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such as a starting point, a destination, a moving path, and
environment variable(time, date, etc) to a specific person.
Although there have been many studies to infer pedestrians'
destinations by applying various algorithms to them, there is a
problem that it is difficult to apply them to unspecified persons
because it is a personal model. It also does not support
predictions for un-modeled paths. This method is not suitable
for V2P.

Abstract
In this paper, we propose a real-time path prediction and a grid
based path modeling method using GPS. path prediction
method estimates the next location by applying the RLS
algorithm to the GPS. This enables near-real-time path
prediction for the un-modeled path. and Grid based path
modeling method divides the collected path into the cell and
transforms the path in the cell into an equation. It provides the
same role as the existing personal path model. However,
individual cells can be used for path prediction of other
pedestrians. Also, the path transformed into the equation can
eliminate the coordinates error caused by the GPS update delay.

In this paper, we propose a real-time path prediction and gridbased path modeling method using GPS which is a improve of
the existing path prediction method to V2P. The proposed
method collects the GPS of the pedestrian in real time and
predicts the path within about 2 seconds. We used the RLS
(Recursive least squares) algorithm, which is one of the
adaptive algorithms, to predict the path. The grid based path
modeling method divides the collected path into the grid and
transforms the path of each cell into an equation.

Keywords: V2P, GPS, RLS, Pedestrian Path Prediction,
Prediction of Pedestrian Trajectories

INTRODUCTION

The composition of this paper is as follows. Section 2 describes
the existing model-based pedestrian path prediction, and
Section 3 describes the proposed method. In Section 4,
conclusions and future research issues are explained.

According to OECD, the risk of traffic accidents has increased
as the number of vehicles increases each year. to reduce this
problem, the automotive industry is spreading the AEB system
that detects and brakes ahead objects. However, the AEB
system based on cameras and infrared sensors is not efficient
of the night and blind spot. Recently, research is underway to
improve the characteristics of cameras and infrared sensors [13].

Pedestrian Path Prediction
Recently, as the penetration rate of smart phones has increased,
studies are being conducted to predict the pedestrian path using
sensors built into smart phones. The pedestrian path prediction
method is a field of personalization services that is being
studied under the precondition that most people spend a
repetitive routine.

V2X (Vehicle to Everything) is a communication technology
that exchanges information with vehicles and infrastructure
where IoT network is built. Among them, V2P (Vehicle to
Pedestrian) is that focuses on pedestrians and a nearby vehicle
and a pedestrian perceive each other through a wireless
communication network and exchange information. Recently,
studies are underway to improve the disadvantages of AEB
system by applying pedestrian path prediction technique to
V2P [4,5].

The existing method predicts the route through the following
process. First, we analyze the collected data to find the pattern
and create the model. And we apply this to the current state to
predict the destination. Figure 1 shows the Action Logger
developed by MDS, which was collected the path on the period
of time and generated the model based on this path

Existing pedestrian path prediction method used the path model
to predict the final destination. The path model pre-collects data
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(a)

(b)

Figure 1. The path collected via GPS and the modeled major path

Figure 2. Flow chart of the path prediction method which improves the existing method

The collected path includes not only GPS data but also various
environment variables (day, date, time, direction, etc.), and
various path models are created based on the environment
variables. The collected path by Figure 1-(a) includes not only
GPS data but also various environment variables which day,
time, date, etc.

In this paper, we propose 'Pedestrian Path Prediction and Grid
- based Path Modeling Method' to improve existing problems.

Path Prediction Using RLS(Recursive least squares)
The RLS algorithm is a kind of adaptive filter algorithm that
can perform 'forward prediction' that predicts future data with
historical data. In particular, it can be advantageously used to
predict a path in a linear form. We applied this algorithm to
GPS providing simple latitude and longitude. These
coordinates contain various information such as the speed and
direction of the pedestrian's movement. The basic RLS
algorithm used in this paper is as follows.

The model that is generated based on the collected paths
includes environment variables and paths. The generated model
is used to predict the route of the pedestrian. It can select
different destinations by environment variables, even if you
move the same path.

PEDESTRIAN PATH PREDICTION AND GRID-BASED
PATH LEARNING USING GPS

𝑑𝑎𝑡𝑎𝑠
= {(𝑥, 𝑦)|(𝑥𝑖 , 𝑦𝑖 ), (𝑥𝑖+1 , 𝑦𝑖+1 ), ⋯ , (𝑥𝑛−1 , 𝑦𝑛−1 ) , (𝑥𝑛 , 𝑦𝑛 )}

Existing path prediction method focus on predicting
destinations using path models. This method is not suitable for
predicting paths to unspecified persons. Below is a problem
with the existing method.

𝑓(𝑥𝑛+1 ) = 𝑦𝑛+1 = 𝛼𝑥𝑛+1 + 𝛽
𝛼=

(A). Difficult to predict for un-modeled paths

𝛽=

(B). A model of personality that cannot be applied to
unspecified persons.
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Figure 3. The Cartesian coordinate for latitude and longitude expressed in the time axis

We apply the RLS algorithm to the GPS of the pedestrians
collected in real time to predict the path. GPS provides latitude
and longitude, and in order to predict the path, it needs to be
changed to information about time. Figure 3 shows the process
of separating collected latitude and longitude with respect to
time.

𝑑𝑎𝑣𝑔 =

4

𝜃 = atan((𝐿𝑝𝑛 𝑎𝑏𝑜𝑢𝑡 𝑛−1 →𝑙𝑎𝑡 − 𝐿𝑛−1→𝑙𝑎𝑡) /(𝐿𝑝𝑛 𝑎𝑏𝑜𝑢𝑡 𝑛−1→𝑙𝑜𝑛
− 𝐿𝑛−1→𝑙𝑜𝑛 ))
− atan((𝐿𝑛→𝑙𝑎𝑡 − 𝐿𝑛−1→𝑙𝑎𝑡 )/(𝐿𝑛→𝑙𝑜𝑛
− 𝐿𝑛−1→𝑙𝑜𝑛 ))

As shown in Fig. 3, it can be seen that the path calculated from
the actual pedestrian path and the predicted path are similar.
This means that the linear prediction of the RLS algorithm is
suitable for the path of the pedestrian. Figure 4 shows the
predicted path in the curve section.

I𝑓 𝑑𝑎𝑣𝑔 ∗ 0.9 > 𝑑𝑝 or 𝑑𝑎𝑣𝑔 ∗ 1.1 < 𝑑𝑝

(

(a)

𝑑𝑛 +𝑑𝑛−1 +𝑑𝑛−2 +𝑑𝑛−3

𝐿′𝑝𝑛 𝑎𝑏𝑜𝑢𝑡 𝑛→𝑙𝑜𝑛

)
𝐿′𝑝𝑛 𝑎𝑏𝑜𝑢𝑡 𝑛→𝑙𝑎𝑡

=(

cos 𝜃
𝑠𝑖𝑛𝜃

(4)

−𝑠𝑖𝑛𝜃 𝐿𝑝𝑛 𝑎𝑏𝑜𝑢𝑡 𝑛→𝑙𝑜𝑛
)(
) (5)
𝐿𝑝𝑛 𝑎𝑏𝑜𝑢𝑡 𝑛→𝑙𝑎𝑡
𝑐𝑜𝑠𝜃

When Lpn about n is predicted by {Ln−3, ⋯ , Ln }, if Eq. (4) is
satisfied, Lpn about n is corrected by using Eq. (5). When
Lpn about n is corrected, the Lpn+1 about n is also automatically
corrected by the RLS algorithm. Figure 6 shows the coordinates
before correction and after correction

(b)

Figure 4. Error of curve section
It can be seen that the error rate is significantly higher than that
of Fig. This is an error that occurs when the GPS used in
predicting the measured GPS and pedestrian path has different
directions when the pedestrian switches direction. (A), it is
difficult to improve the path of the pedestrian because it can not
predict the direction change of the pedestrian. However, (b) is
the error caused by the linear prediction of RLS. We applied
the following algorithm to improve this problem.

Figure 5. The predicted path corrected by Equation (5)

.
𝑑𝑛 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝐿𝑛 , 𝐿𝑛−1 )
𝑑𝑝 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝐿𝑛 , 𝐿𝑝𝑛 𝑎𝑏𝑜𝑢𝑡 𝑛−1 )

Figure 6. Actual and Predicted Paths
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Table 1. Measured path information
Number
markers

of

GPS

132

Total
Distance

Moving Time

210 m

2min 3sec

Environment variables are used for path reasoning, and cell
relationships are defined as the cell-to-cell movement.

3.2. Grid-based Path Modeling Method
We predict the path of the pedestrian using the methods
presented above. Using RLS, we predict the short path of a
pedestrian in real time and use a grid-based model to predict a
path a little further than the previous one. Figure 9 shows the
method of predicting the route of the current pedestrian in the
accumulated model by the method proposed in this study.

Table 2. Comparison of actual and predicted paths
Minimum
Error

Maximum
Error

Average

Prediction
Path: T+1

0.05 m

2.3 m

0.52 m

Prediction
Path: T+2

0.22 m

4.2 m

1.1 m

3.2. Grid-based Path Modeling Method
Grid-based path learning is an improved method that can apply
the existing model method to an unspecified person. We
applied the grid to the conventional method of modeling the
path to the destination and added the path modeling for each
cell. The grid modeling method divides the collected path into
cells as shown in Figure 7 and models the path for each cell.
Figure 9. Path Prediction Method

Figure 7. Grid-based pedestrian path modeling

The modeling process of a cell goes through processes such as
path expression using equations, environmental variables such
as time and day of the week, and the relationship of cells. The
path expression using the equation is a process of converting a
path into an equation using a plurality of GPS located in a cell.
The path is expressed by the maximum N ( (the number of GPS
in the cell) -1) equation from the first order equation, and the
equation with the correlation coefficient (R) closest to 1 is used.

'Cell Group' is a set of cell codes used when searching for a
model with the same path. It consists of one or more cell codes.
The model searched through the cell group undergoes an
additional classification process according to each environment
variable. The final classified model through the environmental
variables is compared with the path equation of the cell group,
and the pedestrian path is predicted using the model with the
high matching rate.

CONCLUSION
In this paper, we proposed a real-time path prediction and grid
- based path modeling method using GPS. In the proposed
method, it is possible to predict in real time by applying the
RLS algorithm to a path that has not yet generated a model. In
addition, the grid-based path modeling method maintains the
characteristics of the existing path model, and the subdivided
model into cells can be used in unspecified persons. And we
eliminated the error caused by the GPS delay by expressing the
path as an equation. Table 1 compares the conventional path
prediction model with the proposed path prediction model.

Figure 8. Path represented by the equation
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Table 3. Compare with Existing Method and Proposed Method

Purpose

Existing Method

Proposed Method

Estimate destination

Estimate the movement path after
(1). Collect Path

(1). Pre-Collect Path
(2). Predict Path &
Process

(2). Pre-Create Model
Create the Previous Path Model
(3). Predict Destination
(3). Predict After Path

Characteristic

Personalized path model

Universal path model

Unspecified person

Not shown

Prediction of the path using the grid method.

Without
Constructed

Using near path model

Real-time prediction for a short distance

Path model

The proposed method can be applied to the V2P environment
where the path of the unspecified person should be predicted.
In future, it plans to carry out research to reduce the risk of
pedestrians' traffic accidents by combining with short-range
wireless communication such as Bluetooth and Zigbee.
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