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Introduction 

Many systems are having unmeasured value, which is 
not able to obtain directly. It is very difficult to 
analyze or regulate or control those values. But these 
unmeasured values may depend upon some 
measured values. So using virtual sensors we can 
have a control about unmeasured values. State-of-art 
engine control technology is based on proportional-
integral scheme with limit logic. On-wing health 
monitoring system technology is collection of 
separate, unrelated technologies to provide basic 
level of monitoring. This technology will initiate 
maintenance action but not for real time decision 
making.[1] 

Aircraft system produces unmeasured value thrust to 
travel in free air. Controlling and regulating it is a bit 
task. While travelling in air, aircraft must maintain 
certain range of thrust for smooth move. Range of 
thrust is directly depends on turbine fan speed and 
engine pressure, which is directly proportion to fuel 
flow rate, acceleration/deceleration schedules and 
current operating state. On board engine model 
technology is conjunction with controllers own 
sensors to determine which sensor is correct when 
redundant sensor disagree. Here controller checks 
whether speed of an engine exceeded and whether 
reduce fuel flow. Engine vibration system samples at 
low frequency to capture information like engine 
failure, fault sensors in vibration mode. Lubrication 
system   monitoring performs using magnetic chip 

detector to determine existence of ferrous debris in 
oil.[2][3] 

Traditional techniques are time tested and reliable. 
Advanced model based system technique provides 
fuel efficiency, increases durability, decreases life 
cycle cost and provide improved operation. Model 
based technology defined as self diagnostic, self 
prognostic, self optimizing, mission adaptable and 
inherently robust it exceeds the system performance 
reliable and safe.  

Model Based Control System 

In model based control system, engine model is 
developed which is driven measured engine inputs 
to obtain predicted engine output. If measured 
engine output and predicted engine output 
produces any residuals which can be used to 
diagnose engine health and adapt the model. [4] 

 

Fig2.1:Model Based Control Diagnostic 

Abstract 

A jet engine is a reaction engine that discharges a fast moving jet which generates thrust by jet propulsion. 
Engine control design is crucial to provide optimum thrust. Modern gas turbine engine control systems are 
closed loop control systems that consist of controller, actuator, sensor and harness. In model based control 
system, engine model is developed A fault in any component of control system may lead to system 
instability or performance degradation. Residuals can be used to diagnose engine health and adapt the 
model. 
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SISO control approach is insufficient to interact 
between actuators and engine output to control. 
Model based MIMO control architecture consists of 
control actuators (fuel, variable geometries, nozzle 
area etc...) to produce multiple objectives (thrust, 
speed, temperatures, pressure, stall margin etc...). [5] 

MIMO Control Architecture 

 

Fig2.2 MIMO Control Architecture 

Virtual sensors are used control unmeasured value 
which can eliminate fault sensors but model based 
control output replaces sensor in one of the duplex 
pair. Hence model replaces the actual condition of 
engine. Fleet average model predicts individual 
engine within fleet results in varying model error and 
gives idea about how much engine deviates from the 
average. These model errors effects model input 
which leads to error in estimation of unmeasured 
variables. If fault is not able to reflect in model, it 
causes error in estimating unmeasured values. 
Tracking filters are used to estimate the model 
parameter to track engine over time. Since engine 
model and parameters are nonlinear in nature 
Kalman Filter is used to estimation. 

During transient operation engine state estimation 
employs along with the model parameter to estimate 
the engine state. Parameter adaptation can be 
continues or periodic and performs with high 
bandwidth to keep effect of normal deterioration out 
of residuals but rapid shift in performance are fully 
observed in the presence of residuals. MIMO 
controller with closed loop actuators are be designed 
to meet desired performance objective (output) and 
optimize other objectives (inputs). Model based 
virtual sensors controls unmeasured values and 
keeps track the engine models which are enables 
improved controls and performance optimization. 
MIMO control architecture also lends itself to 
automated fault accommodation and updated model 
reflects specific fault component and updates control 
action.[6] 

Implementation  

A turbine is a mechanical rotary device that 
extracts energy from a fluid flow and converts it into 
useful work. Gas turbine engine model and 
parameter problems are nonlinear in nature. 
Nonlinear system is converted into linear system 
using linear piecewise algorithm. The nonlinear 
function of engine converted into seventeen linear 
systems with each one of them are third order 
system. Analyze each function separately then 
combined it. System or plant is represented in state 
space form as,  

) 

 

(3.1) 

(3.2)

State space function for a third order system is 
consists of high pressure spool speed (NH in rps), 
low pressure spool speed (NL in rps) and pressure 
(P6). Input matrix has of fuel flow (Wf in kg/sec) and 
nozzle area (A8 in cm2). [7] 

Error Detection 

If system is open loop system then output is difficult 
to control. Hence convert the system into closed 
loop system. Before converting, check the 
controllability and observability of the system. Using 
pole placement method controller parameters 
changes open loop characteristic into closed loop 
characteristic and places the closed loop pole into 
desired location. But pole placement method 
required additional conditions to reach desired 
output value. Linear optimal control method 
overcomes the disadvantages of place method. But 
proportional gain matrix is insufficient to reach 
output variable to desired output range. This 
situation can be overcome by using PI controller, in 
which integrator is connected followed by controller 
gain matrix. Control parameter values are changed 
to reach desired output levels, it can be done by 
using trial and error method. Using fleet average 
method we can obtain residuals by comparing 
output obtained between real engine and engine 
model.  

Kalman Filter 

Errors are diagnosed and pass through accumulator 
to get control signal to engines. Error may be 
detected due to the presence of noise such as 
measurement error and process noise. Process noise 
is creates due to neglecting nonlinear and higher 
frequency dynamics. Hence state equation and 
output equation of the system becomes form 
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(3.3
) 

(3.4
)

Where V is process noise and Z is measurement 
noise. Presence of noise leads to unsuccessful 
measurement of output variables. So we need to 
estimate the output parameter rather than 
measuring the output variable. State vector can be 
estimated by observing output of the system for 
known input for a particular period of time and then 
reconstructing the state vectors from the record of 
output. MIMO observer needs additional conditions. 
This problem solved by designing MIMO observer 
using Kalman filter, this filter is an observer which 
minimizes a statical measure of estimated error. State 
equation of Kalman filter becomes  

(3.5) 

Where L is gain matrix of Kalman filter to minimize 
the estimation error. Gain matrix becomes 

 (3.6)

Where ¥(t) is cross spectral density matrix, Re(t,t) is 
conditional variance matrix.  

(3.
7)

and output equation becomes [8] 

(3.8)

Fig 5.12 shows Kalman filter design to 
estimate the model parameter. 

 

Fig 3.1 Kalman filter design 

Result 

Kalman filter reduces noise in the plant and figure 
5.13 below shows noise present in plant and noise 
reduced using kalman filter. This kalman filter is not 

depends upon bandwidth of the plant noise, it 
depends on estimated error of the plant. 

 

Fig 3.2 Noise introduced into plant and reduced using 
Kalman filter 

If NH is considered as output variable, any noise 
detected in NH value then Kalman filter reduces the 
noise. Fig 5.17 shows Kalman filter output introduced 
when error detected in NH value which reduces the 
estimated error. 

 

Fig 3.3 Kalman filter output obtained when any noise 
detected in plant 

Conclusion 

Model based control system will help to find 
residuals and reduces it. This method helps to 
control unmeasured variables. Noise present in the 
system can reduce by estimating model. This method 
will keep track system regularly and updates the 
control action.  
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