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Abstract: Traffic accidents in industrial environments have increased in recent years. One possible measure to increase
safety is through pointing-and-calling to raise safety awareness of employees on pedestrian cross- walks. However, there
remains many challenges introducing this in organizations, such as the lack of immediate feedback, per- ceived social
awkwardness, and lack of reminders. In this study, we propose that the use of a real-time monitoring and feedback
system, which automatically evaluates the pointing-and-calling movement of employees, which can be used to promote
this habit, thus improving safety at crosswalks. We performed two experiments evaluating the robustness of the detection
systems and the accuracy of the scoring system for the movements.
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1. INTRODUCTION

1.1. Background

According to Japan’s Ministry of Health, Labour, and
Welfare, the number of fatalities and injuries in the man-
ufacturing industry in 2023 reached 27,194, the highest
among the industries surveyed [1]. Although there is a
decreasing trend for workplace accidents such as entan-
glements (-6.1%) and falls/crashes (-12.8%), traffic ac-
cidents in the workplace have increased by as much as
+14.7%.

One measure taken to address this is the introduction
of a pointing-and-calling safety procedure at pedestrian
crosswalks. The pointing-and-calling procedure, origi-
nating from the former Japanese National Railways, has
been demonstrated to be an effective means of preventing
human error in wide-ranging fields, including railways,
aviation, construction, medical care [2], [3]. By raising
the safety awareness of employees on pedestrian cross-
walks through this procedure, it is expected that collisions
at crosswalks will be reduced

However, there remain many challenges in instilling
this pointing-and-calling habit in organisations. Among
them is the lack of immediate feedback on whether they
are performing the action correctly or consistently, per-
ceived social awkwardness about performing exaggerated
gestures in public, and a lack of reminders. To address
this, we propose that the use of a strategically placed
real-time monitoring and feedback system, which eval-
uates the pointing and calling movement of employees,
can be used to promote this habit, thus improving safety
at crosswalks.

Therefore, in this study, we developed a system which
utilises a 2D and 3D pose estimation Al to evaluate the
movements of employees with respect to their point-and-

1 Ryosuke Nakagawa is the presenter of this paper.
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Fig. 1 Flowchart showing the automated evaluation and
feedback process of pointing-and-calling action at a
crosswalk
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calling actions and provides feedback on the correctness
of those movements. This can act as a reminder, as
well as provide immediate feedback and lessen the so-
cial awkwardness of performing the point-and-calling ac-
tions, helping promote safety awareness and habits in the
organisation. Additionally, we perform two verification
experiments to understand the limits of the system and
ensure that the system is working as expected.

1.2. Related Works

Today, monitoring technologies are routinely used in
industrial environments, but they are rarely used to pro-
mote safety [4]. Among the main uses of these monitor-
ing technologies is in the understanding of the causes of
various accidents. For example, Mutlu et al. used an al-
gorithm to discover sequential patterns that can lead to an
accident using the data collected using monitoring tech-
nologies [5].

Another possible use of these monitoring technolo-
gies in proactive approaches to safety, such as behaviour-
based safety [6]. A key component of behaviour-based
safety is in observing the actions of employees and pro-
viding timely feedback and encouragement to change the
habit or behaviour. This can be challenging to do in-
person, therefore, an automated feedback system can be
effective. Iwasaki ef al. used a wearable system to ob-
serve the pointing-and-calling actions of employees [7].
However, such technologies have drawbacks, including
limited battery life and the requirement to equip all em-
ployees with the devices.

Therefore, a non-contact monitoring approach is used
in this study, where a pose estimation Al is used to ob-
serve the actions of an employee. In recent years, the
performance of pose estimation Als has improved sub-
stantially [8], [9] and has been shown to be an effective
means of observing human movement in fields ranging
from sports [10] to rehabilitation [11].

2. SYSTEM

2.1. System Overview

The developed automatic pointing-and-calling valua-
tion and feedback system is shown in Fig. 1. The system
consists of a CMOS colour camera (Microsoft LifeCam
Studio Q2F-00021), a computer to perform the pose esti-
mation and evaluation, and a large digital signage to pro-
vide feedback to the pedestrian. Firstly, a CMOS colour

Evaluation Area

Crosswalk Area

Fig. 2 Information to be provided about the environment
from the camera view during system setup
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Fig. 3 Body landmarks used to calculate the face vector
(the direction the pedestrain is looking), and the arm
vector (the direction the pedestrian is pointing)

camera is expected to be placed at a height of 2.5 m and
within 30 degrees from the direction facing the cross-
walk. The frames obtained by the camera are then pro-
cessed by a pose estimation Al. Using the estimation re-
sults of the pose estimation Al, we are able to estimate the
direction the pedestrian’s face is facing and the direction
the arm is pointing. These directions are then compared
to the direction of the road to evaluate if the pedestrian
has performed the pointing-and-calling action. Once the
pedestrian has performed the pointing-and-calling action
or if they attempt to cross the road before completing the
actions, feedback will be provided using a large digital
signage.

The four actions required to be performed is “Look
Left”, “Look Right”, “Point Left”, and “Point Right”.

2.2. System Setup

Before operating the system, the relative position and
orientation of the camera relative to the crosswalk needs
to be obtained. This was done by placing an ArUco on the
crosswalk, with its direction aligned with the road, such
that a road vectors, ¥,.,qq designating the direction of the
road relative to the camera can be obtained, as shown in
Fig. 2.

Additionally, the 2D area in the camera view which
a pedestrian or employee is expected to perform the
pointing-and-calling action is designated. This area is la-
belled as “Evaluation Area” in Fig. 2. The location of the
crosswalk, labelled “Crosswalk Area” in Fig. 2, is also
designated to determine when the pedestrian or employee
attempts to cross the road before performing the pointing-
and-calling action.

2.3. Pose Estimation

MediaPipe Pose [8] was used as the pose estimation
Al in this system. It is capable of estimating the 3D co-
ordinates of 33 body landmarks of pedestrians within the
view of the camera. The position estimated body land-
marks can be expressed as normalised coordinates, show-
ing the position of the pedestrian in the image, as well as
in terms of world coordinates where the real-world posi-
tion relative to the hip in meters is estimated. The esti-
mated body landmarks are represented by x-coordinates
and y-coordinates in the image, as well as z-coordinates,
which are depth information. The model was able to per-



form the pose estimation at a frame rate of 30 fps from a
camera frame resolution of 1920 x 1080 pixels.

2.4. Standing Position

The state of the system changes based on the position
of the pedestrian. There are three main states, namely,
a (1) No person state, where there was no one in both
the evaluation area and the crosswalk area, a (2) Evalu-
ating state, where the pedestrian is in the evaluation area
and the system is checking if pointing-and-calling is be-
ing performed, and a (3) Crossing road state, where the
pedestrian is in the process of crossing or is starting to
cross the road. The states are determined by the area in
which the pedestrian is standing. This is detected using
the 2D coordinates of both the pedestrian’s feet estimated
using the pose estimation Al described in Section 2.3, and
compared to the evaluation area and crosswalk area de-
scribed in Section 2.2.

In the (1) No person state, the system waits for a pedes-
trian and performs no actions. In the (2) Evaluating state,
the systems keeps track of whether the pedestrian has per-
formed each of the required pointing-and-calling actions.
In the (3) Crossing road state, the tracking parameters are
reset and the evaluated performance is fed back to the
pedestrian using the large digital signage.

2.5. Face and Arm Vectors

To determine whether the pedestrian has performed
the pointing-and-calling action, we first need to obtain
the direction the face is facing and the direction the arm
is pointing. This is calculated using the body landmarks
estimated in Section 2.3. The landmarks used for the face
vector, Ufqee, and the arm vector, Ugpm, are shown in
Fig. 3.

The face vector, Ufqc., the direction the pedestrain is
looking is calculated using four points: left eye, right
eye, left mouth, and right mouth. First, a horizontal vec-
tor from the right eye to the left eye and a vertical vec-
tor from mid-eye (mid-point of left eye and right eye) to
mid-mouth (mid-point of left mouth and right mouth) is
calculated. The outer product of these two vectors is the
denoted the face vector, Ufqcc, as shown in Eq. 1.

No Check

Fig. 4 The angle at which the pedestrain is deemed to
have performed the pointing and looking action ap-
propriately (set at 65°in this study)
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Fig. 5 Camera view and the four pointing-and-calling
actions recognised

Uface = (Uleft eye — Uright eye) X (vmid mouth — Umid eye)

D

We assume that the pedestrian will perform the
pointing-and-calling action using their right hand. There-
fore, the direction in which the pedestrian is pointing at
can be calculated using two body landmarks, the right
elbow and the right wrist. The arm vector, Uy, is cal-
culated using Eq. 2.

2

Varm = Uright wrist — Uright elbow

2.6. Relative Angles

To determine if the pedestrian has performed the
pointing-and-calling action appropriately, we refer to the
relative angle between the face and the arm vectors, and
the road vector. These angles are calculated using the in-
ner product as shown in Eq. 3.

U Uroad 180

17| ||17mad||) G

2.7. Action Recognition

0 = arccos < 3)

In every frame, the relative angle between the face and
the arm vectors, and the road vector is compared to a pre-
set threshold angle. For each action, if the relative the
angle exceeds the threshold value, as shown in Fig. 4, the
pedestrian is deemed to have performed that action.

This threshold angle can be varied based on the cir-
cumstance and environment the system is being used in.
The effective visual field range is known to vary depend-
ing on the individual and the surrounding environment.
In this study, the threshold of 65°was chosen based on
a previous study that showed the limits of the effective
field of view during standing and walking to be between
25°and 30°in the lateral direction [12].

An interface was created to enable the system user
to easily check whether the pedestrian performed the
pointing-and-calling action. The screen of the devel-
oped interface is shown in Fig. 5. The large image to
the left shows the camera view with the pose estimation
results and the face and arm vectors overlaid. Addition-
ally, the evaluation area and crosswalk area are shown
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Fig. 6 The feedback information of the pointing-and-
calling evaluation to be displayed on the large digital
signage

using a green and a red bounding box respectively. If
the pedestrian is deemed to have performed the pointing-
and-calling action specified when in the evaluation area,
a cut-out of the action is shown on the right. If no point-
ing or looking action is performed, nothing is displayed
cut-out area. As described in Section 2.4, the tracking
of the actions will be reset once the pedestrian enters the
crosswalk area. The interface allows us to easily check,
at a glance, which of the four actions (Look Left, Look
Right, Point Left, Point Right) has been detected.

2.8. Feedback

The results of the system evaluations are fed back
to the pedestrian using a large 65-inch digital signage
(JapanNext, IN-IPS60UHDR-M). Fig. 6 shows one ver-
sion of the feedback screen to be displayed. In the centre
of the screen, an illustration of a mascot character per-
forming a left-right visual check and pointing check is
displayed. Around it, the scores for each judgment item
are displayed. The colour of the score is initially dis-
played in red but changes to green when the set threshold
is exceeded. At the top of the screen, there is a circular
signal indicating the judgment result, which is normally
lit red. However, when the scores for all check items ex-
ceed the threshold value, the red signal is switched off,
and the green signal is switched on. This allows the safety
checking behaviour of the evaluation target to be visu-
alised in real time and can be used to provide behavioural

Fig. 7 Experimental conditions for experiment 1: Ro-
bustness of evaluation results to camera installation
position.
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feedback and educational support for the employees. It is
expected that this will not only provide feedback on their
pointing-and-calling actions, but also help remind and en-
courage the employees to perform the actions, as well as
normalising the behaviour to minimise social stigma. The
score is calculated using Eq. 4.

100 if & > threshold
100
- . ; 4
score rv——— 0 if 0 < 6 < threshold “)
0 if0 <0

3. VERIFICATION EXPERIMENTS

Two experiments were performed to verify the robust-
ness of the systems and the evaluation approach used.

Firstly, depending on the installation position of the
camera, the pose estimation accuracy and the accuracy of
the relative angle calculated might vary due to visibility
and depth estimation issues. To determine if this could
lead to problems with our evaluation system, we inves-
tigated the robustness of the system with respect to the
camera’s installation position (Experiment 1).

Secondly, to provide feedback with respect to the cor-
rectness of their movements, it is important to not only
determine whether the action has been performed, but be
able to provide a score on how well it has been performed.
Based on that score, able to instruct the pedestrian or em-
ployee on areas and ways to improve. Experiment 2 in-
vestigated whether the scores evaluated matched the qual-
ity of the actions performed.

3.1. Experiment 1

In this experiment, we evaluated the robustness of the
evaluation results to camera installation position.

3.1.1. Methods

This was performed by using three identical cam-
eras to simultaneously record participants performing the
pointing-and-calling action. All cameras were installed
at a distance of 3.5 m in the direction of travel (L in
Fig. 7) and at a height of 2.5 m (h in Fig. 7) from the
location where the pointing-and-calling action would be
performed. The position of the three cameras represent-
ing the experimental conditions was positioned at: 30 °to
the left of the direction of travel (A in Fig. 7), in line with
the direction of travel (B in Fig.7) and 30 °to the right of
the direction of travel at (C in Fig. 7).

Three young healthy male participants (22.3 +0.47)
were instructed to perform two types of actions, ‘with
pointing and looking before crossing’ and ‘without
pointing and looking before crossing’ for three trials
each.

3.1.2. Results

When participants were instructed to use the crosswalk
‘without pointing and looking before crossing’ , all three
cameras had accuracy of 100% for all trials and partici-
pants. The system was able to correctly determine when
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Fig. 8 Boxplot with data points showing the results of
experiment 1. The maximum angle inside the evalua-
tion area when performing the actions when the par-
ticipants were instructed to use the crosswalk ‘with
pointing and looking before crossing’

the participant did not perform the pointing and looking
actions, and there was no false positive result.

Fig. 8 shows the maximum relative angles to the direc-
tion of the road obtained by the three camera installation
positions for each action. For visual check, thatis ‘look-
ing before crossing’ , with the parameter obtained using
the face vector, the accuracy for 100% for all installa-
tion locations. However, for ‘pointing before crossing’
there were occasions where the system evaluated the par-
ticipant to not have performed the actions even when they
had. Particularly at the installation location A (30°to the
left), the accuracy was low, with only five out of nine at-
tempts for pointing confirmation evaluated correctly.

3.2. Experiment 2

The aim of experiment 2 was to investigate whether
the scores evaluated matched the quality of the actions
performed.

3.2.1. Methods

In this experiment, the participants were the same as
those shown in Section. 3.1.1, and the camera was set up
at position B in Fig. 7. The extent of head turning and
arm pointing to the left and right is used as a proxy for
the quality of the pointing and looking action performed
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Fig. 9 Experimental conditions for experiment 2: Quality
of the actions performed by participants (instructions
to given to participants in regard to the extent of head
turning and arm pointing to the left and right)

by the participants. As shown in Fig. 9, the participants
were instructed to perform the pointing and looking ac-
tion to three different extents, as well as a ‘No Check’
condition where they neither look nor pointed left and
right. Six different conditions were investigated, namely,
90°,45°,22.5° and ‘No Check’ . Similar to the previ-
ous experiment, the participants performed three trials for
each condition. The direction from which the participant
enters to evaluation area was randomised.

3.2.2. Results

Fig. 10 shows the evaluated scores for different quali-
ties of the looking and pointing action. It was confirmed
that the scores for all the judgment items were evaluated
as smaller in the order of 90 °, 45 °, 22.5 °and No Check.

If the participants approach the crosswalk from the
left, the systems evaluate them to have looked right be-
cause that is the direction they are facing. The same ap-
plies to when the participant approaches from the right.
Therefore, the scores for 90°and No Check conditions
were in line with the expected scores.

4. DISCUSSION

From experiment 1, it was confirmed that the accuracy
of the pointing evaluation was low when the camera was
installed in the left 30°. This might be because all partic-
ipants used their right hand to perform the pointing. This
can make it difficult for the pose estimate Al to accurately
estimate the depth of the right hand landmarks from the
left side.

From experiment 2, the distribution of the scores was
not as even as expected. Particularly for pointing left as
shown in Fig. 10, there is little to no difference in the
scores for 45°and 22.5°. This might be due to when the
participants were using their right hand to point left, they
have to twist and close their body, which can affect the
visibility and depth estimation of the landmarks.

S. CONCLUSION

We developed a pointing-and-calling monitoring and
feedback system to enhance safety at pedestrian cross-
walks. In this study, we demonstrated that we are able
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Fig. 10 Bar plots with data points showing the results of
experiment 2: The evaluated score at different quality
of action

to reliably determine whether a pedestrian performed the
pointing and looking actions required before crossing a
road. Nonetheless, some challenges remain. Specifically,
accuracy can drop when the camera is placed on the op-
posite side of the pointing hand, and the left-right dif-
ference needs to be considered when scoring the move-
ment due to posture. As future prospects, we aim to im-
prove the accuracy by improving the pedestrian sensing
method, comparing the accuracy with other posture esti-
mation models, and introducing a model suitable for the
application of this system. The usefulness of the system
will be confirmed by actually introducing the system in a
factory.
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