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Abstract: We developed a new sketch learning support enwiestt. The new system
inherited the feature of free composition by a rhearwith using augmented reality.
Furthermore, the new system considered step-bg-dit@wing. Thereby the new system
can offer advice in real-time on three kinds obmmhation, the closest part, direction and
distance to a correct bounding rectangle or comentour of a motif, when a learner put
the tip of a pen on a paper on the pen-tablet. hAte evaluated the new system by an
experiment.
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Introduction

Various tools and software have been produced fpeti drawing of pictures and
diagrams on a virtual plane in computers. For exaniill Baxter et. al. have developed a
system to draw pictures on a virtual canvas by atpey a paintbrush in virtual space. It
uses a force feedback display device, a Phantothgasaterface and operates a stylus pen
as the paintbrush [1]. The system can be positi@idatie highest point in conventional
painting tools. However, the system provides owolgls sufficient for drawing pictures
within a virtual space and does not support legrifon drawing skill. In General, there are
several means of sketch learning as follows.
* To go to painting school
» To use Internet and take distance learning
* To buy a book of painting and learn painting by-&rning

However, these study methods had some problertesrnirs of monetary and learning
effect issues. Therefore, our research group laetheéh project that intended to support
sketch learning for beginners about 10 years agd,there were no other project that
develops learning support environment for drawikigl.s Developed learning support
environments are intended to improve sketch skitleginners.

1. Previous studies

1.1 Previous systems in our research group

482



Our research group has developed some systemsgdporing sketch learning by various
perspectives. They were evaluated as an unpachlldleen, we briefly introduce our
previous systems which were developed by our ptojec

First, the system diagnoses learner’'s sketch &itéshe finished drawing sketch.
Then, the system offers some advice for correatisgakes. First, learner sits down on a
chair and input data of height of learner’'s eyesnfrdesk. Furthermore, motif must be
located in a position which is decided in advarideen, system calculates correct apparent
contours of motif from learner’s viewpoint. Aftdrat, the system offer optimal advice for
the learner that quote from advice database by eangpthe learner’s sketch with correct
apparent contours [2][3].

However, this system has a problem. The systenoffan advice only after having
finished drawing sketch. Therefore, system carnférofdvice during drawing sketch. If
there are some errors in the sketch, the learnest maidraw sketch again from the
beginning. This problem has caused learner’s rehos.

Second system can offer advice during drawingescbkby a learner. A Learner fixes
a paper on a pen-tablet, and draws a sketch bygsmgepen which tip was replaced with
a pencil lead. Therefore, the system can obtaimtiposof the tip of the pen. Then, the
system can offer advice during drawing the sketuth prevent the learner from making
great mistakes.

However, this system also has a problem. A leanmest draw contours of motifs
from the beginning. Therefore, it is difficult farlearner to recognize the whole balance of
motif composition and to reflect it in the sketch.

Third system introduced step-by-step drawing fnrammagh shape to detailed shape.
First, this system induces to draw bounding redeanfjwhole motif shape. After that, the
system offers advice on the bounding rectangle,esmedurages the learner to fix errors of
the bounding rectangle. At the end, system indt@esaw contours of each motif [4].
Although these three systems have been improveéssibed above, these three systems
still have a common problem. A learner must useifsiathich sizes and shapes are well-
known by the system in advance and must set colagout of the motif that is also
known by the system in advance, because systems coogare learner's sketch with
correct contours calculated from learner’s viewpoirhis problem is due to using real
motifs for drawing a sketch. Therefore, system o#fer only a few patterns of correct
layout that was prepared in advance.

To solve these problems, the fourth system usgcthanted reality. Real motifs were
replaced with virtual motifs by augmented realifyne system can calculate correct
contours with any layout of motifs and with any wgmint due to augmented reality.
Therefore, degrees of freedom of motif compositibat a learner can decide increase
dramatically [5].

1.2 Proposal draft for improvement

We set three goals to develop a new system.

(1) To achieve both using augmented reality and cornsglestep-by-step drawing with
real-time advice during drawing a sketch.

(2) To offer advanced advice that includes informatarthe closest parts, directions and
distances of gaps between learner’'s pen positiahcanrect contours. Here, a part
means a part of a drawing object, such as a si@debaiunding rectangle or a part of
contour of a motif.

(3) Improvement of user interface.
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Previous system that used augmented reality dichrisider step-by-step drawing.
Therefore, we re-construct the system. New systesrali advantage of previous systems.
Moreover, workflow of the system is divided intaifestages for considering step-by-step
drawing. Advice by previous system offers only mmi@tion on parts of gaps between
learner’s input pen position and correct contolifee new system offers advice on parts,
directions and distances of gaps between learimgaig pen position and correct contours.
(1) Closest part: It is a part of the correct boundiegtangle or the correct contour of a

motif, which is located in the closest positionnfra learner’s input position.

(2) Gap direction: It is either x component or y comgainof a directional vector from a
learner’s input position to the closest part.

(3) Gap distance: It is a distance from a learner'siirgosition to a gap part along the
gap direction.

Each previous system has used a keyboard to camtrioiterface, but it was not easy for a

learner to do it. Therefore, we use a Wii remotetiadler in the new system instead of a

keyboard.

2. System configuration and flow of process
2.1 System configuration

The system comprises of PC, head mounted displMD(;{Web camera, pen tablet and

Wii remote controller. In addition, two AR markease used. One marker shows a virtual
dish, while the other marker shows a virtual ciymotif of a sketch is a combination of the

dish and the cup. A learner uses the system ligar& 1. The learner can arrange
composition of the motif by arranging the layoutlod two markers and his/her viewpoint.

In other words, a composition of a sketch is datidg both layout of two makers and

learner’s viewpoint.

@ Web camera
Y

“pen tablet

Figurel. System configuration

2.2 Extraction of the coordinate values of feature p®in

The system extracts information of vertices of Matiodels automatically when the
system started, which were made by using Metasad(liois software for CG modeling).

The system needs to calculate feature points oo of the motif, because contours
were represented by feature points. We classifoediotirs into two types as follows.

* Edge type

e Surface type
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Edge type contour is a folding line or a contounmadel’s development diagram. Surface
type contour is a part of surface of the model Hytears as a contour depending on a
viewpoint. The system extracts feature points amtaars from vertices and feature points
on surfaces by different ways for each type of contDetail of the extraction algorithm
is the same as our previous system [5].

3. Functions
3.1 Drawing guidance

To consider the induction of step-by-step drawirgrf rough shape to detailed shape, we
divided system workflow into four modes.

(1) Initial mode

(2) Whole bounding rectangle mode

(3) Bounding rectangle of each motif mode

(4) Contour of each motif mode

A learner needs drawing in accordance with thiseordrirst, the system is in “Initial
mode” when it is immediately after starting thetsys.

=|® Pl

glo)

“Whole bounding rectangle mode” “Boundng rectangle of each motif mode”
“Contour of each motif mode”
Figure 2. Upper: Indicated visual information, Lower: drawn sketch in each mode

Next, the system moves to “Whole bounding recamgbde” after a learner decided
composition and pushed button of decision. Wholeinblong rectangle means the
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rectangle which includes both a dish and a cup. dpper left picture of figure 2 shows
the whole bounding rectangle indicated by the sysiad the lower left picture of figure 2
shows a whole bounding rectangle drawn on a paparli®arner.

After the learner drew whole bounding rectanglerexily, the learner moves to
“Bounding rectangle of each motif mode.” In this aep bounding rectangle of the dish
and bounding rectangle of the cup can be indichiethe system as middle picture of
figure 2, if the learner needs. The lower middletymie of figure 2 shows bounding
rectangle of each motif drawn on a paper by a Erarn

Finally, the learner moves to “Contour of each imwmiode”. In this mode, contours
of the dish and the cup are shown with red coloshemsvn upper right picture of figure 2.
The lower right picture of figure 2 shows contodireach motif drawn on a paper by a
learner. Learner can draw contours of motifs ewvadituf follow to order that system
instructs. Transition from a mode to next mode bancontrolled by a learner by any
timing.

3.2 Offered advice

The system can offer three kinds of informatiomgal time as follows.

* Bounding rectangle or contours to draw

» Position of the pen on the pen-tablet

» Gap between learner’s input (pen position) andembiposition on a correct contour
First, the system displays bounding rectangle otaxa with red color in each mode of
system. This means that a learner currently musivdhe red bounding rectangle or
contour. For example, system displays virtual mbké middle picture of Figure 2 in
“Bounding rectangle of each motif” mode.

A point that indicates the input position by a learner

Figure 3. Left: Indication of learner’s input position, Right: advice on a gap

Second, the system displays learner’s input (pasitipn) by dots with light blue
color when the learner touches a pen-tablet witloftthe pen like left picture of figure 3.
The learner can grasp how far his/her pen positmm correct position of correct contour
visually.

Third, the system calculates information of gapcbynparing learner’s pen position
with feature points on the correct contours. Aftet, the system generates advice based
on calculated gap information, and the system sffae advice with text and voice as
shown right picture of figure 3. Vocal advice istput by “LaLaVoice” It is application
software produced by Toshiba corporation, whictdsei@xt data aloud. The learner can
grasp a gap not only visually but also auditoridy.learner can switch on or off for
displaying support information at any time.
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3.3 Generation of advice

The system generates advice by three kinds ofnmdton, such as mode of the system,
motif composition decided by a learner and inputhey learner. The system selects a set
of feature points that must be searched dependirggraode of the system when an input
by the learner is accepted. There are three sétanire points, which are whole bounding
rectangle, bounding rectangle of each motif andaas of each motif. After that, the
system searches a feature point that has smaik¢ahde by comparing the input point and
each feature point. Then, the system calculate's gliection which is largest distance as
seen from the feature point to the input point.aiin the system generates advice based
on calculated information.

4. Evaluation experiment
4.1 Flow of experiment and analysis

We performed an experiment to verify the effecte®sof the system. 24 subjects were
divided into two groups, which were an experimemfadup and a control group. Each
subject drew sketches five times. First drawing westest, in which subjects in both
groups drew sketches with real motif (a dish amdi@ in the same condition without the
system. Second, third and fourth drawing were imginin which subjects in experimental
group drew sketches with virtual motif using thetsyn, while subjects in control group
drew sketches with real motif without the systenfthFdrawing was post-test, in which
subjects in both groups drew sketches with realifmothe same condition without the
system as well as the pre-test.

We evaluated subjects’ sketches of pre-test astitpst for each subject by checking
eight evaluation items. Then, we compared erroretegyof the sketches between the pre-
test and the post-test for each subject. Spedificak defined “degree of progress (DOP)”
for each evaluation item.

DOP = Bre - Boost
where Erepresents error degree of pre-test, andrepresents error degree of post-test.
If an error degree decreased, DOP is positive vdlberefore, if DOP is positive value, it
means that the subject’'s drawing skill was enharfoedthat evaluation item. Eight
evaluation items are as follows.
() Width of bounding rectangle of the dish
(i) Height of bounding rectangle of the dish
(i) Height of bounding rectangle of the apparent efliptthe dish edge
(iv) Position of center of gravity of the bounding regji of the dish
(v) Width of bounding rectangle of the cup
(vi) Height of bounding rectangle of the cup
(vii) Height of bounding rectangle of the apertural appgellipse of the cup
(viii)  Position of center of gravity of the bounding rexie of the cup

4.2 Results of the experiment

Tablel shows DOP of each item for each subject avetage value of DOP for
comparison between experimental group and contoalfy
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Table 1. DOP of each item for each subject

Dish Cup

Evatuation item | (i) (i) (iii) (iv) (v) (vi) (vii) (viii)
Subject

A 0.6 —-1.4 —-0.3 1.6 —0.9 —0.5 0.3 0.7

B 2.0 1.3 0.6 0.5 0.0 0.5 0.9 15

cC —-0.9 1.6 1.7 —-0.2 |01 —-0.7 0.6 14

D 0.1 0.3 —0.8 11 0.2 0.2 —1.0 0.4

E 11 —-0.4 1.2 0.4 —-1.3 —0.4 1.0 2.2
Exp. F 0.9 0.8 0.4 0.2 —05 |06 —0.4 2.2
group G 1.8 1.4 0.8 —18 | —-09 |01 0.6 1.4

H 0.2 —2.0 —0.9 —0.7 |0.0 —0.4 —1.0 —-1.7

I 3.6 —-1.0 —-0.7 3.8 0.2 —-0.2 —0.7 1.9

J 1.9 0.0 0.3 0.0 1.6 0.0 0.5 1.2

K 0.5 0.7 —-0.2 14 2.0 1.3 —-0.7 1.9

L 2.1 0.9 0.1 25 —-0.1 —0.4 —-1.1 11

Ave. | 1.16 0.18 0,18 0.73 0.03 0.01 —0.08 1.18

M —1.8 |28 2.8 —1.1 |0.2 —0.5 —0.6 14

N —-0.1 —-1.1 —-0.7 2.8 15 2.2 —0.6 2.3

@) 0.8 1.3 2.3 —13 —2.7 —-1.2 —-1.9 —2.3

P —0.2 —0.5 —1.3 —-0.1 1.2 0.4 —-0.7 —-0.5

Q 0.7 —0.4 0.5 0.7 0.7 0.3 —-0.7 —-1.3
Cont. R 0.6 —-0.8 —-1.4 14 0.9 0.3 0.7 —-15
group S —0.4 |08 0.7 —-0.7 —1.2 —0.2 —0.4 —2.6

T 0.2 —0.3 —0.1 —21 |0.2 —0.4 0.8 —0.4

U 15 —2.2 —2.0 3.0 —-0.3 —2.8 —1.4 1.0

\Y, 4.2 —43 —4.0 0.6 0.2 1.0 —1.4 —0.8

w 0.1 —4.6 —2.8 13 —3.4 —3.7 —0.5 11

X —0.1 —1.4 —15 0.6 0.7 —0.8 —-0.1 0.2

Ave. | 0.46 —0.89 —0.63 | 0.43 —0.17 | —0.45 —0.57 —0.28

Result of experiment indicated effectiveness oftesys Average values of “degree of
progress” of experimental group were more thanrobmggroup. However, we could not
confirm significant difference by t-test. We alserformed a questionnaire survey in the

end

of the experiment. Each subject selected olesefections (5:really think so 4:think

so 3:neither 2:not think so 1:not really thirk $or each sentence fro® to . Table
2 shows the result of the questionnaire surveyselflences are as follows.

EOELIPVE® OO

It is useful to draw auxiliary lines before dragioontours of motifs.
It is useful to divide system workflow into threeeps, whole motif, each motif and
contours.

It was easy to understand the information by vaice text?

It is better to be able to get information byoi

Presented information was easily understandatdecancrete.
Learning by the system is better than readindtok about sketch.
| can continue sketch learning by self-studyuse this system.

| didn’t feel any discomfort for drawing by userpblet.

| didn’t feel any discomfort for drawing by use HM

| think it easy to control the system by Wii-remot
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Many subjects agreed with the sentefio&310, many subjects didn’t agreed with.

Table 2. Result of questionnaire survey

© 1© e ® 66 ©® |O ©
A 5 4 1 3 4 3 2 4 2 3
B 4 4 5 5 5 4 4 3 3 5
C 5 5 3 4 4 5 3 4 2 5
D 5 5 3 2 3 4 3 2 2 5
E 5 4 1 2 2 2 3 4 2 3
F 5 5 4 4 4 4 4 3 2 4
G 4 4 3 2 4 3 4 5 2 5
H 4 5 3 4 2 3 4 2 1 4
| 5 4 3 3 4 3 3 4 2 3
J 5 4 3 3 3 3 2 2 2 2
K 5 5 3 4 2 4 3 4 2 4
L 2 2 4 4 5 3 4 2 1 5
Ave. | 450 | 425 | 3.00| 3.33] 350 342 325 325 1.92.004

5. Conclusion

In this paper, we described a new sketch skill niegr support environment which
improve preceding research of our project. A learren decide a composition freely
because the system uses AR technology which isritatiefrom previous system. In
addition, the system guide the learner by steptby-slrawing from rough sketch to
detailed sketch, which is also inherited from apotpreceding system.

We have evaluated the new system and the resulisated an inclination of
effectiveness, but unfortunately we could not aonfsignificant difference by t-test. This
might derive from the fact that the training is ®&wort to show the significant difference.
In general, skill learning needs long period. Artteat needs to repeat training every day.
We have to verify the learning effect by conductamgexperiment with a longer term.
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