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1. INTRODUCTION

With the improvement of medical technology and living environ-
ment, the ratio of elderly people is increasing [1]. Elderly people
have weak legs, so they take less walks and shopping, and tend
to stay home. This makes walking more difficult. Moreover, the
number of elderly people living alone is increasing, and many
elderly people cannot get help from others. It is essential for the
elderly to be able to live independently and comfortably.

One way to solve this problem is to use a walking assist cart. To
improve the walking assist cart, some researchers and some compa-
nies add an electric assist function to the cart [2,3]. This research
started as a joint research with SHINTEC HOZUMI Co., Ltd.
(Miyoshi, Aichi, Japan). Figure 1 shows the current walking assist
cart of SHINTEC HOZUMI Co., Ltd. [4]. This cart can perform
assist control such as deceleration on downhill.

However, there is a problem in the current cart that a sense of
incongruity arises because the assist according to the intention
of the user cannot be performed. In this research, the final goal
is to develop an algorithm that estimates human intention based
on sensor information on a cart and enables an assistant to feel
comfortable.

In this paper, as the first step of the research, we aim to predict the
state of the cart after 200 ms using the wheel speed and the force
on the handles of the cart. Specifically, we use a Support Vector
Machine (SVM) to create a learning model from data collected in
advance and make predictions. We intend to achieve the final goal
by increasing the number of motions that can be predicted. Note
that the 200 ms were determined based on discussions with the
joint research partner.
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To develop better assist function for a walking assist cart, we focused on the prediction of the intention of a user. As the first step
of the research, the forces and torques to the cart from the user’s hands, and the rotational velocities of the wheels are sensing.
And the support vector machine is used for intention classification. As a result, we confirmed that our method was able to predict
the intention of the user with enough accuracy.
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2. DATA COLLECTION

In this study, we performed data collection experiments using real
machines for learning SVM. Figure 2 shows the walking vehicle
used in this study. Although this cart has an assist function, the
assist function was not used in the data collection experiment.

The motors on the left and right wheels of the cart are equipped
with encoders. In this study, the inexpensive force sensor
PFS055YA251U6 made by Leptrino was attached to the left and
right handles as shown in Figure 3.

The subject moved the cart forward, backward, and turn as shown
in Figures 4 and 5, and we recorded the forces and torques on the
left and right handles, and the left and right wheel speeds. The
turning radius was 0.5 m. Five subjects performed each operation
three times.

Figure 6 shows an example of the acquired data. When the cart goes
straight from the stop state (between 0.2 and 0.3 s), the value of the
force sensor changes before the cart starts moving. Therefore, we
think that the state of the cart can be estimated by using the infor-
mation of the current wheel speed and the force sensor.

3. PROPOSED METHOD

In this study, the state of the cart 200 ms ahead (stop, forward,
reverse, right turn, or left turn) will be estimated using SVM.
Therefore, the state of the walking car at each time was determined
from the acquired data and the video taken during the data collec-
tion experiment. After that, the state 200 ms ahead of each time was
determined as the correct state for estimation by using SVM.

Figure 7 shows a scatter diagram of the force in the front-rear
direction on the left and right handles after the noise is removed
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Figure 1 Walking assist cart of SHINTEC HOZUMI Co., Ltd.

Figure 2 Assist cart used in the data collection experiment.

Figure 3 Attaching method of the force sensor.
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Figure 4 Forward and backward motion in the data collection experiment.
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Figure 5 Turn motion in the data collection experiment.
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Figure 6 Example of acquired data.
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Figure 7 Scatter diagram of the force in the front-rear direction on the
left and right handles.

by the low-pass filter. Here, 0 and —1 mean stop and go straight
after 200 ms, respectively. It was determined that the point in a cer-
tain state was within a certain range, and that it could be estimated
200 ms ahead by clustering with SVM. In Figure 7, a graph was
drawn using two representative values, but in actuality, estimation
by using SVM was performed using 14 data, including the values of
the left and right 6-axis force sensors and the left and right wheel
speeds, as inputs.
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Figure 8 Confusion matrix classified by SVM.

“scikit-learn”, which is the Python library is used for the calculation
of the SVM in this study.

4. RESULTS

Cross-validation was performed on the data divided into 15 pieces.
Figure 8 shows a confusion matrix classified by SVM. The numbers
on the label are —1 for forward, 0 for stop, 1 for left turn, 2 for right
turn, and 3 for backward. The numbers in the matrix represent how
many points were output as which labels.

Using this value, the correct answer rate for each cart condition is
calculated as 98.9% for forward, 99.3% for stop, 91.6% for left turn,
89.7% for right turn, and 99.1% for backward. The overall correct
answer rate is 98.4%. From the above, it is understood that the state
of the cart 200 ms ahead can be accurately predicted by the pro-
posed method.

5. CONCLUSION

The final goal of this study was to develop an algorithm that pre-
dicts human intentions and assists a cart that makes people feel
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more comfortable. The movements were classified by SVM based
on wheel speed and force/torque on the handle. We created an
SVM program using Python library named scikit-learn and applied
it to the collected data. The results showed that the correct answer
rate of 98.4% was obtained as a whole, and that the state of the cart
could be accurately estimated.

In the future, the prediction accuracy at the time of state switching
will be improved, and a predictor that can be used in practical use
will be developed.
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