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Hello everyone now we will continue with our lecture series on this Optimal Control 

Guidance and Estimation course (Refer Slide Time: 00:25). Last lecture, we started this 

recent ideas, of Integrated Guidance and Control thing like that. And here will we will 

also talk about estimation this particular lecture. And we will continue further this 

development with first integrated estimation guidance and then, followed by integrated 

estimation guidance and control as well. So, let us see and we will not able to cover 

everything, but we will cover I mean what we are come of with with last couple of years 

and details and that actually really alright. 

(Refer Slide Time: 56:00) 

 

So, the motivation turns out to be something like this; obviously, the interest is to fuse 

the estimation guidance and control loops at various levels. And typically the benefits 



arise because integrated designs are capable of retaining and exploiting this synergy 

between various subsystems. 

And then, integrated approaches can be categorised into various categories first things 

and can be something like integrated guidance and control. And then integrated 

estimation and guidance and integrated estimation guidance and control as well. Now, 

what we turns out that this particular, when topic when we will talk about integrated 

estimation and all that, it has lot more impact, when we will talk about estimation of 

exogenous input for control design. 

Other wards something like inertial guidance, where the target information is a estimated 

not really recovered from the from the (( )) own instrument system actually. They are 

typically good, what what is not good is exogenous input that we collect from around 

sense us and how can we actually fuse that into the guidance and control design loops. 

So, that the efficiency of performance can be must rate actually that is what we are 

interested in. 

(Refer Slide Time: 02:08) 

 

So, the philosophy as we saw that in the in the last class, what we did is typically this one 

guidance and control. What suppose somebody wants to do this way estimation and 

guidance, then that least to this this concept of integrated estimation guidance. 



And also summary you can think about putting something in together, then it it is 

integrated estimation guidance and control. And some people would like to call it as 

Integrated Guidance and Control and Estimation, IGC and E, so anyway. So, the concept 

is either we are talk about I EG here or we are talk about I E G C here. So, both of that 

we will talk in in this lecture a some sort of little overview of what is our own way of 

two things actually. 

(Refer Slide Time: 02:54) 

 

And this is different representation again this this picture slightly confusing (Refer Slide 

Time: 03:01) what what we are typically proposing here is something little more 

elaborately something like this. And remember the the control when we will talk about 

here, this particular block is actually constitute of two loops, outer loop, inner loop. 

Outer loop is something that you take lateral acceleration commands from guidance loop 

and try to generate the corresponding body rates especially the (( )) rates. 

And then around instrumentation and think like that pitch once you available go through 

inner loop generated the control soft inflection. And then pass it through the actual 

dynamics and then similar back and all that actually I mean I mean this particular output 

what we are talk about can be define into the the can be decompose into this this four 

control surface deflections delta 1 to delta 4 and then you find it find it to the inertial 

actually then (()). 



That that part is a where it is, what we are talking here is either this part, either estimator 

and guidance together or this part, where the outer loop of the of the control is also 

integrated. That means, we directly generated this this body rates from after doing 

estimation actually. So, that kind of things can can come in basically that way alright  

(Refer Slide Time: 04:18) 

 

That topics that your covering here is is taken from 2 and 4 around papers, first thing is 

what we presented in 2010 a double agency conference. And subsequently in 2011, what 

we presented in talk talk next actually. This two, two paper are typically the material 

that, I mean typically contain the material that I am going to talk today actually. 

So, those of are interested you can see this paper from what it is actually. Alright the first 

thing is as this first paper how it is talks about a ZEM miss based effective integrated 

estimation and guidance of interceptors in terminal phase. So, these are details of the 

other work actually. 



(Refer Slide Time: 05:02) 

 

So, again the reference in detail is something here, so again we are talking about 

something like integrated estimation and guidance. we are not typically bothered about 

control part as it is; however, the simulation things that we are going to, so also talks 

about control in the loop. And the and the it is not necessary I mean that result is you see 

here or not from point mass simulation, whatever is I mean even if it is something like 

this (Refer Slide Time: 05:33) this part is also included as part of the simulation all that 

what you see here actually. Then what you see what you present results is is the full 

system of simulation result essentially. 

(Refer Slide Time: 05:46) 

 



So, let us restarted how do you do it and think like that, the concept is something like this 

first is lateral acceleration commands have been obtain as an algebraic function of the 

estimated states; that means, there is typically no delay. So, estimation certain states and 

then, directly computed the the lateral acceleration required for the inertial as some sort 

of a direct algebraic function actually. 

How can you do that, because this is a kind of motivated from this this guidance, so PN 

guidance can be can be represented, what we know is something like this PN guidance is 

typically implemented something like a lateral acceration something like negation 

constraint. And then v either V N or V c closing velocity times lambda dot, that is lateral 

accelerate. But, this is also equivalent to something like this a which is some which is 

called as a this ZEM is called is something like 0 effort miss and then, that time 2 go 

square. 

So, it can be actually shown that this same expression can be return something like this. 

So, then the idea is some of if you can estimate this this Z E M as well as T go, then we 

got it actually we got lateral acceleration. So, how can you do that that is the whole idea 

there and this requires lot of algebra in the implementation in the frame of copy cafe and 

think like that, so let us see how how do you that actually. 

Essentially in the state estimation this this ZEM and T go’s are actually state and then 

using state estimation concept that you have studied in in (()) filtering and all that we 

estimate. And then directly compute in some sort of formula like this, how we will talk 

in we will talk those details as we go long actually. 



(Refer Slide Time: 07:35) 

 

So, just a little bit summary of our KF and all the three results that you see here in the in 

the fame of copy cafe but, someone wants implement you KF you can also do that. But, 

the concept remains same, we have this the state equation, where this I mean non-linear 

equation state equation I mean this corrupted by noise. And then output equation a 

corrupted by noise as well both of this non-linear equations. And then typically proceed 

like this, you start with some initialization of state as well as covariant matrix, 

covariance matrix and then compute the again. 

(Refer Slide Time: 08:13) 

 



And then follow with the, I mean this update the states actually update the states as well 

as covariance matrix, then you propagate the state and covariance matrix. So, this update 

happens in in district time and in propagation happens in continuous time all the details 

we have seen before. 

So the, I mean all this techniques are available, so what matters in particular problem is 

how do you formulate the problem write here. Once this is available rest of the things we 

can have the steeling process and then then our (( )) experience can coming and think 

like that. But, given a problem how do you actually formulate this to begin with and then 

go head solve it actually. 

So, that is what you are interested, so essentially we will we will not talk too much 

implementation details of kalman filtering we are already done that. So, what we really 

want to see is how do we come of this two this to equations state equation and output 

equation. And this particular given problem rest of things we are typically I mean I can if 

you long I can say that mechanical actually alright, so this is how it is. 

(Refer Slide Time: 09:19) 

 

So, let us a try to see that, so what you are interested is; obviously, in the in the 

implementation if you see in kalman filtering this w (()) use it actually. So, the 

covariance of W, W transpose expected value W W  transpose think like that like q r and 

think like that typically part of the design. But, W and V the inertial are not the part of 



design. So, need not come of with this part of hit is part of the formulation, implicitly 

assume these are their basically that way. 

What you will mean is the how you write the state equation and output equation and then 

we can we can mathematically write something like that and then start guessing this 

inertial condition as well as covariance matrix and and carry out further algebra basically 

alright. 

So, what you are interested in is something like this x dot is f x f of x plus g of x times u 

this dynamics happens to be kind of control f fine. So, we can write this way really does 

not matter what we write, what if you write it already like this and control computation 

becomes slightly 0 and all that actually. So, we are not too much consent about that this 

particular problem is a is essentially estimation problem. And this is your sensor output, 

so these two way to write, but also remember this Z and which which typically 

represents the desired output then nothing but, the inertial lateral acceleration. 

And this lateral acceleration are also computed is in algebraic function of the estimated 

state actually, that is the whole duty here alright. So, state variables are what taking as a 

this components of the ZEM along x y z component and then the relative velocity along 

x y z as well as the target acceleration along x y z and time to go T go. 

So, we have three coming from here, three coming from here, three coming from here 

(Refer Slide Time: 11:09) and all, so essentially it is a ten state estimation problem 

actually. And these are not that easy numerically essentially, but normally we use to do 

that, because we we want to derive additional benefits and think like that actually. So, we 

can escape from there. And what are the measurement thing available to us typically 

these are range and we are assuming the seeker, because terminal phase problem, 

distance between inertial surface between inertial target is not very much. 

So, we assume that these are seeker estimation and all that, the seeker are also available 

which can be reverse range range rate as well as this this gimbal angles. And they write 

actually. So, this this gimbal angles are something like the seeker frame the compare I 

mean whatever angle it makes with respect to body frame actually. We will we will give 

some diagrams also the output variables are nothing but, lateral acceleration in x y z 

component actually. 



But ultimately remember we want output I mean this this lateral acceleration in in body 

frame like that that is what the aero dynamics will coming into picture and then try to 

realization. Where is the all this formulation that we are talk about ZEM Z E M 

components and then velocity components everything else is typically in the inertial 

frame. 

So, inertial frame the the estimation goes on and then using this transformation matrix 

and all and more of that seeker in the flight dynamics lectures and all. So, using those 

transformation matrixes, we will able to converted to the body frame and think like that. 

So, remember these are our states, these are our measure outputs and these are our 

desired output, which which we want predict into the auto control design loop actually. 

(Refer Slide Time: 12:56) 

 

So, at go we want this dynamics, so some basics concept first this is a inertial here this is 

a target here, is just 2-D picture sort of thing. The reference line and there is something 

like LOS angle and these are typically inertial guidance diagram sort of thing. So, the Z 

E M along this y direction if you see this, so very simple it is talks about the inertial 

suppuration delta Y plus delta V times T go. Whatever delta V y is define is something 

like V T minus V M, so and that is what is assume to be kind of constraint here if you 

assume that then Z E M in y is something like this actually. 

So, when you put it work here ZEM then the d y d t ZEM, then it turns out to be 

something like this actually. Now, so there are different levels of kind of computation 



that you can propose for example, if you somebody wants I mean to incorporate this 

delta V by dot also, has will be plus this half times delta V y dot times T V square and all 

that actually. 

So, that is a depending on the on the formulation essentially essentially it come from our 

I mean little bit dynamic physics that we were of that distance is a nothing but, I mean 

this inertial distance plus V times T plus half T square sort of thing actually. So, if you if 

you see that then Z E M y is delta y plus delta V a times T go, here we are assuming the 

delta V is not really very constraint but it is projected sort of thing. So, every time it is 

update the there is there is V y change delta V by dot is accounted here of course, what 

as per as a Z E M component a I mean computation is a constraint that here assuming 

delta V y is is constraint actually. 

So, is a little bit discrepancy that is how it subject our get the how the formulate the 

problem actually. And I will simplicity this necessary to have the output formulation in a 

good way output equation actually will will see that in a couple of lecture later. Anyway 

coming back to that, this is what it is d by d t of that is derivative of this delta y dot plus 

derivative of the whole thing which is talks about delta V y dot plus t go plus delta V y 

times T go dot. 

And where delta V y dot is nothing but, target lateral acceleration in the y direction 

minus inertial acceleration y direction, so this this can be computed that way. Now, 

whatever time to go t go is very crew way it is represented delta R by delta R dot dot, so 

T go is minus of that really. So, then T go dot it is very easy to see that just d d y by d t 

go. So, computed this way this times the delta R dot times derivative that minus delta R 

time double derivative of that to by delta R square sort of thing. 

And these two we will cancel out this this is a essentially negative of 1 minus system 

actually. So, T go dot we derive this way and delta V y dot is derive that way. And and 

ZEM y d by d t that way of that way and this what would see here, this y direction can be 

extended to x and to z components also basically. 
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So, taken together we can write it something like this this Z E M x direction very similar 

expression what we because you take this one and here you put it back; that is what d by 

d t y. So, similar Z E M x something like this Z E M y and Z E M dot y, Z E M x, Z E M 

x dot this turns out to be like this, very similar to what this kind of expression actually. 

Where delta V x dot delta V y dot is is is computed something like this, so these three 

comes from like that and then T go dot derive this way. So, that comes like that where as 

a t x dot a t y dot and all that there all also coming from some sort of dynamics actually. 

The a t x dot is a negative of a t x of tau is a first setter table dynamics that you are 

incomplete of the target isolated component. In other wards it assumes that target can 

momentarily proof some isolation, but eventually I mean if it is state’s there, then the 

target essentially eventually going to 0 actually. It cannot continuously keep on axial 

rating the vehicle capability may not be their actually alright. 

So, this is a this is the formulation this is the frame work of state equation, now this delta 

I mean this delta R and delta R dot can be computed that is also basically. Now, what 

about output equations that is the more important and also remember these are typically 

inertial components actually, inertial frame components, we do not to forget that 

actually. 
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Now, output equation ultimately remember that we want this outputs are given in the 

form of range, range rate, gimbal angles and their rates. But, that to known this we also 

have have to find out this other variables what I mean actually especially this quantities 

lambda dot lambda e dot and all that. 

So, this is lambda, lambda e definition sort of thing and there rates will will need in in 

formulation here. So, we need to find out this LOS angles essentially and there rates. So, 

the r l and r l dot LOS separation and there rate of change can we directly computed like 

that. Because, that is that is very easy actually these two first component r l is square root 

of this part and r l dot is a derivative of that actually, this separate back here. 

Now, coming to the lambda a, again lambda e, lambda a is this lambda is this this angle. 

So, this angle can be directly represented something like any mores delta y by delta z 

from these two components actually. If you formulate this this form, then lambda is 

nothing but, delta y you have to see some way like that this parallel to a x actually 

anyway. 

So, delta y divided by delta z if you if you put a well let me put the back if we put it 

something like this parallel to this turns out to be parallel that anyway. So, this this 10 10 

lambda a is delta y by delta x. So, you can computed that way and then lambda dot 

derivative dot. Similarly, lambda e can taken it in different frame this one and this is 

projection and then in that projection is this angle appears like that. 



So, 10 lambda is delta x divided by square root of delta y square plus delta x square and 

then lambda e dot you can you can take derivative of that write it actually. So, these 

components are available especially these two will directly go to our formulation, but 

these these four components especially lambda a dot and lambda e dot. 
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We need that in formulating this I mean this gimbals angle rates actually here. Alright, so 

these are component that remember all this deltas delta by happens in the inertial 

component and we need to find it out from the state vector actually. So, this is where this 

equation comes handy here. (Refer Slide Time: 20:34), so if delta x is computed 

reversely as ZEM minus delta V times T go. 

So, this delta x to delta z can be first computed that way and then there is used here and 

that form. And then you have this this two dots lambda dot and lambda v dot which will 

be required in the next slide in the actually. Also remember this this measurements are 

typically available in seeker gimbals frame and LOS frame information is obtained 

through a series of transformations actually will we will see that actually. 

So, these this is what range we have this and we have assume here that range is corrupted 

by some noise and then range rate gimbals angles are also corrupted by some noise and 

this gimbals angles are essentially this angles now now this assume this inertial body x is 

actually. 



So, with respect to the body x is what this L O S vector means these are what we saw 

with respect inertial exercise this LOS what it makes with respect to inner cell exercise. 

And here what you tell this LOS and the seeker is typically alien towards the aliens all 

the time that is what another implication of that. And then we tell this x is what we are 

seeing here is nothing but, this phi and gamma sort of thing these are I mean phi x phi by 

y typically different people define that way. 

So, this this angle phi 1 by phi z well let me put it that way, so this some small mistakes 

here probably this is phi y this is phi z actually. That anyway this this these angles are 

represented something like this and then this gimbals angles are represented like that. 

Now, you can see that this transformation matrix involve, this c l 2 this LOS to inertial 

and then inertial body actually. 

So, what you what you getting here this LOS vector in a LOS frame really, so LOS 

vector and LOS frame this is 1 0 0 that one is converted back two inertial frame is in this 

this matrix. And then inertial frame to (()) these are typically available with us actually, 

this this angle information and all. Then this can be represented I mean expression as a 

function of that and then that can be substitute here basically. 

Alright this all, this things happen these are little bit complex looking algebra but, what 

especially is effectible algebra it is not mass of inertial. Alright, so our formulation final 

talks range, range rate, gimbals angles and then there rates these are corrupted by noise 

everywhere actually. 

So, now we got this output formulation, output equation formulation for the information 

that are available essentially we got what you wanted x dot equal to f of x u and y equal 

is a function of x actually. So, now, we are ready to implement our kalman filter use it 

and then finally, got this information actually alright. 



(Refer Slide Time: 23:37) 

 

Little little our that l m n are represented something like this, where this inertial I mean 

inertial LOS and inertial body and body to gimbals these are all computed that way 

actually. Sometime this LOS angles with respects to inertial frame, these are angles with 

respect to inertial, I mean these are this angles lambda e and lambda a are angles that 

LOS frame with respect to inertial frame. And then these are the angles that the LOS 

makes with respects to body frame and these are the spontaneous components essentially 

contain angles that contain relationship between inertial frame to body frame actually. 

So, these things will be really used in the formulation sort of thing. 

(Refer Slide Time: 24:24) 

 



Finally, what you getting what what you get is going back all to the first slide, this one 

ZEM by T square go (Refer Slide Time: 24:33). We got some sort of estimated value of 

ZEM T go, so we want go back and see what we can do. Now, this one same thing 

remembers ZEM x y z components are computed in the inertial frame. So, if you simply 

put this thing that happens to be inertial component, now what we really need is body 

component. Finally, again use this inertial body transformation to convert this this 

components to body component. 

And also remember in the terminal phase typically no lateral acceleration along x axis 

well not typically lateral acceleration and no lateral acceleration along x axis. So, this 

ward lateral probably not required because y called z lateral acceleration and is called 

axial acceleration here. 

But, typically you can say that later acceleration along x axis cannot be realized. So, we 

ignore that and is other leave that fact that as long as T go estimation is good little it is 

also take care of that. And then the keep on note here is no log between estimation and 

guidance. We do all the several algebra and pass it through think like that the only 

motivation then finally, I do not have to realized in loops synthetics sort of thing, I want 

to avoid that. 

So, this is what is done here, we tell body components can be realized something like 

this actually. Alright, so then this y a y c and a z c can be given to the the sort of file at 

logic basically. 
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And that is also done here actually in other wards somebody can stop here and then take 

only 3 D point mass module and start simulating think like that. That may be first 

validation of concept, what we are really talking about really validation of (()) and think 

like that. We have to pass it through the really auto pilate synthetic loop as well and see 

what is form of actually. And this is what done here it details I will not talk, I think one 

of the previous lecture see also talk about little bit about that. 

We have this lateral acceleration coming this accelary role angle sort of thing command 

also coming in other words delta c dot is nothing but, I mean delta dot zeta dot is nothing 

but p. And what you are looking for this equation sort of thing is I mean this essentially 

we will not very, so much in that what telling is p c can be, it need not coming here also 

for simply sit this may not be fail what here you can assume that p c 0. 

So, you can you can also do that basically, so ultimately what is need is role rate 

stabilization role rate is go to 0; angle of role which what particular angle it is 

stabilization it does not really matter that much actually. Alright this is this can be done 

this way also then you convert it outer loop and then go the inner loop control and then 

there is a some sort of a fin deflation logic you put it back. And then delta 1 to that 

actuator thing passing through with with rate limits and position limits also. 



And finally, whatever numbers you get it come one back and then kind of simulate back 

it actually. This details are write and here, so just pass simplicity we given in this way 

sort of thing. 

(Refer Slide Time: 27:58) 

 

Alright so, the output kalman transpose is when we do it here, it done this typically this 

way this a y c dot and a z c dot are computed like this first order dynamic sort of thing. 

And then you assume that z c is a function of alpha only, so as as dot is something like 

this this comes from this a z is assume to be a function of alpha only. So, as a dot is 

typically a del a z by del alpha into alpha dot. So, when we compute my alpha dot, this is 

the we can reverse compute that way this is nothing but, z dot multiplied by del alpha 1 

by essentially a z dot into 1 by del a z by del alpha. So this can be denoted by (( )) 

actually assuming quantity. 

So, this is how it is computed, this is what you see here in the alpha c command actually. 

Alright this is how it is alpha c command you get it that way beta c is also equivalent that 

way, y is clearly function of for beta using there and then get it that way. And then you 

get p c is 0 that is what p c process 0, q c and r c can be computed from alpha c dot in 

beta c dot that way, details are we will not too much here actually. 



(Refer Slide Time: 29:32) 

 

Then once you have this this commanded body rates and you can go back and put this 

kind of dynamics now and then realized control surface deflection actually. And this 

components are decomposed to fin deflection commands and then fed to the actuators, if 

is really inertial flight you stop there you fed actuator, actuator response and then you go 

and flight actually. And simulation it is also passed through second order dynamics to 

mimic the second order dynamics. 

And then it is also pass through rate and magnitude bounds and then combined back to 

fed into this form again that will be the realized deltas. These are these are commanded 

deltas once you take it through the that realized deltas and then those of the values that 

will effect to the system dynamics for simulation actually. So, this is how the simulation 

carried out. 
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Now, coming to some results sort of thing these are simulation results r r dot phi phi z 

think like that. Some of these numbers are available in the in the paper also, see some of 

that actually if you really want to have an idea work kind of numbers we want to use all 

that. 

(Refer Slide Time: 30:36) 

 

A result are typically done in three cases, one is the target doing step maneuver and little 

bit surface to send also first some sort of step. And then up to sometime reference step 



and sort of thing and then we have a sinusoidal maneuver and then finally, some sort of 

ballistic target actually. 
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So, this is what the command is given to the target, assume that first final T go is 4 

seconds at time to go is essentially 4 seconds available. So, within 2 to 4 this this 

commands are given 3 g sort of thing. And if you less than 2 less than 2 second 2 hours 

the very end, target does exactly opposite actually. It kind of writes to surprise surprise 

the inertial sort of thing and these are very common inverse done by aircraft also. 

So, if you do that, this is the interceptor and this is this is target trajectory and this is the 

interceptor and does not feel like a any anything that matters again the target surprise I 

mean surprise inverse actually. As long this some T go I mean; obviously, the very, vey 

final moment if somebody does not I mean very close to that T T go 0 somebody does 

quick surprise maneuver probably that mean difficult to do. 

But, you have something like it 2 seconds T go it is is not small, I mean it is not big it is 

also very small in some sense but, still we have to T go 2 seconds to go basically. 

Whether you you are estimation guidance and control response to that are not; remember 

all if you if you look it one of my previous lecture it also talks about, this problems I 

mean this formulations are very critical when time to go unless actually. 



So, from here onwards T go less than 0 you can think sink of that is new problem and in 

this new problem that time to go really 2 seconds in this very small. So, whether it can be 

really do deserve the picture tells that it can be do the job actually. 
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And then this these are the pictures in a z and y and these are pictures in z and x axis 

actually. So, the same things decompose into two image plane sort of thing, two image 

plane sort of thing and this is done that way you can see, that put towards the end here as 

well as the here, there meeting is very close actually that is why the mystery sense was 

very less. 
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And also we want to see the they told in kalman filter class is consistent c 1 think like 

that. So, we have to put this consistent check at least, so this sigma bounds sort of thing. 

So, you have this 1 sigma taken from p matrix and these are the bounds plus or minus 

square root of 1 sigma. And then ultimately the estimated values comes within that 

bound. So, that is the validation check these these ZEM’s are computed very good that 

sense and then you can see this this r r delta y by delta z their also coming with the 

bound, momentarily they are going out that is the point where things are the target is 

surprise more actually. 

But, again within very small time comes back then your estimation is very good and then 

followed by response is also good. So, able to fletch the target actually. This this times 

are typically given in normalizes time we needs and then I mean, the we do not want 

reveal the exact time a simulation think like that. So, very I mean actuators practice 

whatever actually. So, do not go back the numbers in the time here, they are not absolute 

quantities actually. 
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Alright, so this is the this is the point here, then also are other variables all you can see 

that target acceleration, here it is does surprise maneuver. But, very quickly there are 

comes down; that means, we are able to snow, what the target is doing very quickly 

actually. 
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And you can also see this measurement are inverse estimated error and think like that. 

So, that is another sort of test actually a kind of white test and all that actually. So, result 

all thing are whatever y minus the c x, if you remember that that has to be white actually. 



So, if you flat it should feel that took it blue line has to be some sort of white noise 

estimated one should be some sort of smooth curve actually; that is what is see here that 

validates one more thing actually. 
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Now, these are the lateral acceleration, then three components and then fin deflection 

delta q and delta r there are bounds actually. The bounds are plus minus 30 degrees 

straggly there are within bounds all is able to fletch the target in a good sense. 
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Now, the finally, the something like a metrical simulation; that means, radium simulation 

take a radium initial condition of the machine radium target initial condition think like 

that. And then do repeated simulation and then finally, come of some inner dynamic 

simulation. So, this is done for 100 runs like that, then the mean standard deviation out of 

the 100 text case simulation it happens to be something like this, mean is 0.8 and then 

this standard deviation is 0.12. 

So, even if you take mu plus 3 sigma is sort of error finally. So, this happens to be 3 

sigma is 0.36 0.36 plus 0.8 is something like point well 0.8, .36 frame 2, I mean 1.1 sort 

of thing the 1.16 sort of thing. So, 1.1, 1.2 meters level of accuracy we are getting; that 

means, almost I mean if it classical aircraft target it is actually hit to actually, will be able 

to hit the target. 
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Alright, so this is what it is, then this we will also done something like radium 

perturbation of this this aero dynamic parameter actually. So, aero dynamic parameters 

are taken something a plus minus 10 percent and think like that and evaluated it some 

sort of cunal points actually, you take all this plus, plus, plus perturbation all the is kind 

of minus, minus, minus perturbation some plus some minus like that actually. 

So, then then you repeat repeatedly simulated again and then take this standard mean and 

standard derivation. This 100 test cases are done for each other cases like this and then 

then do some sort of mean standard derivation sort of thing and it turns out to the 



numbers are the are even if you take a worst cases probably that turns out to be. So, 3 I 

mean 3 into 0.6 1.8 plus 1.2, so 1.3, so 3.1 actually. 

So, about 3 meters misty turns is a worst case actually, essentially the message is it 

works very well and it works even it time to go is very small that is point actually. 
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Then the last case is the next case is sinusoidal maneuver, if you does something like this 

what happens target comes like that what your able to do ready what the target doing to 

the estimation some process. And hence we are having a good enhancement, now here 

we can see this this plane it is good but, that plane is not very good initially here I mean 

target is here initially 0. So, some degree of error basically but, but also remember this is 

actually flat error; that means, this depression is not very good and not very high. So, that 

is why the accuracy is not very well actually. 
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Again similar, we have here you can see all the and you go coming down what you need 

really remember is ultimate ZEM by T go square. So, along ZEM s estimation is very 

good.And T go estimation is also very good and think like will be following place 

actually. Obviously velocity level because the target is continuously doing some some 

sinusoidal maneuver sort of thing going this sort of that. This is not exactly boundary v 2 

in 1 sigma values what if you really put 2 sigma 3 sigma bounds and it will come back to 

it actually. 
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So, these are I t x I t y that target acceleration components x y z and the T go remember 

T go 1 sigma bounds good I mean. So, high, but the estimation value is, so good the 

estimated T go information what you getting what the actually T go is is very close to 0.  

So, here we have this ZEM components are estimated very good and T go is also 

estimated extremely good that is reason why everything works very nicely actually. You 

can similarly sort of maneuver (Refer Slide Time: 39:09) and do not want to keep on. 

The commanded value or achieved value are very good that are also tells us that the auto 

pilates syntheses is very good. Again the mean standard even sense it is very, very small 

and we have this 0.32 this one is a 0.07 in this case 7 centimeter other. So, and then the 

level I mean confident is a very known is very good actually. Again, similar exercise and 

then similar results also, what we get 1.3 and 0.6 here. 
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What about ballistic target, where the target comes in the striate line, but there is some 

some desolation some dragon all that about it cannot be maneuver. So, that situation this 

is a coming that way, this usually going in their again 2-D plane again similar sort of 

behavior T go estimation also good here. And that ZEM is also good here (Refer Slide 

Time: 40:07) and then all other things are very similar. So, and also see the the body 

rates commanded and achieved also nice, only 2 hours the end the some problem that is 

that is respected actually. 



Later lateral acceleration is expected to change drastic towards actually (Refer Slide 

Time: 40:25) it because essentially the guidance operation PN philosophy. So, the one of 

the draw backs of in guidance 2 hours the end the the will lateral similarity all that 

actually. So, that will be here as well again mean and tunnel deviation turns out to be 

very small is a 0.4 times 3 sigma even if you take 0.75, 0.75 plus 0.4 something like 1.2 

around that figure. So, essentially it is also good again perturbation studies and then 

results also good is nothing to be along and worst case of area the turns out to be around 

2, 3 meters in this estimation actually. 

(Refer Slide Time: 41:06) 

 

So, they will the small conclusion about this particular work is something like a it is a 

new method, new technique of integrated estimation and guidance. And the design 

essentially is not very difficult the only difficulty is how do put the output equation, once 

you understand how do put output equation in the form of state. I mean in the form that 

is required that y equal to h half x then everything will follow into place actually, all 

other things or other striate forward sort of thing. 

Various target cases, which demonstrated and then it also tells that the miss distance 

satisfy this hit to kill requirement actually. This is that part this part of the work, now the 

second part, we talk about integrated estimation guidance and control, so the all the three 

things are taken together. 
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And this is subsequent follow of work this one in presented into 2011 and also just to 

command this both the refers we trying to kind of put it into general paper. And try to see 

whether you can publish in some sort of general paper in the little more police result and 

some conse small consents little more recursively actually. Let us see that is the that is I 

cannot say this two to reference is already available you can ready to actually. 
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So, the features of proposed integrated estimation guidance and control is before and 

estimation guidance and outer loop of control is a is kind of used the together. And in 



some sense you can also interfere the something like partially integrated estimation 

guidance and control. Remember the last lecture I talk about partial IEGC. So, this is 

something like partial IEGC basically. 

So, that is what we are talking here and then something like what you are interested is 

the necessary body rate commands are evaluated directly. Then know lateral acceleration 

command we want took kind of estimate or kind of know the desired, body rate 

commands directly. So, the states are very similar to what you done before ZEM relative 

velocity target acceleration time to go. And the filtering part the problem or the 

estimation part of the problem remains very same is what you done before, only the the 

instead of going through a lateral acceleration generation. 

And then realizing inner loop sort of thing, we want see whether we can do a little 

alternate way and then kind of from ZEM itself can we put it some sort of a directly body 

rate commands actually. Alright, so this actually borrows this idea some separation 

between G and C loops. So, similarly this also is retain here, because dynamic loop is not 

fused inner loop is still separate actually. 
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Alright, so, this is what we talking here, this outer loop this inner loop and what we are 

talking here is this part of the design is together alright. So, this looks like this estimator 

guidance and outer loop all together and pass through inner loop and then inherit to the 

plant actually. 
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Alright very similar I do not want to repeated all the things, these are all state equation 

these are frame state. So, and estimation part of the formulation remains exactly 

identical.  So, I do not have to this is the philosophy it barross the idea of little 

simplification and notification instead of ZEM retain as Z. So, that represent Z represent 

ZEM and all that but, other things are very similar to what you done before these are this 

is ZEM in y the rate and relative velocity dot and T go dot actually. 
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And this is all happens I mean explain just take few minutes back the this state equation 

can be realize this way. Now output equation I mean this the small difu instead of ZEM 

we have just re return in terms of ZEM actually that is the only deference here between 

this two slides actually. Alright, so after that the output equation exactly remains 

identical is before, so this this is also I do not have to work kind of explain too much, this 

is range and range rate. And then this LOS angles and rates the especially the rates will 

be used in in this formulation here (Refer Slide Time: 45:29). 
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So, the finally, you have this range and then the range rate and the gimbals angles and 

then the rates actually. 
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Then here is a new concept after getting the Z E M we do not want to kill generate P N 

sort of guidance ZEM by T go square and all that actually. What we well the one more 

small command before I go actually no no it is alright we need this state I mean this 

estimation part of the formulation remains identical. Then what you need is instead of 

going through this lateral acceleration generation and all that, we want enforced this sort 

of error dynamics. And this part is derived kind of motivated from from dynamic 

inversion few back in philosophy actually. 

So, we want to put finally, remember what is the guidance problem guidance problem 

essentially talks about Z E M going to 0 as T goes to or T goes to 0 basically. So, this 

equation if you if you put it that I mean if you put it that way, when T go goes to 0 T go 

goes I mean T goes to T f. And if you assume T f is infinity I mean the infinity subjected 

to the selection of guidance and all that if you guidance also very high, even per second 

can infinity really. So, if you assume that here T f is is high, so that my gains are very 

high. So, that what about T f is there that can be interrupted is infinity. 

Then this equation can can be put it I mean you can can we put. So, that when T goes to 

infinity; that means, T goes to 0, T goes to infinity means T goes to T f; that means, T go 

goes to 0. So, when that T go goes to 0 then Z and Z dot also will go to 0 all that and just 

Z Z will go to 0 that is are objective what in this this one Z will go to 0 and Z dot also go 

to 0 basically. So, that is and all that degree of good thing any any any inaccuracy of T 



goes to estimation suppose small error there and because Z dot also 0 it will not blow 

suddenly. 

So, Z will be remain to be 0 for time it actually so; that means, small amount of and 

certainly t estimation will also already here. Alright, so coming back to this this is how it 

is this this equation is what we want enforced where omega zeta these are parameters 

essentially this is one gain and this is two gain I mean another gain. Position gain rate 

gain sort of thing that way, then Z double dot can be I mean you have got this this Z dot 

equation from here you put one more derivative, Z double dot and estimated and all that 

actually alright. 

So, Z double dot is delta v dot plus all these can be taken, but here it come of cross the T 

go double dot also and that is also what here assuming to be 0 that need not to be 0, but 

here assuming to be 0. And that assumes that T T go is really does not change that 

basically it can change the changes also captured into T dot but, t go double dot level we 

do not capture it is assume to be 0. Then the within simplification and assuming and 

knowing that delta v dot is nothing but, these we can actually put it Z double dot is 

something coming from here. Sorry this one this one is nothing but, that and coming like 

this and then these two terms combined rate to that way actually. 

Now, remember it is not a t minus a m it is a t dot minus a m dot actually. So, from this 

equation, we can that a m dot is something like this and then a m dot is a is something 

lateral acceleration rates sort of thing. 
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And this is three components again and these three components what we see here or can 

be, so remember this is what is used in the in the inner loop of the auto pilate syntheses a 

t m dot. I mean this is this is what we purposefully is generated assuming z is a function 

of purely alpha a y is function purely beta. Now it is actually directly available from this 

expression sort of thing. So, you can use it and then alpha c beta c all the generated that 

way and then you have this generated body rates that q c and r c actually. 
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And again similar things are there a little bit lightly different picture are takes a little bit 

more details of about auto pilate in sort of thing it is a populated here. So, more and 

detail more detail can be found in the paper let me not, I mean explain too much here. 
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Alright summary of this this I G C and E, I mean Integrated Guidance and Control and 

Estimation what we are talking or I G C also some people called different ways. What 

about is summary of philosophy is like this out, guidance and outer loop of controller is a 

integrated as well as estimation is also basically, that is the bottom line actually. 
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So, results are something like this, again results are a generated using six- DOF platform 

we have second order exo dynamics here. And for sensing the body rates and 

acceleration a second order gyro and accelerometer model also used. And then realistic 

seeker model has been used for generating seeker measurements as well. So, all this 

things are part of the six-DOF simulation actually; six-DOF simulation platform again 

the same cases aircraft maneuvering the step maneuver and then sinusoidal maneuver 

and then finally, ballistic target. 
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So, how does the thing P this P not Q R can be slightly different then what we what we 

have as much of possible mostly similar values. 
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And then these are the results actually, we have this similar case of target comes with 

one acceleration some sort of 2 hours and then acceleration and all that actually. And 

here it is you can see two two times it changes actually one time it changes here initially, 

then after some time it changes some value. And then two words very handy it also 

another value actually, so that all that thing are happening but, still you have able to 

capture that actually. So, anyway this is output is alright. 
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So, this is output is the results are like this here Z E M x y z components are estimated 

again very well and this this comes momentary out, because a target acceleration here as 

well as something like here.  So, we have this this things given anyway this values are 

see normalize time again. So, the actual time can be out of 3, 4 second what we see here 

is normalize values that actually. Anyway that does not matter what it matter is there are 

double surprises towards the end but, the still able to get it here very good. 
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We can see how this body rates are followed; that means, the sort of pilot design is also 

good. This is small amount of delay here, that delay does not matter too much a in in a 

estimation in finally, estimation actually. 
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Then finally, this n sinusoidal maneuver, I mean the next this sinusoidal maneuver a 

similar maneuver sort of thing, again the results good ZEM estimation is extremely good 

here. Almost 0 in this component, this component at least only z direction some value 

which is which results in some estimation actually. 

Alright, so but remember this x y z is not body x y z, these are all inertial x y z then you 

converted back to body components and then that happens automatically formulation and 

all that actually. So, this is what it is (Refer Slide Time: 53:32) and then results are 

something like this you can see that the finally. 
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The experiment with respect ballistic target, ballistic target comes like that that one 

before it cannot maneuver, but this a big amount of deceleration. So, as per as target I 

mean the problem of inertial guidance is conceded it accuracy maneuver target when 

target deceleration happens acceleration also. And 3-D sense it is actually nothing but, 

maneuver it has it sees deceleration in the acceleration anyway basically. 

So, even then it is able to capture that in a good sense, this also you can see this is no 

difference usually you cannot say any difference between both the, I mean both the two 

plot actually. 
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So, these are the results and then finally, going to the metrical simulation sort of thing 

again, you can see that mean and standard deviation values are 1.1.5 in then 1.4 like that 

actually here. We can take 1.1.5 is the worst case maneuver, 1.5 is 1 sigma 3 sigma is 1.5 

1.5 plus 1.0 is to 1.6 sort of thing. So, that happens to be the worst case this system 

actually within the scenario consider in the all this simulation actually. 
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And this is a histogram sort of sort of picture that typically give from larges simulation 

sinusoidal and all if you get 100 metrical runs. This is what will get in conventional 



design; that means, you are guaranty to capture everything within 2 meters miss distance 

say, but here the miss distance will reduce to 1.1 sort of thing actually. 

So, this picture tells us comparatively how how much benefit will get by incorporating 

this integrated design of process actually. So, some reasons this is what you see here, this 

is the conventional approach very outer loop, inner loop sort of thing guidance is 

computed that way. And this not fused I mean if you fuse it then this is IEGC inertial 

happen here is not fuse actually. So, this is conventional way of doing thing, this is 

integrated estimation guidance and anyway doing of things actually. 

(Refer Slide Time: 55:44) 

 

So, conclusions essentially we saw also knew idea a new integrated estimation guidance 

and control algorithm. And that is what we T go, but also another literatures various 

literatures a few from from varies people, you can see that different ideas are  looking of 

for this design approach and essentially the second order Z E M dynamics is key here. 

So, if you go back the formulation part of it what was the difference, the main difference 

is this one (Refer Slide Time: 56:21). Once you have this and then then compute that 

way that rest of the thing you compute directly using this components actually; this 

components I mean then take body components and all that actually. Alright, so that is 

the three differences actually. 
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Alright so, then this new IEGC formulation has shown like substantial improvement for 

various interception scenarios. And also remember one body can deal from 2 meters can 

kind of 1.19 meters, well that is that is the real story. I mean the going close to that is 

suppose somebody wants let us say 20 meters mystery that is a very dual problem in a 

case. That is standard it is taken (( )) the it can be done, but running closer and closer you 

want really hit to kill sort of behavior. 

And you want to view within this kind of 1 meter lever accuracy 2 meter level accuracy 

like that the problem gets tougher and tougher see here, what you say in the blue line the 

conventional way, but conventional way also contains non-linear auto file that actually 

remember that. 

If you if you put the classical auto filer it still happens to be 5 6 meter and we need also 

talks about innervations way inner rater way of filtering, I mean is if you do not have that 

again go for classical filtering sort of thing mystery can be the outer matters. So, all these 

benefit if you put good filter and good training and put non-linear auto pilate their and 

then that is leads to 2 meter, now every into IEGC concepts and all then you can ask 1 

meter. 

So, think like that it is not forget actually as you go closer and closer the balcony is much 

much much more difficult actually. So, this is this is what we getting advantaged by 

invoking this integrated and all of course, actually. And especially these are important 



when T goes is very small, target surprise many verse of the end, which are also true for  

integration in away because towards the very end the when the inertial is a in atmosphere 

we are talking about end of atmosphere intersection. Then the target may not be doing 

intentional maneuver, but it can just happen, because of the physics that the target can go 

through maneuver, which is also surprise that actually. 

So, this consideration can motivates to do more and more and then extract every piece of 

thing that you can extract from problem really actually. Modern control theory, modern 

optimal control, non-linear control everything comes into picture estimation theory 

everything comes into picture to realize this this dream of going hitting the target 

actually many were. 

So, in a broad sense the broad conclusions something like this integrated designs are 

typically more natural to the flight vehicles, because flight vehicle does not understand 

what is point mass all the the physics happens the integrate I mean in the detail level 

only. So, the integrated designs are typically more natural six-DOF dynamics is directly 

used. And that typically derive the lot of synergy various subsystems and the necessary 

of having a compatible point mass equation is avoided integrated designs lead to better 

performance in general that we seen that also. 

And integrated designs can be proposed following various philosophies, it is integrated 

guidance and control, integrated estimation guidance as well as integrated estimation 

integrated estimation guidance and control all together sort of thing. so, this is this is 

what it is more and that you can see again in this two papers and various other paper that 

other paper available papers actually. So, that comment I will stop here thank you. 


