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Abstract: In this paper, an off-policy reinforcement learning method is developed for the robust stabilizing controller design
of discrete-time uncertain linear systems. The proposed robust control design consists of two steps. First, the robust control
problem is transformed to an optimal control problem. Second, the off-policy RL method is used to design the optimal control
policy which guarantees the robust stability of the original system with uncertainty. The condition for the equivalence between
the robust control problem and the optimal control problem is discussed. The off-policy does not require any knowledge of the
system knowledge and efficiently utilize the data collected from on-line to improve the performance of approximate optimal
control policy in each iteration successively. Finally, a simulation example is carried out to verify the effectiveness of the
presented algorithm for the robust control problem of discrete-time linear system with uncertainty.
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1 Introduction

The models of real world physical systems are usually

coupled with model uncertainty, which is challenging to the

feedback control design. Robust control is designed to deal

with the uncertain parameters and structures within a certain

bound in order to achieve the guaranteed performance. In the

early time, robust control design was based on frequency do-

main analysis [1]. Since then, time domain based approaches

were also developed to investigate the robust stabilization

problem for both linear and nonlinear systems [2, 3]. The

adaptive control techniques have been applied successfully

to deal with multi-agent systems [4], time delay systems [5–

7], and so on.

Another kind of robust control approach is proposed based

on the optimal control design method. In [8], the robust con-

trol problem is transformed to an optimal control problem

with a modified system dynamics and a performance func-

tion. The robust control problem is equivalent to the optimal

control problem in the sense that the unique optimal con-

trol of the transformed optimal control problem is able to

robustly stabilize the original system with uncertainty. In

this way, the robust control problem reduces to the solution

of the Hamilton-Jacobi-Bellman (HJB) equation for a gen-

eral nonlinear system and the Riccati equation for the linear

system. This idea has been successfully applied to guaran-

teed cost regulation problem in [9], guaranteed cost tracking

problem in [10], robust control of uncertain constrained sys-

tems in [11], robust optimal control design in [12, 13]. It is

necessary to develop an efficient method for the transformed

optimal control problem which is able to equivalently tackle

the robust control problem. This is the motivation for this
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paper.

An efficient method, referred to as approximate/adaptive

dynamic programming (ADP) or reinforcement learning

(RL), was proposed in [14]. The core idea of ADP, as the

name indicates, is to find the solution that satisfies the HJB

equation. For linear systems, the solution of Riccati equa-

tion was approximated successively by solving a sequence

of Lyapunov equations in [15]. This idea was extended to

nonlinear continuous-time systems in [16]. Since then, ADP

developed from off-line [17] to on-line [18, 19], frommodel-

based [20] to unknown systems [21]. A novel RL approach,

called off-policy RL, was presented to approximate the opti-

mal control policy in an on-line manner by a novel policy

iteration algorithm for the continuous-time linear systems

without any knowledge of the system dynamics [22]. Then,

the off-policy RL method was extended toH∞ control prob-
lem in [23, 24], tracking control problem in [25] and the out-

put synchronization problem of multi-agent system in [26].

To the authors’ knowledge, the off-policy RL method has

not been applied to the robust control problem for discrete-

time uncertain linear systems yet. The main contribution of

this paper is to utilize the off-policy RL approach to solve

the robust control problem of discrete-time uncertain linear

systems without requiring any knowledge of the systems dy-

namics.

The remainder of this paper is organized as follows. Sec-

tion 2 describes the robust control problem of discrete-time

linear system with uncertainty. In Section 3, the robust con-

trol problem is transformed to the optimal control problem

of a modified system. The condition for the equivalence that

the optimal control policy of the modified system can ro-

bustly stabilize the origin uncertain system is also given in

Section 3. The model-free off-policy RL method to solve

the optimal control problem is described in Section 4. In

Section 5, a simulation is conducted to demonstrate the va-

lidity of the proposed approach. Finally, concluding remarks
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and future works are presented in Section 5.

2 Problem Statement

Consider a class of discrete-time linear systems with un-

certainty

xk+1 = [A+Δ(p)]xk +Buk, (1)

where xk ∈ Rn is the system state, uk ∈ Rm1 is the control

input, A + Δ ∈ R
n×n represents the drift dynamics and

B ∈ R
n×m1 is the input dynamics. Δ(p) with p ∈ Ωp

represents the bounded perturbation of the nominal system

xk+1 = Axk +Buk. (2)

Without loss of generality, it is assumed that (A,B1) is sta-
bilizable, and x = 0 is an equilibrium state of system (1).
The system uncertainty can be classified into two types,

the matched and mismatched uncertainty [8]. The class of

matched uncertainty satisfies

Δ(p) = Bφ (p) . (3)

That is, the matched uncertainty Δ(p) in (3) can only de-
scribe the class of uncertainty in the space spanned by the

columns of the input matrix B1. Therefore, another type of
uncertainty, unmatched uncertainty, is considered

Δ(p) = BB†Δ(p) +
(
I −BB†)Δ(p) (4)

whereB†1 is the pseudo-inverse ofB1. In (4), the uncertainty
Δ(p) is composed of the matched component B1B

†
1Δ(p)

and the unmatched component
(
I −B1B†1

)
Δ(p). Assume

that the uncertaintyΔ(p) is upper bounded by the following
inequality

ε−1ΔT (p)Δ (p) ≤ F, ∀p ∈ Ωp, (5)

where ε � 0 is a design parameter to be determined.
The robust control problem of system (1) is formulated as

the following.

(Robust Control Problem) To find a state feedback control
law uk = Kxk such that the close-loop system

xk+1 = (A+BK)xk +Δ(p)xk

= Acxk +Δ(p)xk (6)

is asymptotically stable for ∀p ∈ Ωp.
In order to solve the robust control problem, the feedback

gain can be obtained by an optimal control design method

described as following.

(Optimal Control Problem) Consider the modified nomi-
nal system

xk+1 = Axk +Buk +Dvk (7)

with the performance described as

J (xk, uk) =
1

2

∞∑
j=k

(
xTj Qxj+x

T
j Fxj + β

2xTj xj

+ uTj R1uj + v
T
j R2vj

)
(8)

where D = α
(
I −B1B†1

)
∈ R

n×r and r is the rank of
B. V (xk) is also referred to as the value function [27]. The
scalars α > 0, β > 0 and the matrices Q � 0, R1 � 0
and R2 � 0 are parameters to be determined. For simplicity,
denote the utility function as

r (xk, uk, vk) = xTkQxk + x
T
k Fxk + β

2xTk xk

+ uTkR1uk + v
T
k R2vk. (9)

The optimal control problem of system (7) with respect to

the performance (8) is to find the optimal state feedback con-

trol law u∗k = K
∗xk and v∗k = L

∗xk, such that the value
function V (xk) in (8) is minimized.

Remark 1. As shown later in Section 3, under some specific
conditions, K∗ is able to stabilize the uncertain system (1),
i.e. the optimal solution of the corresponding optimal con-
trol problem can stabilize the uncertain system. Note that
the control input vk only appears in the modified nominal
system (7). Therefore, the feedback gain L∗ does not affect
the system (1) directly. However, L∗ helps to design K∗ to
stabilize the system (1) indirectly.

In the next section, it will be proved that the optimal feed-

back gain of system (7) with respect to the performance (8),

K∗, is a stabilizing feedback gain for the uncertain system
(1). Then the model-free ADP technique can be further em-

ployed to the corresponding optimal control problem.

3 Optimal Control Design Approach for the Ro-
bust Control Problem

In this section, the optimal control design based approach

for the robust control problem is considered. First, the ro-

bust control problem is transformed to an optimal control

problem for the system (7) with respect to the performance

(8). The optimality condition for the optimal control and the

expression of the optimal feedback gain K∗ and L∗ are de-
rived. Then the conditions that guarantee the asymptotic sta-

bility of the closed-loop system (6) when the feedback gain

K∗ is given.
First, the definition of admissible control is required.

Definition 1. (Admissible Control) For the modified nomi-
nal system (7), the control mappings u (x) and v (x) are said
to be admissible with respect to performance (8) if 1) u (x)
and v (x) are continuous; 2) u (0) = v (0) = 0; 3) u (x) and
v (x) stabilize the modified nominal system (7); 4) the value
function V (xk) is finite for ∀xk.
In the optimal control problem of system (7) with respect

to (8), the objective is to find the optimal control u∗k such that

V ∗ (xk) = min
uk
J (xk, uk) (10)

The Bellman equation for the value function V (xk) in (8) is

V (xk) = V (xk+1) + r (xk, uk, vk) . (11)

Define the Hamiltonian as

H (xk, uk, vk) = xTkQxk + x
T
k Fxk + β

2xTk xk

+uTkR1uk + vTk R2vk + V (xk+1)− V (xk) . (12)
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For linear systems, the value function in (8) can be denoted

as

V (xk) = x
T
k Pxk. (13)

Based on [27], the necessary conditions for optimal control

u∗k and v
∗
k is given by

∂H (xk, uk, vk)

∂uk
= 0,

∂H (xk, uk, vk)

∂vk
= 0. (14)

Considering (12) and (13), (14) is equivalent to:[
R1 +B

TPB BTPD
DTPB R2 +D

TPD

] [
u∗k
v∗k

]
=

[ −BTPA
−DTPA

]

Denote E = BTPA, G = DTPA and

the block matrix M =

[
M11 M12

M21 M22

]
=[

R1 +B
TPB BTPD

DTPB R2 +D
TPD

]
. Then the op-

timal control u∗k and v∗k can be expressed as[
u∗k
v∗k

]
= −M−1

[
E
G

]
xk.

Let M−1 = N be partitioned into the block form as N

=

[
N11 N12

N21 N22

]
. Based on the matrix inversion lemma in

[28],N can be expressed as:

N11 =
(
M11 −M12M

−1
22 M21

)−1
,

N12 =
(
M11 −M12M

−1
22 M21

)−1
M12M

−1
22 ,

N21 =
(
M22 −M21M

−1
11 M12

)−1
M21M

−1
11 ,

N22 =
(
M22 −M21M

−1
11 M12

)−1
. (15)

Finally, the optimal control can be expressed u∗k = K∗xk
and v∗k = L

∗xk with

K∗ = − (N11E +N12G) , (16)

L∗ = − (N21E +N22G) . (17)

Taking E, G,M andN into (16) and (17), then the follow-

ing can be obtained.

K∗ = −
[
BTPB −BTPD

(
R2 +D

TPD
)−1
DTPB

+R1]
−1

[
BTPA−BTPD

(
R2 +D

TPD
)−1
DTPA

]
,

L∗ = −
[
DTPD −DTPB

(
R1 +B

TPB
)−1
BTPD

+R2]
−1

[
DTPA−DTPB

(
R1 +B

TPB
)−1
BTPA

]
,

where P is the solution of the algebraic Riccati euqation

(ARE)

[
E
G

]T
M−1

[
E
G

]
+ATPA− P + Q̄=0 (18)

As mentioned in Remark 1, the optimal solution to the

optimal control problem in (7) and (8) is able to solve the

robust stabilization problem only under some specific condi-

tions. The conditions that guarantee the feedback gainK∗ in
(16) asymptotically stabilizes system (1) is provided as the

following theorem.

Theorem 1. Suppose that there exist a scalar ε � 0 satisfies
(5) and such that

ε−1I − P � 0. (19)

Then the state feedback control uk = K∗xk withK∗ satisfy-
ing (16) can asymptotically stabilize system (1) if it satisfies
the following inequality

AT
c

(
P−1 − εI)−1Ac ≺MTP−1M

+KTR1K + L
TR2L+Q+ β

2I (20)

where M =
(
P−1 +BTR−11 B +D

TR−12 D
)−1
A and L∗

satisfies (17).

Proof. When the feedback gainK∗ in (16) is applied to sys-
tem (1), it can be shown that the function V (xk) is a Lya-
punov function of system (1) if (19) and (20) are satisfied.

First, V (xk) = x
T
k Pxk � 0, xk �= 0, since P is the positive

definite solution of the ARE (18). Now it remains to show

that the time difference ΔV (xk) = V (xk+1) − V (xk) ≺
0, ∀xk �= 0.
Inserting the feedback gain K∗ in (16) into the uncertain

closed-loop dynamics (6)

xk+1 = (Ac +Δ)xk (21)

where Ac = A+BK
∗. The time difference of V (xk) along

the state trajectory of (21) is

ΔV (xk) = x
T
k

(
AT
c PAc +Δ

TPAc

+ AT
c PΔ+Δ

TPΔ
)
xk − xTk Pxk (22)

Based on (19), the following is true

(
ε−1I − P )−1 � 0. (23)

Using the inequality a2 + b2 ≥ 2ab, and the fact that P and(
ε−1I − P )−1 are positive definite, one can obtain:

AT
c P

(
ε−1I − P )−1PAc + ε

−1ΔATΔA−ΔTPΔ

= AT
c P

(
ε−1I − P )−1PAc +Δ

T
(
ε−1I − P )Δ

≥ AT
c PΔ+Δ

TPAc. (24)

By rearranging items in (24), the following is obtained

AT
c PΔ+Δ

TPAc +Δ
TPΔ

≤ AT
c P

(
ε−1I − P )TPAc + ε

−1ΔTΔ, (25)

Combining (22) with (25), one can obtain

ΔV (xk) ≤ xTk
[
AT
c P

(
ε−1I − P )TPAc

+ AT
c PAc + ε

−1ΔTΔ− P ]xk (26)

Based on the matrix inversion lemma in [28], the follow-

ing is true

P
(
ε−1I − P )TP + P = (

P−1 − εI)−1. (27)

Considering (27), (26) is equivalent to

ΔV (xk) ≤ xTk

[
AT
c

(
P−1 − εI)−1Ac

+ ε−1ΔTΔ− P ]xk. (28)
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Considering P in (18), then (28) is equivalent to

ΔV (xk) ≤ xTk
[
AT
c

(
P−1 − εI)−1Ac

− AT
(
P−1 +BTR−11 B +D

TR−12 D
)−1
A

+ ε−1ΔTΔ− Q̄]xk. (29)

LetN = P−1+BTR−11 B+D
TR−12 D,M = N−1A, then

AT
(
P−1 +BT

1 R
−1
1 B1 +B

T
2 R
−1
2 B2

)−1
A

= MTP−1M +KTR1K + L
TR2L (30)

Inserting (30) into (29) yields

ΔV (xk) = xTk

[
AT
c

(
P−1 − εI)−1Ac + ε

−1ΔTΔ

− FMTP−1M −
(
K∗T

)
R1K

∗

−
(
L∗T

)
R2L

∗ −Q− β2I
]
xk. (31)

Based on (5), ΔV (xk) ≺ 0 if (20) is satisfied. This com-
pletes the proof.

Remark 2. Conditions (19) and (20) guarantee the asymp-
totic stability of system (1) when K∗ is applied. Note that
the optimal feedback gainsK∗ and L∗ depend on P , the so-
lution of the ARE (18). Even if P is known, the knowledge of
the modified system dynamics in (7) is still required for the
optimal feedback gain computation.

4 Off-policy Reinforcement Learning

The condition for the robust stabilization of the optimal

feedback gainK∗ has been derived in (16). In order to solve
the ARE (18), the off-policy reinforcement learning method

is developed to derive the optimal feedback gain K∗, L∗ in
this section. The derivation of the off-policy reinforcement

learning algorithm for the discrete-time linear dynamic sys-

tem (7) is also derived. Through the derivation, it can be

seen that the off-policy RL algorithm has the merit that the

optimal control problem could be solved without the require-

ment of the system knowledge.

Suppose the admissible policies uk = u(xk) and uk =
u(xk) are applied to the system (7). The modified nominal
system (7) can be rewritten as:

xk+1 = A
ixk +B

(
uk −Kixk

)
+D

(
vk − Lixk

)
,

i = 0, 1, 2, · · · (32)
where Ai = A+BK

i +DLi, uik = K
ixk, v

i
k = L

ixk and
u0 (xk) = K

0xk, v
0 (xk) = L

0xk are admissible policies.
Then the Bellman equation (11) can be rewritten as:

V i (xk)− V i (xk+1) = r
(
xk, u

i
k, v

i
k

)
= xTkQxk + x

T
k Fxk + β

2xTk xk

+
(
uik

)T
R1u

i
k +

(
vik
)T
R1v

i
k, (33)

where V i (xk) = x
T
k P

ixk. The Taylor series expansion of
the value function Λ (x) at the state a should be:

Λ (x) = Λ (a) +

〈
∂Λ (a)

∂a
, (x− a)

〉

+
1

2
(x− a)T ∂

2Λ (a)

∂a2
(x− a) . (34)

Considering that V i (xk) = x
T
k P

ixk, then (34) is equivalent
to:

V i (xk)− V i (xk+1) = 2x
T
k+1P

i (xk − xk+1)
+(xk − xk+1)TP i (xk − xk+1) . (35)

By taking (32) into (35), one can obtain:

V i (xk)− V i (xk+1)

= xTk P
ixk − xTkAT

i P
iAixk −

(
vk − Lixk

)
DTP ixk+1

− (
vk − Lixk

)
DTP iAixk −

(
uk −Kixk

)
BTP ixk+1

− (
uk −Kixk

)
BTP iAixk. (36)

By using (11), the following discrete time Lyapunov equa-

tion holds:

P i = Q+ F + β2I +KT
i R1Ki + L

T
i R2Li +A

T
i P

iAi.

Therefore, the following holds:

xTk P
ixk − xTkAT

i P
iAixk = x

T
kQxk + x

T
k Fxk

+β2xTk xk + x
T
kK

T
i R1Kixk + x

T
k L

T
i R2Lixk. (37)

Inserting (37) into (36) gives the off-policy Bellman equa-

tion:

V i (xk)− V i (xk+1) = x
T
kQxk + x

T
k Fxk

− (
vk − Lixk

)T
DTP ixk+1 + x

T
kK

T
i R1Kixk

− (
vk − Lixk

)T
DTP iAixk + x

T
k L

T
i R2Lixk

− (
uk −Kixk

)T
BTP ixk+1 + β

2xTk xk

− (
uk −Kixk

)T
BTP iAixk. (38)

By using the Kronecker product, the off-policy Bellman

equation (38) can be rewritten as:(
xTk ⊗ xTk

)
vec

(
P i

)− (
xTk+1 ⊗ xTk+1

)
vec

(
P i

)
+ 2

[(
vk − Lixk

)T ⊗ xTk
]
vec

(
DTP iA

)

+
[(
vk − Lixk

)T ⊗ (
uk +K

ixk
)T ]

vec
(
DTP iB

)

+
[(
vk − Lixk

)T ⊗ (
vk + L

ixk
)T ]

vec
(
DTP iD

)

+ 2
[(
uk −Kixk

)T ⊗ xTk
]
vec

(
BTP iA

)

+
[(
uk −Kixk

)T ⊗ (
uk +K

ixk
)T ]

vec
(
BTP iB

)

+
[(
uk −Kixk

)T ⊗ (
vk + L

ixk
)T ]

vec
(
BTP iD

)
= xTkQxk + x

T
k Fxk + β

2xTk xk + x
T
kK

T
i R1Kixk

+ xTk L
T
i R2Lixk (39)

where the unknown variables collected as

Xi =
[ (
Xi
1

)T (
Xi
2

)T (
Xi
3

)T
(
Xi
4

)T (
Xi
5

)T (
Xi
6

)T (
Xi
7

)T ]T
, (40)

with

Xi
1 = vec

(
P i

)
, Xi

2 = vec
(
DTP iA

)
,

Xi
3 = vec

(
DTP iB

)
Xi
4 = vec

(
DTP iD

)
,

Xi
5 = vec

(
BTP iA

)
, Xi

6 = vec
(
BTP iB

)
,

Xi
7 = vec

(
BTP iD

)
.
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The data collected online in compact form is denoted as:

Hi
k =

[
Hik
xx Hik

vx Hik
vu Hik

vv Hik
ux Hik

uu Hik
uv

]
,

with

Hik
xx =

(
xTk ⊗ xTk

)− (
xTk+1 ⊗ xTk+1

)
,

Hik
vx = 2

[(
vk − Lixk

)T ⊗ xTk
]
,

Hik
vu =

(
vk − Lixk

)T ⊗ (
uk +K

ixk
)T
,

Hik
vv =

(
vk − Lixk

)T ⊗ (
vk + L

ixk
)T
,

Hik
ux = 2

[(
uk −Kixk

)T ⊗ xTk
]
,

Hik
uu =

(
uk −Kixk

)T ⊗ (
uk +K

ixk
)T
,

Hik
uv =

(
uk −Kixk

)T ⊗ (
vk + L

ixk
)T
.

Furthermore, denote the online measured utility function

rik = xTkQxk + x
T
k Fxk + β

2xTk xk + x
T
kK

T
i R1Kixk

+ xTk L
T
i R2Lixk. (41)

The Kronecker product based off-policy Bellman equation

(39) can be rewritten in compact form as:

Hi
kX

i = rk. (42)

Note that in (39), there areN = 3n2+m2+3nm unknown

components. Therefore, at least N data are required to col-

lected in order to solve (39) or (42) by least squares methods.

Assumed that N1 ≥ N data are collected as

H1:N1
Xi =

⎡
⎢⎢⎢⎣
Hi
1

Hi
2
...

Hi
N1

⎤
⎥⎥⎥⎦Xi =

⎡
⎢⎢⎢⎣
r1
r1
...

rN1

⎤
⎥⎥⎥⎦ = r1:N1

. (43)

Therefore, the least squares solution of (43)

X̂i =
(
HT
1:N1

H1:N1

)−1
HT
1:N1

r1:N1
. (44)

Based on the least squares solution X̂ in (44), the feedback

gainKi and Li are updated as

Ki+1 =
[
R1 +X

i
3 +X

i
6

(
Xi
7 +R2

)−1
Xi
5

]−1

×
[
Xi
2 −Xi

6

(
Xi
7 +R2

)−1
Xi
4

]

Li+1 =
[
R2 +X

i
7 −Xi

5

(
R1 +X

i
3

)−1
Xi
6

]−1

×
[
Xi
4 +X

i
5

(
R1 +X

i
3

)−1
Xi
2

]

5 Simulation Study

In this section, in order to demonstrate the effectiveness of

the presented algorithm in the previous section, a discrete-

time rotating inverted pendulum in [29] is considered. The

sampling time of the linear discrete-time rotating pendulum

model is T = 0:005s. The system dynamics is given as

xk+1 = (A+Δ)xk +Buk, (45)

where

A =

⎡
⎢⎢⎣

1.0008 0.005 0 0
0.3164 1.008 0 0
−0.0004 0 1 0.005
−0.1666 −0.0004 0 1

⎤
⎥⎥⎦ ,

B =
[ −0.0005 −2.6043 0.0101 4.0210

]T
,

Δ = sin (k) ∗

⎡
⎢⎢⎣
0.0007 0.0004 0.0001 0.0001
0.2764 0.1382 0.0503 0.0377
0.0020 0.0010 0.0004 0.0003
0.4291 0.2145 0.0780 0.0585

⎤
⎥⎥⎦ .

The uncertainty bound satisfying (5) is given as

F =

⎡
⎢⎢⎣
4.4061 2.2031 0.8812 0.6609
2.2031 1.1015 0.4406 0.3305
0.8812 0.4406 0.1757 0.1320
0.6609 0.3305 0.1320 0.0983

⎤
⎥⎥⎦ .

and ε = 0.001. For the corresponding optimal control

problem, the weight matrix is selected as Q = I4×4 and
R1 = R2 = 1. The initial state is x0 =

[
3 4 5 6

]T
.

The design parameters α and β that satisfy (20) is selected as
α = 0.01 and β = 2. To begin the off-policy reinforcement
learning, the initial admissible feedback gains are chosen as

K =
[ −3.9773 −0.7095 0.1495 0.2016

]
,

L =
[ −22.7241 −3.4461 3.0583 2.1872

]
.

Finally, the solution of the ARE in (18) is

P = 104 ×

⎡
⎢⎢⎣

7.5885 1.0632 −0.6042 −0.6707
1.0632 0.1587 −0.0889 −0.0991
−0.6042 −0.0889 0.1519 0.0570
−0.6707 −0.0991 0.0570 0.0636

⎤
⎥⎥⎦ ,

and the optimal feedback gain is

K∗ =
[ −3.9136 −0.6983 0.1491 0.1953

]
(46)

L∗ =
[ −1.8979 −0.2816 0.2426 0.1786

]
(47)

When taking the optimal feedback gain in (46) back to the

original system with uncertainty in (45), the system state tra-

jectories is shown in Figure 1. It can be seen from Figure 1

that with the presented optimal control design based method,

the robust control problem of the linear dynamic system with

bounded uncertainty is solved.

6 Conclusion

This article presents a model-free solution to the ro-

bust control problem of the discrete-time linear systems

with bounded uncertainty. Inspired by the idea of [12] for

continuous-time systems robust control problems, the idea

that translating robust control problem to the optimal control

problem is adopted in this paper for discrete-time systems.

The equivalence that the optimal control law is able to stabi-

lize the original uncertain system is provided. Off-policy RL

method is then applied to the transformed optimal control

problem, which has two merits. First, off-policy RL method

can be used to find the optimal control feedback gain without

requiring any knowledge of the system dynamics. Second,

the data collected from on-line can be utilized efficiently. A

simulation is conducted to validate the robust stability of the

proposed algorithm.
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Fig. 1: The systems trajectories xk.
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