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Part I

Introduction

1) Page 10, change the top equation to:

X cosy siny 0O cosf 0 —sinf 1 0 0 u

y_ | =| —siny cosy 0 0o 1 0 0 cosg sing v

—h 0 0 1 sind 0 cosé 0 —sing cos@ w
Chapter 1

1) Page 21, remove boxes from around the equations

X =Apx + By(Cexe + Deryyy) = Apx + B,Cexe + BpDe1yin
yout = Px + DP (CCXC + Dé'lyin) = CPX + DI’CL'X" + DPDCIyin

4
X o Ap BPC(; X + BpD('l
f] 710 A ] [ By |m (1.53)
— ——
Aro Bro
X
Yout = [Cﬂ DPCF} X + [DPD"]} Yin
A > | X, N ,
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Chapter 2

1) Page 34, change

H* (x, V. J* 1) = x} +

- e -2 — 3
4 8)(2 8x1 2 8X2XI 83(2)62

to

1 /07\* oJ* oJ* oJ*
H (x,VJ'1) =xt+- [ =— oy —2——x; -3
(x, VJ5 1) = x] +4 <ax2> + o X axle

2) Page 34, change

oJ*
_ — H* *
T (x, VoI " (x, 1), 1)
1 /oI \* oI oI 1
_ 4 1 Vo 2.t
=x] —|—4 <8x2> + o X 0% (2)(1 3x, 2>
to
- % = H*(x, V.J* (1, 1), 1)

L 1o\ o ar

—— | — - ———(2xy —
4 8x2 + axl 2 5x2 ( 1 3)62)

3) Page 36, change

ar _ AT LAy SR
A 12 BROBTY I + S Ax— L2 BRTBTV
o Yty Vil e Ty v

to

o
ot

oJ*
Ox

oJ*
—xTox — L2 BR-1BTV J* +
4 Ox

Ax

1 /o7 \* oI oT* or-1ar
2 8)(2

1
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(2.26)

Ly
8x2x2 2 axz

(2.27)

(2.34)
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4) Page 36, change
oJ* (x, t
M*()C, [) _ _%RleT (Xv )

K(1)

to

u(x,t) = — ;R R'B'V.J = —

5) Page 46, change

det[SI - H] = ¢cl(s)¢cl(_s)

=R 'B"P(t
ox ﬁ,_(lx

A,_z

=—K(t)x

= —K(t)x

(2.39)

E3

2.81)

The asymptotic properties we desire to explore are those associated with the
migration of these eigenvalues, as the numerical values in the LQR penalty matrices
O and R are varied. We can examine these eigenvalues (roots of ¢, (s)) through

the polynomial formed by expanding the det[s] — H] .

We begin with some

elementa,ry- row- and .column operations on H. First, we multiply the first row of
Hby— Q(sl —A)H™' a‘nd add it to the second row. This yields

Ca P e
e
L L

to

-Gl — A)~!

Chapter 3

1) Page 57, change

to (need comma and space)
:=Az + B U, z=

0 A

(i a3

(3.24)
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2) Page 57, change

0 1 0 0
A=|-w?® 0 C.|,B=|D. (3.25)
0 0 A B

to

- - e
z =Az+ By, z:[ ,ézjé—a)zx,ﬂ:i’t—wzu,
4

0 1 0 0
A=|-w®* 0 C.|,B=|D.
0 0 A B
3) Page 59, change
PA+A"P—PBR'B'P+0=0 (3.36)

------------
L ",

The resulting steady-stat%; ny X (n, + nx)-.‘lmensional feedback controller gain

0

matrixis ~ Ttmsaeaaaees==tt

to

n, X (pn, + ny)

4) Page 60, change

< (p—i) (p=i) (p=i)
U= —Kxx—i-Zs_’ <a,~< u +K, x )—K,» e ) (3.40)
i=1

to

P
u=—Kx+ Z s (ai(u+ K,x) — Kie)
=1
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5) Page 60, change

= (A—BK,)z+Fr (3.41)

T
where F =[—I;xn, Onsxn]| -

to

% = (X - EK(.)xe L Fr

where the extended state x, is (3.18) integrated p-times,

F=[~Lyxn, Onxn ]

6) Page 63, change the following figure

Fig. 3.3 Unmanned aircraft

to the same figure as in Figure 1.3, page 8.

E5

and
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7) Page 63, Change

A, =-Vy=VZ,u+VZsd (3.48)
to

A=~V = Zoa + Zsd

8) Page 63, change

A: =Z,A, + VZyq + VZs5,

. Mo«. Me(ZtS
=—A,+M Ms — O¢ 3.49
1=yz, " "q+<5 za> (349)
to
. Za .
A, = VAZ + Zaq +Z56,
. Ma MaZ¢3
=—A,+M Ms — S,
q Za + qq+ 13 Za
9) Page 64, change
AZ Z, VZ, 0 VZs A, 0
Q| | Mavze My (My =)0 I S P
ée 0 0 0 ée 0
de 0 0 —w,2 —2L,wa ] L9 wg*
(3.51)
to
Zy
. — Zq 0 Zs
A, 14 A, 0
. q 0
$ 1= | Masza m, (Ma—Mz’,Z5> 0 |ls|T|o|*
S 0 0 0 1 S w,*
0 0 —w > —28,w,4
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10) Page 64, change

A

4q
0
0

é

By

L)

to

>

(Sﬂ: IS

SO O OO

11) Page 65, change

to

0z =2"

1 0
Z, VZ,
M,/NZ, M,
0 0
0 0
1
Zy 7
V a
Mo/Zy
0 0
0 0
q11
0
0
ZTQZ =z

o
B o

)

q11

Q. B

N

(e}
D
N

g Bn

Q)

(=N el

Wq

(3.57)

oS O © O

E7

(3.53)
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12) Page 67, change

The time domain performance metrics of interest here are 63% rise time, 95%
settling time, percent overshoot, percent undershoot (because the system is
nonminimum phase), max actuator deflection, and max actuator rate in response to
a constant step command. The frequency domain performance metrics are loop gain
crossover frequency @ in Hz, the minimum. of the minimum singular value of the
return difference dynamics, deaned ol +L), and the minimum of the minimum
singular value of the stability robusmess_r_n,a.tnx’l + L', denoted g(l + L ) The
metric o(/ +L) = 1/||S||,, and (I + L") = 1/||T||, (see Chap. 5, Sect. 5.2 for
definitions). These metrics, plotted versus ., are used to determine how the
increasing bandwidth of the system affects the system characteristics, indicating a
desired value for ¢;.

to

o(l+1L)

13) Page 67, change

Figure 3.7 shows two frequency response metrics: the minimum of the minimum
singular value of the return difference dynamics ¢(/ + L) and the minimum of the
minimum singular value of the stability robustness matrix 0(1 + L™ ) gemmmma ..
.-==As is characteristic of LQR state feedback designs (discussed in Chgp 2),the o}

." (I+1L)is equal to unity for all ¢, design values. This metric is not partictilarly nseful*

T ~far, gi_ey.e.k)’pmg state feedback designs but is critical when output feedback is used.
The @ (I + L’l), which is the inverse of the infinity norm of the complementary
sensitivity function, is a measure of the damping in the dominant poles of the closed-
loop system. We would like to maximize ¢ (1 + L’l). The figure shows that this
metric tends to favor larger gains.

to (keep together on same line)

o(l+L)
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Chapter 4

1) Page 75, change

lull, = j u(nldr
=
o0 ,l “ 2

ol
lully = (j |u<f>¢dr)

lull,. = sup Ju(®)|
to
lull, = J\u(t)Idt

lull, = j (o) el

lulloo = sup fu(®)

2) Page 77, change

dg S Jjoo
1 I .
||G||§2n:_j Gyl =5 [ 6-s96tsas
s —joo
to
1 T 1 I
2 . 2
6= o [ 166010 =L [ G-s6(5as
1 J

E9
4.2)
. G G(s)d
— 5 fe96s
(4.9)
1

= 2 j[;G(—s)G(s)ds

4.9)
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3) Page 88, change

In this section, we build a control design model that embeds the sensitrvity;=-.
complementary sensitivity, and control activity weighting filters from S@ct 4.3 .‘
into a state space model and then solves for the state feedback gain matrix (4 %45y°"
using a method called y-iteration. The design model needs to be of the form of
(4.24). Define the regulated variables in vector z to comprise sensitivity, comple-
mentary sensitivity, and control activity variables.

—— Sensitivity— to track commands.
7= [Z} «—— Complementary Sensitivity — to roll-off plant, limit bandwidth.

*—— Control Activity — minimize control usage.

From Set;t 43, the-wel ghting filter W, should be designed to be the inverse of the
desired loop Strape for S(s), the weighting filter Wy should be designed to be the
inverse of the desired loop shape for 7(s), and the control activity penalty to
penalize control activity in the desired frequency range. To build the H__-controller

to

section 4.4

4) Page 94, change

Ko =[— 092788164 7534 —13.1623 —0.11795 — 3210460 151197] (4.68)

to

K, = [-0.927881 64.7534 —13.1623 —0.11795 —3.21046 0.151197]

Chapter 5

1) Page 101 change

K(s) = [Ka.(s)Ky(s)  Kq(s)] (5.12)

-
- ...
¢ -

to

1 x2
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2) Page 102, change

u = Ke

y=GKe+w
z=GKe+w+v
e=r+z=r+GKe+w-+v

E(s) = S(s)(R(s) + W(s) + V(s)) (5.18)
to
u = Ke
y=GKe+w

z=GKe+w—+v
e=r—z=r—GKe—w—v
E(s) = S(s)(R(s) — W(s) — V(s))

3) Page 114, change

114 5 Frequency Domain Analysis

------

to

det[l + L(s,e)] # 0
4) Page 115, add space between x and is

535 A+ B Argument

The minimum singular value g(A) measures the near singularity of the matrix A.
Assume that the matrix A + B is singular. If A 4+ B is singular then A 4 B is rank
deficient. Since A + B is rank deficient, then therg exists a vector x # 0 with unit
magnitude (||x||, = 1) such that (A + B)x = 0 (xis in the null space of A + B). This
leads to Ax = —Bx with ||Ax||, = ||Bx||,. Using thi¢ above singular value definitions
in (5.20) and ||x||, = 1, we obtain the following inequality.
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5) Page 116, change

............
........

. .,

+* -

From Theorem 5.5, stability is guaranteed if ol +L" 1(5))>6(A(s)).7For A(s) =
E(s) — I, E(s) € R the singular values of A(§)aF6 «cuuemuenn==="""

to

g(l —|—L71(s)) > G (A(s))

6) Page 119, change

For this sm_gle -inpyt single-output system, we will compute the Nyquist, Bode,
a(l+L), and I+L~ 1~)‘- at the plant input, and (S) and (T at the plant output.
Figures 5. 14 ’5: 15 %16, and 5.17 show the plant input frequency response curves
(Nyquist, Bode,a(I + L), and g(I + L~')). On the Nyquist plot in Fig. 5.14, we have
drawn a circle centered at (—1,j0) that has radius equal to the minimum of a(/ + L)
(from Fig. 5.16). The classical gain and phase margins from Fig. 5.14 are 8.8 dB
(2.7536) and 50°. These are also easily extracted from the Bode plot in Fig. 5.15.
From Figs. 5.16 and 5.17, we have

to
o(f+L7")
7) Page 119,
w1t_k} the matrices defined in (5.14). The gains are K, = —0.0015,K, = —0.32,7d, 'L"Z. 0
aqd a: = __&0 Substituting these values into (5.14) yields ~ Trreeet
to

a;=20and a, = 2.0
8) Page 122, change

GM;.,1 = [0.4324 15676]

— (=728 3090]dB} TMr = +4284 (5.65)

to

GM,,, - = [0.2695 1.7305]; PM,,, 1 = £42.84 deg
=[-114 47]dB
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9) Page 122, change

GM = [—7.28 7.28]dB; PM = +42.84° (5.66)
to

GM =[-11.47.28] dB; PM = 4 42.84 deg

10) Page 124, change

Figure 5.21 shows the frequency response of the controller (K). This figure

indicates the amplification, or attenuation, of sensor noise through the controller.

.. Although not directly related to stability margins, this frequency response should

-'. e exammed to make sure the bandwidth of the controller is not too high and that

'hlgh frequency noise is not adversely amplified. The shape of the frequency

response clearly shows the proportional-plus-integral control action that the con-
troller is providing.

to

should be examined
11) Page 127, change

For a control system under po, uncertamty, the controller stabilizes the plant and
the return difference matrl-‘x in nomsmgular at all frequencies. Stability of the
nominal system implies """’

det[l + L(s)] # OVs € Dg. (5.68)

to
is
12) Page 130, change
to

add space in front and after M, and change 5.8 to 5.7
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13) Page 133, change

T 0 0 0 0
11422 04628 0 o | ...
Bu=1| 0 0 —6.9073 10.2389 [ Cy
0 0 0 0 | ’
L o 0 0 0
[0 —1.1422 0 0 0
0 0 0 —04628 0
10 —6.9073 0 0 0
0 0 0 —10.2389 0
to
r0 0 0 0
11422 04628 0 0
Bu=1| 0 0  —6.9073 10.2389
0 0 0 0
L0 0 0 0
[0 —1.1422 0 0 0
e, |0 0 0 -0468 0
0 —6.9073 0 0 0
0 0 0 —10.2389 0
14) Page 136, change
—0.0251  0.10453 —0.99452 0.1228  —0.27630
A= | 574.70 0 0 ‘B=|-53.610 3325 | (0.)
16.2 0 0 1955  —529.40
to
—0.0251 0.10453 —0.99452 0.1228 —0.2763
A= | 5747 0 0 :B=|1955 —529.4 (0.2)

16.2 0 0 —53.61 33.25
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15) Page 138, change

r[—0.0251 0.10453 —0.994527 [ 0.1228 —0.276307 7
574.70 0 0 ~53.610  33.25
[Ap B,,}_ 16.2 0 0 1955  —529.40
C, D,| 1 0 0
0 0
010
0 0
L 0 0 1 ]
(5.109)
to
—0.0251 0.10453 — 0.99452 0.1228 — 0.27630
574.70 0 0 -53.610  33.25
A, B,] 16.2 0 0 195.5 —529.40
C, D,|~ 1 00 0 0
010 0 0
0 0 1 0 0

16) Page 158, change

the det[/ + KH], and indicate the number of encirclements.

(b) Plot the singular values of the return difference matrix and stability robustness
matrix versus frequency. Compute the singplar-value gain and phase margins
for this system. This is a plot of g[I + L] and o[l + L::’ !l versus frequency. Plot
these using a log scale for frequency and niagnitud¢ in dB.

Exercise 5.2. Consider the block diagrams shown below. Each block in the
diagrams is a scalar.

to

1Q



E16

Chapter 6

1) Page 164, change

______________
-
.

Lo

-
LI

wn2”

By .:"X;);"_.NOXM (6.15)

A, =Ap — NoApp

to

2) Page 166, change

G0 10
ALv |0 Z)VooZ,
Qr] 10 M,/zZ, M,
O 0 0 0
o6 1 L0 0 0

No = X, X, |
0 0 e
0 Zs A.
(Ms—%2) 0 q|+
0 1 Je
—02 =2, Lo

to: make bracket same size as other brackets.

3) Page 169, change

2.2295¢—001 |

......... —9.4676e—001
C X, = |1 —1.6075¢—002
"""" | | =5.3104e—002

2.2551e—001

to

9.1946e—001
—1.4240e—003 —1.0897e—002;j
—4.3324e—-002 —3.3555e—-002;j
3.6293e—001 —2.3622e—002)

9.1946e—001
—1.4240e—-003 +1.0897e—002j
—4.3324e—002 +3.3555e—002;j
3.6293e—001 +2.3622e—002j

—1.0379e—001 —9.1764e—002; |

[ —1.0379¢—001 —9.1764¢—002; ] |

Errata List

(6.34)
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2.2295¢ — 001 ] [ —1.0379e — 001 — 9.1764e — 002; ]
—9.4676e — 001 9.1946e — 001
X, = —1.6075e — 002 | | —1.4240e — 003 — 1.0897e — 002
—5.3104e — 002 | | —4.3324e — 002 — 3.3555¢ — 002
2.2551e — 001 | 3.6293e — 001 — 2.3622¢ — 002 |

[ —1.0379¢ — 001 +9.1764e — 002 ] |
9.1946e — 001

x | —1.4240e — 003 + 1.0897e — 002

—4.3324e — 002 + 3.3555e — 002j

3.6293e — 001 + 2.3622¢ — 002

4) Page 173, change

The compensator- des.lgn (6.12) requires selecting a gain matrix Pg-sueh, that
the residual dynamlcsA in (‘6 16) are stable. The matrices needed to formA are-No
and By. e aae® et

to

5) Page 173, change

""""

Ny = XX1 j
B [.':1"656563 001 —5.8888e—002 4.4744e+000 } (6.43)
| 2.4157e+000 6.3925¢—001 —1.8175¢ + 001

to

No = X,,.X,,!

-1 6565¢ — 001 — 5.8888¢ — 002 4.4744e + 000
~ | 2.4157e 4000 6.3925¢ — 001 — 1.8175¢ 4 001

6) Page 173, change

Using the dynamic compensator in (6.12) with matrices defined in (6.17), the
compensator is designed by choosing the free parameter mratrix Py such that the
residual dynamics in (6.16) are stable. For this exampl'p (6.46), l

‘e
-------

to

delete (6.46)
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7) Page 173, change

Aye = A, + BoPoAr2
4 8883e <k QOO 3.3521e — 001
—6.6917 + 003 T -9.0801e + 001

............... 0 0 (6.46)
—2.5706e — 003 —2.6871e — 003
Py 0 —11.29
9.3759¢ — 001  —7.0061e — 002
—1.093 0

to

—6.6917¢ 4 003

8) Page 174, change

........

By multiplying out the matrices in 6.47), one can determine which elements of
Py need to be chosen. This matrix is demgn‘ed using a tuning process in which the
elements are increased in magnitude until a suitable design is obtained (trial and
error). After some tuning, the following matrix was obtained:

0 2 —500

Po=10 2 —2000000

(6.47)

The zero elements in the first column were found not formatter. They were made

4
--------

to

(6.46)
8) Page 177, change

covariance, which results from solving the algebraic filter Riccati equation (covari-
ance ﬁquatren) and Qp and Ry are the process and measurement noise covariances
fronﬁ (6.54), respectlvely The optimal control is formed using the LQR state
feedback-eeritrol gain matrix K. and the estimated state feedback X, given as

u=—K.x (6.55)

to

(6.53)
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9) Page 177, change
u=—K.x (6.55)

Flgure 6.10 cqmbmes the LQR controller (Chap. 3) with the Kalman filter state
estlmatot (6 55) mm a block diagram. This is the LQG control architecture.

-------

to

(6.54)

10) Page 178, change

Or =Qo+ %BBT (6.58)

-
e "

where Qy is the nominal plant process disturbance covariance frorn (6 54) B is the
control input distribution matrix, and pis the LTR filter compensatldn parameter.
This parameter is adjusted to recover the LQR frequency domain characteristics

to

(6.53)
11) Page 179, change

Considering the loop broken at the plant input, LTR modifies K; to create a system
that has stability properties that asymptotically approach those of the LQR. The
method uses a trial and error procedure in which the filter design is parameterized by
a scalar p > 0 such that when p — 0 we have Ligc — Ligr asymptotically but not

 Jieeessarily uniformly. It is evident that the location of the Kalman filter eigenvalues,
1 (6.58), alfers the closed-loop frequency characteristics of the system.
**=~The TQG/LTR approach requires that the controlled system (plant) be minimum
phase (i.e., no RHP transmission zeros). The minimum phase requirement occurs

to

6.57)
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12) Page 179, change

The LQG/LTR loop transfer function matrix at the plant input, L;pg, will
asymptotically recover the LQR frequency domain characterlstlcs as"pr=> 0. This
can be shown as follows. As p — 0, the process covariance Oy 11:1 (6.59) beeomes
largely dominated by the second term IBBT As these elements of Qf get-kirge, the
covariance matrix P; has elements that get large, resulting in the Kalman gain
matrix K; getting large with the following result:

to

(6.58)

13) Page 179, change

u=—K.(sI — A+ BK. +K,C) 'Ky (6.60)

Substituting for the measurement y = Cx + v and letting p — 0 as 1f1 (6 60)
yields e

to
(6.59)

14) Page 179, change

aols) = Kelof = A R+ K—C) Koy Cll =ATIE (o
Lioo(s) ~ Ko(sT — A) 8 :

to

Lioc(s) = K.(sI — A +BK. +K;C)'K;C(sI — A)"'B
Ligc(s) =~ K.(sT —A)™'B
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15) Page 179, change

It is this process that inverts the plant (within the Kalman filter) resulting in
_recovering the LQR Ly gr. It is important to note that as p — 0, &(P;) — oo and
. o (P,:-) — 0, creating a singular covariance matrix. In the next section, we will

~'151‘és'e'nt the LTR method of Lavretsky [6] which prevents this condition from
occurring during the recovery process.

to

o(Pr) =0

16) Page 179, change

u=—K.(sI — A+ BK, +K;C)"'K¢(Cx +v)

.....
" "

- .*
............

.....

(6.61)

to

~ ~ —1
u=—K.(s1 = A +BK +KC) K(Cx+v)
~ ~ —1 ~ ~ —1
- K, (sl —A+BK, + Kfc) K/Cx — K, (sI —A+BK.+ Kfc) Kpv

~ ~ —1
~—Kx—K, (s] —A+BK, + Kfc) Kpv
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17) Page 180, change

in which the first term is inverted and canceled (K;C ) KfC = [resulting in — K x.
However, the second term is not exactly canceled; (KfC ) Kf = I, and the sensor
noise v can be amplified. This feature limits the amount of recovery possible. In the
use of this demgu, method for making the LQG system robust, the sensor noise
amplification in’(6.62) must be examined.

The LQG/LTR. controller design, examining the loop properties at the plant
input, may be realized through the following synthesis technique:
Step 1: LQR controller design: K,
Follow the robust servomechanism design approach outlined in Chap. 3. Design
LQR weighting matrices QO and R such that the resulting LTFM L gr(s) = K,

(sl — A~) ~'B meets performance and stability robustness requirements and exhibits
the desired bandwidth. The frequency domain properties of the LQG system will
not exceed those of the LQR system.

Step 2 Kalman- filfer design: K; Design the Kalman filter state estimator using
5, (6.55), Wlth (6.59) deﬁmng the plant disturbance covariance. The LTR filter
fecovbry parémeter 0 is used to recover the LQR frequency domain characteristics
over the frequency range of interest. Examine plant 1nput and output frequency
domain criteria and the sensor noise amplification 11:1 (6.62) and limit the LTR
recovery so that the sensor noise is not amplified.

------

to

(6.62) change to (6.51)
(6.55) change to (6.54)
(6.59) change to (6.58)
(6.62) change to (6.61)

18) Page 180, change the following text:

in which the first term is inverted and canceled (KfC ) KfC = [resulting in — K,x.
However, the second term is not exactly canceled; (K;C)~ Kf # I, and the sensor
noise v can be amplified. This feature limits the amount of recovery possible. In the
use of this design method for making the LQG system robust, the sensor noise
amplification in (6.62) must be examined.

to

in which the first term approximately equals the state feedback control law, but the
second term amplifies the sensor noise. This feature limits the amount of recovery
possible. In the use of this design method for making the LQG system robust, the
sensor noise amplification in (6.62) must be examined.
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19) Page 181, change

where the first gain in K. multiplies the integral error, and the remaining gains
multiply estimates of A;, ¢, J., and J,, respectively.
The measurements provided by an inertial measurement unit, A, and g,,, are

“m
.-

available for feedback. To design the Kalman filter state estimator, wenieed-models

to

(6.53)
20) Page 183, change

6.2 Linear Quadratic Gaussian with Loop Transfer Recovery

obtained from the filter covartarice equation

to

(6.64)

21) Page 183, change

Kr = PC"Ry™!
[ 2.0442e~.003 —6.0760e — 006 2.4929¢ — 010  —5.6592e — 008

b _ —6.6760 — 00:6 7.8188¢ — 008 —1.2264e — 012 1.3375¢ — 010
P70 2492062010 —1.2264e — 012 1.2523e — 010 —5.0000e — 009

| —5.65926.008 1.3375¢— 010 —5.0000c — 009 3.4544e — 007
[ 3.3707 — 002 —6.0760¢ + 000

-

—9.7217&"=7005  7.8188¢ — 002
Ky = (6.68)
3.9887¢ — 009  —1.2264¢ — 006

| —9.0547e — 007  1.3375e — 004

The controller implementing the robust servomechanism integral control with the

to: need to add the “e” e-006, e-002 to these two numbers
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22) Page 185, change

Note that (6 75) 1 1,s valid for plant models with no D matrix, that is, D, = 0. The
first state x; is"the” robust servo integrator, the vector X is the estimated state, Zyeas
contains the acceleration and pitch rate measurements, and r is the acceleration
command. Writing the controller in a generic form, we have

to

(6.74)

23) Page 185, change

0 0 0 0 0
0 —1.0854e + 000 —3.4041e + 002 0 —1.1289€ + 001
A= 0 6.8202¢ — 003 —1.1116e +000 —1.0925¢ + 000 0
0 —3.9887e — 009  1.2264e — 006 0 1.0
| —3.3010¢ + 003 —1.1944e +003  9.3804e + 004  —2.1408¢ 4+ 004 —1.1005¢ + 002
[ 1.0 0 -1
3.2707¢ — 002 —6.0760e + 000 0
B, = | —9.7217¢ — 005  7.8188¢ — 002 |:B., = 0
3.9887¢ — 009  —1.2264e — 006 0
| —9.0547¢ — 007  1.3375¢ — 004 0
=[0 0]; D, =|[0]
(6.76)
to
A(? _
c.| ™
0 0 0 0 0
0 —1.0854¢+000  3.4041e+002 0 —1.1289e 4001
0 6.8202e—003 —1.1116e+000 —1.0925¢+000 0
0 —3.9887¢—009  1.2264e—006 0 1.0

—3.3010e+003 —1.1944e+003 9.3804e+004 —2.1408¢+004 —1.1005¢+002
[-4.9477e—001 —1.7903¢—001 1.4060e+001 —2.2087¢+000 —1.8035¢—003]

1.0 0 ~1
3.2707¢—002  —6.0760e-+000

B, B.,] ||-9.7217e—005 7.8188¢—002

[Dv, ch T || 3.9887e—009  —1.2264e—006

~9.0547e—007  1.3375¢—004
[0 0] [

S o o o o
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24) Page 186, change

Next, we will analyze the LQG/LTR design in the frequency domain and
determine the desired amount of LTR to be applied at this flight condition.
Figure 6.13 shows.a'N‘yquist plot of the LQR LQG and LQG/LTR designs using

.....

to

6.73)

25) Page 189

PR
o* LS

and, 0(1 + 1) at the plant input, minimizing 5(S) and 5(T') at the plant output and
preveh‘tmg n01se amplification over a frequency range of interest. The following
table summarizes these peak values:

Design o(l+L) oI +L71 a(S) a(T)

LQR 1.0000 0.7963 1.4936 1.0480
LQR 0.5506 0.9808 1.0791 1.0000
p=10° 0.5233 0.7136 1.0923 1.0000
p = 10* 0.5853 0.6567 1.0599 1.0000
p=10° 0.7920 0.7301 1.4581 1.0000
p = 102 0.9160 0.7715 2.9361 2.1570

PR
o* te,

From the “a(l —|—‘.L) values, we. need p< 10* to meet plant input stability margin
requuements We Wwould l]{(e “a(l +- L") to be as large as possible, which is also
satisfied by p<10*. We would 'ltkcf)'(S to be minimized, which points to p = 10* as the
desired recovery level. If p = 107, the peak in & (S) would be too large. Thus, p = 10*is
selected as the design. For comparison, the following table lists the Kalman filter gains:

to

S|
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26) Page 190, change

Definition 6.2. The transfer function G(s) is called strictly positive real if G(s — &)
dspgsitive real, [0r.some 20 o o o e e ——————————
: For scalar systems (p = 1), PR and SPR dynamics have their Nyquist frequency
1 response locus located entirely in the right half complex plane. This condition for
: G(s) can be satisfied only if the system’s relative degree is zero or one. Thus,
1 encirclements of (—1, jO) cannot occur. In other words, such a system will remain
: stable under a large set of uncertainties, which is a highly desirable property for
1
k

any system to possess.

e e e Em e e e e e e e e

to: This text should not be italic

27) Page 191, change

e T e
1 » o

1 Clearly, if D is the zero matrix, then the SPR conditions (6.81) ré‘duce to

e
PA+A"P=—-L"L—¢P
PB=C"

1
1
1

(6.81)

L e L L L L L L L L L L
PA+A"P=-L"L
PB=C"

1
and in this case, setting ¢ = 0, gives the PR conditions in the form :

(6.82)

to: (6.80), and the text in the boxes should not be italic.
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28) Page 192

192 6 Output Feedback Control

The first relation iy (6.83) is the algebraic Lyapunov-eqnation, andV (x) = xT Px
is the Lyapunov functl’o'n '[4‘]‘.7"he second relation in,(6.83) engbles output feedback
control design, whereby the system outputy = C x chh'be'fe'a" back into the input to
control the system, while preserving closed-loop stability. Also, note that the
matrices B and C define the transmission zeros of the system transfer function
matrix G(s) = C(sI —A)"'B.

We are going to modify the LOG/LTR design such that, for a class of restricted
systems, the PR property is obtained asymptotically, P, B, — CT, with the positive
tuning parameterv — 0. In addition, we shall ensure that P, remains symmetric and
strictly positive definite, uniformly in v. These are the distinguishing features of
LTRLM design. Similar to the previous section, in this design, the Kalman filter is
no longer treated as a filter. It will continue to estimate the system state and serve as
a dynamic compensator, tuned to improve the frequency domain properties of the
system. The Gaussian covariance matrices for w and v are altered significantly to
improve the controller robustness and to limit sensor noise amplification. So, these
matrices no longer “model” the stochastic processes of the system.

We formulate the LTRLM design approach using the linear-time-invariant
Gaussian design model,

X=Ax+Bu+w

y= Cxtv (6.83)

where w and v are zero mean, white, uncorrelated Gaussian random processes with
covariances given by

E{w(O)w" (1)} = Qod(t — 1)

(6.84)
E{v(t)"(t)} = Rod(t — 1)
The state estimate X is formed as before, using the state estimator,
X = A% + B+ Kr (Ymeas — 5) (6.85)

and the control input is calculated using the LOR state feedback gain matrix K.,
with the estimated state feedback X.

u=—Kx (6.86)

In LTRLM, we parameterize the process and measurement noise covariance
matrices using a positive scalar v,

E27

: Change (6.83) to (6.82). The text on this page should not be italic.
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29) Page 193, change

6.3 Loop Transfer Recovery Using the Lavretsky Method 193

where B is a matrix formed by adding “fictitious” columns to B, to make B =
[B X] have its column rank equal to the row rank of C, such that CB becomes
invertible and the corresponding extended system C (sl fA)_IB is minimum
phase, that is, all its transmission zeros are located in the left half complex plane.. 1

This is the “squaring-up” step of the method. Substituting the weightsfrolﬁ (6.88) ':
into the filter Riccati equation, we get Trenaaaet !

v

1 1 - -
P,AT+AP, — (1+;) P,CT Ry'CP,+ Qo+ (1+ )BBT:o (6.88)

or, equivalently

|
P,AT +AP,—P,C" Ry'CP, +Qy+BB" +

v

[BBT—P,C"R;'CP,] =0

1

1

1

1

1

1

1

1

1

1

1

1

1

1

I

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

! RS e

: The gains if (6.86) are computed as
. . .

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
1
1
1
1
1
1

------

Ky =P,C'R,”! (6.90)

Now as v — 0, one can show that the filter covariance matrix P, asymptotically
approaches a constant symmetric positive definite matrix Py, that is,

Py =lim P, = lim Pl =Pl>0 (6.91)

This behavior is in contrast to the previous section, whereas the LTR parameter
p— 0, 6(Pf) — 00, g(Pf) — 0, and the.Pemmatiix became singular.

The important properties of Py in, (6.92) are listed below without proof
(see Chap. 13, Theorem 13.1 forformal’.dért'v&'t‘ions):

o Py is the unique symmetric strictly positive definite solution of the following
algebraic Lyapunov equation

Po(A—CTR;' CP)) + (A=C"R;'CP)Po+0Qy=0  (6.92)

to: (6.88) to (6.87), (6.86) to (6.85), (6.92) to (6.91). This page should not be italic.
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30) Page 194, change

194 6 Output Feedback Control

PoC" =B W'R; (6.93)

o The unitary matrix W z-n ( 6.94 ) cqn be chosen as

.....

w=@Wv) (6.94)

where U and V are two unitary matrices defined by the singular value
decomposition,

B'CTR =USV (6.95)

and X represents the diagonal matrix of the corresponding wngulm values.

_________________________________ ___~..____.|

For minimum phase systems, the SPR property is 1mphed by (6 94). What the
estimator, such that the original system with the extended input becomes SPR
asymptotically, as v — 0. To do this, we “square-up the system” by adding extra
columns to B (to form B) and then apply.the LTR tuning process, whereby we
decrease the tuning parameter v irk(6.88), ugtil the system becomes almost SPR.

It was discussed earlier in Chap ) fhat in the LQR design problem, with the
penalty matrix Q factored as Q = Q Q2, the poles of the closed-loop system,
A(A — BK.), would approach the transmission zeros defined by Q#(s/ —A) 'B
asymptotically as the gains grew large. If no finite transmission zeros existed,
the roots would form a Butterworth pattern (or combinations of Butterworth
patterns) in the left half complex plane. Thus, by the proper selection of Q, the
designer places these zeros to achieve the desired response of the system. So,
the selection of the LQR penalty matrix is a key tuning mechanism in the LQR
controller design.

This same basic idea is in work under LTRLM. For the state estimator (aka
Kalman filter), the process covariance Oy is the equivalent to the LQR penalty
matrix. Factoring the process covariance Oy as Oy = LTL, the eigenvalues of the
Kalman filter, A (A - KfC), will approach the finite transmission zeros defined by
C(sl — A)flL. Thus, the selection of the process covariance O is an ideal tuning
mechanism in the design of the LTRLM controller. Placing the zeros of the
system in a desirable location is the key to achieving a robust design. This is
achieved threu-gh. the modified process covariance and measurement noise
matrices 1n (6 88)

------

to: (6.94) to (6.93), (6.94) to (6.93), (6.88) to (6.87), (6.88) to (6.87). The text in the

box should not be italic.
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31) Page 196, change

Step 1: LQR controller design: K,
Follow the robust servomechanism design approach outlined in Chap. 3. Design
LQR weighting matrices Q and R, such that the resulting loop gain Ligr(s) = K,

(sI — A) ~'B meets performance and stability robustness requirements and exhibits
the desired bandwidth.

Step 2: State estimator/Kalman filter design: K;

Select columns X to make B = [B X | have column rank equal to the row rank of
C and to make the extended system-minimum phase. Design the Kalman filter/state
estimator usmg (6.89), w1tﬁ (6.88) defining the plant process and measurement
noise covariance matrices. The -LFR parameter v is used to recover the LQR
frequency domain characteristics over the frequency range of interest. Ad hoc
adjustment of the sensor noise covariance magnitude may be needed to scale the
Kalman gains to prevent large gains from occurring. Examine plant input and
output frequency domain criteria and the sensor noise amplification in and limit
the LTR recovery so that the sensor noise is not amplified.

to: ), (6.89) to (6.88), (6.88) to (6.87).

32) Page 197, change

Xe =AXe + By + Beor

(6.102)
u=Ccxe+ Dc1y+ Der
Using the gains from (6 101), t}le state feedback controller is
Xe=|0x.+1[1 Oly+|[—-1|r
O+ 1 0ly+[-1] 6108

u=[—0.31623]x. + [33.261 6.7127 ]y + [0]r

to: (6.101) to (6.100)
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33) Page 198, change

%= A%+ Bu+Ki(y —3) (6.106)

-----

where u is formed usmg (6 102) and was implemented using steady-state matrices
obtained from the filter cOvariance equation

0= AP +PA" + 0, — P;C'R,”'CPy

(6.107)
K; = P;C'R,™!

The steady-state covariance and Kalman filter gains design (using Qp and R) are

9.5843¢ — 006 3.8344e — 007
F= [3.83446 — 007 4.8957¢ — 005}
—0.053132  0.38344
A [0.0021257 48.957 }

(6.108)

To analyze this observer-based design-(Kalman filter), we will implement the
controller in our standard model (6 103). For the LQG controller, the RSLQR
control law is given by ~ Tteeeett

(6.109)
e=ye—r=A:-A4A.,
where X is the estimated state, and the RSLQR gain matrix is partmoned as K. =
[Ki K] To form,the- -estimated state, we need to substitute the control: (6 110) 1nté)
the state estimator’ (6 107). Dblng sogives  Tteaaae

.’
.......

to: (6.102) to (6.101), (6.103) to (6.102), (6.110) to (6.109), (6.107) to (6.106)

34) Page 199, change

The L:QG contrellér States are x. = [ [ &]". The controller state space model
usmg (6 110) apéi (6 111)1i 1;;

-------------

R o | S P e Y

u=—[K K] [Je] + [0]ymeas + [0]r

where A,; and Ay, are defined as m (6 111) Substltutlng the gains into (6 112), W.e
have — teallleet 0 T e -
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to: (6.110) to (6.109), (6.111) to (6.110), (6.111) to (6.110), (6.112) to (6.111)
35) Page 200, change

Note the magnitude increase in the gain Kr(2,2).
The last controller in this example uses the LTRLM. The first step in the design
process is to design the LQR control law. We will use the RSLQR controller from
£(6.102). The second step is to select columns X to make B = [B, X ] have column
“rank. eqﬁ'all to the row rank of C,. To complete this design, we must look at the
numbers within these matrices:

to: (6.102) to (6.101),

36) Page 201, change

FELLLTN

Solving for the steady-state covariance and gain matrix fron’i (6.108) )Zields

.
-------

-

~3.5561¢ — 005 0.018303
 [-035116 —0.19914
7~ 10.001104 1025

[ 0.011312 —3.5561e —005]
f =

(6.121)

to: (6.108) to (6.107)

37) Page 201, change

-------

0 0 0 [ 1 0 -1
e
H: 0  —19.48 0.16584 [f]+ —0.053183 0.83416 | ypoas + | O |7
X
036948 —42.794 —246.8 | = —0.0043243 237.93 0
u=[—0.3162333.2616.7127] Pf] +[00]ymeas+[0]F (6.122)
X

to: (6.112) to (6.111)
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38) Page 201, change

-------

0.00017018  0.0017429
I {0.0017429 0.15898 }

~0.0052832  9.7605
= [ —0.054109  890. 31}

(6.124)

-------

to: (6.108) to (6.107), (6.112) to (6.111)
39) Page 205, change

Exercise 6.1. Consider the unstable longitTudinal dynamics model, as defined in
Example 6.1, where x = [oc q 9. 56] . The matrices for the control design
model x = A,x + Bj,u are

P
" e,

—1.3946e 1. Q' —0.2.1420 0 0

47.71%----" 0 —104.83 0 0

[4p Byl = 0 0 0 1.0 0
0 0 —12769. —135.6| | 12769

“ Lt}

to: remove the
40) Page 206, change

() Compute the eigenstructure for (a) and (b) to show that the dominant
pute Nyquist, Bode a[] + L] all +.L !l frequency responses for a) and b) at
the plant input. Com‘puré GFS} and. G{T] frequency responses for a) and b) at the
plant output for the o loop. Compute the loop gain crossover frequency and
singular value stability margins for the design.

to

1Q
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41) Page 206 change

singular value stability margins for both designs. Determine the impact of using
the Kalman filter estimator on the stabll' "tS/'fobustness of the system.

(d) Use the LTR method of Sect. 6.2'.‘(6.59) tq. recover the frequency domain
properties of the state feedback desigii in-thé'LQG design. Evaluate the design
in the frequency domain as in (c). Compute the maximum singular value of the
noise-to-control transfer function matrix frequency response to examine the

noise amplification in the resulting LQG/LTR design.

to: (6.59) to (6.58)
42) Page 207

(b) Simulate the LQG design and compare it to the state feedback design.
(c), Analyz’e thls LQG design in the frequency domain. Compute Nyquist, Bode,
+ LJQ [+ B- 1 frequency responses for the LQG and state feedback at the

plant outpu.t-for the o loop. Compute the loop gain crossover frequency and
singular value stability margins for both designs. Determine the impact of using
the Kalman filter estimator on the stability robustness of the system,-**""* .,

(d) Use the Loop Transfer Recovery method of Lavretsky, Sect. 62 (6.88), to
recover the frequency domain properties of the state feedback deSign-in- tﬁe
LQG design. Evaluate the design in the frequency domain as in (c). Compute
the maximum singular value of the noise-to-control transfer function matrix
frequency response to examine the noise amplification in the resulting LQG/
LTR design.

to

o, (6.88) to (6.87)
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Part 11

Chapter 7

1. Page 222: Exercise 7.3: Change “(7.13), (7.14), (7.15), (7.16), (7.17), (7.18),
(7.19), (7.20), (7.21), (7.22), and (7.23).” to “(7.13) through (7.23).”

2. Page 239: Example 8.9: Change 6sint — 6¢cost — 1> < 6 + (t — tz) <6.25to

——
<

=

6sint —6tcost — 2 <6+ (61— 1) <15
9
<

3. Page 239: Example 8.9: Change

lx(2)] < |x(to)] exp(6.25 — 6sinty + 619 cost + 1) = |x(to)| c(ty) to

()

[x(£)] < |x(to)| exp(15 — 6sinty + 619 cos tg + 1) = |x(to)| c(to)

<(10)

Chapter 8

1. Page 261: Example 8.10: Change x,of = AXyer + b1 10 Xpof = AXpr +bK, 1
2. Page 258: Change sentence

“regressor vector”, which is assumed to be uniformly bounded.

to

“regressor vector”’, which is assumed to be uniformly bounded and Lipschitz-
continuous in ¢.
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3. Page 258: Change V(e, AK) = e’ Pe + AKTAK toV(e,AK) :eTPeJr%AKTAK.
4. Page 258: Change the next equation for Ve, AK = ... to
. 1 A
V(e,AK) = é"Pe+ e Pé+2-AK"K = (Ae+bAK D)
/4
Pe+e'P(Ae+bAK'®) — 20K e Ph=—e"Qe <0

5. Page 261: Change equation X,,t = AX,ef + b1 10 X, = AXpr + DK, 1.

Chapter 9

1. Page 282: Eq. (9.47): Right-justify the equation number (i.e., move it to the
right).

Chapter 10

1. Page 311: Table 2.10: Change the third equation from the bottom to:
= (L — KTty — ©' ®(x,).
This equation in the current book version has an incomplete sub-index in /.

2. Page 314: Exercise 10.1: In the problem statement, replace “have” with “has”.

3. Page 314: Exercise 10.2: Add the minus sign to the last equation in the problem
statement: Iex(O) = —K,.
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Chapter 11

1. Page 325: Replace text and equations starting from Eq. 11.26 through Eq. 11.29
with:

Using completion of squares, the sum of the first and the second terms in (11.25)
can be transformed into

~uia (O)|le (P)éuue
-0 H- 0] A

Similarly. the sum of the third and the fourth terms in (11.25) can be written as
-20]a0); A, +25]a@], ], Al

2 2 2
=-20A,, ~Ligy 1AL\, 1ele A
= 2 = Amm ZAm

Substituting these two expressions back into (11.25). gives

)& 2 2 &
(6. 80) -4 (0) -2 em | 1A=

1 ALY ol IAIP
20 jsel, Lot ke | . 610k I,
2 A 2A.

(11.26)

Hence, ¥ (e. A®) <0 if at least one of the following two relations take place:

2

f - ‘2 f’ ®2 Az
mg)(||4[_ﬁm(l°).m] A (P): = _ e Iaf,

0
/e (0) A (0 2
OR (11.27)
ALY A2 (P)E I\
2an_{1s0l, 3o}, Wl | _GEIE

or equivalently. when
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E38
||€||> I l mx[P}‘m O'] Rk P =,
\ e [0} e (©) 2A., fua (©)
OR (11.28)
1 (P& |l ||A||
|a®]; > 208 | 7 (0) A |I I

In other words. V(e. A@) <0 outside of the compact (closed and bounded) set

Qc(R"#RY™ ) defined below.
|
={(e. 20):([le| <&, ) A (a0, <, )} (11.29)
2. Page 327: Change section number from “11.3” to subsection # “11.2.3”
3. Page 328: Replace the first sentence and the second sentences with the sentence
shown below in yellow:
0'”(" PB“ This fact allows to amive at a compact set [4]. outside of which
Fle. A®) < 0. Once again, we can claim UUB of all trajectories. This completes
the stability analysis for the ¢ - modification with a guaranteed UUB-type output

tracking performance

4. Page 329: Change Eq. (11.59) to:

Chapter 12
1. Page 364: Replace 6 with § R in Fig 12.5, as shown below:

u(x)
1l------=---

:

i
. >

Fig. 12.5 State modulation function
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2. Page 372: Change “Example 12.3” to “Example 12.1”

3. Page 373: In the sentence “In addition, we impose a restriction on the runway
distance ...” : Change 7 to 41,

4. Page 374: Change the second equation as shown below (change B(2,2) to
0.00044):

1% —0.038 18.984 0 -32.174 0 1%
@ —0.001 —0.632 1 0 0 a
qil= 0 —0.759 —0.518 0 0 q
0 0 0 1 0 0 0
h 0 —250 0 250 0 h
N——
X A X
10.1 0

0 0.00044 (

| 0025 oo f;h)©
Hﬁ—/

0 0
0 0 u

5. Page 375: Change equation at the top of the page as shown below (change B(2,2)
to 0.00044):

1% —0.038 18.984 0 32174 0 v
a —-0.001 —0.632 1 0 0 a
g | = 0 —0759 —0.518 0 0 q
0 0 0 1 0 0 0
h 0 —250 0 250 0 h
N——

X A X

10.1 0 —18.984

0 0.00044 5 0.632
+10.025 —0.011 < 5‘”)+ 0.759 | ay(h)

0 0 ¢ 0

0 0 u 0

N’
B B,

6. Page 376: Change 4™ from the bottom equation as shown below:

Qi =diag(0.2 0 0 0 1), Ry =diag(10 10)
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Chapter 13

1. Page 406: Insert space between “y.ng~ and “y” in Eq. 13.87. There are two
equations there, not one, as shown below.

d(x,,)
évl Om><m Cp ey Om><m /T/%
. = T+ Alu+0,
(x,, > (0,,,,”1 Ap> <x,, B, 1+ 0, y(xy)
—— N ) N e N’
X A X B
_Imxm
+ ( 0 ) Yemd Y = (Om><m Cp) X (13.87)
n,xm N———
B/'e/

2. Page 409: Move superscript “T” in Eq. 13.99 to the right and outside of
parenthesis, as in:

T
i=Anpx—BA (é) _ @) O(x) + Bref Yoma (13.99)
———
A®

3. Page 416: Exercise 13.4: Change “Example 13.3” to “Example 10.2”.

Chapter 14

1. Page 429: Eq. 14.46: Change to:
. — 1 ~ ~
V(e A®) =—| 1 +- e/ Ry'ey— el P,OyP e,

1 ~ 2 ~ ~
—(1+=] [[B"Pyex| —2nelP,e.+2eT P,BAg
" f E

_1
X 2
+2trace | AA® {T5'® +® (£,uy) (! C") R, WS"
——
el

+2eTO(W)AAD B (£, up)
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2. Page 430: Eq. 14.48: Change to:

V(ex’Ag) < =27 Amin (Pﬁ) ||€x||2 Amin(Qo) mm( V) He)r”z
1 1 ~ ~
i (1 *c) Ao (Ry") e | - (1 *c) 1B7Py el + 2 ke |B7Pc ]

+2v [lex]l k Amax AO max || D (£, 1) |

3. Page 430: Eq. 14.49: Change to:

V(€0 48) < — (20 + Amin(Q0) Zmin (P ) ) douin (P) [l

1 1
— (1 T Amin (R ") HeyH2 - (1 +;> w2 42 Amax kgw [lex |

2 lex]l k Amax AB may |[@ (£, uer) |

4. Page 430: Eq. 14.50: Change to:

V(e A®) < — (27} + Amin(Qp) Amin (ﬁo>) Amin (ﬁo) llex|®

1 1
140 dain R | - (l +;) W22 A Ky ]

+2v [lex]l k Amax AO max ||D (£, 1) |
5. Page 431: Eq. 14.52: Change to:

1
V(e088) <~ [ 14+ 1) 2maes?) o
(277 +/1m1n Q() min (ﬁo)) Amin (ﬁ()) — 2vk Amax A@max by ||exH2

1 _
—14+=] w2+ 2 Amax kgwllex]] + 2V Amax k AO max b1 ||e]|
y
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6. Page 431: Eq. 14.53: Change to:
1 = lmin(QQ) /ﬁﬁn (i;O) = 2VkAmax ABmax b2, €2 = Amax kg

1
c3=1 +;, €4 =V Amax k ABOpyx by

7. Page 431: Eq. 14.54: Change to:

min

V(e A®) < —csdmin(Ry") ey |* = 20435 (Po) llecl

= [e1 lled” = 2¢allecllw + e w? = 2¢4 el ]

o(llexll.w)

_ 2 =
= —c32mn(Ry") ey = 20122 (Po) llexl® = (el w)
8. Page 432: Eq. 14.61: Change to:

Amin (QO) ﬂ“ﬁﬁn (ﬁo)
B 2k Amax A6ma){ b2

Vi

9. Page 432: Eq. 14.62: Change to:
detC =cic3 — C%

] ~ ]
=1+ [Amm(Qo)Aﬁm (Po) — 2k Ay AOp bz} - A k=0~

max g ~

10. Page 433: Eq. 14.66: Change to:

— 1 ~
V(e 88) < (147t ") s = 205 () e+ ()
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11. Page 433: Eq. 14.67: Change to:

. 2
0. =Je: el s ol _o()
27]/1min (P())

12. Page 435: Table 14.1: Change 11™ and 12" equations in the table as shown

below:
Output selection ma- [ S=(1 0 |
| tnx for adaptive laws | e aihaile
Singular value de- T .
composition | B C R ULl
Back cover

Second paragraph: Change “The text is a three-part treatment” to “The text is a
two-part treatment”."Errata List",6,1
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