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(57) ABSTRACT 

The method for state estimation based on the measured data 
of data-acquisition system in electric power system relates to 
the field of power system analysis technique, characterized in 
that the method comprises: distributing the said measured 
data into an operating power system to form a calculation 
model, defining the injection power of the link nodes as 0 and 
taking the maximum active power output, maximum reactive 
power output of the generator as the constraints, constructing 
a mathematic model for estimation, resolving the optimum 
Solution of the Voltage amplitude and Voltage phase angle for 
every node, and calculating the estimated values of the Volt 

(21) Appl. No.: 12/475,223 age, the active power and the reactive power by using the 
optimum solution of the state variables, if the difference 
between the measured value and the estimated value was less 

(22) Filed: May 29, 2009 than a parameter C. that is predetermined under different 
Voltage levels, the estimated value is qualified. The estimation 

(30) Foreign Application Priority Data criterion provided by the present invention is unlikely 
affected by bad data with a strong capability of robust, 

Oct. 10, 2008 (CN) ......................... 200810223766.O improving the correctness of the estimation. 
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Fig. 

Setting network parameters of 
the electric power system 

Acquiring the measurement value 
of the electric power system 

Forming a calciational model 

Resolving the state variables 

Calculating the estimated value 
of all the easureatents 

Preserving the calculation results, 
holding on for 30 seconds 
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METHOD FOR STATE ESTMLATION BASED 
ON THE MEASURED DATA OF THE 

DATA-ACQUISITION SYSTEM IN POWER 
SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority benefit of Chinese 
Application No. 200810223766.0 filed on Oct. 10, 2008. 

TECHNICAL FILED 

0002 The present invention relates to the field of power 
system analysis and calculation. 

BACKGROUND ART 

0003. The state estimation, sometimes referred to as wave 
filtering, improves the accuracy of the data by using the 
redundancy of the real-time measurement system, eliminates 
the wrong information caused by the random disturbance 
automatically, estimates or forecasts the operation state of the 
system. The function of the state estimation is to convert the 
raw data with low accuracy, imperfection and bad data into 
processed integral and reasonable data with little error. The 
chief task of the State estimation is to construct a network 
model using the telemetry information and remote signaling 
information of the real-time measurement system according 
to Switch state, and to make raw-detection on real-time mea 
surement data to eliminate the bad data and supplement the 
deficient measuring points with pseudo measurement to 
ensure the redundancy, thus estimating the system state, cal 
culating the power flow distribution, meanwhile analyzing 
the operation state of the system using calculated results, 
enhancing the observability of the whole network. 
0004. It has been more than 30 years since the traditional 
method for state estimation was established by Fred Charles 
Schweppe of MIT in 1970. Different state estimators have 
different estimation criterions according to different objec 
tive functions used during the process of resolving the State 
variables. Presently, the estimation criterions used in power 
system comprises WLS (weighted least square) criterion, 
non-quadratic criterion, WLAV (weighted least absolute 
value), LMS (least median of squares) and LTS (least 
trimmed squares). The most widely-used criterion is the WLS 
estimation criterion, which has such advantages as simple 
model, Small computational amount, and excellent statistical 
properties including optimal un-bias property on estimating 
measurement values of the ideal normal distribution. How 
ever, the disadvantage is its bad capability of robust, that is to 
say, the estimation result is easily affected by bad data and is 
far from the true value. Non-quadratic criterion, WLAV, LMS 
and LTS estimator are all robust estimators having notably 
high capability of robust, but such disadvantages as large 
computational amount and requiring to subjectively deter 
mined weighted factors are important factors that hinder the 
development of the robust estimators. 
0005. The present invention provides a method for state 
estimation in power system, which provides an estimation 
criterion with good capability of robust that can reflect the 
real distributing condition of the measurement error, con 
structs an optimal mathematical model based on the above 
estimation criterion with improved correctness of estimation 
by adding the injection power of link nodes into constraint 
conditions as the equality constraints, gives a principle for 
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setting parameters in objective functions and a method for 
setting an initial value when resolving the said optimization 
problem. 

CONTENT OF THE INVENTION 

0006. The objective of the present invention is to provide a 
method for state estimation based on real-time measurement 
in power system. 
0007 1. A method for state estimation based on the mea 
Sured data of the data-acquisition system in power system is 
characterized by its implementation on computer as follows: 
0008 Block 1, acquiring the network parameters of the 
power system from the energy management system, the said 
network parameters comprising the branch number, head 
node number and end node number of the power transmission 
lines, the series resistance, the series reactance, the parallel 
conductance, the parallel Susceptance, and the ratio and 
impedance of the transformer; 
0009 Block 2, acquiring the telemetry measurement value 
and the remote signaling measurement value from the net 
work data server of Supervisory Control and Data Acquisition 
(SCADA), wherein, 
0010. The analog telemetry measurements comprise volt 
age amplitude, active power of the generator, reactive power 
of the generator, active power of the load, reactive power of 
the load, active power of the first end of the line, reactive 
power of the first end of the line, active power of the tail end 
of the line, reactive power of the tail end of the line and current 
amplitude of the line, 
0011. The remote signaling measurements comprise the 
Switch state of the Switches and the disconnecting links and 
the position of the transformer taps. The measurement is 1 
when the Switch or the disconnecting link is closed, and the 
value is 0 when the Switch or the disconnecting link is open, 
0012. The data acquisition of the said SCADA system is 
implemented by polling mode with a cycle time of 5-10 
seconds, each of the measuring points includes at least the 
type, the point number and the measurement value; 
0013 Block 3, constructing a computational model; 
0014 Block 3.1, defining the ports of the switches, the 
power transmission lines, the transformers, the generators, 
the capacitors and the loads as nodes, traversing these nodes, 
merging the nodes connected together by closed Switches or 
disconnecting links in the network into one node used for 
calculation according to the Switching values, all the follow 
ing nodes refer to the nodes used for calculation, 
00.15 Block 3.2, distributing the voltage amplitude mea 
Surements, the generator power measurements and the load 
power measurements acquired from block 2 to their corre 
sponding nodes according to the ways as follows: 
0016 Averaging to get the Voltage amplitude measure 
ment value if the said nodes include a plurality of Voltage 
amplitude measurement values, 
0017 Adopting generator power from which the load 
power is taken away to be the injection power of the node, 
only if the power measurement happened on all the generators 
and loads on the said node; 
0018 Block 4, taking the voltage amplitude and voltage 
phase angle of the node as State variable X, and taking one of 
the nodes as the reference node of the Voltage phase angle, 
then resolving the following equations to get an optimal solu 
tion 'x' of the said State variable: 
0019 Block 4.1, defining the nodes without a generator 
nor a load as link nodes, the said link nodes form a set A while 
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the generator nodes form a set E. defining P and Q to 
indicate the maximum active power output and the maximum 
reactive output of the generator node k respectively, 
0020 Block 4.2, resolving the optimal resolution x* by 
adopting following optimization model: 

X. v, vi (Glicosé + Bisin() = 0 
jet 

S.t. (t e A) 
X. v, vi (Gisint - Bicosé) = 0 
jet 

X. Vk V (Glicoséki + Bisindki) is P. m. 
lek 

(ke E). 
X. Vivi (Grisindki - Bricosék) is Qk nar 
lek 

0021 Wherein, A is a set consisting of link nodes, E is a set 
consisting of generator nodes, 

(0022) V, V, V, and V, are the voltage amplitudes ofnode 
t, nodej, node k and node 1 respectively, 

0023 je i denotes that nodej is connected with nodej 
by a line, 

0024. 16 k denotes that node 1 is connected with nodek 
by a line, 

0025 node t is a link node, node k is a generator node, 
(0026 G. B. G. B., are elements of the admittance 

matrix, 
10027 0, is the voltage phase angle difference between 
node t and nodej. 

0028 0, is the voltage phase angle difference between 
nodek and node 1. 

0029 Z, is the measurement value under the i-th mea 
Surement, 

0030) h(x) is the measurement function under the i-th 
measurement, 

0031 C, is a parameter related to the i-th measurement; 
0032 for the Voltage measuring points: C, 0.02x|Z, 
0033 for the active power measuring points: C, 0.02x 
Zibasel: 
0034 for the reactive power measuring points: C, 0.03x 

Zibasel s 

0035. The value of Z is related to the i-th measurement 
and is predetermined corresponding to different Voltage lev 
els, 
0036 B, is the parameter related to the said C, 
0037 B, c/C. c is a constant, c=5-10; 
0038 Block5, calculating the estimated value by using the 
formula z*=h(x) according to the optimal solution x* 
derived from block 4, 
0039. The voltage amplitude of node i is: h(x)=v, 
0040. The active injection power of node i is: 

h(x) = X. viv, (Grcos(0-0) + Busin(0; - 0)), 
jei 
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0041. The reactive injection power of node i is 

h(x) = Xv, v',(Gysin(0, -9;) - Bicos(0-9), 
jei 

(0042 v, v',0*,0*, are all the optimized solutions of the 
state variable which can be represented by X*: 
0043 Block 6, determining whether each of the estimated 
values of the measurement is qualified or not according to the 
following formula: 
0044) If |z-z*, so, the estimated value is qualified. 
0045 2. The method for state estimation based on the 
measured data of the data-acquisition system in power system 
of claim 1, characterized in that, the said Z under the line 
power measurement values as follows: values 1083 MVA 
under the voltage level of 500 kV, values 686 MVA under the 
voltage level of 330 kV, values 305 MVA under the voltage 
level of 220kV values 114 MVA under the voltage level of 110 
kV, values 69.7 MVA under the voltage level of 66 kV. 
0046 3. The method for state estimation based on the 
measured data of the data-acquisition system in power system 
of claim 1, characterized in that, the said Z under the 
voltage amplitude measurement values as follows: values 600 
kV under the voltage level of 500 kV, values 396 kV under the 
voltage level of 330 kV, values 264 kV under the voltage level 
of 220 kV, values 132 kV under the voltage level of 110 kV, 
values 79.2 kV under the voltage level of 66 kV. 
0047. 4. The method for state estimation based on the 
measured data of the data-acquisition system in power system 
of claim 1, characterized in that, the said Z under the 
generator power measurement values apparent power of the 
generator. 
0048. The proposed method for state estimation can be 
applied to EMS of regional power and provincial power net 
work, and can also be applied to the monitoring, analysis and 
control system of power system based on real-time measured 
data. 

DESCRIPTION OF FIGURES 

0049 FIG. 1 is a equivalent circuit diagram of the electric 
elements, wherein, FIG. (a) is a U-type equivalent circuit 
diagram of the line, FIG. (b) is a U-type equivalent circuit 
diagram of the transformer, 
0050 FIG. 2 is a flow block diagram according to the 
method of the present invention; 
0051 FIG. 3 illustrates the construction of the hardware: 
0.052 FIG. 4 illustrates the 4-node system; 
0053 FIG.5 shows the computational model of the 4-node 
system. 

EMBODIMENTS 

0054 SCADA, the Supervisory Control and Data Acqui 
sition system is a real-time data source for power system 
automation which provides real-time measured data of power 
system. The SCADA measurement includes the telemetry 
measurement indicative of measurement of analog quantity 
and the remote signaling measurement indicative of measure 
ment of discrete quantity. The telemetry measurement equa 
tion in power system can be represented as follows: 
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Wherein, Z is the vector of the measurement value; h(x) is the 
vector of the measurement function; V is the vector of the 
measurement error, assuming the number of the total mea 
Surements as m, then all the above vectors have m dimen 
sions; X is a state variable, assuming the number of the nodes 
in the system as n, adopting the Voltage amplitude and the 
Voltage phase angle of the nodes as the state variables, and 
taking one of the nodes as the reference node of the Voltage 
phase angle, then X has 2n-1 dimensions, equation (2) to 
equation (12) are measurement functions for some common 
measurements respectively: 
0055. The injection power P, Q, of node i can be repre 
sented as follows: 

P = X. Vivi (Glicosé -- Biisindi) (2) 
jei 

Qi X. Vivi (Gisine Bicos0i) (3) 
jei 

0056. The power flow of node i side on line ij can be 
represented as follows: 

Q=-V, (b+)-vivg sin 0+viv,h cos 0, (5) 
0057 The power flow of node j side on line ij can be 
represented as follows: 

Pi—v, g-vivg cos 0+V.v,b sin 0, (6) 

Q=-V, (b+y.)+v,vg sin 0+viv,h cos 0, (7) 
0058. The power flow of node iside on transformer branch 

i-j can be represented as follows: 

(8) 
P -viv brsind, 

1 1 9 
Q = – vibr -- vivicos(); (9) 

0059. The power flow of node.jside on transformer branch 
i-j can be represented as follows: 

1 (10) 
P = ki vibrsindi 

2 1 (11) 
Q = -vibr + vivicose, 

0060. The voltage amplitude measurement of node i can 
be represented as follows: 

U=v, (12) 

I0061 v., v, in the measurement functions above are volt 
age amplitudes of node i and node j respectively, 0, is the 
voltage phase angle difference between node i and nodej, G, 
B, are admittance matrix elements, g, b, y are parameters in 
JL-type model of the line, k is the non-standard Voltage ratio of 
the transformer, b is the standard measured Susceptance of 
the transformer, the L-type equivalent circuit diagram of the 
line and the transformer is shown in FIG. 1. 
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0062. The nodes without neither a generator nor a load are 
referred to as link nodes, assuming a set A consisting of link 
nodes, a set E consisting of generator nodes, P., and Q. 
are used to denote the maximum active power output and the 
maximum reactive power output of the i-th generator, respec 
tively, adopting the optimization data model as follows: 

X. v, vi (Glicose + Bisin() = 0 
jet 

S.t. (t e A) 
X. v, vi (Gisindi - Bicos0) = 0 
jet 

X. Vk vi (Giricoséki + Bisindki) is P. nar 
lek 

(ke E) 
X. wk vi (Grisindi - Bicosék) is Qk a 
lek 

0063 C, B, in equation (13) are parameters related to the 
i-th measurement which value according to the following 
principles 
0064 1. O, values according to principles as follows 
0065 measuring points for voltage measurement: C, 0. 
02x|Z, 
0066 measuring points for active power measurement: 
C, 0.02x|Z. 
0067 measuring points for reactive power measurement: 
C, 0.03x|Z, 
0068 the value of Z, relates to the i-th measurement 
and values according to following principles: 
0069 a) Z for the line power measurement, values 
1083 MVA under the voltage level of 500 kV, values 686 MV 
under the voltage level of 330 kV, values 305 MVA under the 
voltage level of 220 kV, values 114 MVA under the voltage 
level of 110 kV, values 69.7 MVA under the voltage level of 66 
kV; 
0070 b) Z for the voltage amplitude measurement, 
values 600kv under the voltage level of 500 kV, values 396 kV 
under the voltage level of 330 kV, values 264 kV under the 
voltage level of 220 kV, values 132 kV under the voltage level 
of 110 kV, values 79.2 kV under the voltage level of 66 kV: 
0071 c) Z for the generator power measurement val 
ues generator apparent power. 
0072 2. B. values according to the principles as follows: 
0073 f, c/C, c is a constant which values ranging from 5 
to 10 in the present invention. 
0074. When the deviation between the estimated value and 
the measurement value in the i-th measurement meets the 
formula that Z-h(x)|sC, the estimated value of the mea 
Suring point can be considered as qualified according to the 
SGCC (State Grid Corporation of China) standard used for 
determining whether the estimated value of the measuring 
point is qualified. 
0075 Assuming the optimum solution as x* and calculat 
ing the estimated value of the measurement using the formula 
Z*=h(x), then the whole computation is finished. 
0076. The present invention can be applied in the real-time 
control system of practical power system named AEMS, the 
program flowchart of which is illustrated in FIG. 2 and the 
hardware construction is shown in FIG. 3. The servers of the 
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system comprise two data servers and two application servers 
which all adopt Solaris 8 as their operating systems, two data 
servers and two application servers are inter-spare spinning 
reserves for each other. It is required for the system to connect 
into the energy management system (EMS) network and the 
SCADA network at the same time and keep certain indepen 
dence. There are two interchangers adopted, through which 
the system is connected to the EMS network and the SCADA 
network respectively. The data servers are both dual-network 
card designed and connected with the above-mentioned inter 
changers respectively, thereby implementing inter-access 
between the AEMS partition network and the EMS network 
and SCADA network. 
0077. The detailed description of the steps is set forth as 
follows by taking the 4-node system shown in FIG. 4 as an 
instance. 

Step 1: Initialization 
0078. Acquiring the network parameters of the power sys 
tem from existing energy management system, the said net 
work parameters comprise the series resistance, series reac 
tance, parallel conductance and parallel susceptance of the 
transmission line, the ratio and impedance of the transformer. 
007.9 The line parameters of the 4-node system are shown 
in table 1: 

TABLE 1. 

Susceptance 
Branch End Resistance Reactance against ground Ratio 
number F-node node (S2) (S2) (y) K 

1 1 2 O.S2 2.66 O.OOO14 
2 1 3 3.05 8.37 O.OOOS6 
3 2 3 O41 2.15 O.OOO44 
4 3 4 O.OO 7.50 1.OS 

The telemetry measurement 

number item 

1 Node iniection power 

2 Node iniection power 

3 Branc 

4 Branc 

5 Branc 

6 Branc 

7 Branc 

8 Branc 

l 

l 

l 

l 

l 
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Step 2: Acquiring the SCADA Measurements 

0080. The measurements comprise the telemetry mea 
Surement and the remote signaling measurement. The telem 
etry measurements mainly comprise the Voltage amplitude 
measurement, the generator active power measurement, the 
generator reactive power measurement, the load active power 
measurement, the load reactive power measurement, the reac 
tive power measurement of the header point of the line, the 
active power measurement of the end point of the line, the 
reactive power measurement of the end point of the line, the 
current amplitude measurement of the line. The remote sig 
naling measurements mainly comprise the measurement of 
the Switch state of the Switches and the disconnecting links 
and the position of the transformer taps. Each of the measur 
ing points at least comprises the type, the serial number and 
the measurement value. The above-mentioned measurement 
value can be given by the file under offline condition, and 
derived from the SCADA system by API or TCP/IP commu 
nication protocol provided by SCADA system under online 
application condition. The SCADA system acquires data by 
polling mode with a usual cycle of 5-10 seconds. 
I0081 Assuming the measurement data of the 4-node sys 
tem at a particular time is shown in table2, wherein, when the 
remote signaling measurement value is 1, it indicates that the 
Switch is closed; when the remote signaling measurement 
value is 0, it indicates that the Switch is open. The remote 
signaling measurement value is represented by named value, 
e.g. the units of the active power, the reactive power, the 
voltage amplitude and the angle are MW, MVAR, KV and “o 
respectively. 

TABLE 2 

The remote signaling 
(3Soleil 

value details Switch W8le 

18.71 generator active K1 
power on bus line 
-1 

generator K2 
reactive power on 
bus line 1-1 
active power of K3 
branch 1 on port 
of bus line 1-2 
reactive power of K4 
Branch 1 on port 
of bus line 1-2 
active power of KS 
Branch 2 on port 
of bus line 1-1 
reactive power of K6 
Branch 2 on port 
of bus line 1-1 
active power of K7 
Branch 2 on port 
of bus line 3 
reactive power of K8 
Branch 2 on port 
of bus line 3 

34.05 

OWe OW -4179 

OWe OW 37.96 

OWe OW -19.1 

OWe OW -2.24 

OWe OW 17.55 

OWe OW -10.74 
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The telemetry measurement 

number item 

9 Branch power flow 

TABLE 2-continued 

value details 

132.57 active power of 

The remote signaling 
measurement 

Switch value 

K9 1 
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Branch 3 on port 
of bus line 3 

O Branch power flow 42.61 reactive power of K10 
Branch 3 on port 
of bus line 3 

1 Node power injection -49.49 load active power K11 
on bus line 3 

-41.93 load reactive 
power on bus line 3 

-193.22 active power on 
port of Bus line 3 
of Branch 4 

-71.08 reactive power on 
port of Bus line 3 
of Branch 4 

112.01 voltage amplitude 
on bus line 1-1 

112.29 voltage amplitude 
on bus line 1-2 

110.99 voltage amplitude 
on bus line 3 

2 Node power injection 

3 Branch power flow 

4 Branch power flow 

5 node voltage amplitude 

6 node voltage amplitude 

7 node voltage amplitude 

Step 3: Forming a Computational Model 

0082. The ports of the Switches, transmission lines, trans 
formers, generators, capacitors and loads are referred to as 
nodes. Traversing all these nodes, merging the ones that are 

Measurement 
value 

Measurement 
value 

connected together by closed Switches or disconnecting links 
in power network to be one node used for calculation accord 
ing to the Switching value, the nodes mentioned as follows all 
indicate the nodes used for calculation. 

0083 Redistributing the voltage amplitude measurement 
value, generator power measurement value and load power 
measurement value acquired from step 2 onto the nodes spe 
cifically by methods as follows: 1) averaging to get the Volt 
age amplitude measurement values if the nodes have a plu 
rality of Voltage amplitude measurement values, 2) adopting 
the generator power from which the load power is taken away 
to be the injection power of the node, only if the power 
measurement happened on all the generators and loads on the 
node, then entering into the next step. 
0084. The bus lines 1-1 and 1-2 in the 4-node system are 
connected by switch K2, which emerge into a bus under the 

condition that K2 is closed, the said bus has a Voltage ampli 
tude measurement that is the average value of the Voltage 
amplitude value on 1-1 and 1-2. The calculation model is 
shown in FIG. 5. The measurements after redistribution are 
shown in table 3. 

TABLE 3 

Item 

P Q1 P12 Q12 P13 Q13 P3 Q31 

1871 34.05 -41.79 37.96 -19.1 -2.24 17.SS -10.74 

Item 

P.32 Q32 P Q3 P34 Q34 U U3 

132.57 42.61 -49.49 -41.93 -1932 -71.08 112.15 110.99 

Step 4: Resolving the State Variables 
0085 Assuming a set A consisting of connection nodes, a 
set E consisting of generator nodes. P and Q indicate 
the maximum active power output and maximum reactive 
power output respectively. Adopting an optimization data 
model described as follows: 

X. vivi (Glicose + Bisin() = 0 
jei 

S.t. (ie A) 
X. Vivi (Gisindi - Bicos0ii) = 0 
jei 
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-continued 

X. Vk V (Glicoséki + Bisindki) is P. m. 
lek 

(ke E). 
X. wk vi (Geisindi - Bicosék) is Qk a 
lek 

I0086. The state variables derived from estimation by WLS 
estimator can be considered as the initial values under the 
condition of offline application, and the state variables 
derived from the previous estimation can be considered as the 
initial values under the condition of online application. 
Adopting the resolution method of the nonlinear optimization 
problem to resolve the value and then assuming the optimal 
solution as X*. 
0087 Node 1 is considered as the referenced node of the 
Voltage angle in the 4-node system, the vector Z of the mea 
Surement value and parameters such as C, B, are shown in 
table 4. The results of the calculation for the state variables are 
shown in diagram 5. 

TABLE 4 

i 

1 2 3 4 5 6 7 

Z, 18.71 34.05 -41.79 37.96 -19.1 -2.24 1755 
C O.777 1.1656 2.28 3.42 2.28 3.42 2.28 
B, 12.869 8.5796 4.38596 2.924 4.386 2.92398 4.386 

i 

9 10 11 12 13 14 15 

Z 132.57 42.61 -49.49 -41.93 -193.2 -71.08 112.15 
C; 2.28 3.42 2.28 3.42 2.28 3.42 2.64 
f, 4.386 2.924 4.38596 2.924 4.386 2.92398 3.7879 

TABLE 5 

Node number amplitude Phase angle 

1 111.31 O 

2 110.17 -0.398 

3 111.52 O.82 

4 112.1 7.92 

STEP5: Calculating the Estimated Values of all the Measure 
ments 

0088 Resolve the estimated value of the measurement 
value by using the formula z*=h(x) and preserve the calcu 
lation results shown in table 6, wherein the said X* is derived 
from the previous step. Hold on for a few seconds and return 
to step 2 under the condition of online real-time calculation; 
the whole calculation is finished under the condition of offline 
calculation. 
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TABLE 6 

Measurement Measurement Estimated 
item value value 

P 18.71 20.33 
Q1 34.05 35.9 
P12 -4179 39.87 
Q12 37.96 38.3 
P13 -19.1 -19.5 
Q13 -2.24 -239 
P31 1755 19.6 
Q31 -10.74 -11.23 
P32 132.57 130.2 
Q32 42.61 40.77 
P -49.49 -46.43 
Q3 -41.93 -41.74 
P34 -19322 -196.27 
Q34 -71.08 -71.27 
U1 112.15 111.31 
U3 110.99 111.52 

8 

-10.74 
3.42 
2.92398 

16 

110.99 
2.64 
3.78788 

1. A method for state estimation based on the measured 
data of the data-acquisition system in power system is char 
acterized by its implementation on computer as follows: 

Block 1, acquiring the network parameters of the power 
system from the energy management system, the said 
network parameters comprising the branch numbers of 
the power transmission lines, the node number of the 
header nodes and end nodes, the series resistance, the 
series reactance, the parallel conductance, the parallel 
admittance and the ratio and impedance of the trans 
former; 

Block 2, acquiring the telemetry measurement value and 
the remote signaling measurement value from the net 
work data server of Supervisory Control and Data 
Acquisition (SCADA), wherein, 

The telemetry measurements value comprise: Voltage 
amplitude, active power of the generator, reactive power 
of the generator, active power of the load, reactive power 
of the load, active power of the first end of the line, 
reactive power of the first end of the line, active power of 
the tailor end of the line, reactive power of the tailor end 
of the line, current amplitude of the line, 

The remote signaling measurements comprise: the Switch 
state of the Switches and the disconnecting links and the 
position of the transformer taps. The measurement value 
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is 1 when the Switch or the disconnecting link is closed, 
and the measurement value is 0 when the Switch or the 
disconnecting link is open, 

The data acquisition of the said SCADA system is imple 
mented by polling mode with a cycle time 5-10 seconds, 
each of the measuring points at least comprises the type, 
the serial number and the measurement value; 

Block 3, constructing a computational model; 
Block 3.1, defining the ports of the switches, the power 

transmission lines, the transformers, the generators, the 
capacitors and the loads to be nodes, traversing these 
nodes, merging the nodes connected together by closed 
Switches or disconnecting links in the power network 
into one node used for calculation according to the 
switching values, all the following nodes refer to the 
nodes used for calculation, 

Block 3.2, distributing the voltage amplitude measure 
ments, the generator power measurements and the load 
power measurements acquired from block 2 to their 
corresponding nodes according to the ways as follows: 

Averaging to get the Voltage amplitude measurement value 
if the said nodes include a plurality of voltage amplitude 
measurement values, 

Adopting the generator power from which the load power 
is taken away from to be the injection power of the node 
only if the power measurement happened on all the 
generators and loads on the said node: 

Block 4, taking the Voltage amplitude and the Voltage phase 
angle of the node as state variable X, and taking one of 
the nodes as the reference node of the Voltage phase 
angle, then resolving the following equations to get an 
optimal solution “X” of the said state variable: 

Block 4.1, defining the nodes without agenerator nor a load 
as link nodes, the said link nodes form a set A while the 
generator nodes form a set E. using P and Q to 
indicate the maximum active power output and the 
maximum reactive output of the generator node k 
respectively, 

Block 4.2. resolving the optimal state variable solution x* 
by adopting following optimization model: 

X. v, vi (Glicosé + Bisin() = 0 
jet 

S.t. (t e A) 
X. v, vi (Gisint - Bicosé) = 0 
jet 

X. Vk V (Glicoséki + Bisindki) is P. m. 
lek 

(ke E). 
X. Vivi (Grisindki - Bricosék) is Qk nar 
lek 

Wherein, A is a set consisting of link nodes, E is a set 
consisting of generator nodes, 
V, V, V, and v, are the voltage amplitude of nodet, node 

j, nodek and node 1 respectively, 
jet denotes that node j is connected with node t by a 

line, 
16 k denotes that node 1 is connected with node k by a 

line, 
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node t is a link node, node k is a generator node, 
G. B. G. B., are elements of the admittance matrix, 
0, is the Voltage phase angle difference between node t 
and nodej. 

0 is the Voltage phase angle difference between nodek 
and node 1. 

Z, is the measurement value under the i-th measurement, 
h(x) is the measurement function under the i-th mea 

Surement, 
C, is a parameter related to the i-th measurement; 

for the Voltage measuring points: C, 0.02x|Z, 
for the active power measuring points: C, 0.02x|Z. 
for the reactive power measuring points: C, 0.03XZ. 
The value of Z is related to the i-th measurement and is 

predetermined corresponding to different Voltage levels, 
B, is the parameter related to the said C. 
B, c/C, c is a constant, c=5-10; 
Block 5 calculating the estimated value z*=h(x) accord 

ing to the optimized solution x* derived from block 4, 
The voltage amplitude of node i is: h(x)=v, 
The active injection power of node i is: 

h(x) = Xv, v',(Gycos(0-0) + Busin(0-9), 
jei 

The reactive injection power of node i is: 

h(x) = X. viv, (Gisin(0; -0) - Bicos(0 - 0)), 
jei 

v,v, 0*, 0*, are all the optimized solutions of the state 
variables which can be represented by X*: 

Block 6, determining whether each of the estimated values 
of the measurement is qualified or not according to the 
following formula: 

If |z-z*,"so, the estimated value is qualified. 
2. The method for state estimation based on the measured 

data of the data-acquisition system in power system of claim 
1, characterized in that the said Z under the line power 
measurement values as follows: values 1083 MVA under the 
voltage level of 500 kV, values 686 MVA under the voltage 
level of 330 kV, values 305 MVA under the voltage level of 
220 kV, values 114 MVA under the voltage level of 110 kV, 
values 69.7 MVA under the voltage level of 66 kV. 

3. The method for state estimation based on the measured 
data of the data-acquisition system in electric power system 
of claim 1, characterized in that the said Z under the 
voltage amplitude measurement values as follows: values 600 
kV under the level of 500 kV, values 396 kV under the level of 
330 kV, values 264 kV under the level of 220kV, values 132 kV 
under the level of 110 kV, values 79.2 kV under the level of 66 
kV. 

4. The method for state estimation based on the measured 
data of the data-acquisition system in electric power system 
of claim 1, characterized in that the said Z values the 
apparent power of the generator under the generator power 
measurement. 


