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ABSTRACT

Intuitive method of manipulating computer is al-
ways required. Projection-based interface is one
of the intuitive systems. Projection-based interface
consists of a projector for output and a camera for
input, and it manipulates computers by recogniz-
ing hand gestures. This paper suggests applying
projection-based interface to the education field and
developing an integrated physical simulator for el-
ementary physics education. Computer Graphics
(CG) can visualize invisible phenomena and this
interface provides intuitive manipulation. By com-
bining these benefits, users can simulate physical
phenomena intuitively by own hands without any
wearable device and understand them easily. Addi-
tionally, this system reduces costs of preparing ac-
tual experiments. As the first step of developing the
proposed simulator, we propose an intuitive circuit
simulator based on the projection-based interface.
In this paper we report prototyping and evaluating
the proposed intuitive circuit simulator.
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1 INTRODUCTION

Computers have dramatically changed the
method of education. Once teachers used
only a choke and a blackboard for teaching
in the past, currently teachers choose each
own teaching style to help students understand-
ing the class such as using handmade texts or
slideshows. In these cases, teachers choose and
limit a situation as an example of what they
teach. The limited example, though it can sim-
plify what they want to explain, sometimes it

cannot train student’s flexibility of thinking. To
avoid that, a lot of educational softwares have
been released. Additionally, to assist teacher’s
teaching and student’s understanding, recently
the smart devices are adopted into education.
Computers are also used to simulate physi-
cal phenomena, for example in designing air-
planes and forecasting weather. However in
these simulations, the most required thing is
accuracy, not usability. Conventional physi-
cal simulators need to be set many parame-
ters and have high calculating cost, therefore
that is not suitable for education. Some ed-
ucational applications of physics are already
developed, however most of them limit simu-
lating situation or perform only 2-dimensional
simulations. Considering the above, this pa-
per proposes an integrated intuitive simula-
tor for elementary physics education. This
proposed simulator needs to satisfy follow-
ing three demands: intuitive manipulation,
configurable situation, and 3-dimensional in-
put method. To realize the above, we pro-
pose using a projection-based interface[1][2].
A projection-based interface recognizes hand
gestures and manipulate computers by only the
hand gestures. We previously developed one
of the projection-based interface[3], thus we
develop the proposed simulator based on it.
When this system is completed, a user will
be able to set physical situation flexibly and
simulate it three-dimensionally with only own
hands: throw virtual objects, set proceeding di-
rection and speed to virtual objects by hand-
writing, touch virtual water surface and ob-
serve refraction of it, and so on. By using the
proposed simulator, users can obtain 4 bene-
fits. First, by visualizing invisible phenomena
with computer graphics, the users can under-
stand the behavior of it easily. Second, users
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are not required to prepare actual experiments.
Third, users are not necessary to have the skill
of manipulating a computer. Forth, by setting
situation freely, users can train flexible think-
ing and enjoy physics. In this paper, as the first
step of the proposed simulator, we propose and
prototype an intuitive circuit simulator which
visualizes the flowing of electrical current with
a particle model.

2 INTUITIVE CIRCUIT SIMULATOR

2.1 Overview

With this prototype simulator, users can make
and simulate an electrical circuit, and observe
electrical current and potential visualized with
an 3D model we call “particle model”. Particle
model is a type of water model[4], and water
model is used for describing Ohm’s law. Hence
this prototype simulator uses conducting wires,
resistors and a power supply for making 2D cir-
cuit. The prototype is based on the projection-
based interface we have developed. Figure 1
shows the architecture of the projection-based
interface, and Figure 2 shows the available ges-
tures in the projection-based interface. Figure
3 shows the flow of the prototype simulator.
Explanations of each steps are following.

Figure 1. System Architecture

Figure 2. Available Gestures

Figure 3. System Flow

(a) Manipulating Scene

(b) Execution Image

Figure 4. Making 2D Circuit

Step 1: Making 2D Circuit

To realize this function, we use “Denshi
Block”[5] as a reference. The user makes a
2D circuit by “Touch” and “Slide” gestures. In
this function, the user can perform two types of
manipulations: placing electronic components
and rotating them. Figure 4 shows the manip-
ulating scene and the execution image of this
function, and Figure 5 - Figure 8 show each
manipulation method.
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In placing electronic components, the user can
takeout an electronic component from the com-
ponents box and put it in the grid circuit by the
following gestures: “Touch” the components
box, “Slide” to a target point in the grid circuit,
and takes own hand off the projecting plane.
Additionally, when the user want to relocate or
delete some electronic component, the user can
pick up it by “Touch” the center part of it.
In rotating electronic components, the user can
rotate an electronic component like turning the
handle by the following gestures: “Touch” the
peripheral part of a target electronic compo-
nent and “Slide” around it.

(a) “Touch”
Components
Box

(b) “Slide” to
Target Point

(c) Taking Hand
Off

Figure 5. Placing Electronic Components

(a) “Touch”
Central Part

(b) “Slide” to
Target Point

(c) Taking Hand
Off

Figure 6. Relocating Electronic Components

(a) “Touch”
Central Part

(b) “Slide”
to Outside of
Circuit

(c) Taking Hand
Off

Figure 7. Deleting Electronic Components

(a) “Touch” Pe-
ripheral Part

(b) “Slide”
around Compo-
nent

(c) Taking Hand
Off

Figure 8. Rotating Electronic Components

Step 2: Analyzing Current and Potential

This step is divided into more 3 sub-steps. Fig-
ure 9 shows the detail of this step. In following,
we explain each sub-steps with a sample circuit
shown in Figure 10 and Figure 11.

sub-step 1: Generating Netlist

The proposed simulator generates a netlist of
the circuit for the next sub-step. Netlist con-
sists of the following data: kind and num-
ber of electronic components, connection rela-
tionships of each terminal of electronic com-
ponents, and value and admittance of each
electronic component. “Net” means “points
linked with same conducting wire”; the termi-
nals connecting same net have same potential.
When a user made a circuit as shown in Figure
11, the netlist of that circuit is Table 1.

Figure 9. Detail of Analysis

Figure 10. Sample Circuit

Figure 11. Nets of Sample Circuit
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Table 1. Netlist of Sample Circuit

Compo- Terminal Terminal Value Admi-
nent 1 2 ttance
R1 net1 net2 5[Ω] YR1

R2 net2 net3 15[Ω] YR2

R3 net2 net3 10[Ω] YR3

V net1 net3 3[V] -

sub-step 2: Generating Node Equations

The proposed simulator adopts nodal analy-
sis for analyzing circuit. Nodal analysis uses
Kirchhoff’s current law (KCL). Based on the
netlist, the proposed simulator writes a node
equation (Formula 1). The node equation is
a simultaneous equation based on KCL. The
A matrix is a nodal admittance matrix, and it
is generated mechanically by the rules called
“stamp”[6]. Thex matrix is a column vector
that holds potential of each net (v1-v3) and the
current of power supply (Iin). The proposed
simulator regards the minus side of power sup-
ply as ground, therefore in this casev3 is ob-
viously 0[V]. Accordinglyx doesn’t holdv3.
Theb matrix is a column vector that holds only
known quantities. The bottom element ofb is
the potential of power supply (Vin), and others
are zero. Formula 2 shows the values ofA, x
andb of the sample circuit.

Ax = b (1)

A =

 YR1 −YR1 1
−YR1 YR1 + YR2 + YR3 0
1 0 0

 ,

x =

v1
v2
Iin

 , b =

 0
0
Vin

 (2)

sub-step 3: Solving Node Equations

The answer associated withx of Formula 2
is Formula 3. The proposed simulator solves
the node equations by multiplying matrixA−1

both sides from left. After calculation, the
proposed simulator calculate currents flowing
through each component.

x = A−1b (3)

Step 3: Constructing 3D Particle Model

The proposed simulator constructs a 3D Parti-
cle model based on the connecting information
of components and the analyzed data. Usually
in water model, electrical current and poten-
tial be visualized respectively as the amount
of flowing water and the level of waterway.
However in particle model, considering the
calculating cost, the present proposed simu-
lator visualizes electrical current as the width
of passageway and amount of particles passing
through it. Figure 13 shows a 3D model of each
component.

Step 4: Simulating Circuit

Figure 14 shows the simulating scene of the
sample circuit. The user can not only ob-
serve particles (equals electrical current) but
also translate and rotate a field of view. In
translating, the user performs following two
gestures: keep “Grip” shape and position for
a second (to turn on translating mode), trans-
late the hand to target position (Figure 15). In
rotating, the user can performs following two
gestures: keep “Open” shape and position for
a second (to turn on rotating mode), rotate the
hand to target angle (Figure 16).

Figure 12. 3D Particle Model of Sample Circuit

(a) Resistor (b) Power Supply

Figure 13. 3D Model of Components
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(a) Manipulating Scene

(b) Execution Image

Figure 14. Simulating Sample Circuit

(a) Keeping “Grip” for a
Second

(b) Translating to Target
Position

Figure 15. Translating Viewing

(a) Keeping “Open” for a
Second

(b) Rotating to Target An-
gle

Figure 16. Rotating Viewing

3 EVALUATION EXPERIMENT

To evaluate the proposed simulator, we got 10
subjects to manipulate the proposed simula-

tor and evaluate it. The subjects manipulated
5 functions: placing/rotating components and
settng parameters in making 2D circuit mode,
and translating/rotating viewing in simulating
3D particle model mode. The evaluating items
are the following:

(1) You could manipulate each function with-
out any explanation.

(2) The manipulation method of each func-
tion equals your imagination before re-
ceiving an explanation.

(3) Each function performed correctly as you
manipulated.

(4) You could observe the difference of each
electrical parameter.

(5) The visualizing method of each electrical
parameter is correct.

Each evaluating item was evaluated in 5 stages;
1 is the lowest, 5 is the highest. The items (1)
and (2) are to evaluate intuitive operability, the
item (3) is to evaluate usability, and the items
(4) and (5) are to evaluate understandability.
Figure 17 shows the environment of the exper-
iment, and Table 2 and Table 3 show the result
of the experiment.
From Table 2, we consider that almost manip-
ulating methods are quite intuitive and usable.
However, we should consider again the manip-
ulation method of rotating components in mak-
ing 2D circuit mode. As mentioned above, to

Figure 17. Environment of Evaluation Experiment
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Table 2. Evaluation of Each Function

Mean (Standard Deviation)
in Making in Simulating

Evaluating Item 2D Circuit 3D Particle Model
placing rotating setting translating rotating

components components parameters viewing viewing
(1) 4.9(0.30) 2.9(1.45) 4.8(0.40) 4.4(1.28) 3.9(1.14)
(2) 4.7(0.46) 3.1(0.94) 4.7(0.46) 4.7(0.64) 4.1(0.83)
(3) 4.9(0.30) 4.5(0.50) 4.7(0.46) 4.8(0.40) 4.2(0.75)

Table 3. Evaluation of Visualization

Mean (Standard Deviation)
Evaluating Item electric current potential

(4) 4.5(0.50) 4.7(0.64)
(5) 4.6(0.49) 5.0(0.00)

rotate a component, the user touch peripheral
part of a component and slide around it. Most
of subjects try to rotate a component by touch-
ing it with two fingers and rotate their hand.
We consider the reason why they perform such
gestures is due to spreading smart devices. Ad-
ditionally, the evaluations of the item (1) on
translating and rotating viewing are not low,
however divided. It seems to be difficult for
subjects to notice “keep shape” to transform
viewing. From Table 3, it can be said that the
visualization methods of electrical current and
potential are correct and the constructed 3D
particle model is understandable.

4 CONCLUSION

In this paper we proposed a physics simulator
for education based on our projection-based in-
terface. As first step of it, we developed a pro-
totype of an intuitive circuit simulator. This
prototype simulator can create electrical cir-
cuit flexibly, analyze it easily and simulate it
intuitively with 3D particle model. We evalu-
ate operability, usability and understandability
of the prototype simulator through an experi-
ment. From the result of it, we consider that the
prototype simulator is useful for elementary
physics education. As next step of this sim-
ulator, we will implement handwriting recog-
nition for more intuitive manipulation. After
that, we will implement other types of simula-
tors: for dynamics, thermodynamics, wave me-
chanics, and so on.
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