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Abstract

Nowadays, it is thought important to make a decision based on data to use limited resources effectively. Strollers, one of the main

targets of sightseeing places for children, are believed to be important for such places, but ticket sales or technology recently utilized

are not suitable to grasp the movements of the strollers, therefore, this research focused on strollers through the use of a camera and

artificial intelligence. We, first, recorded an entrance, and fine-tuned prepared models to create original object detection artificial

intelligence. Then, we counted the number of entering strollers, and analyzed the entering patterns. We discovered several patterns,

and suggest that there is a difference between strollers in the weekdays and weekends. Lastly, for future prospects, we mention two

things, a real-time counting system with GPU installed small computers, and simultaneous counting of strollers’ companions.
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1. Introduction

Recently in Japan, with the population decreasing and the
society aging, the workforce is shrinking. In order to deal with
such a situation, people are trying to make their work more
efficient by utilizing artificial intelligence (hereinafter called
“ATI”). Indeed, the Japanese post office has started to answer
redelivery calls with Al, and websites of hotels automatically
answer questions about staying by guests. Al which performs
simple tasks instead of humans is spreading widely.

In addition, Evidence-Based Policy Making (hereinafter
called “EBPM”) is considered to be important in every field
[Somusho, 2020]. Analyzing the current situation or measuring
effects of measures with the basis of data helps to use a limited
budget or human resources effectively.

In this paper, we report a practice of collecting data in the
real world by using Al and analyzing it for EBPM.

2. Situations

We, Nagoya University, applied with NEC Solution Innova-
tors, Ltd. for Hatch Technology Nagoya, a project which pro-
motes research and development or social implementation of
technologies.

Higashiyama Zoo and Botanical Gardens, a sightseeing park
which Nagoya City in Japan manages, would like to invite
more people and make themselves more attractive based on
data. They think that it is necessary to do three things. First of
all, find possible visitors or determine when to take what meas-
ures to increase the number of visitors by acquiring their na-
ture comprehensively and continuously. Secondly, because the
majority of frequent visitors are from three neighboring pre-

fectures, they want to attract visitors from other regions. Last,
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take questionnaire surveys or hold events for visitors whose
needs of the park have not been grasped, in order to understand
them.

Now, however, some pieces of visitor’s information are not
acquired for some reasons: Tickets are sold through many
channels such as convenience stores, travel agencies, com-
pany’s welfares, and etc. In addition to this, the admission fee
is free for junior high school students and under, requiring
no tickets. Thus, it is difficult to obtain visitors’ information
through ticket sales and grasp the whole visitors’ nature. Al-
though there exist staff at entrances, they have tasks to do other
than observing visitors, so they cannot concentrate on counting
all the time or observe the full attributes of them. It is difficult
for the park to obtain continuous information through a year.

Furthermore, participants of the surveys are various, so there
will be some visitors’ needs which have not been recognized.

As we showed above, the park has trouble collecting visitor’s
data, and requires a way to do it.

Recently, according to Morio et al. [2018], we can obtain
information of people moving through mobile spatial statistics,
GPS data, or Wi-Fi packet sensor data. Mobile spatial statistics
is demographics provided by NTT DOCOMO, Inc. with about
24 hour 80,000,000 user samples [NTT DOCOMO, n.a.]. The
data contains foreign tourists as well as Japanese. Nakanishi
et al. [2018] gathered origin-destination data by Wi-Fi packet
sensors placed in the Okinawa area. Murai et al. [2020] also
used them to analyze behavior patterns in large-scaled leisure
facilities. There is much research using Wi-Fi packet sensors
[Arreeras et al., 2019; Tanaka et al., 2019]. Shingai et al. [2016]
is researching the utilization possibility of mobile spatial sta-
tistics. Hashimoto et al. [2017] used the statistics to analyze
effects of a new super express. These ways are valuable in that
they can capture not only Japanese tourists, but also inbound

ones for 24 hours, and they can observe comparatively exten-
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sive, city to city or prefecture to prefecture, movements. In
addition, Matsuyama City in Ehime Prefecture and NTT DO-
COMO, Inc. conducted a demonstration experiment with the
cooperation of foreign tourists in the city, where they distribut-
ed Bluetooth Low Energy tags to the tourists and, with the col-
lected data, analyzed tourists’ migratory behaviors [Matsuyama
City, 2019].

However, because not all people have a smartphone, or have
it with Wi-Fi, or some people have a few devices, the data ac-
quired by Wi-Fi packet sensors or mobile spatial statistics is
partial or just an estimated value. Getting overall information
is difficult with them. The experiment using Bluetooth Low
Energy tags was still under a prepared condition.

On top of that, the ways are not suitable and other methods
are required because infants or children, one of the main tar-
gets especially in a park, do not possess such devices now.

Thus, we used a camera and Al. There is research about
counting systems and products using them. For example, we
can name OpenDataCam, a useful open source object counting
tool, which never records any photo or video data. However, it
uses counting lines, requiring a good quality of object tracking.
In our research, sometimes hiding behind their users, strollers,
the object on which we focus, are not always captured clearly
unlike cars in its demo movie. Thus, we prepared our original
system which does not need strict detection or tracking, but
would work well in our environment. Furthermore, social im-
plementation is not commonly spread in the society. We value
not only creating a counting Al but also applying a system into
the park, or the real world more generally.

In this context, as a research of Hatch Technology Nagoya,
we collected data using a camera and Al, and analyzed it at Hi-
gashiyama Zoo and Botanical Gardens.

3. Research objectives

Based on the situation above, as a practical example of col-
lecting and analyzing data with Al, we focused on strollers, for
the park does not have any ways of collecting data, which can-
not be obtained through entrance ticket sales or membership
registrations.

We believe sightseeing places should put an emphasis on
strollers: “Iko-yo”, one of the largest outings for kids informa-
tion websites, has such a filtering condition as “strollers OK”
[Tko-yo, n.a.]. In addition, in a questionnaire towards families
with children, when they were asked what they think is impor-
tant at their destinations and accommodations when traveling
with children, it ranked 1st whether or not they, families with
kids, are welcomed [Cozre, 2019]. There are many obstacles
for strollers such as stairs, slopes, steps, etc at tourist spots,
and strollers are difficult to move with. Therefore, comfortable-
ness for strollers, care or movement lines for them, can be a
key factor when deciding where to visit. If the ratio of families
with strollers is revealed, it can help assess effectiveness of
questionnaire surveys or events for stroller users. Besides if we
know when many strollers visit the park, holding effective sur-
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veys or events at the very time will become easier, and then the
park will be able to appeal as a stroller-friendly place. These
are the reasons why we focused on strollers and analyzed their
entering patterns.

In this research, we aimed at the two following things:
counting entering strollers using Al, and analyzing the number
by the hour at an entrance of Higashiyama Zoo and Botanical
Gardens.

4. Counting entering strollers using YOLO

We counted them at an entrance utilizing YOLOVS (herein-
after called “YOLO”) [Redmon et al., 2016] and an original al-
gorithm. We selected YOLO, a fast object detection Al model,
taking in consideration real time detection in the near future.
We recorded the entrance, trained models with the data, and
had the models infer the records and output whether a stroller
is in each frame into csv files based on the algorithm using a
computer loaded with a GPU. The camera was installed under
the entrance roof with an angle of about 30 degrees downward
from parallel to the ground.

4.1 Training method

We converted the videos into pictures frame by frame,
and annotated strollers in them. With this dataset, we fine-
tuned default models of YOLO because originally they are not
trained to recognize strollers. The recording was eight hours
a day from 9 am to 5 pm from 2020/12/8 through 2020/12/13.
The resolution of the videos was 1289 x 729 with 15 of frame
rate. For the records of the days 8th, 9th, and 10th, we anno-
tated fractions of strollers (about 40 %), strollers some part of
which is hiding behind a person (Figure 1), as well as the whole
image (about 60 %). As to one of the day 11th, we did not an-
notate the video to use for evaluating models. As to the days
12th and 13th, we annotated the whole image. With these anno-
tated datasets, we trained models. We named each model that
we created from A to F. Date means the day when the video
was recorded from 8th to 13th; Strollers, the unique number of
strollers in the videos; Train and Valid, the number of pictures
to train or validate a model with; Weight, the size of YOLO
weights (Table 1). For example, we used the record of day 13th
to train model A with the S sized weight. 66 strollers appeared

Figure 1: A stroller behind a person (left), and the whole image
well detected by Al (right)

Note: People are the authors.
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Table 1: Details of datasets and results of counting

Model Date Strollers  Train Valid Weight  Precision  Recall F1
A 13 66 1,116 579 S 21/23 21722 0933
B 13 66 1,116 579 X 18/19 18/22  0.878
C 12,13 142 2,359 1,124 S 21/22 21722 0955
D 12,13 142 2,359 1,124 X 19/20 19/22 0.905
E 8-10, 12,13 204 7,953 3,607 S 22/26 22/22 0917
F 8-10, 12, 13 204 7,953 3,607 X 21/22 21722 0955

in the video. The training dataset contained 1116 images, and
validation datasets, 579. There were pictures in which the same
strollers appeared but the directions were different.

4.2 Counting method

While YOLO is able to detect objects in every frame, it
is not possible to consider the frame to frame relationship:
YOLO cannot count the unique number of objects in videos.
Therefore, a counting method is necessary. In this research,
we counted one stroller when it was detected for certain
frames in a given interval as follows. This method was pos-
sible under the condition that not so many strollers came,
and they passed through the entrance gate one by one with
a certain interval, and that the gate was one-way. The count
variable in the following step means the number of frames
where strollers were detected, the endure, not detected, and
the record allows us to count the next stroller. We calculated
the time of every frame based on FPS (15 fps) and the time
at which the video record started. YOLO sometimes gives
a bounding box to other objects such as people, clothes, or
background. In order not to count them, we used a threshold
of five frames. Also, it was necessary to decide whether a
stroller has passed the gate. We defined more than 50 frames
where no stroller was detected means that a stroller has
passed through. The numbers of five or 50 were determined
by our experience when we annotated the videos. Detailed
method is as follows.

1. Initialize count as zero, endure as zero, record as True.

2.If record is True, and Al detects a stroller, increase count by
one, and set endure to zero.

3. If count is five, set record False.

4.1f Al does not detect it, increase endure by one.

5. If endure is more than 50, set record True, and count zero.

6. Output to a csv file time calculated by FPS and whether
count is more than five (True or False).

7. Repeat 2 to 6 steps towards all frames.

4.3 Results of counting

We made a short video, where 22 strollers, extracted from
the eight hour video of the day 11th enter the gate, so that we
can test our original models with ease (Figure 1 and Table 1).
Note that not all strollers in the eight hour video appear in the

short one. Although there is a time in the video when no stroll-
ers or no people pass through the gate, the video does not con-
tain time when other objects, mainly only people, do so. There-
fore, precision may be higher than real. The Precision, Recall,
F1 measures in Table 1 were against this video. We evaluated
the whole system, Al model and count algorithm. For instance,
as to the model A, precision, recall, f1 were 21/23, 21/22, 0.933
respectably toward the strollers in the video.

4.4 Discussion of counting

As to training, it was possible to make good models with
only one-day or two-days dataset and an S sized model, the
smallest model that YOLO prepares (see model A and C in
Table 1). General datasets contain from tens of thousands of
images to millions of images. Compared to this size, 1,116 to
2,359 pictures are very small. This means that we can realize
counting with short time training and low equipment cost. On
the other hand, strollers hiding behind people were difficult to
detect, and it became harder to train model with datasets in-
cluding such images. Therefore, environmental arrangements,
where to install a camera and the direction to set it, were very
important. We expect that by installing a camera vertically to
the ground under the entrance roof, strollers will not hide be-
hind people, so training models will be easier and the accuracy
of inference will increase.

As to counting, the original algorithm worked well with our
environment. There were almost no counting errors, so the
accuracy depended on how well Al could detect strollers. Ac-
cordingly, for more accurate and stable counting, we need more
precise detection by better training or environmental arrange-

ments.

5. Analysis of the number of strollers by hour

Based on the csv files which we made using the system
above, we visualized three things: The number of entering
strollers by the hour for five days, the average number and
cumulative percentage of them, for weekdays, weekends, and
all days. Hour in x axis of the figures has one hour of time
span: Black circled point at nine hour of the day 10th in Figure
2 means 10 strollers entered the park between 9 am to 10 am.
Sum in the legends in Figure 2 and 3 means the total number of

the strollers of the day or average.

69



R. Hori et al.: Counting entering strollers with Al and analyzing patterns at a sightseeing spot

5.1 Result of analysis

Figure 2 shows that at 1 pm to 2 pm there is a large dif-
ference in the number between the weekdays and weekends.
Figure 3 shows that in the weekends there came 1.85 times as

many strollers as in the weekdays. Figure 4 shows that by 11
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Figure 2: Number of entering strollers by hour for five days
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Figure 3: Average number of strollers for weekdays, weekends,
and all days
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Figure 4: Cumulative percentage of strollers for weekdays,
weekends, and all days
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am 60 % of the strollers had entered, and by 1 pm more than 80
%. Especially, in the weekdays (square pointed line in Figure 4),
they had passed through the gate comparatively early. Figure
2 and Figure 3 show that more strollers came one or two hours
after the park opened rather than immediately after the open-
ing. After 3 pm, almost no strollers visited the park. Lastly, on
the assumption that families with strollers are a family of four
on average, 40 % of all the visitors used a stroller. We obtained
the number of people from infrared counters, which the park

has installed.

5.2 Discussion of analysis
From these results, some possible measures are as follows:

* Because many strollers entered the park before noon, con-
ducting surveys then will be effective.

» This also means that they may have lunch in the park, so
making the environment there more comfortable may raise
visitors’ satisfaction level.

* Preparing recommended route maps for strollers may lead to
more satisfaction.

Through these measures, the park will be able to acquire fre-
quent visitors.
In addition:

* Because about one in five strollers may take lunch outside
the park, the park could receive more visitors to eat lunch
inside it if some event is held before noon.

* In the evening, the ratio may decrease because 3 pm or 4 pm
can be thought to be the time when families with children
start preparing for dinner. Thus, it may be good to focus on
visitors who do not carry a stroller or aim to acquire new
visitors who have not come there by offering evening tourist
plans. However, we need to compare the number of people
and strollers by the hour to assert that the ratio really de-

creases.

Moreover, in the weekends, strollers increased 1.85 times,
and human visitors, 2.48. From this fact and our experience
while annotating, we suggest that strollers in weekends and
weekdays are different: The former was mother and her child,
and the latter was family using a stroller.

We discovered some patterns; however, it is unknown if we
can observe these patterns at anytime. Counting longer term
will lead to more accurate and stable patterns.

Lastly, the number we counted does not equal the number of
strollers in the park. By counting that of exiting strollers, the
park will know how many strollers are in it. Thus, it will be-
come easier to determine the timing to hold events.

6. Discussion
Utilizing Al and arranging environments for it, we were able

to collect data about entering strollers by the hour automatical-
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ly, which information the park could not obtain conventionally,
and discover some entering patterns.

Based on the data, the park will be able to determine whether
or not to make investments for a more comfortable park envi-
ronment. That we were able to observe strollers automatically
will lead to comprehensive and continuous data collection,
comparison of the effects of seasons or weather, and measuring
effects of events. It will also be possible to conduct question-
naire surveys and comprehend strollers’ needs effectively, or
hold events which entertain more people based on the data.
Through these measures, the park will be a more attractive
sightseeing place.

As we collected data which could not be obtained through
ticket sales, it will also be possible to understand visitors at
similar open sightseeing spots such as Ai * Chikyuhaku Kinen
Koen, Gifu Family Park, Outlet Malls, or Okage Yokocho.
Moreover, not only at sightseeing places, but also at highway
service areas or bus stops, counting certain objects is possible.

As to the objects, there are other build-in ones than a stroller.
YOLO’s default models can recognize an umbrella, suitcase,
ski, snowboard, surfboard, etc, as well as a person or car. Of
course, it is possible to find objects unknown to the model by
fine-tuning or transfer learning as we did. Sightseeing places
can count the number of whatever it would like to depending
on their needs. Considering these facts, we made a practice of
acquiring information with Al which was difficult to obtain
from a conventional way such as using ticket sales data, or was
irrelevant to the data.

7. Conclusion

In this research, in the purpose of counting the number of
entering strollers, and understanding their entering patterns,
which Higashiyama Zoo and Botanical Gardens were not able
to do, we counted them at an entrance utilizing YOLOVS, and
analyzed the collected data.

At the training and counting phase, it was revealed that it is
easy to make an original model in line with the needs of the
park, and that environmental arrangemetns for Al were impor-
tant.

At the analyzing phase, we discovered based on data that
many strollers come before noon, and that there were almost no
strollers after 3 pm. This information will be helpful to deter-
mine when to invite visitors, how to obtain new ones, to grasp
how many visitors are not reflected in current questionnaires,
or to hold better questionnaire surveys or events for such visi-
tors. If the park concludes that measures for strollers are effec-
tive and make the park environment more stroller-friendly, it
will be their new appealing point.

For future prospects, there are two main things. First, real-
time inference: Though in this research, we recorded videos
and used them in our laboratory, this is not desirable in terms
of personal information protection when implementing it in
the real world. In order not to store personal information,
processing streaming videos is required. Additionally, we are

Figure 5: A smaller sized edge computer with GPU (left) and
MacBook13inch (right)

considering using smaller sized edge computers (Figure 5)
which are also more reasonable. This will enable a wider range
of counting locations as well as the entrance we used this time.
Second, counting people as well: We revealed the possibility
that the strollers in the weekends and weekdays are different.
We are going to make clear the average number of people pass-
ing through the gate with strollers.
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