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Introduction (1/3)

• Since the last few years, distributed energy resources 

and storage devices are widely installed, which have 

made the power flow pattern more complicated; 

• Distribution system state estimation (DSSE), which 

provides the control centers with the state 

information, plays a significant role in the grid 

operation; 

• Most distribution networks are unobservabel due to a 

limited number of supervisory control and data 

acquisation (SCADA) devices are installed; 
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Introduction (2/3)
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• To make the network artificially observable, pseudo 

measurements are used, which decrease the 

accuracy of DSSE;

• Smart meters provide interval demand and 

generation data, also report voltage data and service 

interruption information of end-users of LV grids;

• Phase allocation information at the LV grid end-user 

side is often incomplete or missing. 

PAGE 431-3-2016

Introduction (3/3)



Implementation Procedure
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Given: 

smart meter data, 

without phase 

identification
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Phase Identification
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Obtain voltage profile 

(per phase) 

at the transformer side

over the specified time period

Obtain voltage profile of 

individual house over the 

specified time period

Perform cross-correlation between transformer 

voltage (per phase) and house voltage profile

Choose the phase with the highest cross-

correlation coefficient
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Example (1/2)
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Node

No.

Case 1 Case 2 Case 3

Phase A Phase B Phase C Phase A Phase B Phase C Phase A Phase B Phase C

1 0.9090 0.4059 0.5795 0.9079 0.4059 0.5730 0.9159 0.4198 0.5473

2 0.5521 0.9211 0.5024 0.5457 0.9186 0.5002 0.5226 0.8962 0.4713

3 0.3846 0.5821 0.8682 0.3911 0.5869 0.8715 0.3969 0.6244 0.8901

4

5

6

7 0.8788 0.3678 0.5416 0.8800 0.3718 0.5531 0.8809 0.3675 0.5221

8 0.4450 0.8331 0.3640 0.4496 0.8433 0.3876 0.4043 0.7936 0.3217

9 0.2803 0.4855 0.7932 0.2970 0.4885 0.8011 0.3453 0.5615 0.8505

10 0.2667 0.4785 0.7841 0.2698 0.4857 0.7860 0.3214 0.5646 0.8396

11 0.8713 0.3914 0.5237 0.8711 0.3946 0.5228 0.8738 0.3938 0.5013

12 0.3292 0.6905 0.1722 0.3306 0.6886 0.1748 0.2434 0.5778 0.0514

13 0.2420 0.4568 0.7660 0.2460 0.4562 0.7675 0.2980 0.5332 0.8230

14

15 0.8703 0.4017 0.5239 0.8691 0.4046 0.5229 0.8697 0.3961 0.4989

16

17 0.8793 0.3604 0.5461 0.8800 0.3635 0.5465 0.8774 0.3544 0.5047

18 0.5285 0.8834 0.4460 0.5338 0.8833 0.4497 0.5211 0.8599 0.4195

19 0.3288 0.5403 0.8331 0.3324 0.5404 0.8337 0.3489 0.5922 0.9616

20 0.8766 0.3600 0.5485 0.8778 0.3633 0.5499 0.8803 0.3618 0.5161

21 0.5407 0.8859 0.4568 0.5429 0.8851 0.4584 0.5472 0.8668 0.4407

22

23

Example (2/2)

100%



Data Aggregation (1/2)
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In principle, power at the transformer is equivalent to the 

sum of the load consumptions and the power losses of 

the circuit, that is,

 
𝑷𝒕
𝒃 =  𝒊=𝟏

𝒏 𝒑𝒕,𝒊
𝒃 + 𝑷𝒕,𝒍𝒐𝒔𝒔

𝒃

𝑸𝒕
𝒃 =  𝒊=𝟏

𝒏 𝒒𝒕,𝒊
𝒃 + 𝒒𝒕,𝒍𝒐𝒔𝒔

𝒃
(1)

• b---the index of a transformer

• n---the total number of the households connecting with the transformer

• i---the index of a household

• 𝑷𝒕
𝒃---the active power of transformer b at time t



Data Aggregation (2/2)

Generally, there are three ways to deal with the power 

losses: 

Neglected roughly, considering the relatively 

smallness comparing with loads of the LV feeder and 

computational difficulties;

Assumed as a percentage of the summed power 

 𝑖=1
𝑛 𝑝𝑡,𝑖

𝑏 , according to the transformer efficiency;

Adopt other methods to evaluate.
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Uncertainty Estimation (1/3)

• There is a hypothesis in Equation (1):

 all households are equipped with smart meter devices;

 all the measurements are perfectly synchronized;

 each reading of an individual smart meter has intrinsic 

uncertainty;

• All contributing uncertainties should be expressed at 

the same confidence level, by converting them into 

standard uncertainties. 
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Uncertainty Estimation (2/3)

• There are two approaches to estimating uncertainties: 

‘Type A’ and ‘Type B’ evaluations

• The combined standard uncertainty for the 

aggregated data would be found by,

• A particular value of coverage factor k gives a 

particular confidence level for the expanded 

uncertainty. 
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Uncertainty Estimation (3/3)

Step 1. Aggregate the smart meter data by phase;

Step 2. Estimate each aspect of uncertainty;

Step 3. Decide the dependency of each uncertainty;

Step 4. Find the combined standard uncertainty from 

all the individual aspects;

Step 5. Express the uncertainty in terms of a coverage 

factor;

Step 6. Write down the aggregated result and the 

uncertainty.
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The Zaltbommel MV network is a 10 kV network, 

connected to the HV grid at a single primary substation. 
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Test Setup (1/3)
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Test Setup (2/3)
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• 15-minute average active power are measured at LV side of 

the transformer and the beginning of each feeder. 

• 190 single households' load profiles over one week are 

obtained from smart meters, in every 15 minute.
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Test Setup (3/3)
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Test Results (1/5)
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Actual Situation

Total phase A Total phase B Total phase C Total buses

135 122 126 383

1 day in Summer

Total phase A Total phase B Total phase C Total buses

141 136 106 383

2 days in summer

Total phase A Total phase B Total phase C Total buses

132 141 110 383

3 days in summer

Total phase A Total phase B Total phase C Total buses

128 147 108 383

4 days in summer

Total phase A Total phase B Total phase C Total buses

128 127 128 383

5 days in summer

Total phase A Total phase B Total phase C Total buses

132 141 110 383

76.00%

78.00%

80.00%

82.00%

84.00%

86.00%

88.00%

90.00%

92.00%

1 2 3 4 5

Accuracy



Test Results (2/5)
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• Measurement devices Esm

Type B error

For each smart meter e_sm : 0.1%-1%

The aggregated error (independent case)

Esm=  𝒊=𝒊
𝑵 (e_sm𝒊)

𝟐

• Missing data Emd

Type A error

0.1%-5%
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Test Results (3/5)



• Unsynchronization error Eue

Type A error

0.1%-0.6%

• Phase identification error Eid

Type B error

10%-15%

• Power loss error Epl

Type B error

0.5%-2%
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Test Results (4/5)



• The combined standard uncertainty for the 

aggregated data is:

u= (𝑬𝒔𝒎)𝟐+(𝑬𝒎𝒅)𝟐 + (𝑬𝒖𝒆)𝟐 + (𝑬𝒊𝒅)𝟐 + (𝑬𝒑𝒍)𝟐

• Take the coverage factor k=2, which gives a 

particular confidence level 95%;

• The aggregated data available for state estimation is 

given by,

 𝑷𝒕
𝒃 =  𝒊=𝟏

𝒏 𝒑𝒕,𝒊
𝒃 +u

• The calculated u = (20%~40%)* 𝒊=𝟏
𝒏 𝒑𝒕,𝒊

𝒃 , with 

confidence level 95%.
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Test Results (5/5)



Conclusions

• Smart meter data is beneficial to transformer load 

modeling and management;

• Aggregated smart meter data can be used for state 

estimation of both LV and MV networks;

• The uncertainty of aggregated smart meter data is 

lower than the pseudo- measurement which is always 

assumed 50%;

• The uncertainty of aggregated smart meter data could 

be reduced to some degree, by taking high-quality 

device and more precise phase identification method.
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Thanks for your attention!
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State Estimation Introduction



Standard Uncertainty Calculation
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