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ABSTRACT
This paper presents a smart kitchen system for support-
ing demented elderly cooking in a kitchen. In this system,
a remote supporter provides a user with verbal and visual
prompts manually. As a prompting method for this system
projection should be chosen as a priority because it enables
direct pointing of targets in a real scene. Even if projection
is used as a priority, this system should be designed to solve
three practical problems: 1) there are many areas where
sharp images cannot be projected in a kitchen, 2) kitchen is
a too complex environment to display visual prompts using
only a single method, 3) remote supporters do not know the
kitchen environment well enough. In this paper we propose
a novel system overcoming the above problems as follows,
respectively. 1) The system first tries indirect projection of
circular markers as visual prompts around target objects.
2) Proper method is automatically selected from using pro-
jector, embedded monitor and illumination devices based on
environmental information. 3) The system automatically ac-
quires flat surfaces to project on and their reflectance prop-
erties as the environmental information. Based on an obser-
vation of two elderly suffering from dementia, we discuss the
feasibility and concrete problems in displaying visual prompt
and how to solve them technically.

Categories and Subject Descriptors
H.4.3 [INFORMATION SYSTEMS APPLICATIONS]:
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1. INTRODUCTION
Cooking and shopping are the most important activities

for elderly people living solitarily in a sense of both neces-
sities being about life and pleasure. For many people with
mild to moderate dementia, these multi-step tasks are dif-
ficult without support. Our research group is developing
smart services for supporting these activities in order to en-
courage their independency and communication. This paper
focuses on assisting cooking activities in a smart kitchen sys-
tem using computer techniques.

We assume a typical smart kitchen environment equipped
with graphical displays and speakers for prompting, and
with cameras and microphones to capture a situation around
a supported user [17]. Wherton and Monk [19] clarified that
the problems that would occur in such environments can be
categorised into nine types, and that systems need to recog-
nise these types and to present verbal and visual prompts
properly depending on the types. Even though some re-
search groups [3,14] have tried to automate the recognition
by using various sensors and detection methods, they have
not achieved systems which fully automatically support a
series of tasks in a kitchen because recognition has essen-
tial difficulties on pattern recognition or computer vision.
Incomplete automation might cause problems involving hu-
man lives. For supporting solitarily living elderly people,
these assisting functions should be operated by remote users
through network.

There are various networked assistance systems [5,6,10,11,
13]. These systems support simple tasks, but do not cover
cooking activities in a kitchen. In addition, they commonly
assume supporters are familiar with, or experts of target
environments and tasks. This is not always applicable to
kitchen environments where elderly people cook because in-
formal and formal caretakers live or work far from the eldery
so they do not know the environments well enough. Sup-
porters may be required to find something or to consider a
specific procedure together with the supported person. Our
system needs a design satisfying such special conditions.

This paper presents a novel system satisfying the con-
ditions for cooking activities of the elderly. The system



switches multiple modes for displaying visual prompts even
if supporters do not know the environment well enough.
Which mode to switch to is decided based on images ac-
quired by cameras for survey. Based on an observation of
elderly with dementia problems, we discuss remaining con-
crete problems in displaying visual prompts and how to solve
them technically. The remainder of this paper is organised
as follows. In Section 2 we discuss related work and position
of our own work. Section 3 presents the proposed system for
displaying visual prompts. Section 4 describes the observa-
tion and findings from several videos recorded in a senior
center. In Section 5, we discuss what functions can be made
to improve the current system. Finally, Section 6 concludes
this paper.

2. RELATED WORK

2.1 Smart kitchen for demented elderly
There are some proposed systems for supporting a person

cooking by displaying computer information. CounterActive
[7] by an MIT group is a pioneering implementation of smart
kitchens. This system shows users recipes and instructual
videos by touching buttons in a projected image on a counter
top. A similar system was proposed by Terrenghi et al. [18]
in the Kitchen stories project. It enables multiple people
to check their favourite recipes and to share them. These
systems should be actively operated by user interactions.
They are not applicable to demented elderly people because
of difficulties in learning how to operate such system.

In contrast to these systems, several systems basically
do not assume any active user operations. CounterIntelli-
gence [1, 14] is a system which has multiple discrete func-
tions to gather information from the kitchen and to directly
display it around related objects. Chen et al. [2, 3] devel-
oped a smart kitchen system for supporting healthier cook-
ing. This system displays amount of fat, vitamin, sodium
and mineral in ingredients, which were detected with weight
sensors and RFID tags. These methods of detecting current
status is applicable to our kitchen system for the elderly.
The systems referred to above have not achieved supporting
users in actual situations because it is essentially difficult to
cover exceptional actions and situations though automation
is achieved in simple environments or limited situations [16].

2.2 Remote assistance
Our smart kitchen has another aspect as a remote assis-

tance system. When supporting from remote sites, it is dif-
ficult to express positions of needed objects only with verbal
communication [13]. There are some methods achieving re-
mote pointing to real objects instead of using demonstrative
pronouns.

Kuzuoka et al. [12, 13] first tried to solve this problem
with SharedView [12], which is a system that enables the
assisted operator to see appearance of a remote supporter
pointing at an object of attention in the operator’s view im-
age. The operator’s view is captured with a head-mounted
camera (HMC) and sent to the supporter site. The appear-
ance image of the supporter is acquired with a camera fixed
in the supporter site to sent back to a display in the opera-
tor site. The advantage of this system is possible to present
visual prompts independently of surface property of the ob-
ject. GestureCam [13] is another system capable of pointing
directly at a real object by a finger-like actuator and laser

Figure 1: An example of projected visual prompt.

pointer. The disadvantages are that it is not always possi-
ble to put actuators in a kitchen due to physical limitation,
and that availability of laser pointing depends on surface
property of the target object.

Telepointer [15] and WACL [11] are similar wearable point-
ing systems except using different types of laser pointers.
According to the work by Fussell et al. [5], providing remote
supporters with a wide-angle, static view of the workspace is
more effective than using head- or body-mounted cameras.
Attaching such a device to head or body of elderly peo-
ple [6,10,11] gives them large amount of physical discomfort
even if it is for short-duration experiment. Hence, in this
research, camera, projector and all other heavy devices are
assumed to be fixed in the kitchen environment.

2.3 Position of our own work
This research focuses on a method for displaying visual

prompts in kitchen environments where there are various
objects with glossy or transparent surfaces which are diffi-
cult to project images with a projector or laser pointer. If
the target object is on a surface such as a counter top, it is
highlighted by indirect projection of a circular mark around
the object, as shown in Fig 1. Otherwise, the target object
is being picked up or put on unsuitable surfaces for projec-
tion, visual prompts are displayed on a wall by projectors or
embedded monitors, which is similar to SharedView using
a fixed camera instead of an HMC. The distinction which
mode to be applied is one of the things which a supporter
cannot easily know and one of obstacles to smooth com-
munication. The primary contribution of our research is a
proposal of a novel method to automatically switch these dis-
play modes based on analysing images acquired with camera
and projector.

3. VISUAL PROMPTING SYSTEM

3.1 Insertion and Presentation of Prompts
In the proposed system, visual prompts are displayed on

flat surfaces such as counter tops and wall of cabinets. In
order to project undistorted markers on the surface, it is re-
quired to compute how the markers are distorted on the pro-
jector image, in other words, to which point on the projector
image an arbitrary point on the flat plane corresponds.



Figure 2: Camera image for a supporter and visual-
ized projectable regions.

On the other hand, the supporter inserts markers through
a camera image displayed on some information devices such
as desktop monitor and smart phone. When adding visual
prompts at an arbitrary position in the camera image by
pointing on the screen, it is necessary to calculate to which
point on the flat surface the given position corresponds.

For these purposes, we should consider three kinds of coor-
dinate systems fixed on camera image C, projector image P
and planar surface Si (i = 1, 2, . . . , n). Given a position on
each surface represented by three-dimensional homogeneous
coordinate uX , the transformation from one coordinate sys-
tem X to another Y can be computed using homography
matrix HXY . The transformations from camera C to sur-
face Si and from projector P to surface Si are computed
as HCSi and HPSi , respectively. In order to draw markers
without perspective distortion as shown in Fig 1, uP should
be computed from each point uSi which the marker consists
of, as follows.

uP ∝ H−1
PSi

uSi . (1)

Then, as the following equation, we can directly compute
the center position uP of the marker corresponding to the
position uC user pointed at.

uP ∝ H−1
PSi

HCSi uC ≡ HCSiP uC . (2)

Here we summarise the required information to realize
smooth visual prompting. For inserting visual prompts from
a remote site, the following information for each surface Si

must be acquired in advance.
• Homography HPSi from projector P to surface Si,
• Homography HCSiP from camera C to projector P ,
• Projectable areas in surface Si.

3.2 Mode Selection of Visual Prompts
Considerable visual prompt methods for pointing are di-

rect projection [11, 13, 15], indirect projection, embedded
monitors [12, 18], projected windows [7, 17] and illumina-
tion devices [12]. Since embedded monitors and projected
windows are not essentially different, projected windows are
not addressed below. There are rarely the items which are
directly projectable in typical kitchen environments. There-
fore, this paper assumes direct projection is used as an op-
tional method when a supporter gives a special input.

Given a point uC on a camera image by a supporter, a
proper method is selected by the following steps. The system
first makes a corresponding illumination device emit light if
the point uC in a illumination device region, whose detec-
tion method is shown in the next sub-section. The system
next draws a circular marker if the following conditions are
satisfied.

• The given point uC is in a region of a movable object,
which is detected by background subtraction.

• There is a projectable region around the object.
• The region is larger than a certain threshold.
• The pixel color at uC is the same as the colors of the

corresponding pixels on the other camera images [8].

Finally, the system displays, in an embedded monitor, a
pointing marker drawn on a captured image.

3.3 Acquisition of Environmental Information
As described in the previous section, there are at least

three kinds of information to display visual prompts from a
remote site. This information must be acquired at least once
after temporarily replacing movable objects when installing
of this system. The devices we primarily use are projectors
and cameras. Therefore, this setup is proper to measure 3D
environments geometrically and photometrically.

If the environment contains non-coplanar surfaces where
image can be projected, it is possible to acquire the environ-
mental information by the following steps.

1. Project structured light pattern such as gray code
to find pixel correspondences between projector and
camera images.

2. Extract projectable areas. The pixels which have
large different intensities between black and white pix-
els is extracted as projectable region, shown in Fig 2.

3. Estimate homography HCSiP of the largest flat
area. Homography of the largest flat area is extracted
by RANSAC [4] robust estimation using the correspon-
dences.

4. Remove the largest flat area to detect the second
largest area in the next iteration.

5. Iterate from step 3) until the removed area is smaller
than a threshold.

6. Calculate a fundamental matrix, which describes
epipolar geometry between camera and projector, by
Kimura et al.’s calibration method [9] using HCSiP .

For embedded monitors and illumination devices, correspond-
ing regions of these devices are acquired by toggling their
switches.

Fig. 2 shows three projectable regions detected by our
prototype system, which consists of a projector (EPSON
EMP-73, 1500 ANSI Lumens, 1024x768), a camera (Buffelo
Kokuyo Supply Inc. BSW13K05HBK, 640x480 px. 30fps)
and a PC (CPU: Intel Core2 2.66GHz, RAM: 2.94GB).

4. OBSERVATION

4.1 Method
We have observed two participants making coffee with an

electric drip coffee maker as one of simplest cooking activi-
ties in kitchen. The participants in this observation are the
following Finnish elderly, who agreed with our observation
and research purposes.



Figure 3: Kitchen environment in a senior center.

JO 85-year-old male with Moderate Alzheimer’s. MMSE
and GDS are 18/30 and 3/15, respectively. Uses a
hearing aid.

MI 86-year-old female with vascular dementia due to a stroke.
MMSE and GDS are 24/30 and 8/15, respectively.
Uses a hearing aid.

The place where the observation was conducted in was a
kitchen at a senior center shown in Fig 3. Both participants
did not have any experiences in making coffee at that loca-
tion. In this environment, they made two cups of coffee with
support from senior center staff.They were given instructions
of item locations and procedures by the staff before making
coffee. The procedures they actually took were almost the
same as the following one due to these instructions.

1. Take coffee filter from the cabinet,
2. Open and take a dripper,
3. Put the filter in the dripper,
4. Take a coffee can from the cabinet,
5. Take a tablespoon from the can,
6. Put two spoons of coffee powder inside the filter,
7. Insert and close the dripper,
8. Take a pitcher from the counter,
9. Put water into the pitcher,

10. Pour the water into a reservoir,
11. Turn power switch on.

The participants were allowed to ask the staff for support if
needed.

4.2 Results
Both participants succeeded in the coffee making task.

First, the situations in which each participant was given any
support are shown below.

JO completed those steps in 5 minutes. He was supported
by the staff 5 times when he was looking for the coffee pow-
der can (step 4), the spoon (step 5), the pitcher (step 8), a
fill port of the reservoir (step 10) and the power switch (step
11). All the support for JO were position indications with
both visual and verbal prompts except in step 11, in which
the staff used only a verbal prompt.

MI completed the same steps in 7 minutes. She was sup-
ported 4 times when she was looking for the coffee filter
(step 1), a cup instead of the pitcher (step 8), put the drip-
per and carafe pot on the coffee maker (step 7) and turn-
ing the power switch on (step 11). All the support for MI
were indications of positions using both visual and verbal

prompts. All the supports for both participants involved
verbal prompts. Next, we describe the problems which have
possibility to occur in the above situations if the proposed
system is used.

In the above situations, step 4, 5, 9 and 11 of JO, and step
1 and 11 of MI were situations in which indirect projection
of visual markers seems possible, because the target item in
each situation touches or is close to a projectable surface.
In step 5 of JO, it seems possible to project a marker to
the coffee can instead of the spoon JO was searching for.
However, the staff did not know whether the spoon was in
the can. The staff instructed him that the spoon was inside
the can after checking it themselves.

Other than those above are the situations in which indi-
rect projection seems impossible. In step 10 of JO, it was
required to instruct him of the position of the fill port by
pointing at a part of the coffee maker. It might be difficult
to apply indirect projection because the coffee maker’s part
did not contact any projectable surfaces. For any direct pro-
jection, the surface of the part is too black and glossy. In
step 7 of MI, she tried to set the dripper and carafe pot on
the coffee maker but did not understand the process. Fur-
thermore, she touched those items with both hands, peered
down and leaned forward upon them, so that her body cov-
ered both hands and the objects. In this situation her hands
cannot be observed easily even if seen from any direction.

5. DISCUSSION
In order to confirm the feasibility of the proposed sys-

tem, especially from the aspect of availability of indirect
projection for visual prompts, two demented elderly mak-
ing coffee were observed. According to the recoded video,
they were given supports eleven times. Ten of them were
visual prompts for pointing at required items, five were in
the situations where indirect projection was available. This
result is compatible with the proposition that the indirect
projection method is available in various situations. Direct
projection was available in two situations, which is less than
in the indirect projection method. It suggests that it is pos-
sible to expand supportable situations by using the indirect
projection method. However, future work should involve
construction the proposed system to evaluate effectiveness.

Finally, we discuss considerable solutions for the problems
addressed in the previous section. For the problem in step
10 of JO, instead of marker projections, a still or video im-
age showing around a target can be captured and displayed
in an embedded monitor or a projectable area away from
the target. By doing this, any makers can be drawn in the
displayed image. This is almost the same as SharedView
system [12] if the operator uses a normal monitor instead of
an HMD.

For the other problem in step 7 of MI, on the other hand,
this method is not applicable because any good images to
show around the target may not be obtained by any fixed
cameras. In this case, the only remaining way is to display
existing instructual videos. This is equivalent to Counter-
Active [7] system.

Given these facts, it is inevitable to switch multiple modes
for displaying visual prompts. We reasonably infer that
measuring environments with camera and projector provides
supporters with important information. In the future, we
also speculate on how to switch display modes for intuitive
prompting.



6. CONCLUSION
In this paper, we presented a novel smart kitchen sys-

tem for supporting demented elderly people cooking in a
kitchen. In this system, a remote supporter provides the
user with verbal and visual prompts, manually. To avoid
reflective or transparent surfaces of objects such as cup and
pot, circular markers as visual prompts are projected around
small objects on a counter top. The system automatically
acquires flat surfaces to project and their reflectance prop-
erties. Proper methods are automatically selected from us-
ing projector, embedded monitor and illumination devices,
based on the above information. We found some concrete
problems in displaying visual prompts and how to solve them
technically.
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