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Abstract 
 

With the development of smart grid, flexible and interactive electricity market will finally emerge. Making full use of 
price can encourage consumers to use electricity during a low load period and reduce peak load, thus to guarantee 
electricity market stability. Impulse control is applied to price system in this paper. It is found that giving impulse control 
to price system can make the system reach stable state well, which is based on the theory of impulsive differential 
system. The sufficient condition for stable system and the max upper bound of impulse interval are also provided. The 
proposed method is proved to be feasible and effective by theoretically analysis and numerical simulation. 
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1. Introduction 
 
Smart grid is the development direction of modern grid [1]. 
Flexible and interactive electricity market will finally 
emerge. Electricity price has important meanings for healthy 
and robust market as the main carrier of information 
transmission and value distribution between the power 
company and consumers [2]. While price adjusting 
mechanism can make sure the market stable under some 
circumstance, it can’t solve all problems. To guarantee 
healthy electricity market, we need government power to 
make full use of the price function for adjusting power 
supply and demand to be balanced. 
 In electricity price system, if there’s a shortage of power 
supply, government can increase investment in grid 
construction to meet demand as possible, and this can be 
called an impulse phenomenon. Impulse phenomena are 
common in our lives. System state value would change a lot 
during an extremely short period when impulse phenomenon 
occurred. Common differential equations can’t describe it, 
while it is available for impulsive differential equations. 
Nowadays, impulse control has been applied to space 
technology, life science, communication, information 
science, control system, biology and medicine. Impulsive 
differential equations and time-delay impulsive differential 
equations are used to build corresponding dynamics models 
to solve some problems in bio-economics [3]. Studied 
uncertain impulsive system robustness is researched and the 
application of chaotic synchronization is discussed in secret 
communication [4]. To solve integrated pest management 
problems, population ecology model with impulse is built 
based on impulsive differential equations theory [5]. Single 

population dynamics model is discussed with pulse birth and 
pulse returns [6]. Principle of comparison in impulsive 
differential equations is used to obtain the max interval of an 
advertisement [7]. Ordinary differential equations, time-
delay equations, integral differential equations and impulsive 
differential equations are used to describe disease 
development and cure model after HIV infection [8]. 
 In this paper, impulse control is applied to smart grid 
price system based on the analysis of impulsive differential 
equations applications. Taking reasonable control measures 
can guarantee electricity market to be stable during a long 
period and avoid power shortage or power surplus. 
 
 
2. Stability Principle of Impulsive Differential Equations 
 
Definition 1 [9]  Impulse control system is described as: 
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Definition 2  Assumed : nV + +× →° ° °  , if: 

(1) V   is continuous on 1( , ] n
k kt t− × °  , and for each 
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(2) V satisfies Lipschitzian conditions about x . 
Then 0V V∈ . 
 
Definition 3  Assumed 0V V∈ , for each 

1( , ) ( , ] n
k kt x t t−∈ × ° , there is: 

 

0

1( , ) lim sup [ ( , ( , )) ( , )]
h

D V t x V t h x hf t x V t x
h+

+

→
= + + −

(2) 
 

Lemma 1  if: 
(1) ( ( ), )V C S ρ+ +∈ ×° ° , 0V V∈ , 

( , ) ( , ( , ))( )kD V t x g t V t x t t+ ≤ ≠ , 

 where ( , )g C + +∈ ×° ° ° , ( ,0) 0g t ≡ , 
and g satisfies condition (H2); 
 
(2) there exists 0 0ρ > , when 0( )x S ρ∈ , for each k , 

( ) ( )kx I x S ρ+ ∈ , and 

0( , ( )) ( ( , ))( , ( ))k k kV t x I x V t x t t x Sψ ρ+ ≤ = ∈ , 

 where :kψ + +→° ° is a monotone non-decreasing 
function; 
 
(3) ( ) ( , ) ( )b x V t x a x≤ ≤ , ( , ) ( )t x S ρ+∈ ×° , 

where ,a b K∈ , 
 
 Then the impulsive differential system: 
 

0 0

( , ), ,

( ) ( ( )),

( ) 0

k

k k k

du g t u t t
dt
u t u t
u t u

ψ+

+

⎧ = ≠⎪
⎪⎪

=⎨
⎪ = ≥⎪
⎪⎩

                      (3) 

 
 Its stability is in accordance with system (1). 
 
Lemma 2  Assumed 
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 Then the solution 0x ≡ of system (1) is stable. 
 
 
3. Mathematics Model of Electricity Price System 
 
Power supply is described as ( )S t with power demand 

described as ( )D t . When power supply and power demand 

is balanced, the price is called equilibrium price ( )p t  [10]. 
Assumed that: 
 
(1) ( )S t  and ( )D t both are functions of real-time price 

( )p t . 

(2) ideal state is ( ) ( )S t D t= . 

 Real-time price is variable. Assumed change rate ( )p t&  

is ratio to the difference of reserve capacity ( )Q t and 

standard reserve capacityQ  , that is 
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 Where xβ α βʹ′ = + . Thus, balance point stability 
analysis of system (10) is turned into zero solution stability 
analysis of system (11). 
 
 
4. Impulse Control In Electricity Price System 
 
According to [11]: when 0βʹ′ ≥ , electricity price is far 
away from equilibrium price, and electricity market is 
unstable. Thus we put into government control as impulse 
control at discrete time, making balance point become stable 
to guarantee healthy market. For easy study, we divided 
system (11) into linear part and nonlinear part, that is 
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Thus, we got the impulse control system: 
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 The aim of impulse control is to seek for control 
parameters to make system (13) stable. 
 
 
5. Stability Analysis 
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 According to Lemma 1, stability of system (13) is in 
accordance with the following system: 
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 When 10 ( ) lnk k kt t dξ +≤ − ≤ − : 
 

1 lnk k kt d tξ ξ+ + ≤                         (22) 
 

 As ( , )g t u uξ= , we assumed ( )t tλ ξ= , then 

1( ) ln ( )k k kt d tλ λ+ + ≤ is satisfied. 
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 According to Lemma 2, system (13) is stable. 
 
 
6. Numerical Simulation 
 
We simulated the ideal electricity price system (10) with 
data of N.Y.C in July, 2012 from NYISO. 
 The parameters are set as following: 

 
0.8δ = , 220 / $m MWH= , 220 / $n MWH= ,
0.8α = , 12β = − , 0 8230S MWH= ,

0 9658D MWH= , 8xM = .  
 
 Thus: 
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20 20
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m n
− −

= = =
+ +

 

 
 When there is no impulse control put into system (10), 
the system is unstable. After impulse control put into system 
(10), the system figure is as Fig.1 shows. Assumed initial 
value (0) (0.75,1.25)Tx = . 
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Fig.1 Price System Without Impulse Control 
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 As Fig.2 shows, the system becomes stable. 
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(b) 

Fig.2 Price System With Impulse Control 
 
 
 From the above MATLAB simulation, we can see that 
when there is no impulse control put into the ideal electricity 
price system (10), price and change rate both have rectilinear 
oscillations. But after the government makes some adjusting 
measures, the system becomes stable and the market 
becomes balanced.  
 
 
7. Conclusion 
 
Price adjustment mechanism exists objectively in electricity 
market and it works under certain conditions. But this kind 
of mechanism is limited. To guarantee the healthy 
development of electricity market, we need government to 
help control the market. When power supply is in short or in 
surplus, government can use economic means to adjust 
electricity price, even some administrative means are 
allowed at some serious period. In this paper, we used 
comparison principle of impulsive differential equations to 
study impulse control of electricity price system. Making 
balance point stable with impulse control, we provided 
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sufficient condition for controlling price model stable and 
the upper bound estimation of impulse control interval. The 
method is proved to be effective by simulating system in 
Matlab and the results are good. Therefore, this method can 
guide the future smart grid developing stably, healthily and 

continuously. Theory basis is also provided for decision-
making organization, and it can help them to take effective 
measures to make sure electricity market reach a stable state 
fast. 

 
______________________________ 
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