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Abstract— Computing is an emerging paradigm in demand 

response (DR) program wherein controllers housed in critical 

infrastructures perform computations at faster time-scales that 

can enhance the intelligence of critical infrastructures, e.g., smart 

grids. This investigation presents a deterministic algorithm for 

load shifting and scheduling to perform demand response 

program in a distribution centre of energy grid. The idea is to use 

ensemble prediction results of load data of a power distribution 

station for load shifting algorithm which can be used for 

controlling loads with a schedule. The load shifting algorithm for 

shiftable load control is based on decrease and conquer algorithm 

basically a common ratio control. This recursive algorithm is 

executed in a plant model as a scheduler for load shifting in 

MATLAB using logical indexing. Neural Network (NN) 

Predictive Controller with scheduler plant model results in 

effective load curve shaping. The proposed approach provides a 
way to use simple hardware setup in DR program. 
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logical indexing; scheduler; neural network predictive controller; 

load shifting; shiftable load 

I.  INTRODUCTION  
To achieve the goal of smart cities, smart grid is necessary 

in electrical utility structure. Many researchers have studied 
and proposed the management systems of residential area with 
following objectives like electricity bill minimization, user 
comfort maximization, power plant peak load reduction and 
ultimately CO2 reduction. Electricity is un avoidable in this 
modern world and the usage of the same is in increasing trend 
with more electrical appliances. In these unavoidable 
circumstances, the minimum goal of peak shaving of power 
plants is necessary to operate the same in safe and reliable 
manner. The main objective of management and control 
schemes over smart grid[1] is peak shaving of load curves 
without harming the comfort of the end users. Local load 
scheduling [2][3] for the load devices of residential areas of 
smart cities are explained. 

In [4] smart grids the application of distributed scheduling 
algorithm used as control mechanisms of residential power 

demand. [5] Smart load management (SLM) of electric 
vehicles for peak shaving with various charging times zones 
reduces peak load, loss minimization by considering the 
voltage regulation. Optimization based energy management 
[6] covers the optimization techniques in all aspects such as 
power supply side both electric utility, renewable resources 
generation and demand side factors. The author [7] shows the 
ability of least slack first (LSF) method flatten the household 
load demand and useful over shorter peak usage periods. The 
customer has been given the load priority scheduling 
algorithm method [8] to participate in the demand response 
programme with prediction of renewable power availability. 
Neural networks [9] also play a major role in home energy 
management system (HEMS) for the purpose of load 
forecasting.  Charging of electric vehicles is one of the most 
electric applications nowadays and it plays major role in the 
carbon reduction. Reinforcement learning (RL) is a learning 
technique of trial and error method [10] used in residential 
demand response based load forecasting. To improve the 
HEMS a branch and bound technique [11] for appliance 
scheduling developed in master controller based on users life 
style and environmental factors. Customer has been given the 
option for modification of appliance schedules which may 
results in the customer to pay more prices for the energy 
consumed during peak loads. A prototype of energy 
monitoring and residential management is proposed based on 
fuzzy logic for multiple customers with multiple load devices. 
This [12] will be useful in residential customers and multiple 
of application will make a smart city. Authors [13]14] 
designed hardware for smart home energy management 
system (SHEMS) with price response and also the utility 
signal for demand response applications. In SHEMS smart 
plugs and smart controller are used for controlling and loading 
devices. A detailed survey on smart grid communication 
infrastructures and smart home activities [15][16] reviewed 
many researchers  possible optimization scheduling 
programmes, control and automation techniques and 
communication systems in smart grid scenario. Complex 
HEMS [17] architecture implementation for photovoltaic and 
motorized blinders reduces the electricity bill as well as 
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increases the smart activities in apartment buildings. 
Classification of schedulable and non schedulable loads and 
concept of hierarchical load control in smart grid explained in 
[18]. This hierarchical load control is the needed one to form 
the smart cities, where the demand response programme is 
required at all level of the electric utility. 

Demand Response denotes the measures used by the 
energy grid operators to change the consumer’s consumption 
or its pattern [19]. Consumer reluctance in DR programs is 
emerging as a major concern in their implementation [20, 21]. 
Therefore, measures to promote user participation are being 
studied widely. Since consumer preference varies from one 
individual to another, also depends on numerous factors that 
are time-varying and extrinsic to the grid, e.g. season of the 
year; modelling them is emerging as a key problems. The role 
of user preferences in energy savings in buildings was studied 
by the authors in [22] along with efficient control. Coupled 
with this complexity, the need to integrate these models with 
energy management applications in buildings is posing a key 
challenge. In this backdrop, historical load data play a pivotal 
role for modelling behaviours and data-mining methods are 
widely used for this purpose. However, performing data-
mining in electrical distribution system is computationally 
cumbersome and requires new computing platforms, 
architecture and hardware. In this approach, logical indexing [ 
algorithm is used for load shifting and response through NN 
predictive controller studied.  Scheduler with load shifting 
algorithm of power distribution system minimizes the cost of 
computing used in all edge devices of energy management 
system. The proposal for use of scheduler [23] at power 
distribution centre encourages user participation in DR 
programs and a predictive controller that exploits the 
framework for performing Smart DR has not been investigated 
widely to our best knowledge. 

The paper is arranged with five chapters including 
introduction. Chapter II briefs the preliminaries of the 
proposed approach. Chapter III explains proposal of loading 
schedulable loads and algorithm. In Chapter IV results of 
scheduler and controller are displayed. Chapter V concludes 
with the features of the proposal. 

II. PRELIMINARIES 

The proposed load shifting algorithm for scheduling and 

control scheme with time series data consists of following 
phases: data-collection and pre-processing, modeling and 

simulation and finally validation. 

A. Data-collection and pre-processing 

Historical real data from a power distribution substation 

feeder of Indian electricity grid is used for this approach. The 
collected data is hourly data of daily report of Supervisory 

Control and Data Acquisition (SCADA) from the feeder of 

power grid. The load data obtained from the SCADA is 

transferred into the format of Microsoft excel. Then the 

transferred SCADA data is pre-processed. Pre-processing  

includes bad-data elimination, handling of missing 

measurements and removal of outliers. It is a need to pre-

process the raw data before using in any modeling. The time-

series data in this approach is data set of the electrical load in 

megawatts with respect to time in hours.  

 

B. Modelling and simulation 

The pre-processed historical time series load data is used 

in the modeling phase of the proposed approach. Ensemble 

prediction load data from pre-processed historical time series 

load data is used as input for modeling. The load shifting 

algorithm uses prediction load data and delivers the time and 

possible load shifting for load shaping. Logical indexing 

method is used to find out the energy gap in load curve and 

common ratio method is used to fill up the energy gap in the 
load curve for efficient delivery of loading schedule. 

Moreover in this approach, load shifting output by the 

scheduler is modeled as a plant with NN predictive controller. 

NN predictive controller gets the input from scheduler plant, 

after training by the neural network model, it outputs control 

signal for efficient load curve. Simulation carried out with 

scheduler plant and NN predictive controller part separately 

and outputs are recorded for analysis. 

C. Validation Phase 

During the final and validation phase of this approach, the 

input and output of the scheduler plant with load shifting 

algorithm are compared with peak load value at each stage of 

modeling.  In our analysis we use mean square error (MSE) to 

validate the result of NN model performance. 

III. THE PROPOSED APPROACH 

The proposed approach is using a recursive and 
deterministic algorithm for shifting schedulable loads with 
time series load signal. A NN predictive controller is designed 
suitable for the scheduler plant using the proposed algorithm 
which delivers the control signal to scheduler plant for 
optimum load curve shaping. 

A. Load data for scheduling and assumptions for simulation 

Hourly time series load data from daily energy meter 

reading through SCADA system is taken for forecasting and 

for subsequent load shifting algorithm. From our earlier work 

[24] the ensemble prediction load data is taken for this 

approach of load shifting. The details of historical base load 

data are in Table 1. 

 

TABLE I.  LOAD DATA 

Historic depth SCADA data available for whole year 

Starting date 01-03-2016 at 0:00 

Finishing date 30-03-2016 at 23:00 

Frequency 24h forecast specifying the hourly load. 

Input data Unrestricted demand of the Guindy line feeder 

from Alanthur 230KV Power Distribution 

Substation, Tamilnadu, India (Energy meter Daily 

Report from SCADA system). 

 

For simulation of load shifting algorithm and load curve 

shaping, two schedulable user devices are chosen in Indian 
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scenario. From website www.tangedco.gov.in the power 

consumption values are taken and approximated as 500watts 

for washing machine and 400 watts for 0.5 HP water pump 

motors. Total schedulable load capacity for an user is 0.9 KW. 

As on 31.03.2015, as per Policy Note 2015-16 Energy 

department, Government of Tamilnadu, India there are 188.43 
lakh domestic consumers are utilizing the grid power. These 

consumers are utilizing the grid power and there is no demand 

response program for participation of those consumers. 

Among the said above domestic consumers approximately 

there are around 15000 residential customers in Guindy line 

feeder. Shiftable load for 1000 customers is 0.9MW and 

correspondingly for 10000 customers is 9 MW. With these 

data base, the approach for scheduling gives a realistic 

solution with simulation in this energy management system. 

This simulation is carried out for proposed load shifting 

program with 9MW schedulable load in the load curve for one 

month. 

B. Load shifting algorithm for schedulable loads during off 

peak hours 

The proposed approach of load shifting program firstly 

allowed and not disturbs the load data greater than 90% of the 

peak value of the monthly load curve. The shifting of load 
starts with the load value lesser than 90% of the peak value. 

Using logical indexing technique, finding load value lesser 

than 90% of the peak value done. Inclusion of load so as to not 

cross  90% of the peak value using the common ratio method 

done as shown in Figure 1. This method may be suitable for 

the sequential loading during off peak hours in step without 

harming the generation and distribution systems. 

 
 
Figure 1. Common ratio method for inclusion of load during off peak 

hours in load curve 

 

It is found that minimum of 9MW for one hour slot is 

available almost in all days for shifting the off peak loads with 

the schedulable loads in which end user can choose their 
devices to operate in priority. More number of customers 

participation will be the success for this DR program. The 

proposed algorithm for off peak hour load shifting with 

schedulable loads is in Figure 2. 

 
 
Figure 2. Flow chart for load shifting during off peak hours 
 

C. Simulation of  scheduler  

With the use of logical indexing and common ratio 
methods, matlab code has been generated for finding the load 

values lesser than the 90% peak limit and inclusion of load 

values so as to achieve load curve shaping ultimately for the 

schedulable loads switching ON purpose. The matlab code 

generated as matlab function for the scheduler is called and  

treated as a plant model of the system. For this scheduler 

plant, ensemble prediction load data is given as input and 

simulation carried out. Output of the scheduler compared with 

the input and recorded. 
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D. Neural network predictive controller for scheduler plant 

model 

NN predictive controller uses the NN model of the non-

linear plant to predict the future plant performance. The 

controller determines the control signal for the plant which 

will optimize the plant performance. A design of NN 

predictive controller for scheduler plant model carried out 

with a random reference signal, plant input and output signals. 

Necessary parameters are uploaded in the simulation process 

for NN model training, testing and validation. Plant 

identification parameters are uploaded for generation of 

control signal from the controller to the scheduler plant. 
Matlab simulink model is designed for NN predictive 

controller and scheduler plant is in Figure 3.  

 

 
 

Figure 3. Neural network predictive controller for scheduler 

IV. RESULTS 

The proposed load shifting algorithm gives the output load 

curve with shifted load values which is suitable for 

schedulable load operations during off peak period. The NN 

predictive controller generated control signal according to the 

input parameters of the controller. 

A. Results of scheduling simulation with proposed algorithm 
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Load curve before scheduling

Load curve after scheduling

 
Figure 4. Load curve after and before scheduling simulation 

Input and output of the load shifting algorithm is shown in 

Figure 4. It shows the shifting of lower loads to step up 

towards the peak in the common ratio manner. It also gives the 

information about the timing and at which how much can be 

loaded further without crossing the peak value of the load 

curve during off peak hours. 

B. Results of NN predictive controller 

Figure 5. shows the results of training data of NN model. 

Output of NN model is with less error, so that the predictive 

controller delivers the control signal for efficient load shifting. 

The performance of NN model with less mean square error 

value of 5.5089 shown in Figure 6. 
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Figure 5. Training data of neural network model 

 

 

 
 

Figure 6. Performance of neural network model 

C. Scheduler plant output  after NN control with  reference 

signal 

The control signal generated by the NN predictive 

controller determines the output of the scheduler plant. The 

Figure 7. shows the output of scheduler plant and reference 

signal. This plant output signal confirms the effective and 

possible working of scheduler with schedulable loads during 

off peak hours. 
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Figure 7. Output of scheduler with load shifting algorithm with reference 

signal after NN predictive control 

 

V. CONCLUSION 

The proposed computing architecture for load shifting 

offers user choice and gives opportunity to include the priority 

in loading the schedulable loads in smart grid. Algorithm used 

in this approach is very simple for implementation with peak 

load value in any hardware. NN predictive controller proves 
the controlling ability of non linear electrical system with 

minimum error.  One month hourly load data of electricity 

grid, Chennai, India used for the load shifting algorithm 

purpose.  Simulation carried out with ensemble prediction load 

data. Simulation results shows the various time zones 

available in a day for shifting schedulable loads upto 9MW 

using common ratio method  during off peak hours. This 

method can be used in control part of power distribution 

substation which reduces cost of control architecture in whole 

energy management system instead of having individual 

controllers with each customer. Ultimately the proposed 
computing architecture integrates the user preferences or 

priority with DR program without disturbing the lifestyle of 

customer. 
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