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ABSTRACT 
 
Measurement of Power is circuits is important.  It is used to 
determine the efficiency of the system.  There are different 
types of loads. One of them is a three-phase load. Three 
phases of electric power are the usual method of alternating 
current transmission and distribution. This method is a type of 
polyphase system and is most commonly used in electrical 
grids to transfer power. An advantage of three-phase systems 
over single-phase systems is the power delivered is constant, 
it gives higher output, has a higher power factor, has uniform 
torque and it requires fewer conductors. However, these 
systems cannot be measured easily. These systems require 
two or more wattmeter when being measured.  This research 
will develop a MATLAB Optimization model to measure 
power in three phase circuits. A database for power capacity 
will be developed and optimization algorithms will be applied 
to it. 
 
Key words: Power Measurement, Optimization, Three Phase 
Systems, MATLAB. 
 
1. INTRODUCTION 
 
The two-wattmeter method of power measurement can be 
used to measure the power in a three-phase wye or 
delta-connected system, regardless if it is balanced or 
unbalanced [1,2]. In this method, the current coils of the 
wattmeter are connected with any two lines, while the 
potential coil of the wattmeter is connected to a third line [3, 
4]. The wattmeter connections for a wye and delta connected 
load are shown in the figure below. 
 

 
Figure 1: Two Wattmeter Connections of a Wye-Connected Load 

[5] 

 
Figure 2: Two Wattmeter Connections of a Delta-Connected Load 

[5] 
 
Given the circuits of the two-wattmeter method in three-phase 
wye connection in Figure 1, instantaneous current, potential 
difference, and power measured for each of the wattmeter 
connected can be solved using the equation in the table below. 

 
Table 1: instantaneous current, potential difference, and power 
measured for each of the wattmeter connected can be solved 

using the equation 

 Wattmeter 1 (R) Wattmeter 2 (Y) 

Instantaneous 
Current 

��1 = �� ��2 = �� 

Instantaneous 
Potential 
Difference 

��1 = ��� −��� ��1
= ��� −��� 

Instantaneous 
Power Measured 

푃
= ��(���
−���) 

��1 = ��(��1) 

��2 =
��(��� −���) 
��2 = ��(��2) 

Total Power �� = ��1 +��2 
�� = ��(��� −���) + ��(���

−���) 
�� = ����� + ����� −���(��

+��) 
�� = ����� +����� + ����� 
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Meanwhile, the instantaneous current, potential difference, 
and power measured for each of the wattmeters in a 
delta-connected system as shown in figure 2 can be solved 
using the equation in the table below. 
 

Table 2: Delta-connected system equations 
 Wattmeter 1 (R) Wattmeter 2 (Y) 

Instantaneous 
Current 

��1 = ��
= �1 − �3 

��2 = ��
= �2 − �1 

Instantaneous 
Potential Difference 

��1 = ��� ��1 = ��� 

Instantaneous Power 
Measured 

��1
= ���(�1 −�3) 
��1 = ��(���) 

��2
= ���(�2 −�1) 
��2 = ��(���)) 

Total Power �� = ��1 + ��2 
�� = ���(�1 −�3) + ���(�2 − �1) 
�� = �1��� + �2��� −�3���

−�1��� 

 
The power measured by the two-wattmeter method at any 
instant is equal to the instantaneous power absorbed by the 
three loads connected in three phases [6,7,8]. This power is 
the average power drawn by the load since the wattmeter 
reads the average power due to the inertia of their moving 
system. The power configuration of the system will follow the 
design of [9]. The output can also be placed in a database 
following the configuration of [10]. 
 
To find the power in a circuit without relying on finding the 
voltage, current, or total impedance, one can use a wattmeter 
[11]. A wattmeter is an electronic device that measures the 
power in a given circuit. Inside a wattmeter, there are two 
coils. One is connected in series with the circuit and the other 
is connected in parallel [12]. The coil in series with the circuit 
is called the current coil. Here, the current from the circuit 
passes through. On the other hand, the coil in parallel with the 
circuit is called the voltage coil [13]. Here, the voltage from 
the circuit drops. As the current passes through the current 
coil and as the voltage drops at the voltage coil, the needle on 
the wattmeter deflects [14]. How much the needle deflects 
depends on the product of the current passing through the 
current coil and the voltage dropping at the voltage coil 
[14,15,16,17]. As one can see, this is the formula for power, 
P=VI.  
 
For three-phase circuits, there are two methods in using 
wattmeters; the three-wattmeter method and the 
two-wattmeter method. In the three-wattmeter method, three 
wattmeters are used. Each wattmeter is connected to each of 
the phases. The results of each wattmeter will be added 
together to get total power. 
 

푃 = 푃 + 푃 + 푃  
 

 

 
 
Figure 3: Three wattmeters connected to a wye-connected 
load [18] 
 
For the two-wattmeter method, two single-phase wattmeters 
are used to evaluate the three-phase power. There will be 
times when the data is measured is vague in the database. 
When this occurs the Logic Scoring of Preference (LSP) can 
be used [19,20]. The data could also be send via usb in the 
system [21]. 
 
 More specifically, adding the measurement of two 
single-phase wattmeters will result in the measurement of 
three-phase power [22, 23]. The two-wattmeter method has 
many advantages e.g. it can be applied to either balanced or 
unbalanced loads, two wattmeters are used to measure the 
three-phase power instead of three, and the neutral line for 
wye-connected loads are not needed to connect the wattmeters 
[24]. 
 

푃 = 푃 + 푃  

 
Figure 4: Wattmeters connected to a wye-connected load 
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The measured values can be placed in a database and 
optimized using spatial optimization techniques, Neural 
networks [26,27,28] and Fuzzy Logic [29, 30]. 
 
 
2.  DATA AND RESULTS 
 
2.1. Matlab Input Code 
 

1. Create a MATLAB script and call it function delta. 

 
  
2. Determine the phase and line voltages from the circuit by   
representing the inputs of the resistor values as Ra, Rb, and 
Rc, and the voltage values as Va, Vb, and Vc. 

 
3. Convert the delta-connected load to a wye-connected 
load. Represent the result as Rd. 

 
4. Solve for the values of Vac, and Ptwo or the resulting 
power using two wattmeter method. 

 
5. Display the formula to solve Ptwo and the resulting 
power using two wattmeter method. 

 
FSolve for the power using three wattmeter method. 
Represent this as Pthree. 
 

 
6. Display the results of Pthree, as well as the formula used 
to solve it. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2. For a Wye connected circuit

2.3. For a Delta-connected circuit 
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2.4. Rough Set Theory Data output 
 
Rough Set Theory was developed by Palwak in 1982 [31]. It 
can be used to find missing or incomplete information. 
 
 

 

Figure 5: Rough Set Theory database flow chart [32] 

The values obtained in the Matlab code will be turned into an 
Information System. It will follow the Flow Chart stated 
above. The data would be turned into a knowledge base. 
Rough Set theory can be used to optimize the values. The 
optimization is done by following the algorithms in 
[33,34,35]. 
 
 
3.  ANALYSIS OF DATA 
 
For both the wye-connected and delta-connected systems, 
using the two-wattmeter method and three-wattmeter method 
of power measurement, translated into codes, can be similar to 
that in taking the line voltages and phase voltages 
respectively. 
 
For the wye-connected system, a MATLAB function was 
created under the name ‘wye’. The program asks the user to 
enter the values for the resistor elements under the variable 
names: ‘Ra’, ‘Rb’, and ‘Rc’. After the program has stored the 
input, it then asks the user for the value of the three voltages, 
under the variable names ‘Va’, ‘Vb’, and ‘Vc’. [36] Because 
using the two-wattmeter is the same for solving the value the 
line voltage, Va is multiplied by the square root of 3 in order 
to get Vac [37]. Once Vac has been acquired, it will be 
squared and divided by Ra to get the power when using the 
two-wattmeter method. For the three-wattmeter method, the 
voltage Va will be squared, multiplied by 3, and then divided 
by Ra. The power when using two-wattmeter and 
three-wattmeter method must yield the same results. In the 
example above, both methods yielded the same result of 6000.  
 
For the delta-connected system, a MATLAB function was 
also created. The program also asks the user to enter the 
values for the resistors and the voltages. For easier solving, 
the delta-connected system is converted to a wye-connected 
system by dividing the resistor value by 3. After doing so, the 
program will proceed in solving for the power using both 
two-wattmeter and three-wattmeter the same way it did for the 
wye-connected system.  
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4. CONCLUSION 
 
In conclusion, the two-wattmeter method is used to solve the 
power measurement of a three-phase wye-connected or 
delta-connected system. Based on the results of both delta and 
wye connected three-phase, three-wire systems, the 
two-wattmeter method yields the same results as the three 
wattmeter method. Although, the main disadvantage of the 
two wattmeters is that it could not be used for three-phase, 
four-wire systems. Meanwhile, three wattmeter method can 
be applied to both three-phase, three-wire and three-phase, 
four-wire systems. This is the reason why the programs made 
for this laboratory exercise are meant to be used for 
three-phase, three-wire systems that are either wye-connected 
or delta-connected only, given that this laboratory exercise 
mainly deals with the two-wattmeter method.   
 
On the other hand, MATLAB was a helpful tool in solving for 
the power using two wattmeter and three wattmeter methods. 
The script files created for solving three-phase, three-wire 
wye-connected and delta-connected systems were able to 
show that both methods produce the same results despite 
using different formulas for each method. The program also 
allowed the users to input their own values for the resistor and 
voltage elements. The program also shows the power 
formulas used for each method, so that the users would know 
how the program came up with such results.  It is to be noted 
though, that the program was only tested for balanced systems 
since unbalanced systems are said to be less efficient than 
balanced systems. For optimizing the system the Rough Set 
Theory can be used [38] with database optimization [39, 40]. 
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