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Abstract
In this paper, under the situation that a teacher teaches a
student how to cook via bi-directional video
communication system, we propose a method to detect
whether the student can watch the display and listen to
the teacher’s instruction without interrupting his/her
cooking. Firstly, we investigates the properties of taking
the gaze on/off during cooking action, and secondly we
proposed methods to automatically detect gaze-required
cooking actions on the captured cooking video.

Author Keywords
Cooing support, teaching in remote, video communication

ACM Classification Keywords
H.5.3 [Group and Organization Interfaces]:
Computer-supported cooperative work .

Introduction
In this paper, under the situation that a teacher teaches a
student how to cook to via bi-directional video
communication system such as Skype[2] we propose a
method to detect whether the student can watch the
display and listen to the teacher’s illustration without
interrupting his/her cooking.

Figure 1 illustrates the scenario assumed in this paper.
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Each of the teacher and the student cooks individually at
their own home and their cooking are captured by
cameras. The captured videos are streamed to the
displays that put on the front wall of the other’s kitchen.
The teacher explains how to cook visually and verbally,
and the student learns how to cook by following the
teacher’s cooking.

Teacher Student

Bi-directional video streaming

Teach how to cook.

Ask how to cook.

Figure 1: System Scenario: a teacher teaches a students how
to cook in remote.

While cooking, the student mainly keep the gaze on
his/her own work, and the student turns to watch the
display when the teacher starts talking. If the student can
continue his/her cooking without watching his/her hand,
the teacher’s talk does not interrupt the student’s
cooking. However, if the student is doing such action that
requires continuous visual attentions, the student must
stop his/her cooking to watch the display and listen to
the teacher’s instruction. Hereafter, we named the former
action as ”gaze-free action” and the latter action as
”gaze-required action”. If the teacher and the student
share the same space, the teacher can watch the student
behavior directly and wait until the student has finished
the gaze-required action. However, only from the

streaming video, it is not easy for the teacher to know
whether the student is performing gaze-free action or not.
Therefore, we aim to realize the system assistance for the
teacher to know whether the student is doing the
gaze-required action or not.

In this paper, firstly, we investigates the properties of the
gaze required/free action, and secondly we proposed
methods to automatically recognize gaze-required action
on the captured cooking video.

Teaching How to Cook in Remote via Bi-
directional Video Communication
Teaching how to cook in remote is useful application for
many homemakers. Historically, in Japan, a cuisine
culture of each family is carried on from parents to their
child while they cook together in the kitchen of their
home. However, these days, many people live in a nuclear
family and they do not have opportunities to learn from
their parents. Then,many researchers proposed such
systems that help people to cook together in remote. Siio
et al. proposed a system named ”Kitchen of the Future”
which supports pleasant communication with cooking in
remote [4]. Tsuji et al. proposed a platform named
”IwaCam” which helps to develop an intelligent cooking
support system with providing bi-directional video
communication structure [5]. Since cooking is quite
complicated activity, Miyawaki et al. proposed to utilize
cooking with human support in remote as a rehabilitation
for cognitive dysfunctions to acquire social skill [3].

Analysis on gaze-required action
We recorded a video of the remote instruction of cooking
according to the scenario introduced in the first section,
and analyzed the student’s behavior during the student
could not watch the display. The student (male) mainly
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cooked on the kitchen counter and then the camera
captured the area of the counter top from above. Shortly
after the cooking, we asked the student to watch the
video and annotate the duration when he could not take
his gaze off from his work. Then, we classified the actions
that the student performed during the duration manually.
The table 1 shows the list of actions we obtained.

T1 to T4 in the table 1 were such actions that were
performed just before the student brought or manipulated
an object. We considered that the reason why he kept his
gaze on his hand was that he had to identify exact
location where he intended to reach his hand to. After his
hand reached to the target location, he just pulled his
hand to around his body, so he did not need to watch his
hand any more. It is also observed that he could
manipulate the object without watching once he set his
hands at appropriate position.

In the following section, we focus T1 and T2 that
occupied more than 70% of gaze-required actions and
propose methods of automatically detecting them.

Methods for automatic detection of gaze-
required actions
T1: Reaching out a hand for bringing an object
We propose a method of detecting an action that the
student reached out his hand for bringing an object. In
this method, we use the cooking video captured for
communicating with the teacher (Figure 2(a)).

1. Extract moving regions using TexCut algorithm [1]
(Figure 2(b)).

2. Extract hand and arm regions from the moving
regions based on student’s skin color as Figure 2(c).

3. Find the maximum cluster of the regions in step 2
as Figure 2(d).

(a) Original image (b) Extracted area by TexCut

(c) Skin colored area of (b) (d) Maximum cluster of (c)

Figure 2: Moving hand and arm region extraction

Hand and arm movement are calculated by comparing the
position of the forefront of the region between adjacent
frames. The motion of reaching out his hand was
detected when the motion in a direction away from the
body keeps more than two frames as shown in Figure 3.
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Table 1: The types of gaze-required action.

ID Duration rate Purpose of action Concrete action
T1 43.0% Bring something away/closer Reaching out a hand for bringing an object.
T2 29.2% Cut/Peel/Scoop out Manipulating something around cook’s body.
T3 26.9% Add something to another Handling an object and it was about to meet to

the other object.
T4 4.4% Switch on/off the stove Reaching his hand on a switch of the stove.
T5 0.9% Gather food on a cutting board Using his both hands without grabbing anything.

Detect motion start

tt-1t-2 frame

Figure 3: Detection of reaching out motion.

T2: Manipulating something around cook’s body
We propose a method of detecting an action that the
student manipulates an object such as ”cut”, ”peel” and
”scoop out”.

Firstly, the system extracts the moving region that
corresponds to the student’s hands, arms, and body in the
captured video using TexCut[1]. When the student is
about to manipulate an object, one hand holds the target
object and the other hand comes close to the object. Now
we focus on a part of the region that is overlapped with
the kitchen counter because the rest part corresponds to
the student’s body and does not relate to the action so
much. Hereafter, we refer the region as R(C). R(C) is a
triangle which is shaped with both of the arms and the
border of the kitchen counter. The target object must

exist at the corner between the elbows during the
manipulation. Therefore, the system detects the triangle
that appears when the student is about to manipulate. As
an algorithm, the system find the following three points
from R(C) as the corners of the triangle T .

• The forefront of R(C) (point A in the Figure 4).

• Both ends of the border of the kitchen counter in
R(C) (point B and C in the Figure 4).

Hereafter, the region of the triangle is referred as R(T ).
The system evaluates the degrees of overlap between the
cooker’s region R(C) and the triangle R(T ) according to
the following two conditions;

• S(R(C)∧R(T ))
S(R(T )) > Th1

• |S(R(C))−S(R(T ))|
S(R(T )) < Th2

where S(R) refers the area of the region R. Figure 5 (a)
shows an original image. In Figure 5 (b), the light and
dark red area corresponds to the region R(C) and light
red area corresponds to the region R(C) ∧R(T ).
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When these two conditions are satisfied, the system
recognizes the student is manipulating.

A

B C

Figure 4: Triangle formed by knife and hands.

(a) original image (b) Triangle form

Figure 5: Detection of cutting manipulation.

Experiments and Results
We evaluated the proposed methods in an actual cooking
environment. We captured a video of cooking a recipe of
”baked potato and sausage with cheese” from the
beginning to the end. Although it had 24,951 frames in
total, the student was outside of the viewing field in
13,506 frames. Then, we used only 10,545 frame for
evaluating our methods. The parameters Th1 and Th2

were manually adjusted as 0.7 and 0.8, respectively. The
results are shown in the table .

Table 2: Result of timing detection.

True† False‡ Total
Detected (Positive) 2,526 517 3,043
Undetected (Negative) 5,793 1,709 7,502
Total 8,319 2,226

True†: the cooker did gaze-required actions.
False‡: the cooker did gaze-free actions.

The precision was 83.0% and recall was 30.4%. The
number of intervals of gaze-required action was 252 in
total, and 148 of them were detected partly.

Discussion
Although the recall of the gaze-required action detection
was not high, 148 (58.7%) of all 252 actions were partially
detected successfully. Because a duration of one
gaze-required action, especially for reaching out a hand
for bringing an object, was only 3 frames in the shortest,
it is significantly difficult to detect the beginning and
ending time of each gaze-required action accurately.
However, the assistant system can notice the
gaze-required action of the student with around 60 %
accuracy. From this result, we consider that the assistant
system is able to suggest the teacher not to start talking
to the student when the system notices the student is
performing the gaze-required actions frequently.

Conclusion
In this paper, under the situation that a teacher teaches a
student how to cook via bi-directional video
communication system, we proposed the methods to
detect gaze-required action during which the student
cannot watch the display and listen to the teacher’s
illustration without interrupting his/her cooking. We
analyzed a cooking video and found five types of actions
that require the gaze. We focused on two of them, which
occupied more than 70% of all gaze-required action, and
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proposed methods to detect them automatically by image
processing. We evaluated the methods with the actual
cooking video processing, and showed that the method
achieved 83.0% of precision and 30.4% of recall. 58.7% of
all actions were partially detected successfully.
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