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Abstract—Recent development of artificial intelligence (AI)
makes AI applicable to diverse fields, and the smart grid is not an
exception. In particular, there have been extensive researches on
load forecasting using deep learning. Most existing studies have
been conducted on deep neural network (DNN) and recurrent
neural network (RNN). Very recently, CNN with shallow network
has been studied for short-term load forecasting (STLF). In this
paper, we propose a novel framework based on ResNet/LSTM
combined model. The proposed model has two steps. First,
ResNet extracts latent features of daily and weekly load data.
Then, LSTM is applied to train the encoded feature vector with
dynamics, and make prediction suitable for volatile load data.
By leveraging ResNet and LSTM, the proposed model has the
advantage of forecasting load data that has both regularity and
inconsistency. To demonstrate the performance, we compare the
proposed model with other deep learning models: multi-layer
perceptron (MLP), ResNet, LSTM and ResNet/MLP combined
model. The results show that the proposed ResNet/LSTM combined model has 21.3% of MAPE improvement in overall, and
25.8% of MAPE improvement for the bottom 25% group in
terms of MAPE compared to MLP.

I. I NTRODUCTION
In the smart grid, energy forecasting plays an important
role. Specifically, load forecasting is critical for economic
dispatch, reliability analysis and maintenance planning [1],
and thus has been studied extensively. Load forecasting can be
categorized based on the period of time to be predicted, (called
forecasting horizon), and there are four types: very short-term
load forecasting, short-term load forecasting (STLF), medium
term load forecasting and long-term load forecasting [2]. In
the literature, there are many research activities on STLF, and
there are two main approaches; one is based on classical time
series analysis, and the other is based on machine learning. In
this paper, we focus on the second, machine learning based
approach, especially deep learning.
Recently deep learning becomes popular in many fields,
including computer vision, natural language, signal processing,
etc. Now, deep learning methods have been applied to the
domain of load forecasting. Since electricity load is time
series data, researches have been mainly conducted on deep
neural network (DNN), recurrent neural network (RNN) and
long short-term memory (LSTM). In [3], DNN with the
discriminative pre-training is used, and in [4], DNN is utilized
by two different ways; one is pre-training restricted Boltzmann
machine and the other is using rectified linear unit (ReLU)
without pre-training. Feed-forward deep neural network and
recurrent deep neural network are presented in [5]. For LSTM,

Marino et al. [6] investigated the standard LSTM and the
LSTM based sequence to sequence architecture. In [7], LSTM
is used to forecast residential load and demonstrates why
LSTM is suitable for predicting highly inconsistent residential
load data. In addition to DNN and LSTM, other algorithms
such as an autoencoder have been applied to load forecasting,
and the review of several deep learning algorithms for load
forecasting are presented in [8].
For the case of convolutional neural network (CNN), it was
not commonly used for load forecasting. Recently, however,
CNN is considered for load forecasting [9], [10], [11]. In [9],
[10], CNN was used for STLF, and in [11], CNN combined
with K-means clustering was proposed and achieved good
results. The reason of good performance is that CNN is good at
extracting the features of input data and captures daily, weekly
or seasonal periodicity. In addition, Wang et al. [12] noticed
that since CNN provides better accuracy in learning highly
nonlinear problems and has time shift invariant property, it
is well suited for load data. However, in the case of load
data with high volatility and uncertainty, it is hard to expect
good performance because CNN is not originally intended to
do so. By contrast, RNN is effective in modeling dynamic
time series data, since it has the ability to remember the
dynamics of previous inputs in its memory [7]. In this regard,
the combination of CNN and RNN can be good approach to
learn both periodic features and inconsistency of load data.
In this paper, we propose a novel method by combining
ResNet (CNN) and LSTM (RNN) to perform one day ahead
15-minutes interval load forecasting. We adopt the ResNet
model, which is widely used in image recognition very recently, and construct a deeper network compared to previous
researches. The use of deeper layers allows the model to
learn richer features in input data through multiple layers of
abstraction. The proposed method has two steps. First, we
present the ResNet model that extracts the features from the
2-dimensional input load images and obtain feature vectors as
an output. Second, each feature vector is treated as an input to
the LSTM model that learns the variability of data, and finally
forecasting is performed.
We summarize our main contributions as follows. First, we
are the first to use ResNet model for load forecasting, which
was mainly used for image recognition. Second, we propose a
novel method for STLF by exploiting ResNet/LSTM combined
model that has the advantage of predicting data with high
volatility and uncertainty. Third, we compare the performance

