized) and native (decentralized) control of HVAC and R factory utilizing ANNs 

with controllers of proportional integral derivative. 

To be careful of the nonlinearities of HVAC and R factories, a measured radial base function NN was utilized 

for controlling of the factory (Hepworth and Dexter 1994), and it was discovered that the work of the factory 

was superior than usual controllers of proportional integral. For an unit of air treating with seven variables 

(humidity of room, return airflow rate, source air temperature, pressure behindhand source air damper, source 

rate of airflow, temperature of room, and source of air humidity content) and five actuator variables (humidifier 

output, flow rate of chilled water, reheater power output, source air damper resistance and source air fan speed) 

So et al. (1994) was planned a NN-based system identifier and controller with 12 7 output and input layer nodes 

which proceeded first as an identifier and then as a regulator with the control algorithm to reduce set point 

mistake deviance and consuming of power. For an air-handling unit (AHU) with seven output variables and 

five actuator variables a NN-based system identifier and controller was designed by So et al. (1994) which 

acted first as an identifier and then as a controller with the control algorithm to minimize set-point error 

deviation and energy consumption. 

Saboksayr et al. (1995) were planned to develop the process of a system of several zone space reheating in 

relations of trouble refusal and unoccupied/occupied set point control, a Neural Network -based, decentralized 

controller and to complete this job. The unoccupied (night) and occupied (day) set point controls denote to the 

total request of power for buildings where the relaxation of general public is of significance devoid of any 

reference to the apparatus. In Chow and Teeter (1997) and (1998), control and identification of a particular 

zone thermal system were advanced utilizing a functional link Neural Network, where the efficient links chiefly 

increase the first entering space for working out with the impression of decreasing the problem of the working 

out part of Neural Networks. Song et al. (2003) were calculated Toughness and steadiness issues connecting to 

a variable airflow volume system of HVAC and R, who utilized the style of motor fan to define the dynamic 

forces of VAV system specified by means of Zaheer-Uddin and Zheng (1994) in relations of current and 

voltage of motor, volume rate of flow of air, speed of fan, and increasing of pressure. 

To know an NN and an adaptive dead-zone system by a normalized learning algorithm and was used to deliver 

toughness and adaptableness because of undefined factors and trouble in the style with meeting proofing and 

steadiness. 

For regulating the AHU in a usual system HVAC and R, Guo et al. (2007), in place of utilizing classic type of 

controllers PID in internal and external loops, utilized An controller of NN in the external loop to create the 

total scheme more adaptive and tough via exercise the multilayer NN via an exclusive instantaneous alarm 
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stochastic calculation founded working out algorithm, which delivered a certain steadiness of the total system 

of control. 

Fuzzy Logic (FL) 

It is principally a procedure to signify hominid understanding and thought in the formula of membership rules 

and tasks to create beneficial conclusion activities aimed at the displaying and controlling of undefined physical 

organizations (see Zadeh 1965; Mamdani 1974; Tagaki and Sugeno 1985; Abonyi 2003; Zhang and Liu 2006). 

(Nelson and Huang 1994a, 1994bb; Arima et al. 1995; Lea et al. 1996) show some Difficulties for example 

thermal ruling and conservation of temperature set point, in systems of HVAC and R were subjected utilizing a 

FL controller. A motivating implement of the usage of FL for a system of thermal control, denoted to as a 

thermal surrounded scheme, Lembeck (1992) was advanced a marketable incubator / refrigerator module 

(CRIM) and fluttered in a space shuttle flying in August 1992 to regulate the temperature in crystal of protein 

growing tests. 

The examinations in Dounis et al. (1996), Dounis and Manolakis (2001), and Dounis and Caraiscos (2007) 

principally concentrated on FLC carried out to develop the thermal relaxation grade and inside air quality in the 

buildings. An evaluation of usual controlling methods, for example proportional integral derivative, PI ONOFF 

with dead beat (PIdb), with the FLC technique was applied in Dounis et al. (1996), displaying that the 

controllers of PID were less efficient than controllers of PIdb and fuzzy. 

Two kinds of controllers of fuzzy, the Gupta fuzzy and Mamdani fuzzy controller were utilizing in the 

evaluation. The IAQ index was selected founded on the concentration of CO2. Dounis and Manolakis (2001) 

allowing for thermal relaxation as a fuzzy conception, by utilizing accurate styles for interior temperature in 

relationships of heat flux over the window, assisting reheating, transference of heat because of transfer of heat, 

airing because of penetration, and relative humidity of interior air; temperature of wall in relationships of 

relative heat exchange, flow of heat over walls counting mean radiant temperature; and conduction, thermal 

relaxation index; and outside environment in terms of wind, temperature, relative humidity, speed, and a 

simulant was advanced utilizing the Turbo-C programming language to exam the FLC to adjust thermal 

relaxation in terms of the projected mean vote along with the improvement of common strategies for the plan of 

a system of FL. Nevertheless, the difficulties related with FLCs are that it is so problematic and time 

consumption to arise with (or return for optimization) the FLCs to acquire the accurate set of relationship 

functions related with the data base and the set of predefined rule base; nevertheless, these FLCs aren’t 

improved, particularly if one possess various target tasks, for example reducing consuming of energy, peak 

electric load request, exploiting internal comfort, etc. Therefore, there is a real necessity for bringing GAs with 

a several objective property to accompaniment FLCs, as exposed in Alcal´aet al. (2003). Devoid of growing 

thermal dissatisfaction of the occupiers in an office building as dignified via Fanger’s projected percentage 

dissatisfied (PPD-PMV) (Fanger 1972), a control system of dispersed was planned to reduce the consuming of 

energy utilizing an FL guesstimate method with outcomes that mimic the equal got via grade founded 

optimization methods, leading to great computational difficulty (Ari et al. 2005). 

The building style utilized had three kinds of regions: 

Perimeter 

Corner 

internal offices 

Lead to three various kinds of fuzzy inference schemes, four neighboring office temperatures alongside with 

their own wanted temperatures were utilized as contributions and the improved temperature set point as the 

yield of the FIS. 

He et al. (2005) were advanced a two grade hierarchical construction for several mode prognostic controls by 

utilizing Takagi-Sugeno (T-S) fuzzy styles lead to linear time changing parameter (LPV) controllers and trying 

with real procedure imitations. Sheikholeslami et al. (2006) were showed a biologically encouraged algorithm 

utilizing an improved type of brain emotional learning (BEL) to a multi-variable, nonlinear and non-minimum 
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phase HVAC control scheme to deliver a strong and wanted work. 

Dounis and Caraiscos (2007) were projected a brainy arranger for the process of a local PI-like FLC to deliver 

superior performance settings founded on three parameters: visual comfort (VC), IAQ, and thermal comfort. 

Additional, the management has been attained utilizing two hierarchical subsystems the master and slave factor. 

Chiou et al. (2009) were planned a fuzzy controller for controlling the temperature of air-conditioners in a 

unitary system to recognize energy reserves and steady process. 

In a two portion examination, the essayists Zhang and Zhang (2009) first advanced a accurate style for a cooler 

with a nail compressor with together low cost and not low cost models with a providing for automatic 

exchanging amid the two models and confirmed the mode with imitations and experimentations, and then 

Zhang et al. (2009a) were showed a two control algorithms founded on PID and FL for electronic extension 

valve regulating the draw superheat, the compressor regulating the temperature of exiting water and the sub 

electronic extension valve modifiable the insertion superheat displaying that the fuzzy controller provided 

greater trustworthiness and superior work. 

Genetic Algorithm (GAs) 

GAs is derivate free optimization methods founded on biological development model comprising boundary and 

alteration and existence of the fitting (Goldberg 1989; Gen and Cheng 1997; Haupt and Haupt 1998), 

comprising optimization of many aim tasks (Deb 2001). For a particular zone “all external air” system of 

HVAC and R comprising of a source fan, recovering heat exchanger, and coils of heating and cooling, Wright 

et al. (2002) was planned a control structure to flow rate and regulate temperature of source air to recognize 

three optimization standards working cost of HVAC and R, extreme thermal region relaxation, and 

“infeasibility purpose” (the accumulated value of limitation contraventions), utilizing a multiobjective GA 

(MOGA) (Van Velhhuizen and Lamont 1970). The MOGA had the potential to discover Pareto optimum 

answers specified in Engwerda (2005) for building strategy troubles. For worldwide optimization of a system of 

HVAC and R categorized via accurate styles of different components and limitations, an improved GA was 

utilized with superior work related to other usual control ways (Lu et al. 2005a, 2005b). In the main portion via 

Lu et al. (2005a), for universal optimization, the objective task to be reduced was designed as the totality of 

consuming of power of the pumps of cool water, pumps of condensed water, coolers, fans of coil of cooling, 

and cooling tower fans beneath the limitations because of physical boundaries of the elements and the relations 

amid the units and elements. 

The resulting mixedi nteger, constriction, nonlinear optimization problematic was converted and streamlined 

for resolving utilizing an adaptive neuro-FIS (Jang et al. 1997; Karray and De Silva 2004), which is mainly a 

multilayer network with the tasks of FIS, defuzzification and fuzzification. The ANFIS had as flow rate of 

entering of mass of cool water to every coil of chilling and as yield optimum set point of the cool water pump 

head. In another portion via Lu et al. (2005b), the MICNO problematic was resolved utilizing an improved GA 

comprising of four portions: structure of fitness function, ending, encoding, and progression. 

Related to conventional ways, this study displayed considerable decreasing in request of energy via the system 

of HVAC and R. Likewise, realize a carefully associated study in Lu et al. (2005c). Nassif et al. (2005) were 

study utilizing GAs for a several objective optimization problematic including superintendent controlling, the 

set points (for example cooled water resource temperature and resource air temperature) to understand smallest 

energy utilize and extreme relaxation confirmed with a VAV system with great-load dispersed multiple regions. 

Yan et al. (2008) were researched utilizing an optimum control style, documentation of factor, and a GA, 

optimum values for the variables resultant about 7% decrease in consuming of power. For optimization of 

systems of HVAC, a strong evolutional algorithm (REA, various from the conventional GA) was advanced in 

Fong et al. (2008), where the technique confirmed recombination and alteration, in addition to collection, and 

utilized a restraint-handling operative in place of the penalty-based method, which effectively confirmed over 

an request sample demanding the ability of this REA for treating various HVAC optimization complications 

that own many style, nonlinear, several dimensional, extremely controlled features, and continuous-discrete. 

Xu et al. (2009) were utilized GA-founded optimization for a style-based optimum airing control arrangement 

for a several zone VAV air conditioning scheme with a fee function including thermal relaxation, IAQ, and 
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overall consuming of power. 

Navale and Nelson (2010) was advanced an adaptive FLC to regulate a water valve for a coil of cooling in a 

system of AHU of an HVAC utilizing GAs for fuzzy rule matrix and membership tasks alongside with 

investigational confirmation. Utilizing streamlined linear styles of main elements alongside with recursive least 

squares on a imitation virtual system representative the essential cooler plant in a great rise building, a 

superintendent and optimum control stratagem for effectiveness of energy by utilizing subsystem and system 

grade features and communications was advanced in Ma and Wang (2011) utilizing GAs. It was confirmed that 

this stratagem can protect round (0.730-2.550) % everyday related to the conventional regulations technique. 

Hybrid controls 

This work concentrates on techniques supporting more than one of the approaches including NNs, GAs and FL 

to arrest the superlative charisteristic of the separable ways (Jang et al. 1997; Tsoukalas and Uhrig 1997; 

Nguyen et al. 2003; Karray and De Silva 2004; Konar 2005; Kasabov 2007; Sumathi et al. 2008). 

It additional looks at the path of improving a united construction via joining together SC methods and usual 

hard control or calculating (HC) methods. 

It includes optimum control (Naidu 2003), tough control (Sinha 2007), style prognostic control (Camacho and 

Bordons 2004), adaptive control (U´ str¨om and Wittenmark 1995), networked control (Wang and Liu 2008), 

reconfigurable control (Ben´ıtez-P´erez and Garc´ıa-Nocetti 2005; Isermann 2006), and resistant controlling 

schemes (Mitchell and Mannan 2006; Amin and Horowitz 2007; Hollnagel et al. 2008; Weiss 2010). 

Parameswaran et al. (2010) were studied the fusibility of GA and FL, resultant in the technique of genetic fuzzy 

optimization for a united variable refrigerant volume and VAV of air conditioning scheme to statement 

improved thermal relaxation and IAQ. The investigation including three distinctive source air temperature 

classifications produced everyday energy reserves of the demand of 61% in winter and54% in summer. Li and 

Su (2010) was carried out Fusion amongst the easy control techniques of FL, GA, and NN resultant in a hybrid 

GA hierarchical adaptive network founded FIS (GA-HANFIS) to expect everyday air conditioning consuming 

for a hotel, where the aim task in the GA is to reduce the coefficient of difference of calculations prepared via 

the HANFIS. It was more confirmed that this fusibility procedure offers a superior work than utilizing NN 

only. 

Fuzzy PID 

Jantzen (1998) planned a modest Fuzzy PID (FPID) strategy approach that comprises of the many stages. 

Mainly, tune a controller of PID utilizing Ziegler–Nichols (ZN) way of Ziegler and Nichols. Following, 

exchange the sum in controller of PID with a corresponding linear fuzzy controller stand-in as a sum and 

transference the PID advantages to the linear controller of FPID. Far ahead, create the linear FPID controller 

nonlinear via presenting fuzzy rule base. Lastly, the subsequent FPID controller founded on perception and 

capability (Subbaram et al., 2011). 

An NN for expecting the building electrical request and GA-based superintendent controlling arrangement was 

advanced in Gibson (1997) with implement to a great graduate school in California State. Automatic change of 

controllers of PID for systems of HVAC and R was attained utilizing an adaptive learning algorithm founded 

on Gas via Lam and Huang (1997) with work pointers as overrun, time of settling, and average squared error 

for estimating control work utilizing the model forceful optimization software package. 

Ying-Guo et al. (1998) were offered A modest and applied hybrid fuzzy sliding model adaptive controlling way 

for HVAC and R and the dominance of the technique was confirmed via relating the outcomes of fuzzy 

adaptive with a modest FPID and PID procedures. In a system HVAC and R, the source of air pressure is 

measured via the source of air fan energetic via a variable speed initiative styled by way of a second-order 

dynamic forces with dead time. 

GA/NNs and FL 

These techniques are shared in a method to hold the greatest gorgeous properties of every way. Such as utilize 
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the GA to improve the loads of NNs and / or fuzzy principles and associateship tasks; a hybrid synergy of GA 

and FL to optimally merge NNs is planned in Choi (2002). So as to improve consuming of power and user 

relaxation in a system of HVAC and R, integrated (hybrid) control construction was planned via improving 

controller fuzzy factors utilizing Gas (see Pargfrieder and Jorgl 2002). Additionally, a general prognostic 

controller is utilized to recognize the room style and planning an adaptive controller. 

In Chow et al. (2002), a research completed founded on integrating GA (for worldwide optimization) and NN 

(for molding scheme features) for the optimum controlling of fuel and electrical power in a system of direct 

afire absorption cooler. 

Adaptive Neuro-Fuzzy (ANF) 

ANF uses a modest fuzzy regulation base for mistakes amid the exiting and set point, and working out the 

factors of an NN. Jian and Wenjian (2000) developed an adaptive neuro-fuzzy (ANF) technique to be utilized 

alongside with a minor loop with a controller of PID to adjust the resource of air pressure, which was create to 

propose a superior work related to a clean controller of PID only. 

Talebi-Daryani (2001) was advanced FPID controller for a complex chilling unit in the general building energy 

managing system (BEMS) and was create to be higher to the dispersed digital controller. 

Now the scheme of chilling provisions cool water to the systems of air-conditioning mounted in various study 

laboratories and computer rooms at the Max factory Institution for Radio Astronomy in Bonn. 

The research in Zaheer-Uddin and Zheng (2001) concentrated on defining room temperature set point 

preparation to reduce the whole consuming of power and request charges focused to the restraints (room 

temperature relaxation variety, dynamic forces of the system, heat exchanger temperature variety, and load 

boundary), worries (thermal loads and uncontrolled), and objective task. Now, the dynamic forces of the system 

was expected via utilizing Natural Networks, and the several step stochastic optimization problematic was 

resolved utilizing Lagrangian easing (LR; a disintegration and easing method) and a stochastic dynamic 

programming method. Four samples were offered with two particular zone units of HVAC and R concentrating 

on load closing task, nature of the way of LR, application to a manufacturing building, and computational 

effectiveness. 

Fuzzy-GA (FGA) 

Utilizing the fuzzy-GA method, a technique was suggested in Lo et al. (2007) for automatic error revelation for 

a system of HVAC confirmed via reproductions. A style-founded superintendent control stratagem was 

advanced and modified, as exposed in Ma et al. (2008), for the presently standing great increase marketable 

office building in Hong Kong, Kowloon, for online controlling and process of building centric cooling water 

arrangements utilizing easy modes for the cooler and two towers of cooling (CTB and CTA) and the 

presentation index to be reduced, comprising of consuming of energy for cooler and the towers of cooling. 

Now, a hybrid optimization method, named the work plot and thorough exploration founded technique, was 

advanced to seek steady state optimum answers and related with that examined via utilizing GAs. It was 

discovered that the advanced stratagem was more effective in power and computationally fee operative, making 

it modest and relaxed for application for online requests. 

OPTIMIZATION METHODS 

Optimization considers a part of mathematics that is worried with discovery the (best) points, surfaces, and 

curves. (Hull 2003). Discover the optimum answer to a problematic of optimization is a main matter for a 

superintendent control implement. The trouble connected to optimization is to regulate whether a specified 

smallest is the universal smallest or the native lowest. Analogous to the superintendent control procedures, for a 

specified group of implementations, there continuously be many methods of optimization, frequently with 

severely various features and constructions. Every of the choices are higher to wholly others in one or a rare 

parts, which is openly directed for the duration of the improvement of the specific optimization method. Figure 

2 offers a moderately meticulous grouping representation of optimization methods used in many industrial 

optimization complications. It is enhanced and improved on the foundation of the organization structure 
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providing via Nelles (2001). 

Generally, all optimization methods might be shortened to two groups of optimization techniques: linear and 

nonlinear. The technique of linear optimization is the greatest modest and forthright method as there is 

continuously a single optimal in a linear optimization problematic. Linear optimizations methods comprise 

recursive method, direct method, and iterative method. Nonlinear optimization methods are multifaceted and 

refined since several native optimums be in a nonlinear optimization problematic and the problems to discover 

the worldwide optimal rise impressively. Nonlinear optimization methods can be more partitioned to two types 

comprising nonlinear native optimization methods and nonlinear worldwide optimization methods. The main 

variance amid them is that the nonlinear native optimization methods continuously lead to a native not 

worldwide optimal. Nonlinear native optimization methods comprise methods of direct search, methods of 

gradient-based optimization. Nonlinear worldwide optimization methods comprise bound and branch, imitation 

hardening, evolution algorithm, and search of tabu. 

Linear optimization methods can be utilized to resolve several modest local optimization complications In the 

HVAC domain, whereas nonlinear optimization methods can be used to handle extremely nonlinear and 

controlled optimization complications. Meanwhile the optimization complications connected to superintendent 

and optimum control of building systems of HVAC, as offered in the “The Overall Optimum Superintendent 

Control Problematic in Schemes of HVAC” sector, are frequently categorized with nonlinearity, discretization, 

and great constrains, just nonlinear optimization methods are primarily subjected in this paper. For the duration 

of the last twenty years, much investigation has been applied on the improvement and implement of several 

nonlinear optimization methods in schemes of HVAC (Olson and Liebman 1990; Koeppel et al. 1995; Kota et 

al. 1996; Wang and Jin 2000; Bassily and Colver 2005; etc.). 

These attempts have ensued in productive attainments, which deliver building specialists a chance to efficiently 

utilize these unfailing and effective optimization methods for useful implement whereas preventing 

undependable optimization methods. An additional explanation of these methods is specified as follows. They 

are brief agreeing to three groups of nonlinear of native optimization methods, nonlinear of international 

optimization methods, and extra optimization methods. It delivers the elementary data for employers in 

choosing the suitable optimization method for the specific optimization problematic with the essential sureness 

and the attentiveness of potential problems and difficulties that may rise in exercise. 

Nonlinear Local Optimization Methods 

Straight examine is founded on the valuation of harm task standards only. No results are requisite. Therefore, it 

isn’t practical to carry out this technique if the derivatives of the function of loss are simply obtainable with 

small computational work. Though the direct examination ways don’t need the deviations to be, greater work 

can be predictable on flat tasks (Nelles 2001).Successive quadratic programming is to linearize the restraints 

and system a quadratic target task to formula a quadratic program. The elementary construction of an SQP 

comprises four stages (Reklaitis et al. 1983). These are: setup and resolve a QP sub-problem, yielding a 

exploration path; trial for meeting, if it is fulfilled, then rest; take a stage alongside to the exploration path to a 

novel point and inform the approached Hessian matrix H utilized in the QP and go back to the first stage. 

Technique of Lagrange is a particular technique that improves the aim task utilizing Lagrange multipliers to run 

into the Kuhn–Tucker settings. The Lagrange multiplier of whichever restraint procedures the rate of variation 

in the aim task, consequential upon variations in the restriction task. This data is appreciated in that it shows 

how critical the aim task is to the variations in many restraints (Luenberger 1984; Fletcher 1987). 

Conjugate grade technique is founded on conjugate examine instructions and the essence of the Sharpest 

Ancestry technique. It is utilized to discover the closest native smallest of a function of n variables, which 

presumes that the grade of the function can be calculated. It utilizes conjugate ways in place of the native grade 

for going simple (Wolfram Mathworld 2006). 

Univariate examine is mainly advanced for resolving unrestrained nonlinear optimization complications. A 

particular variable is altered at a time to get its optimum magnitude with regard to the present magnitudes of 

wholly other variables of the optimization problematic (Rao 1984). 
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Nonlinear Global Optimization Methods 

Bound and Branch (B&B) is a tree-founded exploration way that is so general for the answer of combinatorial 

optimization complications. Forming a tree considers the elementary indication of this technique that comprises 

all probable factor groupings, and to examine just the essential portion of this tree. This technique services 

exams at every node of the tree, which permits one to cut portions of the tree, and therefore keeps 

computational price as associated with a comprehensive examination (Nelles 2001). 

Imitation strengthening is a stochastic technique, and the elementary base of this technique is offered as: 

A wholehearted particle is imitated in a potential domain. In general, the particle travels to the bottom on the 

way to lesser potential energy, but then it possess a kinetic energy, nonzero temperature, it travels round with 

some unpredictability and thus irregularly obstacles to greater potential energy. Therefore, the particle is abele 

of absconding native smallest and probably discovery an international one. The particle is hardened in this 

procedure, and the temperature of it drops regularly, thus the possibility of touching hard drops with time. It is 

well recognized that the temperature necessity to drop gradually to finish up at the worldwide smallest energy 

(Nelles 2001). 

Evolution algorithms take their motivation from ordinary collection and existence of the rightest in the 

biological domain. They comprise a study from a “populace” of answers. Every procedure of repetition 

comprises of a modest collection that rejects poor answers. The answers with great “suitability” are 

“recombined” with other answers via exchange portions of an answer with another. Answers are “changed” via 

creation a slight variation to a particular factor of the answer. Both alteration and recombination are utilized to 

produce novel answers that are inclined in the direction of areas of the space for which better answers have 

previously been realized Subbaram et al. 2011.The current methods to evolution algorithms contain 

programming (GP), evolution programming (EP), genetic evolution stratagem (ES), and genetic algorithm 

(GA) 

They entirely portion the identical plain style, but are significantly various from the techniques of their 

demonstration (real-valued or double), the fundamentals of border, and alteration. Genetic algorithm considers 

the greatest generally utilized amongst these algorithms. 

Other Optimization Methods 

Additional optimization methods show that several optimization methods have utilized in the optimization 

complications in building schemes of HVAC. Nevertheless, they are utilized for resolving the singular or/and 

specific somewhat than usual optimization complications in systems of HVAC. Liu and He (1994) were 

utilized a recursive mathematical algorithm to improve the thermal relaxation grade in a room of air-

conditioned. 

Mullen et al. (1998) were utilized the Newton-Raphson explanation way to resolve the calculations in an 

optimization problematic in a room of air conditioning imitation style. Maximum of these traditional methods 

may be active and effective for a specific and modest optimization problematic, but mayn’t be effective and 

dependable for great nonlinear and difficult usual optimization complications in building schemes of HVAC. 

Many of these methods confirmed their outstanding work for specific implements. The main variance amongst 

these methods is that various systems have diverse computation effectiveness, whereas some methods might be 

different in a number of states. Some of these methods also outcome in a native optimum answer and a 

worldwide optimum answer isn’t continuously certain. Amongst completely of these methods, genetic 

algorithm  is enticing rising care of building specialists and has been extensively utilized in educational study 

for international optimization (Huang and Lam 1997; Wang and Jin 2000; Chow et al. 2002; Nassif et al. 2005; 

Lu et al. 2005b; etc.). GA is a result-founded technique, and don’t need for derivatives for the duration of the 

estimations. This property creates it probable to resolve the difficult and worldwide complications. 

Nevertheless, the widespread computational cost and memory request might be a difficulty for online 

implement of this method. Additional study of the probability and toughness of this method for applied 

implement is principally essential. 
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In preparation, optimization methods must be chose founded on the grouping of the involvement and features of 

the system of fear, in addition to the integer of optimization variables complicated for a specific optimization 

problematic. The choosing optimization method must possess fewer computational fee and remembrance 

request to see the necessities of applied implement. The meeting must be continuously certain. It must possess 

an easy construction and must be informal to be realized via the working engineers. 

CONCLUSIONS 

This paper presents a review of intelligent control approaches from different scientific areas applicable to 

HVAC systems. This review started with hard-control methods, such as optimal, PID, adaptive and robust. 

Special focus was given to soft-control techniques, and the fusibility of soft and hard control ways. Hard-

control techniques were frequently used to control HVAC systems. Optimal control has gorgeous properties of 

energy saving and thermal relaxation, therefore called control of HVAC systems. Recently, implement of soft-

control methods to control HVAC systems has been quicker. This is because of their gorgeous properties of 

nonlinear documentation and control, self-decision making and derivative-based optimization. NN are 

beneficial in states where there isn’t mathematical style, however, bears from the large time occupied for off 

line preparation. Fuzzy and neuro-fuzzy approaches can be used to tune controllers of PI, which are sufficient 

for HVAC control implementations. GAs are gorgeous for optimization aims, nevertheless, they aren’t 

continuously appropriate for real-time HVAC implements. The fusion of hard and soft techniques to control 

HVAC systems will allow best features of both control techniques to be captured. 
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