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T %,

AL T, KEHE L HRERMELE OBE,
k€55 GEOMAP L Zh 28 »h 300D
NUCE—BASIC O##E, RATHBEONBICO\VTHA
N, BRRICEEDERBIZBNT 5,

2. MSHEELRERVEHE
EEZODWEZHAIRNFHEDOANO—2IC, BEmK
BT BRET), EME - BIfE T HRENOEBRS &
5, COEMNL, EDODRFBEELXRELTASL LK
DEIIERBDHDHZ LIBHTMH5,

1) EBICTVIF ¢ TiBEOBE L E21T> 2 &
"o, BHMETEREH CLHRETH 5,

2) FNOBRENEAEL DV KE LSk H0, BEH
R A EREICEZIT Wy

FMDICLHEEND D, FNER» CRE T —
/NI & (RSN

4) EROFEBERBICHEVE»N, BOERET
HETHIENTETUN RN,
CDXDHMBEERRT A7, ERLICWE
RELIOVDIPSEBICERNTEAERETSZAW
5, BRETSHFAB LAEREREYRH S &IC
T, NOM»ERIEELEILL, ACEXRS
hARENERET B EREFEIHIENTES, &
NHERETSEFIRT AR E LR TH S, Tk
SIHHRET S AW REBAERBTIINFHRTF
D—2DFKIZ 2B EEZ B,

* PR 2 6 A25 A%
* x BERFETFMIFRTFH

TR 2 F128
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3. MREBNBHE L AT L
3.1 GEOMAP(CD\T

GEOMAP i1, %5 o/ovHy & L TEM
52 T, BN - KFHC k- THEIhA7+—1+ 5
VT N—=F - Ry r =TV OEHRTH S,
GEOMAP (3FEICKREWTOTSLTHAHH, &I
DIy PV AVTELA == OFHELFE-
TABBLRAL /07 s LowELRL T EMAETH
%5, GEOMAP (3 #¢ FORTRAN 77 TZ/»mh T
WHDT, 7x— 7 VOFIATELARETHNITE
TAlRECTH B, R LEENNV VDT 57 ¢ v 78
BEPRELIEND, TS5 T4 9 I NV—FV/REET
HLLBEHRH D,

GEOMAP DR AR AR ROBIEZ#E | IZ/R
T, ALtk - B - BlERfhe EOSLHRER, VTR
B - OlEs/e KONGRSR, EE - TR EOREGEE,
EREE L EXOIE, THEBORBGR ST %23 5 KigE
EREEDD D,

* 1 GEOMAP® <. k

HREDOHW CHINIT, CDIR, CDEL, CRENAM, COPY, CDUMP

274NV FSLOAD/FSSAVE

2D—-%51Y 7 | RECT, RECTM, RETANG, RRTANG, RNGON, RPOLYG, REGFL, REGLC
—#® - E% | RGDIS, RGROT, RGLONG, RGFACT, REVERT, RCOPY
-F& RATEST, RUNI, ROVL, RSUB, RINT, RDCOMP, RCUT

3D- %517 | PCUBE, PCUBEM, PEWEDG, PRVEDG, PRCYLN, PRCONE, PCYLN,

PCONE, PREVL, PTRUNC, PHDFL, PHDFC, PHEDRA,

—-B®% - E% | PGDIS, PGROT, PGROTA, PGLONG, PGPAN, PGFACT

- ¥ PATEST, PUNI, PSUB, PINT, PCUT, PEVERT, PDCOMP
EFNOEH
3D»53D (PFOLD, PWIRE, PFELIM, PEELIM) (MBAATHRW)
3D»»2D HLIMAG, HMIMAG, HDEV, HDEVF [€:3 23 )
2DH»53D RTOP25 (2.5 K EFIV)
2D2% 2D (RVIRE, RMASK, REELIM, RFELIM (BHRAATR)
#HEBITK HDISP, HEDISP, HFDISP, HLDISP, HATCHR, HATCHC

A LMTREE, LDTREE

BEAERDOHN JPVOL, JRVOL, JCOPY, JUNI, JSUB, JFACT, JDEL,
F—#Mwa&bh+t | QBOX, QFEVN, QVERT, QEDGE, QFACE, QFLOOP, QJVOL, QJGINT,
QJAXIS, QJGCEN

TNt HLIGHT, RHIGHT

3.2 NUCE-—-BASIC(Cc2\T

EEZO—ABHIZI7 x— 5 TBASICDA v &
TV AEIED, Txr—F5 VO TN —F Bk
TUFRFELLTHHATELAHERXEREL, Chz
NUCE—BASIC ¢ D7, COA4 v FTYXICK
- TBASIC &s %5t L, k€55 GEOMAP %
FRIBENTE S,

Lich»> T—D1—-FiL, E@DNNY /D
BASIC o ##1EH: & GEOMAP o~ F&H - T\ 1
i3, EEO%FET IVAE A F 5 GEOMAP # Z <
BHICHBAT A LN TE S, &% BASIC,
GEOMAP o~ Fit, BASIC /o sk ax

VFEEANREOLEOMAICHWAZ LNTE
%5, £, OOV FiX, ~NVTHEEEIC X > TF
REERLIEMTEDL LT ->TW D,
3.3 EREMFTRDT BT 7 LH

GEOMAP ¢ NUCE—-BASIC #H\ TIRAERE
REF>BBEAE /O 7S AR 1IORY, 7075 A
3, 1) e, 2) BET—ZORELHAMED
FE, 3) uBER (EHEK) OFK, 4) EHEOD
RRD 4 DORBN SR B, COT TS5 LHETT
5L, 3AOEIMENZNL0, 12, 20DEFHK
APERSINEREIND, BHEELHEREERT 55
&3, WRERSS * LELBRER < FTER
FTHITR AV,

ARTHE TILZD L S 7 GEOMAP & NUCE—
BASIC #%#FIH L, X0 BE¥LHRERLE Y KD
X317 - 7

10 PRINT "GEOMAP Demonstration Program”

20 CMINIT

J0 CAM(1)=35: CAM(2)=-25: CAM(3)=30: TH=0.8
40 DPCAM CAM,TH

50 PCUBE "A”,10.,12.,20.

60 CLS : HFDISP "A”,0,4

70 END

K1 BEAEEHOT S F 4

4. HEAR

KATHBL, 3FELOTPEFEORR (FBLE
0) 90 o x 12 B¢ DO EBR WRETY V7 DT —
TEIB0F X 2[@E) ICEVWTIT-7c, BEOTHFAL
40 GBET, K7/ 75 LWETAEER AT 640
KUEEEX—=VFNVaV/E1—F10BTH W,
COOEHERNOER 1 7L—T 3~ 4B/ T,
ZNZNOREIL, BEMCLT> I EnTESL LD
IZ L7z, /o, EBRTIIBRPORMBRIRICZ#ESE 60
ZEREDEREIT, 7N —TOMYIH £ TICRE
FHBICTY 2 ICERL,
BEABLEIENBRTKRIORT, Aii#ERIT, 40
DR L 8EMOEFMN Six 5, BFIIE 1 @OTER
CEBEGORE, /Y VVATLAOBE, FHE
HAERALB Y 7 ALDRBN, F2RIVEHEET — 2
&, ERIBERSE, £ 3RINVREE, BOHRN
IR, 54 E2UT, REEE, RITERERIETDH 5,
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8@ DEEFTIE, MS-DOS o fEF\F,
GEOMAP DBIEEDET%# 2B TT - /2%, 5250
BREL LT, 1) EARIEOER, 2) EEREDER,
3) HEHOERK, 4) BES&L ="K, 5) &¥
TRV ER G52, 7075 MEBETHH,
SEZCNOOFEY—BICHEH Lz, Jhid, ¥4

DEBENEVENRD D, RIELI LN TE LY

HADORILE L TIT - 72,
BAERTIE, 1) BEAXTERREOET V7,

2) BEx0OHLHMRERD 2 >DF—<hE 272, =

i, ELoh—F%2BREITIT> &3 iIC L7
DEDE>ICHFEIFEBROT—<5 D, TOTH

Bo THFAPELTARY FRZ 2TV EERERE
(BB L) #EA L7,

110 REM FaRc 18890¢%®

120 DIM XYZPOS(3.15), I TABL (65)

130 READ XYZPOS : READ ITABL

140 NV=15:NCe56

150 CMINIT : CLS

160 PHDFL “TDK".XYZPOS.NV, | TABL.NC

170 CAM(1)=0 : CAM(2)=35 : CAM(3)=25

180 DPCAM CAM.,TH.1

190 HFDISP "TDK",0.4

200 AX1S(2.2)=0.0 : AXIS(3,2)=1.0

210 PGROTA "TDK",,-90.0,AXIS

220 CAM(2)=-30

230 DPCAM CAM.TH.!

240 HFDISP "TDK",0.4

250 CAM(1)=35:CAM(2)=-25

260 DPCAM CAM.TH.3

270 HFDISP "TDK".0.1

280 CMINIT

290 PHDFL “TDK".XYZPOS.NV, I TABL.NC

300 CAM(1)=40:CAM(2)=40:CAM(3) =40

310 DPCAM CAM.TH

320 DPWIND -35..-35.,200

330 HFDISP "TDK".0.4

340 REM DATA FOR XYZPOS

350 DATA 12 24 0. 12 24 10.8, 0 24 10.8, 0 24 0. O 15 15.9
360 DATA 0 0 12, 12 0 12, 12 12 7.7, 12 12 0. 18 12 0
370 DATA 18 O O, 18 O 12, 18 12 7.7, 12 15 15.9, 0 0 O
380 REM DATA FOR ITABL

390 DATA 2 1 4 3 9900
400 DATA 13 10 9 8 9900
410 DATA 6 15 11 12 9900
420 DATA 6 7 14 5 9900
430 DATA 7 12 13 8 8900
440 DATA 5 14 2 3 8900
450 DATA 11 15 4 1 9 10 9900
460 DATA 12 11 10 13 9900
470 DATA 7 8 91 2 14 9900
480 DATA 5 3 4 15 6 9900 9999 /

X2 BEEROZEE

5. RELERG

FEICE LAFREOHWN EABOBBRIILITO LS
TH 5,

(FZE 1] [GEOMAP Tz fithre Y0¥
AMBEDO LS, BEEDONGA—2%525L070
BEINTVWSHRH, TITE, ERIHETRELICL
Wiz AR T 5712 TPHDFL] &\ > EEH KT
AR IV FRFES, CORDICTEABELTEAD
BHr— 2w AN L ndkn, COF—F%
ART S EICED, BERLA 3RTTHR 2 £ X,
SAADOESAES, HrkdbcODOESERIBYHED
TITSTETNEERT SHOOTF—R T TS A
Bl AR, |

CORBETHERINAFHROGAXK 2 12T,
ERT—ZOERICB W TTHSERIEZME 2 5 C
EMRONTD, ThIETERBRBICBIETE 5,
(RE2) TEEGEOERFBE 07T 08T, B
HOEEYE 2, 7O/ SAEEL, ERAELER
.

ERIBI %X 3 IZRY, X 3 DO0)TIIMmEHR % 5l

100 REM 8’ G0291 .BAS
110 REM AKAEZ 1980¢%#
100 DIM ZXPOS(2.,14)

110 CMINIT : CLS
120 READ ZXPOS
130 CAM(1)=30 :
140 DPCAM CAM.TH

CAM(2)=30 : CAM(3)=30 : TH=0.8

150 MREV=12 : ICURV=0 : ANG=360

180 PREVL "A",ZXPOS.14.MREV,ANG. |CURV
180 CLS : HLDISP "A"
200 END

210 REM DATA FOR 2ZXPOS

220 DATA 0.5 0 , 0 1 , , 0.5 3 .,

02
230 DATA 25 , 46 ., 6 6.5 .
240 DATA 9.5 6.5 , 11 5 ,
250 DATA 11 2 , 10 0.5 .,

11.5 4.5 ,

12.5 0.5 , 12.5 O,

X3 [EEEF

R 2 F12A
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F— 2 TRINCE 272, QTRROMEHRT —2 %
NUCE —BASIC DEFEBEEIC & > TRFNICRA L7,
[(FE3) THEGOEROHEELLT, 7TIL77X
v PO 2 SOHEE G ERE XK,

X4 IZfFRIBI 2R S,

[(RE4] 520N BESRORE,? OMELTE
L, ZHKEERERzRFICERE L, ZEROMF
EFET D75 LERT, ]

fERBIZX 5 (T, CORBETIE, HEAYHEM
SEOF VBB MSO BRI 52, thrbLE
T =2 %RELLSIC LI, ThIIBOSIT LB %
HHL LTEZ2LDOTH 5,

(REAS5] NZENFHEEABICERINIE, W5
WAL TR O R BRERPEETE 5, LAEOFH
EEIKRTEDLURRRT A=V a vERTRETH- T
A &
CORETE, BPROFEEZ IR LS LRER
DERLHEBBHLRABH TLOL > KRERASE
b5 aRAZLEAEMNE Lz, FRIBIZK 61T

=

(LI

[ 4

E5 #uata

X6 MEOHBH

RER TS

LIFD 2 >OFEIL 2 BREIOERT —< T, ¥4I
EBLOLh—F%afT- 7%
[(RE6] [HATERRTEEL, BRERL L,
ZHREFRLITO I L
COBRBETIE, TBRAIAT S L O RIBHROBE
2TV, ZThaesth LVRG#E 7T—2ERZ1T5 2
EEAME L RTIER%ZTRT,

(2)
M7 BAEBRIXRG

[(RE7] OO Ry F/0r5sesEICEHE
DB E & ¢ LR IREBET & Lo )

CORETI, ALEOBRMT EERT HSAEEL
MAOEEREORBEHMN L L, R82HR10IC
fERIIA TS, K8i1Z4 vy F&FICL- T, Bl

X8 NEOHEORRLIFRBE
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X0 oKXy to#HE

AECHEDOMBEEE LANTES LS ICk-> T
57075 5ERAVCTER Lz, K9 I2EEEREE % F
BALT, ADFOBEARRLAGATHS, CNHD
B2 BASIC 7075 ADGAOEREAE L K L
EAREZEET LI L - CEFENRB Z 2 ERRT S
CUMAETH B, 103Ky b I2b—v 3
VOBIT, B3 2ZBEITLEIET R LTV 5,

6. &R

AETI, FEOBRME, HEHNICNTLHE,
R SIS DV TN B,

RE1, 23PEOT0 TS LB XOBER
REKEZHI LKL, FRAIETH S, NUCE-
BASIC & GEOMAP OfE R =¥ 57 DICH YR
BTH %,

RE3 TERAR L ERNLTO 7T L5 2,
ZhEBEIREREfTbE, LR—-T2R5L
BRZDLDIRI N TRIL > T B2, BATHHKL
TERLTWAI NG o7c, RAL RS TO7 5 A

ZRET, ThE L LICBEFOMRT — X #1EHT 5
IOREBRIUREEZLZLICELOBME LS
EMTELIEALERHEEDN S,

MEDBBINGIETHRITI>EICEIDZES
2, EBERL TS5 AOE T EBRAEOE 2 H
EMTE, SOICHMRERDHBE /O 75 LesE
B PEXICT—RICEELAY, BMLAD TS
CEMNTEDL LI T,

FE 4T, BEAohBBRTERORE,» SHBREY
EREIC O A&, TRROERBGEBR Y EARIEICST, %
NEEAER T FIEZEE L% BRER 07
SALARIER L TW5b, SO - OIkBRO 5 B
BADIRICENLOFE L N2 5,

RES I, BANMBEEZALETTOAWALEE
RuEH#S IENTEREWI TS T4 7 ADOKELE
et L7 DTHD, RErW2LBERLEE
DORENZIFETAC ENBEEI 0D, BHRNZ
FKRECOVTOINMA LR TITO C L BARFED
ERICk > TrlgEL x5,

FEO6TIE, HFOELNILHHLODOHRETBRET
LTIl L THRICHTABLERDS Z L HIIC
Lice FEDEREAB L BHEIRGERIN TS
Z NG,

FET TR, oRy FORIEEBEN L, BROBR
BAGRIT T DOREEDBEEII D - /oo TORETIL,
WAWALKBIZOHL L EBNL, T OOHBRAE
RET> @Dl enb, Bifik—HmDIE
BROBIE, CADNOEIE, AW HILEBRDOH
LHROB & VICEMEA TS, ZD &S kB,
B FITBEEZFET 5, WEROHLLDOEIZTD
EzTEFFB LTI WEBEORBNARBETH
D, BREBUNDOHE P ZELETH-7, FORB
HEOBHEERET LI ENIGIRILDHIENEEL
Vo

Db, REINCER /KR BETO—-HEIES
&, ¥EOEE THRERABEMOBESAETH
5EEZ B,

ZBEDPODERYV AT LHRDIEHEY D EICTRT,
1) FHERENEL, BHLHBRERDO T T S5 LF
Ly JIZELKDBHIPLETH S, Lo ERLFHEL
TIT LV,

2) X2 TIIVOBRBARRICE YD, FIREADMDIC

R 2 F12R
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W NUVTBEHITE-T, ax v FOFIRERT —
ZROBREADRENSD, FANEEL/IDICEBFE LI
WG mb b, TEEMBHEARLTUTI LY, /2,
FCHRBEHIIDD L HHELZETUT L,

3) NUCE-BASICD S 4 vIF .+ ZMNIEFIE
W\, IROILT + 2 %> T/ 7S AR L
ThE, FIBTEE51C L7, 3T LEVRT W
IF ¢ ZICLTUELVY,

COL>BERIT, BROICRBEICREALTEE
oI TW5b, F/, MRRERS > £ TELW
FAEDEUL, FILOEREEZHT I ENL DML
W2 &, [EERG - B EOFRR, STABERSTET
SRKEEL FORBP-r7-OBBEHY R L,
NUCE-BASIC 0f|HEE* K s BETER\, E/
BASIC HAZ# &5\ 2 EARETH 5,

7. £&8

AL TIE, BASIC 707 5 ATETEERFR
AR Y AT LEREL, BRETFTSE2FA LK
RAEBAEHE R E R L7

INoEFELDDLLUTOE>ICK S,

1) GEPMAP & NUCE—BASIC OFIHIZ &k » T
MEABSEOIT Y FATORES#MBHE L, B
ERDIZODATBRIEAE T B LTk T, %
BRI OERE A TEE & 72 - 72,

2) ARTHBETHE, ERVLERIGBIEZDOH S
HMRERE TCORBEFIEELR L, COREERTH
BLLT, BEACEE LAfdERLR L, FOk
SIEPIBAETSTEALVAARINETH 5,

3) BFEEMTHAHKROGH N, BIENIL, HiE
RFHEIIRED L CAREETH S, LhrL, BBETH
NI E DI BT BRLBERIC DWW TE DN
FIRLHHBRBE TA TN OFE X /cBH L A% X
EANTF =2 E2ER L TOAH07 5, KEBEIIFHFX
DEE THHEAS VRS AT LEZ D,

%E, ARTHEBRIERLEZAFETI¥H 3L
I LCHT» 7o ARFEOBGRE, &b CICARITH
BOZHEADN 2 I BH#T 5,
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EXPERIMENTAL COURSE OF SOLID MODELL-
ING WITH GEOMAP AND NUCE —-BASIC

Kunio KONDO
Shizuo SHIMADA
Hisashi SATO

This paper describes an attempt to create educa-
tional contents of solid modeling. By using
GEOMAP and NUCE-—-BASIC, we held an ex-
perimental course. A Program package GEOMAP
(Geomaetrical Modelling and Processing) is written
in FORTRAN by Prof. Hosaka and Prof. Kiura. The
GEOMAP can be applied to aid the design work
reasonably. NUCE —Basic is sn interactive BASIC in-
terprotor written by a portable FORTRAN. It works
sa similar as a BASIC language used on a personal
computer. This education aimes to teach the folloe-
ing; 1)how to process solid modelling by computer,
2)how to represent design process of solids, 3)how
to represent animation using solid moseller. Students
carried out the processing work using personal com-
puters. Many examples which were made by
students are shown in this paper. A good many
students were attracted by contents of this ex-

perimental course.

R 2 F12RH
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KBXTIE, BRSO IELEOPEERFEO—D2ELTEVHY e [BRET Y v 7] IKBAELT
BEr ) VI DELFOERNALEERT S, AREERTE, CAD OEAENE LTOMRLELER
T3 EEREBNTNS. AXTRPEEREV SO TH 2BHEV SEOBHEOLLTOEBIKONT
BEFZ., ChAEETHOBENPT S EHBLENSTHRIEY AT A, bpDPTLHEKESDILDT
%25 — < ABEEONTEEED > T3S, AXTR, T, BREF) VIS0ELS, EROFETHS
TeRes ) v /&5 OBN, REZROAR, BEABATS. £LT EBCRYRTAZERUE
EOREES &I, BEOHRPFMDOVTANRS.

Solid Modelling Education at Department of Information Science

Surzuo Sumvapa,! Kunio Konpo,! Hisasur Satol and Axiniro Kuropa®

A CAD programme package GEOMAP is adopted for teaching solid modelling instead
of the traditional exercises of hand draftings. An interactive tool NUCE-BASIC serves
the very professional GEOMAP easy to operate and understand even for undergruguate
students. The new course of lectures and exercises can encourage students to imagine a
shape and transfer their ideas into computer graphics. Some experiences about teaching

Nov. 1993

techniques are discussed with students’ works on the solid modelling.
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3 LY, REEEL TORWPOHATEDFTHE
B, ZOMOTHEEHIREELHEICRIIEXRTDH
3. LiehioT, BEHRE NS X ICHIicLU 1 HRE
BEbh, BhNNHEZEHZOEDTHS &A1
TDOTH5. CAD 2HWETAHER Y 7 b9 =7
B, T57 4y AOBEABEHELTVSI LD,
MicETEEBRHORETH 21D THB. —H,
BUXSBEEE S OFFA VEVWIHBERFE & &
12, NSRS TEPEARETACEEELDLN
x9H 5. B/, FHEA ViChhbST, ZTOEED
BIETHERAINET A C EREBROBETH 50,
WETNOEATS, NEE#ALTAaia=y—Va
VHBBETH A EICEVIRIL.

X7, THOEBICBWVTIR, BCLIKE#MDH
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t BEKRELERERTER
Department of Information and Computer Sci-
ences, Saitama University

2313

sz lichs. LrL, BFAOBRBLENY, &E
R EXKHEINT 2i1coNT, WREEBL EWVICH/N
XhAEAICHB. FNICRAT, SHEBREFIFTS
FLUVRHHHNOBEB AR ST 57818
7z, BEIT¥ZO0%B TR, BERLERRO¥H
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% 1 NUCE_BASIC ofAKa~<wr F
Table 1 Commands for NUCE_BASIC.

DHERFERICER O EB 1% £
FHBCENMTEBELELT Editing
V5. Run Controle

jgﬁﬁ%:/@@j\, gwg‘*, %)[j{:ej’- Definitions
Vv OEARNILE T 2B
~N, RICEBROBRETHS [
ReFY /BB OHIICD Functions

AUTO, DELETE, EXIT, HELP, LIST, NEW, RENUM

Files OPEN/CLOSE, LOAD/SAVE/MERGE, LOGON/LOGOFF, DECK
RUN, CONT, STOP, END, ECHON/ECHOFF, TRON/TROFF
DEEDBL, DEFINT, DEFSNG, DEFSTR, DIM, ERASE, REM,
DATA/TO/STEP, RESTORE, WIDTH

Execute 1F/THEN/ELSE, FOR/TO/NEXT, INPUT, PRINT, READ,

GOTO, GOSUB/RETURN, ON/GOSUB/GOTO

ABS, ATN/ATN?2, COS, EXP, LOG, RND, SGN, SIN, SQR, TAN

WS B, £ UTHEEER
OEBBEABNTS. X01T, INOORET, &
BEiCA Y R F A EFERLICHFEORIGE b LT, IR
7Y VBB OEBEFHHICONTERT 5.

2. BIREFY VT OERNEERT

BN D —FTH S0, BEHEBROEK
X3 FETERSL S FICENS. UL, THC
B AR, SRRISTAR A S EENCIEL < RER
TBCLE, EREEOHBHRERT ZEPERTD
%, 20i, HlEEEHO E S OALE%E
AEMEICHEA C &0, 1960 FERICIE F - o, L
L, SRR A EEA T RICBRT 5D, 1K
s LT A O EERESOBIITEEL TV A, MK
Horsietk A, HERTZOTEHRD LOCTNZ, &
EOREMNMIZEBCERTE 50T, RitEN
ERFETELEC EnLHRENSG. S5, &7
LeHEICE &0 B URESEL, MARNISRT — £
%, BEECEEEBCHEU IR ENTES. L1
3, Z0%icE{ CADICAM OSE%E 5 bl .
Lz E, BHOEATH BHROAMEBEIADENT
HEBDT, ADEL DV RERLHERICELS
BRSNEIC I » C&fe, cudBREFTY ¥/ T
H5.

T, BREFNMERKET Y VS EDEXTD
BNAALMCT S, COEEOMI, MELHEHRE
OiIcHBELTVWA, %0, BRREFNVEERT S
wHOFu R EGDTHREFT Y VI LS. L
Mo, BEAREZOENHICHEET S X DI,
N R 2T EYT MY 2 T O G SEICIES. B’
MERAL LS, BREFY VIE, avEa—27
57497 A (CG) TEEINZPEAYSREMRA
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Table 2 Commands for graphics control.

e ERRL W BREEZ, ©F

Initalization *x
Screen Controle
Drawing

Pen Selection

DPENTX

CLS, PAUSE, DPWIND, DPCAM
DPMOVE/DPDRAW(2D)DQMOVE/DQDRAW(3D)

Vv ITER T -2 BRI
3 5.
eHREFNVNOBEF EEE

Z, FnAE a5 LTl

#* These are current specification without using colour graphics.

1. imagined Object

Design & Data Creation

2. GEOMAP

&

4. Comparison -

5. Reformation

3. Created Object

L]

Modeling

Graphics

B 1 BREREKE OSSN

Fig. 1

<, RO ADDEWEEDI.

C
1. CAD OEAHN & L TOMRLEAEREEBL

RS 5.
2. TERHIRERO I AITL,
BEARD 5.

3. F—aREEO—HIELT, BIRF— 2 DREHR

AR 5.

A EESHELRE, CG ZFIHU NS ME

Be b Eitk-T, 7V
Yy —v g vEfFORE
#K5.
COENEETCERI, 2
S5, Fliz, BHTHIRE
575 —AER X E 5D TIRFHE
EHERAD DD B E D D
T, BB ETEBICETY
VT EBEBRY —vEED
o, EHBAHBOBNEED B
HEA AN TRREE VT
. H2iT, HEHMEROEAN
1B TH HESPEHOTICR
BUTIRE, 7797490 A
THLNATRE R THRL,
EEFTHENDT 4 =ity
OBBAEKBRIEILNTETH
%, COE21T, ERICBWOT
RO X S ICL TEERTOYE

Flow of solid modelling education.

SIAERRET) V7D

T 5.
S TROKEMAFRT CENTEDB LI, 774 v
7 ATFEREES.
o BIRINITRAZBIZL, B¥HDA A —V L DK
2T
sHEIC K > THUKLF v v PR ED B X DIT, IR
DF—20TF Y vIEEOHEAHEL, Tun/
5 LRBETS.
PIFOIERTEEA V-7 X8, HHOOHENET S
FARIGES G TV, CON—FAFEICEKBRIXED
T ET, BMICRLENAEORE, £ERES, TR
#eehom AL T 5 (H1).

4. HBBELLTOVI b9z 7EN-F
Rl

“GEOMAP"iZ, HIREF 35 & LT 1977 FICRE
XNTp, MEED T w5 AREREEEH FORTRAN-
66 DR TH - EbH-T, BiREFY v 7 DE
B3, FORTRAN 7 u s 5 3 v/ OE&ETHRE 54|
KEhbOTkEhot. 0%, AVEF775F47

#* 3 GEOMAP @za<=vF
Table 3 Commands for GEOMAP.

Work area

Files

2D_Modelling
_Transform
_Interference

3D_Modelling

_Transform
_Interference
Model Convert
3Dt 3D
3Dt 2D
2Dt 3D
2Dto 2D
Graphics
Tree Structure
Constants
Data Query

Miscellanious

CMINIT, CDIR, CDEL, CRENAM, COPY, CDUMP

FSLOAD/FSSAVE

RECT, RECTM, RETANG, RRTANG,RNGON,RPOLYG,REGFL,REGLC
RGDIS, RGROT, RGLONG, RGFACT, REVERT, RCOPY

RATEST, RUNI, ROVL, RSUB, RINT, RDCOMP, RCUT

PCUBE, PCUBEM, PEWEDG, PRWEDG, PRCYLN,PRCONE,PCYLIN,
PCONE, PREVL, PTRUNC, PHDFL, PHDFC, PHEDRA

PGDIS, PGROT, PGROTA, PGLONG, PGPAN, PGFACT

PATEST, PUNI, PSUB, PINT, PCUT, PEVERT, PDCOMP

(PFOLD, PWIRE, PFELIM, PEELIM) (not specified)

HLIMAG, HMIMAG, HDEV, HDEVF (projection)

T TOP2S (two-and-a-half modelling)

{(RWIRE, RMASK, REELIM, RFELIM) (not specified)

HDISP, HEDISP, HFDISP,HLDISP,HATCHR, HATCHC

LMTREE, LDTREE

JPVOL, JRVOL, JCOPY, JNUI, JSUB, JFACT, JDEL

QBOX, QFEVN, QVERT, QEDGE, QFACE, QFLOOP, QJVOL, QJGINT,
QJAXIS, QJIGCEN

HLIGHT, RHIGHT
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TRHROBEFOLEENSD, AL FORTRAN T
SR 78 7s BASIC 4 v 2 7Y 2 ZBAFEL, T
Dt o GEOMAP 0% 7 v—F %23 <
YRELTEIETER L S5t . &h ki NUCE-
BASIC L IEA Y. X 5ic, FORTRAN OFIFHR
A MS-DOS =¥ VICbEA - 7D T, KEFLAK
MHI—=Y FA Y Ea—&, EDBLT—FRAT—Y
avmﬁémmﬁ@wﬁﬁfé,#ﬁ@&ﬁﬁﬁﬁ%
FoAFATE 2RERENES K-, Ly
b,fm¢§A®£—5EU74%ﬁOC&&,ﬁP
DT ROBBOIELEIFET R LEE. LI,
75749 AOEBER, BEAOEENERL T
HOOT, Btsa <y FOFBAIBEINTY 3.
Wik e 7 5% CAD OB THRMATHEHEE, V7 1
2T E L TEAMICHE T NEERAN3AH 5.
1. BRETHETELLERT ST L
O ER, TUAREAFESHEBER ST T4y
g 2F—2DANFEICHBRREEZLTHS.
10 REM F T ADFXV T
20 REM 58721 HE
100 DIM 2YPOS(2,24)
110 DIM XYZPOS(3,40) : DIM ITABLE{143)
120 CMINIT : CLS
130 READ ZYPOS
140 READ XYZPOS
150 READ ITABLE
160 CAM(1)=30 : CAM(2)=15 : CcaM(3)=15 : TH=0.S5
170 DPWIND 0.,30.,200. : DPCAM CaM,TH
180 MREV=20 : ICURV=0 : ANG=360
190 PREVL "A",ZYPOS,24,MREV,ANG,ICURV
200 NV=40 : NC=143
210 PHDFL “B“,XYZPOS,NV,ITABLE,NC

220 PUNI “a“,"B"
230 BLDISP “A",0,90

KING.BAS
B

240 END

250 REM --- DATA FOR ZYPOS =---

260 DATA 0 1.7, 0.8 1.7, 0,8 1.3, 0.9 1.4, 1.1 1.5,

%70 CATA 1.4 1.4, 1.5 1.3, 1.6 1.2, 1.7 1.1, 1.8 0.9,

280 DATA 2 0.9, 2.1 0.7, 3.1 0.5, 3.2 0.6, 3.2 0.5,

290 DATA 4 0.5, 4.2 1.2, 4.3 0.6, 4.5 0.6, 4.6 0.8,

300 DATA 4.7 0.6, 5.9 1, 6 0.4, 6.2 0.3,

310 REM -~-- DATA FOR XYZPOS ===

220 DATA 0.2 0.2 6.3, 0.2 0.3 6.4, 0.2 0.1 6.8, 0.2 0
e"» 0.2 0.6 6.7, 0.2 0.6 7" ~ 7. 0.20

Fig. 2 Example program of GEOMAP.
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Fig. 3 Configuration of the network.
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Fig. 4 Modelling example using surface loops.

B 5 HEEEIC KB IEKBR

Fig. 5 Modelling example using set operation.
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Fig. 6 Floppy disk.
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Fig. 7 Modelling using rotation, movement methods.
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Fig. 8 Example of the animal of the year.
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Fig. 9 Example of the animal of the year.
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Abstract

Techniques of computer graphics are used in various fields; education, business,
science and so on. It is difficult to edit a conventional manual about the computer
graphics related with texts and pictures. We developed a system to make students
understand the complicated concepts of computer graphics through a screen aided by
the manual. The computer network is expected to communicate with many distributed
people by texts, pictures, sounds, etc. through the World Wide Web (WWW) [2]. JAVA
[5] is one of such utilities to help the virtual machine environment on WWW that can
manage computer network accessibility. In order to teach computer graphics at the
department of computer sciences, a local network is applied as similar as Internet.

Key Words: Computer Graphics, CAI, WWW, Remote Education

1. Introduction

Computer graphics is applied to various fields. Many people are willing to study and to become
experts of computer graphics by identified examination. Education of computer graphics is
classified into three categories [3, 4];
1. Programming
A method of usual programming is applied to compose some graphical results. Any of
computer languages, such as BASIC, PASCAL, C etc. are taught.

ISSN 1433-8157/$ 2.50 (© 1998 Heldermann Verlag
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2. Ready programming
A teacher prepares some applications for computer graphics. Original computer pro-
gramming is hidden to students, and they have only to study how to prepare commands
and data for figures.

3. Semi programming
In the class of programming, a teacher supports some graphics libraries.

A manual to teach computer graphics is usually edited by poor texts and less pictures
so that students feel difficult to understand. We were ever teaching computer graphics by
theory and algorithms using written manuals. Students must study the theories and then try
to practice by their programming, on which they have to pay a lot of time and efforts. We
developed a computer assisted instruction system (CAI) on a network to aid each independent
student to study computer graphics along with his personal understanding steps.

2. Purpose

Our CAI system aims to teach about 50 students in the class of computer graphics at every
terminal connected to the local network. The concepts to construct the CAI system are as
follows:
e Easy understandable manual.
It supports more conventional media than usual reference books and pictures.

e Simultaneous and independent usage by a lot of people.
The manual can be used as a common text in the class as well as a personal aid when
a student wants to study alone.

e Hardware independency through the network.
Various computer systems can be connected to the network. The teaching aid software
must be therefore independent from any environment.

e Open publicity of pictures among students.
Homeworks of students can be widely demonstrated to all other students.

3. Systems design of teaching computer graphics

3.1. Systems environment

We constructed our CAI system on the network shown in Fig. 1. Each student corresponds
to clients in the figure. A teacher has a server with a database and the client-server system.
Our system is able to serve not only students but also outside public clients through WWW
(Fig. 2).

The database has HTML (Hyper Text Markup Language) data and JAVA applet, a small
application software supplied by Sun Microsystems.

JAVA will be more available in the world rather than using our own programming tool.
It was chosen among other utilities for the following reasons:

e Object oriented language

e Similar grammatical manner as C and C+—+

e Simple syntactic structure
In the Japanese manuals, Kanji, Chinese symbolic characters, play very important func-
tions along with alphabetical letters. As Kanji is a sort of graphics symbols, the teaching
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Figure 1: Network environments
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manual should be edited graphically. This is the reason why JAVA environment is applied in
our CAI system.

3.2. Examples of applet

Applet is the name of a unit of applications supported under the control of the whole JAVA
system. Some examples of graphical topics are explained.
1. Bézier curve applet:
In order to generate a smooth curve (Fig. 3), a Bézier curve of 3rd order is the basic
tool. A user can study how the curve is generated by given 4 positions on the interactive
screen.
This program, the applet, consists of three operations:

e init()
e mouseDown()
e paint()

The program list is shown is Table 1, however, the programming is hidden to the user
and he only clicks the four positions on the screen, and then the last click activates the
drawing of a smooth curve.

2. Affine transformation applet:

applet started

Figure 3: Bézier curve applet

Fig. 4 exemplifies the affine transformation of a plane figure.

Affine transformation is a matrix operation which causes a deformation and a movement
of a figure. A student should study the theory of the transformation on the same screen,
and he specifies the matrix parameters in the corresponding columns.
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import java.applet.Applet;
import java.awt.x*;
public class bezie extends Applet {
Point[] p = new Point[4];
int n = 0;
int ndiv = 50;
public void paint(Graphics g) {
int 1i;
double u;
double[] w = new double[4];
Point old,current;
g.setColor(Color.black) ;
for(i=0;i<n;i++) g.fillOval(p[i].x-3 ,pl[il.y-3 ,7,7);
g.setColor(Color.green) ;
for(i=1;i<n;i++) g.drawLine(p[i-1].x,pli-1].y, plil.x,p[il.y);
if (n==4) {
g.setColor(Color.red);
old = new Point(p[0].x,p[0].y);
for(i=1;i<ndiv;i++){
u = (double)i /(double)ndiv;

w[0] = (1-uw)* (1-w* (1-u);
w[l] = 3 * u * (1-u)*x (1-u);
wl2] = 3 x u ok u * (1-u);
w[3] = u * u * u ;

current = new Point((int) (w[0]*(double)pl[0].x+ w[1]*(double)pl[1].x+
w[2] *(double)p[2] .x+ w[3]*(double)p[3].x),
(int) (w[0] *(double)p[0] .y+ w[1]*(double)p[1].y+
w[2] * (double)p[2] .y+ w[3]*(double)p[3].y));
g.drawLine(old.x,0ld.y, current.x,current.y);
0old = new Point(current.x, current.y);

}

+
}
public void init() {

setBackground(Color.white) ;

resize(400,400);

}
public boolean mouseDown(Event evt, int x, int y){

if(n < 4) pln++] = new Point(x,y);

else n=0;

repaint();

return true;

}
}

Table 1: Program list of a Bézier curve (JDK1.0.x style)
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o
L/

| Cale |
v= [ = [4 v [

Figure 4: Affine transformation after execution

After completing the input data and clicking the “calc” button, the transformed figure
is shown with the original image as shown in Fig. 4.

3. IFS applet:

Applet

applet started

Figure 5: IF'S applet

Fig. 5 shows an example of IFS (Iterated Function System) to generate a fractal figure
which simulates a leaf of fern. Students will be interested to watch the graphical output
step by step on the screen.
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4. Three dimensional shapes projection applet:

WiewPaint: |2DD | |2EID | |2DD | | Change I

Alpha;  0.78539%  Betar  -0.61548

Scale: 34607 1-! I +i

Figure 6: 3D shapes projection applet

Fig. 6 shows the projection of a simple 3D object. We can express only 2D information on
WWW contents and textbook. Students can try to change the view point by themselves.
It is a typical subject which is hard to explain in a usual text.

5. Primary animation applet:

=

= ——id ]

Figure 7: Primary animation

Fig. 7 shows the primary animation applet. Usual WWW systems have a weak point
which is showing animations in a browser window. We made teaching materials on
animation by the use of the JAVA animation applet. It is difficult to explain animations
in usual textbooks, because a textbook is static.
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3.3. Discussions about examples

Teaching computer graphics should be designed to work interactively and dynamically, be-
cause to watch the creation of an image step by step is more important than to look at a
statically complete figure.

Questions and problems raised by students were as follows:

e Algorithms are difficult to understand from the tutorial explanation in the class.

e Three dimensional procedures are requested as an extension of two dimensional figures.

e Motion picture techniques are requested as the combination of image transformation.

4. Conclusion

A teaching manual was edited for computer graphics under the interactive environment con-
nected to the local network which is also connected to WWW.
1. Accessibility of HTML (Hyper Text Markup Language) depends on the browsing on the
machine dependent terminals and browsers.

2. As far as the present specifications of JAVA, processing of plane figures gives a reasonable
result for teaching.

3. Our teaching manual is based on the text [1] written in Japanese language, for which
the cooperative text and graphics are adapted for the use JAVA.
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Abstract

The Japan Society for Graphics Science undertook a survey on
the education of graphic science and related subjects at Japanese
universities and colleges from 2002 to 2003. The items surveyed
were subject name, implementation details, ability being trained,
subject content, etc. The principal results of the survey are as
follows. 1) With regard to the ability being trained, the
importance is placed on drawing ability and information
transmission ability by the use of drawings, while less importance
is placed on the abilities to generate and analyze three—
dimensional shapes, i.e., geometrical abilities. 2) A lot of
importance is still placed on hand drawing (descriptive
geometry), though the introduction of CG/CAD is progressing in
graphic science and related subjects.
Keywords : Graphics Education / Graphic Science / Graphic
Representation / Subject / Ability being trained / Survey.
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1. Introduction

Descriptive Geometry is the research and technology of producing graphic representations of
three-dimensional objects and solving three-dimensional geometric problems using the graphic
representation, and has been considered to be the basic knowledge required by people who han-
dle three-dimensional shapes such as mechanical engineers, architects and figurative artists.
In Japan, it has been taught at universities, junior colleges and technical colleges in Mechani-
cal Engineering, Architecture and Civil Engineering, and Arts and Design departments under
the subject name of “Graphic Science”.

However, in recent years, with the increase in the use of Computergraphics (CG) where
computer technology can be used to make graphic representation and geometric processing,
and the development and spread of the technology to apply CG to design and drawing (com-
puter aided design, CAD), the practicality of Descriptive Geometry is dropping, and along
with that, traditional Graphic Science education is being abolished or reduced at most of
the universities and colleges, and there is a trend to introduce CG/CAD for Graphic Science
education. By using CG for graphic representation, the results of numerical calculations and
various simulations can be visually displayed, and this is being used in various fields of science
and engineering. Moreover, CG is now being widely used for games and movies. There is
now a new trend for education centered on CG for graphic representation in Information and
Media-related departments. With the wide spread of CG/CAD, the education of Graphic
Science has entered a period of revolution.

In order to grasp the present status of Graphic Science education in this period of revolu-
tion, and to understand how Graphic Science education is being carried out, the Japan Society
for Graphics Science undertook 2002-2003 a survey on the education of Graphic Science [1].
The results of the survey were compiled and studied by the Survey Committee of the Japan
Society for Graphic Science. This paper summarizes the results of the survey.

2. Content and method of the survey

2.1. Survey contents

This survey was intended to cover not just the subjects named as “Graphic Science”, but also
other subjects related to “graphic representation”. The items surveyed are listed in Table 1.

Table 1: Survey contents

(1) | Subject name

(2) | Implementation details: compulsory/ elective, the number of contact
hours, lectures/ laboratory exercises, and the number of lecturers and
students

Ability being trained

Lecture content

(3)
(4)
(5) | Educational materials being used
(6)

Graphic Science peripheral subjects
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2.2. Survey contents

Centered on members of the Japan Society for Graphics Science, surveys were sent to the in-
structors responsible for Graphic Science-related subjects at universities, junior colleges and
technical colleges, including the instructors responsible for subjects covering Graphic Repre-
sentation such as design and drawing. They were asked to respond to the questionnaires about
their relevant subjects in their educational institutions. If they were responsible for more than
one subject, they were asked to submit multiple replies. Responses were received from 173
institutions covering 278 subjects. There were responses from institutions nationwide.

According to the department names, the responses were sorted into mechanical engineer-
ing, architecture and civil engineering, arts and design, information and media, and general.
The departments that were put into the “Information and Media” area included electric and
electronic engineering, information technology, and media departments. The subjects and
departments that were put into the “General area” included subjects offered by universities
without specifying departments, home economics departments, and pedagogy-related depart-
ments. The various areas numbered 57 institutions with 98 subjects, 49 institutions with
79 subjects, 23 institutions with 38 subjects, 15 institutions with 20 subjects and 29 insti-
tutions with 43 subjects, respectively. Only a small number of responses were received for
the Information and Media area, and as a result the related departments have not been fully
covered.

3. Results and discussion

3.1. Subject names

Because of the wide range of subject names, they were sorted into
“Graphic Science”, “Drawing”, “Design and Drawing” and “CG/CAD”.

The results are listed in Fig. 1. Overall, “Graphic Science” occupy 38%, “Drawing” 21%,
“Design and Drawing” 21%, and “CG/CAD” 15%. It can be seen that Graphic Science and
Graphic Representation education is currently undertaken in various subjects. The following
shows the results by area.

70%

O Graphics Science
60% | @ Drawing a

50% [ Design & Drawing
" |mCG/CAD
= 40%
¥
2
2 30%
20% | —] H R
10% I I I
0%

All Mechanical Architecture Ar Information General

Subject Names

Figure 1: Subject name of graphics education
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Mechanical Engineering-related: “Graphic Science” was low at 22%, but “Drawing” and “De-
sign and Drawing” were both high at 32%. Graphic Representation education in the
Mechanical Engineering-related area is centered on “Drawing” and “Design and Draw-
ing”.

Architecture and Civil Engineering-related: “Graphic Science” was higher than in the Engi-
neering-related area at 40%, but “Drawing” was low. “Design and Drawing” was 27%.

Art and Design-related: “Graphic Science” was 53% and “Drawing” was 33%. “Design and
Drawing” was low.

Information-related: “CG/CAD (Computergraphics)” was more than half at 55%. “Graphic
Science” was also 30%, but this was restricted to the classical electrical and electronic
engineering departments, and could not be seen for information technology and media
departments.

General: “Graphic Science” was the highest at 60%. Next to the Information-related area,
this area was the second highest for “CG/CAD” at 19%.

As can be seen, depending on the area, the subject names are different.

3.2. Implementation details

a. Liberal arts, common specialized and specialized subjects:
The results are shown in Fig. 2(a). There are many cases where the subjects are taught
as specialized or common specialized subjects. In the “General” area, the ratio of the
subjects being taught as liberal arts subjects is rather high at 30%, but in other fields
there is not much difference according to the area.

b. FElective, compulsory or elective compulsory subjects:
The results are shown in Fig. 2(b). Almost half the subjects are elective. As they are
elective, they are considered to be not absolutely necessary for the curricula. It could
be said that there is a need for clarifying the position of Graphic Science education in
the curricula.

c. Lecture, lecture with laboratory exercises or laboratory exercises:
The results are shown in Fig. 2(c). There are not many subjects which are just lectures

Liberal arts Common Specialized

(a)Type of course 4 85
Elective
Gt B 43 .......
Lecture
(¢)Lect. or exec. 22 """

(d)No. of semester

(e)Time per week

(DNo. of subjects oo s

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 2: Implementation details
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(22%), and most are lectures with laboratory exercises, or laboratory excercise subjects.
It can be seen that for Graphic Science-related subjects the importance is being placed
on laboratory exercises.

d. Lecture duration:
The results are shown in Fig. 2(d). Most subjects are for half the year, in one semester
(83%). In the past many lectures were for one full year, but now it seems they are only
given for one semester.

e. Number of contact hours per week:
The results are shown in Fig. 2(e). The number of contact hours is one per week (62%).
Looking at the results by the type of subject, most of those that are only lectures, and
those which are lectures with laboratory exercises are given for one contact hour per
week, and most of those which are laboratory exercises are given for two contact hours
per week. One contact hour is 90 minutes for most universities, and 60 minutes for most
technical colleges.

f. Number of subjects:
The numbers of subjects reported by the various institutions are shown in Fig. 2(f). A
little over half of the departments only had one subject, but almost 40% offered over
two subjects. Depending on the institution, we can see that there is a great discrepancy
in the number of hours of the Graphic Science-related subjects. The average number of
subjects per department or course is 1.61 .

3.3. Ability being trained

With regard to the ability being trained, the respondents were asked to complete the survey
from the five items shown in Table 2 so that the total would be 100%.

These results are shown in Fig. 3. According to this, overall, “1. Drawing ability” accounts
for 25%, and is the single highest item. “2. Graphic Representation ability” accounts for 21%,
and “3. Drawing communication ability” accounts for 16%, and together these are 37%. The
total of items 1.-3. gets almost 65%, so we can see that importance is placed on the Drawing
ability and Information Transmission ability. “4. Three-dimensional shape generation ability”
accounts for 16%, and “5. Three-dimensional shape analysis ability” accounts for 13%, and

Table 2: Ability being trained

1 | Drawing ability the ability to accurately make drawings
Graphic Representation ability the ability to represent graphically the
information you want to transmit so
that it is easily understood

3 | Graphic communication ability the ability to receive and transmit in-
formation using graphics

4 | Three-dimensional shape genera- | the ability to process and produce
tion ability two-dimensional and three-dimensional
shapes using graphics

5 | Three-dimensional shape analysis | the ability to analyze three dimensional
ability shapes using graphics
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Figure 3: Ratios of ability being trained

together these are 29%. It can be said that less importance is placed on these abilities, i.e.,
on geometrical abilities.

Looking at the different areas, in the “Engineering-related area” and the “Architecture
and Civil Engineering-related area”, compared to the overall total results, slightly more im-
portance is placed on the “Drawing ability”, and in the “Art and Design-related area” slightly
more importance is placed on the “Drawing communication ability”, although these differ-
ences are not significant.

3.4. Subject contents
3.4.1. Subject content items

As shown in Table 3, with regard to the subject contents, the respondents were asked to
choose from 15 Descriptive Geometry-related items, and 17 Computergraphics-related items,
depending on which items were covered in the subjects.

The breakdown of the response to the “Descriptive Geometry-related items” and the
“Computergraphics-related items” for the subjects is shown in Fig. 4. The following break-
downs are shown for the subjects: the gray bar shows the “Descriptive Geometry-related
items” only, the black bar shows both the “Descriptive Geometry-related items” and the
“Computergraphics-related items”, and the white bar shows the “Computergraphics-related
items” only. From the syllabi attached to the survey responses, for the subjects that had
responses for both Descriptive Geometry-related items and Computergraphics-related items,
many institutions taught Descriptive Geometry (hand drawing) topics in the first part of the
semester, and CG/CAD topics in the last part.

3.4.2. Descriptive Geometry-related items

As shown in Fig. 4, an overall 86% of subjects responded to either “Descriptive Geometry-
related items” only, or both “Descriptive Geometry-related items” and “Computergraphics-
related items”, meaning some sort of Descriptive Geometry-related content was taught in the
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Table 3: Subject contents

Descriptive Geometry-related items
1) Graphic Science history 9) polyhedra
2) perception of graphics 10) curved lines and curved surfaces
3) two-dimensional graphics 11) cuttings and intersections
4) orthogonal projection 12) developments
5) axonometric projection 13) shades and shadows
6) oblique projection 14) fundamentals of engineering drawing
7) perspective projection 15) other
8) points, lines and planes
Computergraphics-related items
1) CG history 10) curved surfaces
2) geometric transformation 11) generation of artistic forms
3) projective transformation on mathematical relations
4) two-dimensional CG processing 12) animation
5) hidden surface elimination 13) image processing
6) shadings 14) colors
7) realistic representation (rendering) 15) CG system
8) geometric modeling 16) programming
9) curved lines 17) other
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Figure 4: Subject contents items

subjects. Looking at this by area, apart from the Information-related area, most subjects in
every other area (up to 90%) had some Descriptive Geometry content. As will be discussed
below, the introduction of CG/CAD in graphics-related subjects has progressed, but it can
be seen that a lot of importance is still placed on hand drawing education.

The results of Descriptive Geometry-related items by area and overall are shown in Fig. 5.
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and intersections, 12) developments, 13) shade and shadows, 14) fundamentals of engineering
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There was only a low response from the Information-related area so these results are not
shown in this figure. Overall, the items taught in over 50% of the subjects are “4. orthogonal
projection” (79%), “3. two-dimensional graphics” (66%), “14. fundamentals of engineering
drawing” (60%), and “8. points, lines and planes” (50%), in this order. It is suggested that
importance is placed on “4. orthogonal projections” as basic graphic representation of three-
dimensional objects, “3. two-dimensional graphics” as basic training of drawing ability, and
“14. fundamentals of engineering drawing” as basic engineering drawing.

Looking at the content of these subjects, as noted above, with regard to Graphic Science-
related subjects, it can be seen that importance is placed on Drawing ability and the training
of the ability to transmit information using drawings. In addition, it is seems that importance
is also placed on “8. points, lines and planes” as basic three-dimensional geometric processing.

Looking at the items less than 50%, with regard to the projection-related items, after
“4. orthogonal projection” came “5. axonometric projection” (46%), “7. perspective projec-
tion” (42%), and “6. oblique projection” (40%), showing about 40% of the subjects covered
these items. With regard to the geometric elements and geometric processing-related items,
after “8. points, lines and planes” came “9. polyhedra” (39%), “11. cuttings and intersections”
(39%), “10. curved lines and curved surfaces” (33%), and “12. developments” (33%), showing
about 30% of the subjects covered these items. “13. shade and shadows” was low at 21%.

As noted in Section 3.2,f above, several subjects are taught in most departments and
courses, and looking at the percentage of departments that covered these items in at least
one subject, for each of the items, this is at least 10% higher than the figures shown in
Fig. 5. With regard to the typical geometric processing items of Descriptive Geometry, 62%
of the institutions covered “8. points, lines and planes”, and 48% covered “11. cuttings and
intersections”. From this it could be said that geometric processing in Descriptive Geometry
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is taught in around 50% of the departments responded to this survey.
The results by area are shown below:

Mechanical Engineering-related: “4. orthogonal projection” (82%) and “14. fundamental of
Mechanical Engineering drawing” (79%) are both high, showing that in Engineering-
related area importance is placed on producing engineering drawing by the use of “4. or-
thogonal projection”. There are a low number of subjects covering one-plane pictorial
projection including “5. axonometric projection”, and “13. shades and shadows” (2%)
is hardly covered at all.

Architecture and Civil Engineering-related: The trend in this area is similar to that in the
Mechanical Engineering-related area, but more importance is placed on “7. perspec-
tive projection” (59%). Also, about one-third of the subjects covered “13. shade and
shadows”.

Art and Design-related, and general: compared to the Mechanical Engineering-related, and
the Architecture and Civil Engineering-related areas, more importance is placed on the
various projection methods and three-dimensional geometric processing in both these
areas.

3.4.3. CG-related items

a. Percentage of introduction of CG/CAD:

As shown in Fig. 4, an overall one-third of subjects that responded to either “Computer-
graphics-related items” only, or both “Computergraphics-related items” and “Descrip-
tive Geometry items” had introduced CG/CAD in some manner. It is thought that
the introduction of CG/CAD is progressing rapidly in Graphic Science-related subjects
2,3].

By area, of course the Information-related area was high (75%), and apart from Art-
related (11%), CG/CAD has been introduced in about one-third of the subjects in the
Engineering-related, Architecture-related and General areas. As noted in Section 3.1
above, about 15% of the subjects mention CG/CAD in the subject name, and about
18% of the rest have retained their original subject names while teaching CG/CAD
related contents.

b. CG-related items:

The results of Computergraphics-related items by area and overall are shown in Fig. 6.
There was only a low response from the Art and Design-related area (8%, three insti-
tutions), so these results are not shown in Fig. 6. The highest result was “8. geometric
modeling” (55%), showing that over half the subjects covered this area. Geometric
modeling covers the basics of 3D-CG/CAD. Next came “3. projective transformation”
(32%), and “4. two-dimensional CG processing” (31%). It is thought that the former
covers the basics of three-dimensional graphic representation in CG, and the latter cov-
ers the basics of 2D-CAD. Compared to hand drawing, “9. curved lines” (28%) and
“10. curved planes” (26%) are the areas where the most strength of CG/CAD can be
displayed. In this way, the most fundamental CG/CAD content and content where the
most features of CG/CAD can be displayed are being covered.

As will be discussed below, off-the-shelf software is being used in most of these subjects.
It is, therefore, clear that off-the-shelf software is being used to teach the above items,
but it has not become clear from this survey to what extent the contents are being
taught. Another survey needs to be done in the future to ascertain this point. By area,
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ing), 8) geometric modeling, 9) curved lines, 10) curved surfaces, 11) generation of artistic
forms on mathematical relations, 12) animation, 13) image processing, 14) colors, 15) CG
system, 16) programming, 17) other

in the Information-related area, most importance is placed on “16. programming” (60%)
and “2. geometric transformation” (53%), a trend different to other areas.

c. Off-the-shelf software or programming:

With regard to the subjects shown in Fig. 6, overall, in 68% of the subjects, the students
were made to use off-the-shelf software, in Engineering-related 74%, Architecture and
Civil Engineering-related 81%, Art and Design-related 100%, Information and Media-
related 33%, and General 60%. In the remainder of the subjects, some subjects were
taught as classroom lectures, and some subjects were being taught by using general
programming languages. In this way, off-the-shelf software is being used in many cases
in the Engineering, Architecture and Civil Engineering, and Art and Design-related
areas, and programming is used for teaching in the Information and Design-related area.
This shows that with the former, CG/CAD is taught as a tool for design and drawing,
and with the latter, the processing of CG/CAD is being taught. In the General area,
the teaching is in between these two.

3.5. Graphic Science peripheral subjects and the relationship

Graphic Science and drawing subjects are taught in the first and second years, and after-
ward Design-related subjects (design and drawing, and design) are taught in the second and
third years. CG/CAD is often widely used in Drawing and Design-related subjects. Later,
mechanical or architectural design (in the Mechanical Engineering, or Architectural-related
areas) and individual figurative design subjects (in Art and Design-related area) are being
taught.
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4. Summary and conclusion

The Japan Society for Graphics Science undertook a survey on the education of Graphic
Science and related subjects at Japanese universities and colleges from 2002 to 2003. The
items surveyed were subject name, implementation details, ability being trained, subject
contents, etc. The principal results of the survey are as follows.

1) With regard to the ability being trained, the importance is placed on the Drawing
ability and the Information transmission ability by the use of drawings, while less im-
portance is placed on the abilities to generate and analyze three-dimensional shapes,
i.e., geometrical abilities.

2) A lot of importance is still placed on hand drawing (Descriptive Geometry), though the
introduction of CG/CAD is progressing rapidly in Graphic Science and related subjects.
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Abstract. It is important to improve the teaching and tutoring materials avail-
able in undergraduate CG education. Exposure to such material will certainly help
encourage CG research. However, new image generation algorithms proposed in
recent research are not usually included in tutoring material at the undergraduate
level. We, the authors, have developed teaching material designed for educating
undergraduates in CG. This paper describes teaching materials that support the
study of NPR, or “non-photorealistic processing”, a painting-style image process-
ing technique used in CG education. Our goal is to make a tutoring system for
studying NPR through Java programming. First, we will introduce “Jimmy”, an
educational Java software program for NPR. Jimmy supports a new brush and
filtering functions for painting-style images. Second, we introduce a “CG Ex-
periment Course Syllabus” for using the proposed system, and we describe the
outcomes of its exercises. Students can develop new brush, filtering, and drawing
techniques for painting-style images by extending and modifying the algorithms.
Through using our system we found the following results:

(1) The proposed educational system was very useful for students in compre-
hending an algorithm by extending the existing source of the algorithm, and the
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students were able to comprehend various painting processing methods by devel-
oping new image filters.

(2) The proposed educational system spurred an increase in the number of stu-
dents interested in non-photorealistic image generation techniques.

Key Words: Computer graphics, non-photorealistic rendering, educational sys-
tems, Java

MSC 2000: 68U05

1. Introduction

This paper describes a new system for CG education based on Java software that was de-
signed for Non Photorealistic Rendering (“NPR”, or “painting-style,” also known as “artistic
style”). We have carried out teaching and resource development for CG education at both
the undergraduate and graduate levels. We have found that in most institutions, however,
that new image generation algorithms proposed in recent research are usually not handled at
the undergraduate level. We've also found from our work teaching at the graduate level that
utilizing such algorithms in an educational system at the undergraduate level is invaluable
for future research and training at the graduate level. To do this, we designed a system that
supports new brush and filtering functions for painting-style images. Using our system, stu-
dents can develop new brush functions, filtering functions, and drawing techniques to create
new effects that mimic painting-style images.

There are many examples of CG education at Japanese universities [11, 2, 12, 9, 5, 6].
Authors have already developed tutoring material for CG education at the undergraduate
level [3, 4, 13, 14, 10]. It is usually comprised of basic CG, and generally at this level, new
image generation algorithms proposed in recent research are not handled. We are not aware of
any CG educational programs that use new image generation algorithms. At our institution,
we have a CG education course at the graduate level that incorporates an important field of
new image synthesis methods, and students have carried out experiments on the basis of the
results of those practices at the graduate school since 2004 [7, 8]. However, the standard CG
textbook in Japan was revised in 2005 to include realistic rendering techniques, however the
detailed algorithms of NPR have not been introduced by the CG-ARTS Society.

In this paper, we explain tutoring material that supports study of the NPR painting-style
image processing technique and its application in an undergraduate experiments course. We
call the Java software program that performs these techniques on image files, “Jimmy”. In this
paper we also describe our syllabus of CG exercises using the proposed system and the result
of the experiments designated in the syllabus. Moreover, there are provisions for the use of
the program through the union of the input, the display, and the parameter input of the image
that allow for easy improvements of existing algorithms. Our educational system “Jimmy”
was developed to accommodate the following areas: Students developing the brush function,
the filtering function, and to create a drawing technique for new painting-style images based
on educational Java software for NPR. As students develop the applet using Java themselves,
the system, its design, and the design of the course facilitates an understanding of Jimmy’s
algorithms and various image filter painting processes quite well.

Some features of the Jimmy system are as follows:
(1) Jimmy is open-source, and it is possible to expand its system by defining new processes
that refer to the filter by modifying and extending the algorithm within the Java applet
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program.

(2) Jimmy is a union of the input, the display, and the parameter inputs of an image, al-
lowing students to better understand various image filter picture processing techniques.

At our institutions, third year undergraduate students in the Department of Information
Science are trained using the Jimmy system. An experiment based on Jimmy is comprised of
15 sessions delivered every three days. A student proceeds through understanding the system,
the algorithm and the system’s painting-style processing in about one month. Students then
make a report that the instructor evaluates and returns to the student with comments. Stu-
dents must then write improvements to the algorithm, add their own experimental samples,
and then evaluate and submit another report based on their improvements.

The positioning of this CG course in this department is as follows. C programming is
taught in the first and second years. Then, in the third year students are introduced to
Image Processing and Computer Graphics. The Computer Graphics course uses a textbook
that introduces not only basic algorithms but also introduces programming for understanding
the algorithms, and that programming is done in Java. The course is accompanied by an
experiment from one of the themes of our “Exercises on Information Science” course in the
second semester of a student’s third year. A team of about six students practice this theme
for three weeks. And in total, there are about 60 students taking this course and exercises
annually.

In Section 2 of this paper, we give an overview of Jimmy. In Section 3, we show how
to make image filters, and in Section 4 we describe CG education using Jimmy, a syllabus
of CG exercises using the proposed system, and the results of those exercises. Lastly, in
Section 5, we give an evaluation of those exercises and we finish with a set of conclusions and
recommendations for further research on CG education.

2. An overview of Jimmy

In this section, we describe the usage of the Jimmy system according to Fig. 1. Jimmy is a
Java applet, and there is a User Interface section for image input, a filter selection section, and
a parameter input section. By simply creating filter algorithms, students can convert photo-
realistic images to painting-style, non-photorealistic images. Currently images of 800x600
pixels can be displayed in the applet.
Jimmy’s menu is displayed on the right side of the screen, and only appears when needed.
In the upper part of the menu, there are pull-down menus to select the image and the desired
image filter, and when both image and filter are selected, parameters for the selected filter are
displayed. Parameters can be set using slide bars, or other means, and can control the effect
of the image filter. It is also possible to directly input the parameter in proportion to the
content. After properly setting the parameters, users select a painting, press the execution
button and a NPR image is drawn, based on a combination of the original image and the image
processing filter parameters. In addition, changes of the filter parameters can be confirmed
even after converting the image.
Jimmy is useful at the following three stages of CG education.
(1) Generation of NPR images:
Once a student starts the NPR applet and uses various filters, the applet uses various
NPR techniques to generate a new image. By changing various parameters, images
can be changed to suit the student’s artistic tastes. A student can take a picture
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Figure 1: Proposed system Jimmy

and download the image data to the applet and convert it into another aesthetically
appealing image.

(2) Understanding art, style, and aesthetics through algorithms:
Jimmy helps users understand the use of algorithms to generate and stylize images by
allowing them to change various parameters, and view the results. Because students can
see the Java source program, they can analyze the algorithms behind various artistic
filters, processes, and effects.

(3) The development of NPR algorithms:
To encourage the development of new NPR algorithms, Jimmy’s Java source program
has been provided as open source. Using this source program, students can develop new
filter processes. If each student develops even only a section of a new art filter, students
can add to the library of available filters, techniques, and knowledge available for other
students very quickly.

3. How to make image filters

In this section, we will describe how to make image filters. First, we describe the materials
necessary for making an image filter, and then we explain the method for making the filter.

3.1. Materials for making an image filter

Below we describe a folder of materials necessary to execute the applet and to make an image
filter.

First we place five classes in a folder, which we will name imageFiltering (see Fig. 2).
Then, we create another nested folder inside the imageFiltering folder titled images, and we
place either jpg or gif image files in that images folder. Students can organize their images
and make them easier to find in Jimmy by adding the filenames of each image to a text file
called List.txt, and placing that text file in the images folder. This will then add the names
of the filters to the “Filter Name List” within Jimmy. Students can also add a class titled
Filter-name.class in order to add names to List.txt. Currently image size must be 800x600
resolution.
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Folder : imageFiltering

. N
MainApplet.class
Filter.class
FilterPanel.class
Animatedimage.class
FilterListing.class

Folder : images
’ List.txt ‘
Image data.jpg
Folder : filter

List.txt
Original_filter.class

Figure 2: Contents of the NPR folder

3.2. The structure of classes

In this section, we describe the Java classes necessary to draw NPR images. Fig. 3 shows the
structure of those classes.

MainApplet.class

¥ 3
. Animatedimage.class
Filter.class ]
Image Drawing

!

imageFilter.class
Image Filtering processing

FilterPanel.class FilterListing.class

Input Parameter Defining Making of Filter List

Figure 3: The structure of classes

MainApplet.class

Other classes are called from this applet.

AnimatedImage.class

The function of this class is to draw images. The image is operated through this class.
Filter.class

This is an abstract class for filters. Only the existence of an external specification will make
use of this class necessary.

FilterPanel.class

This class specifies the parameters of a filter. It is displayed in the applet, and the parameters
are specified and set in the filter.

FilterListing.class

This class updates the filter list. It is independent of other classes, and it can be used as a
standalone Java program.
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Filter.class
Filter.class and FilterPanel.class were inherited as inner classes.

3.3. How to Make an Image Filter

When a new filter is made, it establishes a class that inherits from Filter.class. The class that
inherits getName() filter(), getFilterPanel(), and FilterPanel.class is described as an inner
class. After students make the class of a new filter, they put it in directory /imageFilter-
ing/filter/. The following are classes that inherit from Filter.class:

getName()
returns the name of the filter without changing the name on the way.

Filter()
Operates the Animated Image class and performs new image filtering.

getFilterPanel()

Returns a FilterPanel class that operates a void filter. The inner class below inherits from
FilterPanel. Its information is displayed on the right side of the Applet as a panel, and the
parameter specifications for the filter are set in the receipt filter. (The parameter can be
received in various ways: button, text field, etc.)

The setFilterParameter()
This class is used to set the void parameter for the filter.

3.4. How to Add Filters

All the class files written in “List.txt” in the /imageFiltering/filter/ directory are read each
time a filter is used. Other program sources need not be changed. When a class file is added
to the directory, “List.txt” is adjusted. When “image- Filtering/FileListing” is executed, the
list file is made and all the class files are added to the list.

3.5. How to Add Images

The “use image” command reads all the picture files written in the “List.txt” file found in the
directory /imageFiltering/images/. The user needs not change the program source; she must
only add a jpg or gif image directly to the directory and correct the “List.txt” file accordingly.
As long as “image-Filtering/FileListing” has been executed at least once, a list file will be
present.

4. CG education using Jimmy

This section describes the contents and the results of experiments performed by third year
students at the Department of Information Science at our schools. The theme of the exercise
was to make an NPR filter using Jimmy, and to generate a non-photorealistic stylized image
from a photo-realistic one. Each student designs an painting-style image processing technique
by referring to and modifying Jimmy’s source. In our exercise, students were asked to make
an applet every three days for a grand total of 15 applets. The following is a list of discoveries
made during the exercise process.
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4.1. Tasks

The CG Educational exercise using Jimmy was done 15 times, each time over the course of
three days (for a total of 45 days). During the exercise students were given the following
tasks, and by fulfilling these tasks, they were able to create a painting-style filter each time.

Task 1: Understanding the outline of the “Jimmy System”

Task 2: Understanding the Java behind “Imagefilter”

Task 3: Ezecuting € programming Java for non-photorealistic rendering
Task 4: Designing an algorithm for artistic rendering

Task 5: Programming the Java behind “Imagefilter”

Task 6: Ezperimenting with drawing using Jimmy

Task 7: Writing an evaluative report.

During the course, the following tools, items, and references were also shown to the students.

[The First Week]

(1) We introduce the students to an outline of Jimmy’s system. Then, the students arrange
a flow diagram to help and show that all of the members of their group understand the
content of the Jimmy program.

(2) A reference program is compiled, and is added to the system.

[The Second Week]
(3) Together with the students, we analyze painting and drawing methods necessary for the
generation and processing of a painting-style non-photorealistic image used in Task 3.
(4) Together with the students, we design a drawing algorithm and clarify the programming.
(5) Through this, we begin developing an imageFilter.

[The Third Week]

(6) We continue development of the Java behind the imageFilter.
(7) Students write a report on their work, findings, process, and evaluations.

Through this exercise, we can guide students in designing their own original non-photorealistic
rendering method based on their own ideas, using Jimmy’s programming as a reference.

To summarize the exercise:
(1) The students set the problem. Students analyze a photo, and then summarize the rules
necessary to render the photo in a non-photorealistic (artistic) way.

(2) The student creates the solution. Based on the original photo and the rules students
themselves delineated in the above step, students then write an algorithm for the draw-
ing filter they imagined.

4.2. Sample results from the exercise

In this section, we show examples of the NPR images students were able to create with their
own algorithms and Jimmy.
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Fig. 4 is an example of a painting-style image generated using a square brush and the
Haeberli method.

Fig. 5 is an example of a painting-style image generated using the oil painting method
and a subtractive color mixture. The effect can be controlled through changing the weight
of a CMY parameter. It is an example of an algorithm that was created by expanding on a
previous one — the previous one being a form of pen-picture processing that used the colors
within an image to perform it process.

Fig. 6 is an example of a picture that has been processed with a filter that causes diffuse
edges after a Gaussian filter has been used. We can also change black edges to white by using
this filter.

Fig. 7 is an example of an image filter that causes the photo to look like an image drawn
with crayon on drawing paper. The student that designed the algorithm for this filter improved
upon the Haeberli method.

Fig. 8 is an example of a similar filter, however instead of crayon, the filter creates an
image with a colored pencil-like look. The strokes in this method are made by using the
Bresenham algorithm. After the user inputs the number of colors, an approximation color is

Figure 6: Edges extraction method
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Figure 11: Outline extraction by Sobel

Figure 12: Area division method
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calculated, and a new color for each stroke is decided.

Fig. 9 is an example of a filter that effects a look of an oil painter who uses a thick stroke.
There are two parts in this method. The first part is to draw small areas of the image using
thin brushes, and to paint large areas with thick brushes. The second part is to draw outlines
around various areas of the image.

Fig. 10 is an example of a filter that uses an algorithm that is an expansion upon the one
used in Fig. 7. Using Fig. 10’s algorithm, we can effect upon the photo a look that feels like
a pencil drawing.

Fig. 11 is an example of a filter that effects a fantastically bright look upon an image.
The outline is extracted using the Sobel method and Brightness information on HSB.

Fig. 12 is an example of a filter that effects the look of an illustration by using the area
division method. This method uses a Voronoi diagram to divide different color areas.

Before we began using Jimmy in our undergraduate student exercises, teachers were often
caught explaining the answers to tasks, or simply giving problems with answers that the
students already knew. Therefore, there was little creativity or motivation from the student
side, and it was apparent that students often did not fully understand the problems or the
solutions given to them. There were also several instances of reports and work that seemed
as if it had been copied numerous times from other students.

Therefore, we have found very useful benefits to using the Jimmy system in our courses:

(1) Students are motivated to think for themselves about the target of the non-photorealistic

rendering, discover the rules necessary to render the photo the way they want, and
consequently their understanding of image processing deepens.

(2) Because students propose their own methods, filters, and algorithms, all work is com-
pletely original, adding not only to the knowledge of each student, and to the program’s
source, but to the knowledge of students to come.

5. Conclusions

It is important to improve the tutoring material used to help CG education at the under-
graduate level. Exposure to such material will certainly help spark renewed interest and
development in CG research. This report proposed a form of teaching material that sup-
ports the study of non-photorealistic image generation and processing techniques. These
techniques support several new brush functions for use on photos to convert them to painting-
style images. Those techniques are based on an educational Java software program designed
for non-photorealistic rendering (NPR), filtering functions, and the study of image-drawing
techniques. This software, which we dubbed Jimmy, is a CG training system for use in
undergraduate CG courses.
From our study of Jimmy and its usage, the following findings were made:

(1) After implementing our proposal to use “Jimmy” in a way that supported the learning
of artistic painting techniques, students’ interest in the NPR technique increased.

(2) After introducing Jimmy into our course exercises, students were able to deepen their
understanding of image generation processing by programming their own algorithms.

(3) Much of the content used in our Jimmy exercises was successfully used in other areas of
CG training in all of our universities, proving that the open source arrangement of the
system allows the material to be utilized in various ways and in various universities.
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1. Introduction Developers Association (IGDA) with positive progress shown by

cooperating with the industry [6].

Games together with manga and anime as represented by
Japanese technological advances are highly evaluated in other
countries. In recent years, games have been developing at a fast rate
and a deep understanding of the game development procedures is
needed in order to keep up with the advancements in technology.
Yet, there has been no consistent education program designed
specifically for game production in the Japanese higher education
institutions. In contrast to this, game education is on the rise among
American and European Universities [1-5]. A curriculum
framework has even been created by the International Game
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As very few efforts have been made so far in Japan to develop an
education program for game development, there was no common
ground where production methodology could be designed and
taught. Due to this, the industry developed their own unique
production styles, and production methods became a trade secret,
complicating the relationship between the universities and the
industry. Current game development education in Japan consists
mostly of lectures conducted by the part-time teaching staff hired
by several colleges.

In response to this, at the Tokyo University of Technology (TUT),
we have designed a curriculum in collaboration with Premium
Agency, Inc. that aims to offer training in the practical aptitudes
that are demanded by the game development industry. We have
added lessons to the traditional faculty curriculum, combining
lectures and exercises in a game development context, leading to
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the number of students that are acquiring knowledge in game
development skills such as programming, CG and planning to grow
year by year. As a result, the development of this game oriented
curriculum has been strongly welcomed by the game industry.

2. Problem statement/dilemma

Game development only becomes possible when a multitude of
skills such as proposal writing, script, design, program, graphics
and sound are combined. Due to this, teaching staff in many
different disciplines is required. However, it is difficult to create,
using limited resources, an education system that covers such a
wide range of skills. Furthermore, it is hard to complete lecture
courses and workshops within one semester as not all of these skills
can be taught in such a short period of time.

In addition, while cooperation with industry veterans is
needed—as their experience of working on the front lines is vital
in creating a practical training curriculum—the rigorous selection
process for teachers at Japanese universities makes this difficult
unless the applicant has had some sort of significant achievement
within the industry; a doctorate degree is almost always required,
meaning a large majority of industry veterans are not academically
qualified to be considered. The number of these specialized
instructors that can be hired is also limited by the budget available,
with which teachers of other subjects (such as language) must also
be hired. The result of this is that the staff required for a game
development curriculum cannot actually be hired.

Finally, a severe time restriction exists. There are currently no
educational institutions at the high school level that teach game
design in Japan, so there is no guarantee that students’ computer
skills are proficient enough to engage in game development. In
order to bring their skill level closer to the required level, it is
necessary to incorporate foundational computer training for game
design into any game design curriculum.

Also, it is a general expectation in Japan that university students
must have a confirmed job position before they graduate, and that
it is the university’s responsibility to ensure that this happens. It is
thus normal for students to begin the time consuming process of
job hunting at the end of their 3rd year.

As time must be allocated for basic computer training and for
job hunting, this leaves only 2-3 years to fully educate students in
game development.

3. Our approach
3.1. Combining existing curriculum

Our approach to solve these problems involves the utilization of
our existing media technology curriculum. We extracted young
educational staff, researchers and industry veterans from the
Faculty of Media’s existing pool of human resources and paired
them together. In doing so, we were able to enrich our existing staff
for the preparation of a curriculum that combines knowledge
straight from the industry with conventional university seminars.
We were also able to avoid the above stated problems of hiring new
staff.

3.2. Review of current situation of school of media science, TUT

At TUT, we led other universities in Japan by opening the School
of “Media Science” (capacity: 400 students) in 1999. The school
effectively prepared curriculums combining lectures and exercises
that were adopted as the “Organization and practice of media-
related exercise class” project by the 2005 Support Program for

Distinctive University Education of the Japanese Ministry of
Education Culture, Sports, Science and Technology (MEXT).

4. Program details

In accordance with the needs of the Japanese game industry, we
have attempted to build a curriculum through a comprehensive
game development program based on the curriculums in use at the
School of Media Science.

The different technologies and skills required for game produc-
tion are scattered over a wide range of fields, out of which any game
production course must be prepared to cover. While it is thus
necessary to employ and invite industry experts as part-time or
guest lecturers to deliver lectures, this alone is insufficient. In order
to achieve a practical and effective education program, full-time
staffs who are not only experts in their respective fields, but also
readily available to offer detailed instructions to students at even
the individual level, are needed. This ensures that students receive
instructions appropriate to their level of progress. TUT caters to
both these aspects. On one hand TUT has full-time experts in real-
time CG technology and animation. On the other hand, we also
regularly invite Yamaji—the president of an independent game
development company—to coordinate and gather experts from the
industry to perform guest lectures. This allows TUT to offer tuition
across a wide range of different disciplines. This staff combination
made it possible to create a curriculum that integrated both
fundamental game production techniques and practical knowledge
relevant to the industry.

4.1. Curriculum

Fig. 1 shows the system of exercise subjects that are available at
TUT. These subjects include “basic exercises” that are compulsory
for the 2nd year students, the “core exercise” for the 3rd year
students and the “project based exercise” offered to students from
the 1st to 3rd years as special exercises offered from an early stage.
With each subject accepting the setting of a sub-discipline, a
framework for prompt response to a student needs is established.
This approach enables students to either challenge the same theme
from the 1st to the 4th year or to learn different skills according to
their learning stages. Game education also includes two special
course lectures in addition to the exercise curriculum described
above. Concurrent learning via lectures and exercises allows the
students to learn the subject through both theory and practice.

Our curriculum, however, differs from other curriculums avail-
able at the Faculty of Media. While other curriculums are designed
such that the semester-long exercises are offered every semester,
our “project based exercise” is an exercise program that spans
across 6 semesters.

1st year 2nd year 3rd year 4th year
. . . Media core
Fresher tutorials Media basic .
. exercise:
exercise: 2 themes
Computer 4 themes o Graduation
. (optional),
operation (compulsory), 13 research
exercise 6 weeks/theme )
weeks/theme
Project based exercise

Fig. 1. Exercise system at TUT School of Media Science.
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We focus on teaching three major areas surrounding game
production: planning (game design, mechanics, user experience),
production skills (programming, graphics, sound, documentation,
presentation) and management skills (producing, marketing, pro-
duct evaluation) in the 1st, 2nd and 3rd years, respectively.

The 1st year is aimed at educating students in the area of planning.
While prototyping methods are indeed effective in designing games
[7]; creating a prototype is time consuming. In the first semester,
students will not still learn how to use digital tools used in game
development. Since the aim of this workshop is to educate students in
fundamental game mechanisms, instead of designing a new game,
students add and change rules of physical (traditional) games such as
“hide and seek” and are required to make a presentation in front all
the other students. The modified games are then test-played, the rules
further revised, and a final presentation is made. This workshop lasts
approximately 12 h carried out over the span of 4 weeks. The
workshop is suitable for the 1st year students as it demands a lot
of communication, forcing them to develop the communication
ability needed for the subsequent game development phase. After
this workshop, students form separate game production teams. Since
students have had time to get to know their peers’ personalities,
interests and abilities, the team forming process occurs smoothly and
naturally.

In the 2nd year, students are taught production skills and must
choose an area of their interests. Game production requires two
different types of human resource, those that are oriented to creative
matters (game creators) and those with commercial interests (game
producers). Our curriculum intends to cultivate practical human
resources by providing an education from both perspectives and then
linking them principally by exercises. The game creator course is
divided into 3 sub-courses: programming, graphics and sound. The
programming sub-course teaches students the basics of 3D game
programming using an in-house Visual G+ based graphic library. In
the graphics sub-course, students are trained in the creation of
graphical assets including models and motions for games using
Maya. In the sound sub-course, students use programs such as Cubase
to create original music. The game producer course focuses on the
documentation required for game development and presentation
skills. Each game development team consists of students from all four
courses, linking their skills together and allowing them to experience
how these different disciplines come together in game development.

In the 3rd year, management skills are introduced. Students
exhibit their games at the world’s largest game event—the Tokyo
Game Show (TGS). In preparation for this, students must design
and create necessary promotional materials such as brochures,
panels and promotion movies. Before the TGS, the games are also
exhibited at various campus events, giving the teams the
opportunity to see how users react to their games. At the TGS
students are exposed to a much larger and global audience, and
are able to gather even more opinions, reviews and advice from
the general users as well as industry experts. This is carried out to
ensure that the students maintain a high level of motivation
during the duration of the project based exercise. As underclass-
men watch the upperclassmen working hard to perfect their
game for the TGS, they know that it is that path that they must
also eventually walk. For this purpose, presentations and pro-
gress reports by 1st, 2nd and 3rd year students are done together
in the same sessions.

Sometimes, there are students who wish to join the project
based exercise partway through, in which case they are admitted to
the course based on 2 criteria; (1) possess some kind of skill
relevant to game development, and (2) be accepted by an
existing team.

The main aim of this workshop is to help the students develop
the ability to find and learn for themselves the knowledge and skills
that they need.
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Each team will inevitably design a different game, and thus the
skills required to develop each game will also be different. It is not
possible for instructors to teach all the skills that every team needs
in one single workshop. Therefore, instead of spoon-feeding
knowledge to the students, instructors teach them learning meth-
odology. In most cases, the basics of such knowledge is taught in
one of the classes offered by the School of Media Science, and so
instructors point students towards these classes. Once students
have taken these classes and acquired the basic knowledge, they
become informed enough to be able to seek out any further
information they require by themselves, such as international
journals and related articles. By adopting this structure, skills and
knowledge acquired in any of the other ICT based classes offered by
the School of Media Science in turn reinforces our game oriented
curriculum, and vice-versa.

After spending 3 years in actual game development and other
studies, students are required to research on the game production
techniques and technologies in the 4th year, and write a gradua-
tion thesis in their chosen field of specialization. Using their past 3
years of game production experience and their knowledge of
learning methodology as a foundation, students have a good idea
of the problems that occur during game production, and are thus
able to propose and execute practical and unique research themes.
Fig. 2 shows the outline of our curriculum. Furthermore, as TUT
offers game production as a possible specialization within the
School of Media Science’s graduate program, students can choose
to continue their studies at the master and doctoral level if they
wish to do so.

As an education program designed specifically for practical
game production, this curriculum was applied to and adopted by
the university reform promotion subsidy (university reform pro-
motion project) entitled “Support for Good Practice for modern
education needs”.

Entrance Game Creator Game Producer
L 2 L 2
Sem.1 Project based exercise |
1st ' (Understanding the algorithm of Analog play)
year Project based exercise Il
Sem.2 L. -
(Devising an original plan)
L 2
Basics of game producing(Lecture)
Project based exercise IlI
Sem.1 . . . .
(Learning the game material production technique)
cul Game producing techniques(Lecture)
year
Project bgsed exercise Project based exercise
Sem.2 IV (Leaning advanced
. K IV (Management)
production techniques)
L 2 L 3
Core exercise: "Game producing"
Project based exercise V, Project based exercise V,
3rd year VI (Experimenting VI (Experimental
production techniques) management)
Presentation at Game Show
L 2 L 2
4th year Graduation research “Game science” |
L ] ¥ L 2
. Starting Graduate school
Future Job findin
J businesses (R&D course)

Fig. 2. Game education curriculum.
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4.2. Education resources

In order to implement an education system regarding any kind
of contents, it is essential that the educational institution possesses
the necessary facilities, as well as the organizational ability to
seamlessly integrate core classes with guest lectures by the
industry experts. Therefore, at TUT we have established the
“Creative Lab (C_LAB)” in the Katayanagi Advanced Research
Lab as a foundation for studying contents production techniques.
The foundation is attached to the university and the laboratory
is conducted under the guidance of Kaneko and the authors
of this paper. By inviting advice from outside people with
relevant experience and knowledge, the C_LAB has gathered
young researchers and production staff to begin the study of
contents production technology. It has thus built an effective
system for providing practical education throughout the
process.

The C_LAB aggressively reaches out to the industry and govern-
ment, establishing many collaborative projects that students are
able to participate in as interns. Projects are always backed up by
highly skilled technical staff from the C_LAB, who take on both
technical support and management roles. Collaboration with
private enterprise companies also becomes easy because such
professional support is always available to students, allowing
them to produce industry-standard work even while at
school. These internships provide students with an education close
to the practical work by letting them work in the real-world
projects.

Fig. 3 shows the staff structure of the C_LAB. The details of the
teaching staff are as shown in Table 1.

Specialized technical
staff in Research
laboratories

Research
*\Collaboratio

[ Tokyo University of Technology ]
1

1 1
][ Graduate School ][KatayanaglAdvanced

1
School of
Media Science
4

Research Laboratories

5. Research projects

The projects that are considered in this paper include “Game
Science” research projects within the framework of graduate
research and industry/university collaborative projects joined by
the C_LAB, etc.

5.1. 4th year graduation research

5.1.1. Selection

4th year students are required to join a research project, each
for a different specialization. Each graduation research project
sets a quota for the permitted number of students. Students
apply for their desired project, and if the number of applicants
exceeds the set project limit, the project tutors are permitted to
select the students. In fact, since its establishment in 2006 the
number of applicants for the Game Science projects largely
exceeds the program’s capacity, thus student selection is per-
formed every year. The selection evaluates the projects and work
that each student has achieved rather than their (grade point
average) GPA. Table 2 displays past student application data.
Table 3 shows the share of applicant fields and that of the
selected fields in 2006 and 2007. The trend shows that the
selection rate of students applying for the planning project
(scenarios) is the lowest. This is because a large number of
these applicants were not from the project based exercises, and
as they had little or no previous experience of game design, they
could only apply for scenario research—which requires the least
previous experience and knowledge. Their lack of understanding
of game development, however, made them weak applicants,
and so very few were selected. On the other hand, many of the
students applying for the programming and graphics projects
were graduates from the project based exercise program. These

Table 2
Selection data.

Proper Teacher ' """ Capacity Applicants Selected students
Research area is “motion picture”, “CG”, 2006 16 59 24
“Animation”, “Web”, “Sound and Music” Independent Game Developer 2007 16 39 19
::Programming'”,””!:letworlf”, “Patabase”, “Premium Agency Inc.” 2008 20 43 21
Business Affair”, “Education” and so on 2009 20 26 20
i . 2010 20 31 20
Fig. 3. Staff structure at Creative Lab.
Table 3
Field trend data during 2006-2007.
Table 1
Teaching staff list. Field Applicant share (%) Selection share (%)
Role Teaching staff Planning (Scenario) 40 10
Programming 30 50
Director Mitsuru Kaneko Graphics 25 30
Graduate Taichi Watanabe, Koji Mikami, Katsunori Yamaji, Kenji Sound 5 10
research Ozawa
Core exercises Koji Mikami, Mitsuru Kaneko, Yosuke Nakamura, Tagiru
Nakamura, Kenji Ozawa
Project exercises Koji Mikami, Taichi Watanabe (Producing) , Akinori Ito Table 4
(Sound), Motonobu Kawashima (Graphics), Tagiru Field trend data during 2008-2010.
Nakamura , Ryota Takeuchi (Programming)
Lecture subjects Katsunori Yamaji (Basic of game producing, game Field Applicant share (%) Selection share (%)
producing techniques)
Special lecturers Sony Computer Entertainment, Microsoft, Game Planning (Scenario) 30 20
Republic, EnterBrain, Tohmatsu Consulting, etc. Programming 40 55
Graphics 25 20
Note: Underscored names indicate Course Tutors and the names in italic indicate the Sound 5 5

C_LAB staff.
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students were stronger candidates as they already had a certain
understanding of games development, so the selection rate for
them was high.

The project based exercises are designed to lead students towards
their graduation research, and many of the students from the project
based exercises accept the importance of acquiring programming skills.
Such high awareness of programming from the entrance stage to the
actual game production is not found outside the project based
exercises. This is clearly different from the recent trend where students
avoid engineering courses. Table 4 shows the share of applicant fields
and that of the selected fields in 2008, 2009 and 2010. All these students
are from the project based exercise era. Approximately half of the
applicants were students from the project based exercise. Applicants
who took the project based exercise clearly had higher motivation and
sense of initiation to continue research compared to those who did not.
Due to their 3 years of game production experience, these applicants
had greater awareness on game production and consequently had
much higher chance of being selected.

The increase in percentage of students in planning was due to an
increase in students interested in production management. The
drop in graphics was due to an increase in students interested in
researching graphics from a programming perspective instead of
graphics from an artistic perspective.

5.1.2. Research topics

In the Game Science Project, students personally collect data
and propose their own research themes based on this data. The
teacher judges whether or not the proposed theme is feasible and
approves it for graduation research if it is considered to be so. Basic
CG research is the foremost theme at the present but there are also
other popular themes such as graphic representation techniques,
usability studies, 3D audio and scenario analyses. Some of the
theses written in the past are listed below:

Application of “boundary blur” to CG.

Elastic body deformation accompanied by phase shifts.
Energy wave representation with volume rendering.
Rendering technique to add American comic atmosphere.
Crowd simulations in the context of the behavior of sardines.

5.1.3. Activities outside the university
The games produced as a result of the graduation research and
project based exercises were exhibited at the Tokyo Game Show

Fig. 4. Exhibition at Tokyo Game Show 2009.

Fig. 5. Exhibition at Tokyo Game Show 2009.

Fig. 6. Sample of exhibited game at Tokyo Game Show 2008.

Fig. 7. Sample of exhibited game at Tokyo Game Show 2008.
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Fig. 8. Sample of exhibited poster at Tokyo Game Show 2008.
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Fig. 9. Sample of exhibited panel at Tokyo Game Show 2009.

2007, 2008, 2009 and 2010 as shown in Figs. 4-9. The Tokyo Game
Show is participated mainly by vocational colleges and exhibitions
related to academic research are relatively few. Nevertheless,
featuring research goals and game production issues at an inter-
national industry event has made it possible to maintain motiva-
tion in students throughout the long process of research and game
production as well as obtaining feedback from those who are
actually within the game industry.

5.2. Industry/university collaboration in research

The Creative Lab plays the central role in advancing a large
number of research projects in collaboration with Premium
Agency, Inc. Among them, research projects related to game
production are introduced below:

5.2.1. Researchrelated to motion generation technology using MOCAP

An experiment concerning the animation of 3D characters using
the motion capture system owned by TUT is underway. It includes
the study of advanced capturing techniques as well as the study and
practice of practical capturing techniques for the actual contents
creation. This research involves researchers and a large number of
students from the School of Media Science. Fig. 10 shows examples
of the work handled in this experiment.

5.2.2. R&D for remote training materials
A variety of dedicated software is used in the production of
contents including games. As many of the software programs
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Fig. 11. Example of training material contents.
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Fig. 12. Screen shot of the process management software “B-TRAQ".

incorporate various functions, their operations also tend to be
complicated. As a result, learning how to operate software is an
important part of contents production education. In this research,
teaching materials as shown in Fig. 11 are researched and
developed to educate students in both the technology necessary
for more practical content production and software operation
skills.

5.2.3. Game development process management system study
Contents production uses a large number of specialized pro-
cesses before completion of a product. These processes vary widely
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depending on the form and genre of the contents. Technology for
managing the production processes is as important as the produc-
tion technology itself. In the context of game development, other
factors such as program debugging are involved additionally. This
research consists of the study of process management systems as
shown in Fig. 12.

6. Evaluation

The present attempt was started in 2004 and the curriculum
was completed in the academic year 2008. As we cannot restrict
students from studying a number of different subjects during these
3 years, it is difficult to evaluate our curriculum easily using a
before-after comparison. Therefore, statistical evaluation is lim-
ited to some part of lectures and workshops.

6.1. Evaluation of the lectures

A “class evaluation questionnaire” designed to evaluate class
performances showed that the game related classes were highly
rated by students. These classes were attended by more than
400 students, corresponding to more than 80% of the students in
the same grade.

6.2. Evaluation of the project based exercises

The project based exercise that students applied from 1st to 3rd
year has achieved its goal. Students with different specializations
such as producing, programming, graphics and sound, cooperated
and integrated their skills to complete a final project. Within this
environment, the students were able to learn the skills that they
really wanted to and how to apply them. In addition to this, the fact
that they were exposed to a multitude of the different facets of
game production such as programming, graphics and sound should
also be considered a merit. Also, by conducting exercises for 1st to
3rd year students together, an academically and socially healthy
environment was created where upperclassmen were able to guide
lowerclassmen.

On the other hand, offering practicum from early stages has a
demerit, where students who have not yet decided their path will
find it difficult to participate. Also, students have a hard time
choosing things that they want to specialize in during early stages.

Fig. 13. Snapshot of the Global Game Jam 2010 (Tokyo University of Technology site).
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Fig. 14. Game developed at Global Game Jam 2010.

Furthermore, some students choose a specialization and decide
later to switch to something else. The curriculum does not
currently cater well to such students, and thus must be developed
further in this area.

6.3. Evaluation for effectiveness of education

Students who had completed the project based exercise course
and several foreign students from the graduate school participated
in the Global Game Jam 2010 (GGJ2010) [8], where games must be
developed within 48 h based on certain specific themes. Students
from the project based exercise course formed an 8 person team,
which included 1 foreign graduate student. Communicating in
Japanese and English, they took up the challenge of creating a XNA
based game during this short period. They were able to deliver a
game of high completion on time, reaching the alpha stage in 40 h,
and the beta stage in 45h. They demonstrated exceptional
management and development abilities, which were praised by
the game development company staff who were invited to the
event as guests (Figs. 13 and 14).

Although the effect of the new curriculum on job finding is hard
to determine from a single example, it is encouraging that six of the
15 students who have graduated from the “Game Science” research
project and have applied for jobs in the game industry have actually
found jobs there (including in associated industries).

7. Conclusion

In Japan, industry-university collaboration in the field of games
has just begun. When the project was initiated there were no
existing curriculums for a 4 year Bachelor’s program in game
development in Japan. However, there have been a growing
number of ICT faculties that are setting up game courses. Further-
more, efforts are being made to set up an educational environment
such as IGDA Japan'’s effort to translate IGDA’s curriculum frame-
work [9].

In TUT, students are actively engaged in collaboration. 75
students are confidently participating in project exercises that
are provided as optional classes. These students are acquiring skills
independently from early on (Fig. 15).

Collaboration can be considered effective in cultivating human
resources. However, there are issues that prevail with respect to
practical technology development.
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4th Grade and
Graduate student
Students want to invent new technology or solve problem
2nd to 3rd 50 students / year
Grade

15t to 2nd
Grade

25 students / year

Students want to have special skills

75 students / year
Students want to experience game development
100 students /
year

Fig. 15. Growth of students participating in the program.

Student love to Play Game

7.1. Issues

7.1.1. Criticism of the effectiveness of “Core exercise”

In comparison with the project workshop evaluation, the class
evaluation questionnaire feedback from students scored lower. The
reason was that the initial skill level of the students varied greatly,
as both students who have been following the curriculum since
their 1st year and those who have not, were present in the classes.
This forced instructors to adjust the level of the class to cater to
those who have had no prior experience of game development,
leading to students emerging with an overall lower than desired
technical skills level.

7.1.2. Employment

While many students wish to enter the game industry, as it
stands not many are actually employed. Since game education is
not available at many universities, the result is that students from
all kinds of different backgrounds apply to game companies,
leading to acceptance rates as low as 1 in 100 applicants for big-
name firms. In order to ensure that students with skills specific to
game development are able to enter and thrive in the industry,
collaboration with game development firms is essential. Joint
research projects with development firms could prove to be
extremely important. Working with the industry, universities as
research institutes play a key role in the development and
evolution of the game industry. To date, due to game education
being vocational college centered, this has not been possible.

7.1.3. Gap between the research periods of students and the expected
results

Because the period allocated for substantial research in the
undergraduate school is less than a year, many students do not
have enough time to achieve significant results. As students also
have other commitments during this time such as job hunting, it is
difficult to increase their research capacity. Moreover, some of the
technologies required in actual game production are of low
academic significance and are hard to assimilate in the academic
dissertations.

7.1.4. Necessity of middleware

Students take a long time to master the technologies necessary
for game development. By the time their skill level is good enough
to allow them to develop a game, there is not much time left to
actually do so. The current solution is to provide students with
middleware to speed up the development process. However, this
makes it hard for the students to experience actual game

Fig. 16. Originally developed “Motion Generation Tool”.

development and improve their skills, as they are not creating
the game from scratch. Naturally, the benefit to students becomes
questionable. In order to solve this problem, it is desirable to
prepare development tools and middleware such as “Alice” [10]
that allows development without degrading the requisite degree of
freedom.

7.2. Future perspectives

In order to enhance the effects of the curriculum even further in
the future, it is important that the entire undergraduate school
promotes further enhancements and also collaborates effectively
with the postgraduate school.

It is therefore desirable to prepare a mechanism that allows
students to tackle research at an earlier stage than the graduation
research. Doing so allows for more practical joint research and ensures
that research of high academic value may be achieved (Fig. 16).

The postgraduate school is independently developing the
requisite support tools such as the “motion generation tool” that
can reproduce different types of motion easily in programs and the
“object profiler” that manages the motion history of 3D objects for
use in bug analyses. When an integrated support environment can
be created by merging these tools it will be possible to prepare
a customizable environment that allows students to efficiently
experience actual productions.
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Introduction to Computer Graphics by
Example Based Programming

This paper describes introductory computer
graphics education for a large body of students in a
large hall through example based programming
methods. First, we explain the lecture contents and
the CG programming necessary for an
"Introduction to Computer Graphics" for Tokyo
University of Technology second year students.
Second, we explain the result of a CG practice using
“processing’” that wuses an example base

programming method that features semi-
programming. This method can reduce debug time,
the time necessary to learn programming, and can

improve the CG programming ability of a student.
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In this paper, we will introduce a game production program to iterate multiple game development cycles
in a limited period. In one semester, we executed a game development process thrice, changing members
every time. Students had the opportunity to gain experience, working with different people; also, by
being provided a time limit for the development process, they learned how to manage development time
effectively. Furthermore, by implementing the plan-do-check-act (PDCA) cycle [ASQ] in each develop-
ment, students had the opportunity to identify and solve problems during the semester. Using this
framework, we worked on the following three educational problems in Japan:
(1) Mixed development with students of diverse ages and educational levels
(2) Consciousness of development time
(3) Understanding of each individual's strong and weak points

Finally, we compared three types of programs (this program, Global Game Jam, and a mentor-based
development program) in order to evaluate the aspects of game development that can be learned by
them. We discussed how to develop a curriculum using a Game Jam framework.
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assessment.
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1. Introduction

In recent years, active efforts have been made for the imple-
mentation of practical game education in many universities of
North America [7,30]. IGDA proposed the International Game
Developers Association (IGDA) curriculum framework in 2003 and
2008 [13] that states the wide implementation of game education
in North America [3,14,17,19,20,23]. However, there are also
similar activities in Europe. For example, the Creative Skillset
provides game guidelines for both art and technical aspects in the
UK [5].

A big part of game development is performed by a develop-
ment team, which makes communication between team members
a fundamental part of the process. Developers in a team differ in
skills and age; therefore, it is necessary to be able to work with
members with different characteristics and abilities.

* Correspondence to: 1404-1, Katakura, Hachioji, 192-0982 Tokyo, Japan.
Fax: +81 426 37 2112.

http://dx.doi.org/10.1016/j.cag.2016.07.006
0097-8493/© 2016 Elsevier Ltd. All rights reserved.

Many universities use project-based learning (PjBL), problem-
based learning (PBL), and activity-led learning (ALL) in order to
maintain students’ motivation and to stimulate self-learning
[1,2,11,19,26].

Recently, Agile and SCRUM, which are methods suitable for
small software development teams, have been used in game
development projects [29]. These methods are also used in game
education [8,27].

1.1. Situation of Japanese higher education

Higher education in Japan varies from other regions [19]. In
Japan, there are universities, graduate universities, junior uni-
versities (2 years), and vocational schools recognized as higher
education institutions. In vocational schools, namely “professional
training colleges (PTCs),” which last from 2 to 4 years, and “mis-
cellaneous schools,” which last from 3 months to 1 year, the cur-
ricula are defined by “the Ministry of Education, Culture, Sports,
Science, and Technology in Japan (MEXT).”
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In Japan, most of the game education courses are conducted in
universities and PTCs for students immediately after high school.
In order to gain university admission, students have to pass strict
entrance examinations. For eligible applicants, students select the
faculty and course that they wish to join in their university
application. However, if the students fail the entrance exam, they
will have to go to another university or vocational school. Students
who failed to gain university admission will study in prep schools
or self-study before reapplying again in the following academic
year. Some students may spend an average 1-2 years before
entering into their desired university. Therefore, most of the
freshmen of higher education institutes are 18 or 19 years old, and
classes usually consist of students of the same age range. Despite
the difficulty in Japanese university admission, the study and
graduate requirements are relatively easy with the majority of
students graduating in 4 years. This situation also prevents older
people from going to university because the Japanese higher
education system is designed to fit 18-22-year-old students.

In addition, most of the companies begin recruiting students
before the beginning of their final year in Japan. Students (also
their parents) would want to secure their ideal job immediately
after graduation. Therefore, the curricula of universities are
designed for students to find jobs during their last year. Usually,
students will only be assigned a thesis or a production project in
their final year as they may have to spend long hours off campus to
secure a job offer upon graduation.

In Japan, graduate universities are separate from universities
where the former is specific for postgraduate students. Therefore,
the first-year students of graduate universities are usually 22 or 23
years old.

1.2. Challenges in Japanese higher education

In the Tokyo University of Technology, we have designed a
curriculum for the attainment of specific professional skills such as
the ones required to be a programmer, game designer, 3D artist,
technical artist, sound artist, manager, and other types of engineer
[19]. We also provide students experiences in production through
PjBL [15].

In the game industry, teams are formed with varying age and
experience. However, in Japanese higher education institutions,
most of the classes cater to each year's cohort. Students in the
same year fall within the same age group, and the education
curriculum progresses separately year by year as well [19]. This
translates to a development process performed by members who
have similar experience and are of almost the same age. If possible,
we would like to adjust the schedule of students from several
years or students from several institutions. However, for the final-
year students, we need to provide them with more time for their
job hunt. Therefore, the freshmen, sophomore, and junior curri-
cula are high density, but it is difficult to prepare a similar inten-
sity for the seniors. Many classes are conducted in parallel; hence,
it is very difficult to adjust the class schedule for students from a
different year or institution. In addition, the curriculum is
restricted by MEXT. As a result, the Japanese higher education
environment becomes a barrier, and the opportunity to work on
projects in diverse environments is rare.

1.3. Limitations in our previous game education

Generally, if students develop a game while learning a new
technology, managing the development schedule of the project
becomes a big challenge. During the technology learning phase, it
is difficult for students to estimate the task completion time or
determine the task feasibility. Due to these issues, it is difficult to
make a good development plan considering the working schedule.

Although the agile and SCRUM approaches are suitable for learn-
ing these things, it is very difficult to adopt them in Japanese
universities because the curriculum's density is high and outside
activities such as job hunting are also included.

The PjBL, PBL, and ALL are good methods; however, they too
present some problems. The adequate amount of guidance is one
of the biggest issues for these types of education methods. If
teachers give too many instructions, students might become too
dependent on the provision of guidance [2]. In addition, devel-
oping original games requires considerable time and specialized
skills. Therefore, the development time often becomes a barrier for
obtaining productive development experience with teams. Stu-
dents can learn many aspects on the technical skills and produc-
tion management through PjBL, PBL, or ALL, but this process
requires a long time to develop an original game. For that reason,
we have to allocate enough production time for the students to
complete their projects. As a result, we could allot time for pre-
sentation and peer review, but we do not have sufficient time for
skill refinement during the semester. In consequence, it is difficult
for the team members to improve their collective development
skills, because they will be separated in the next semester. If stu-
dents iterate this production process in one semester, they will
receive feedback through the game reviews or production activ-
ities. Subsequently, they can try another method in the next
iteration. In this case, the feedback is more effective than one-way
guidance because the participants can learn from results and
feedback.

In addition, group production sometimes relies on the ability of
certain skillful students [2]. If the game production process is
implemented in an iterative way, the team and role of each
member can change. Skillful students tend to be leaders in their
teams, and other students would just follow their leader. If there is
opportunity for a cyclical development process, every team
member, irrespective of their level and skill sets, can be the leaders
and team member, respectively. If students develop games from
different aspects or points of view, they can objectively understand
different parts of the development process they experience.

2. Our idea

In recent years, events known as Game Jams have taken place
around the world [29]. The most famous and biggest event is the
Global Game Jam (GG]J) [6,10] (Fig. 1). The first GGJ was designed in
2008 and held in 2009 in response to the Nordic Game Jam in
2006 [22]. At that time, most of the games were too huge for game
creators to understand the whole process along with the challenge
of creating a new game [9]. The GGJ is an event that condenses
game development. As the development time is limited, the
developed game in GG]J is sometimes part of a game or a proto-
type. However, participants can undergo parallel experiences of
real game development projects [28]. The GGJ is a weekend event
that allows professional developers working on weekdays to par-
ticipate on an independent basis. In the GGJ, anyone from pro-
fessional game developers, other professionals from the game
industry to students can be part of the event; therefore, a variety
of participants can gather at the same venue. As the development
time in a Game Jam is limited, it is important to have an accurate
estimation about a task completion time in the schedule plan. The
GG] participants from the game industry apply professional
methods in game development and management. Therefore, it is
possible to gain insight and awareness of their development speed
and professional methods through hands-on experience in events
such as this. Moreover, as the GG]J is a short-term event, it is sui-
table as a trial for individual challenges or tasks. The GGJ is not a
contest; however, it aims to be a challenging platform for
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Fig. 1. State of development at Global Game Jam 2015.

developers. Therefore, it tends to be effective also in the game
developer's education [16,21,25,28].

We were determined to participate in the GGJ and motivate our
students (graduate and undergraduate) to become game devel-
opers. Thus, we make them work with industry professionals.
Toward the preparation for the GGJ, we implemented a program
based on Game Jams and iterative production. In these iterations,
we can stimulate our students to experience development with a
variety of members, managing production time, as well as finding
and challenging their own problems. This method is inspired by
the plan-do-check-act (PDCA) method, which is a four-step
model for control and improvement of processes. While the
cycle has not ended, the PDCA process should be repeated for
continuous improvement [4].

Finally, students will try to develop with professional devel-
opers as part of a team in the GG]J. Through these events, students
can experience professional game development's speed and
process.

In addition, through this program, we aim to overcome some of
the PjBL limitations in game production such as the amount of
guidance and skillful students.

3. Features of our program

In this program, the development iteration is conducted three
times in one semester. Each development cycle is set to be
approximately 1 month. This program is not part of the university
degree's required course credits; therefore, participation is based
on interest as there are no selection prerequisites or criteria. As a
result, we received many students including novice students.

Students develop in different teams of seven to nine students
each time. In SCRUM, the guide indicates 3-9 members as the
possible size for a team [29]. Pelrine indicated that five members is
one of the three preferred sizes for a developing team [24]. In our
program, we added two or three novice students to five or six
experienced student teams in order to provide these students the
opportunity to learn from their seniors. Lecturers select students
and assign them to teams. Before the team formation, lecturers
would check the student's skill such as programming level and
knowledge of 2D/3D graphics. Then, in accordance with the stu-
dents’ skills, we would form teams as fair and balanced as possible.
Students would work on the theme that has been set in accor-
dance with the GGJ rule. The theme could be keywords, sentences,
illustrations, sounds, etc. [9]. In our previous method, it was
common to develop a single game in one semester; however, in
that case, there is no opportunity to improve in response to the
evaluation after the game completion. If students have the
opportunity to develop three times in a semester, it is also an
opportunity to improve in response to the evaluation of completed
games and their own contribution to the game. As team members

Our Previous Model (Less than 1 cycle)

Evaluation?

Development

Game Jam Based Model (3 cycles) .
1 Experience
Evaluation?

RapidDev. C E D RapidDev. C

Completion

E D | Rapid Dev.

Discussion??

Completion

Fig. 2. Program framework.

are sometimes responsible for a good/bad evaluation, we also
change teams at every iteration. Students, with their own intent,
can try to improve themselves at the next iteration with the next
team. Fig. 2 is an overview image of our program.

3.1. Participants

We received first- to fourth-year students from the PTC, third-
to fourth-year undergraduate students, and first- to second-year
graduate master students. Regarding their game development
skills, the programmers and game designers are the participant
majority with few 2D/3D graphics artists and sound artists. There
are variations in the development experience and tools. In our
previous model, students in the same age range developed a game
with their team in the same year. However, in this program, it is
possible to have a team comprising members of different ages, and
students have the opportunity to develop in a team with a diver-
sity of skills and experience. Fig. 3 summarizes the age variations
of the participants.

3.2. Class schedule and the 48-h rule

Classes were held once a week, and the classes were composed
of two continuing units. We conducted Unity training for begin-
ners in the class. In addition, each team completed a progress
report and a presentation. Table 1 illustrates an outline of the
classes.

For game development, each student used their preferred time,
and they recorded their working hours. If the students could
adjust their schedule with their team members, they could utilize
their preferred time working as a team. As participants were from
different schools and academic years, the schedule for other sub-
jects was usually different. When we worked with students from
different grades and course background, it was difficult to find
enough time that allowed them to work together. The students
had to attend their own classes not related to this program.
Therefore, they assigned tasks to each other, and they spent their
preferred time such as after-school hours and weekends for their
assignments.
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Age 18 19 20 21 22 23 24 25 26 |

Professional Training Colleges

Table 2
Sample of game review sheet.

Evaluation points Team 1 Team 2 Team 3 Team 4
Other game Uni it Idea 3.44 3.67 3.76 2.83
e LINAZ I Accomplishments 3.44 420 335 2.89
- Fun 3.21 3.69 3.76 2.75
Graduate Graphics 2,94 4,00 353 3.67
Universi Implementation 338 433 3.41 3.33
Sound 2.94 293 3.12 244
Fig. 3. Participants’ age. Representation 313 3.60 3.29 2.67
Total 22.48 14.62 24.22 20.58
Table 1
Sample schedule of 1 semester. Table 3
Sample of personal review sheet.
Class1 Class2
September | 25 |Orientation Play Past GGJ Games Evaluation points 1st Cycle 2nd Cycle 3rd Cycle
2 |Orientation/Schedule Team Forming/Planning for Project 1
9 Trainingl: Basic of Unity3D Motivation 74 8.6 7
October 16 Training 2:Test Game Production by Unity3D Comu.mca_tlon 76 8.6 6.5
23 Training3:Control Using Script Contr;but}on (Idea) 8.6 7.8 73
i = . - Contribution (Output) 7.8 8.2 6.3
irst Project Presentation . .
p P — Contribution (Overall) 8 8.8 6.5
- - e - - - Task Management 5.5 8.2 6.2
13 |Brushup of First Projects Team Forming/Planning for Project 2
November
20 [Presentation of Plan for Project 2
z Training: Advanced Animation These results describe how their games and contribution are. The
4 Training6: Dynamics for Character

December | 11 |Second Project Presentation Team Forming/Planning for Project 3

18 |Presentation of Plan for Project 3

8 Training7: Sound and Visual Effects
January |

15 | Third Project Presentation

The development time that each student could use in one
development iteration is principally limited to 48 hours; however,
they are allowed to spend more time. The process is designed to fit
within 48 h, the same restrictions as the GGJ, where jammers are
expected to finish their games in 48 h. Due to consequential time
constraints, students were, thus, required to plan and estimate
their development speed accordingly. In addition, they could
compare their time estimations against their work in order to
expedite their actual development speed in the next iterations. As
a result, most of the students spent more than 48 h in the 1st
iteration with time reductions in the subsequent iterations.

In Japanese universities, it is recommended by MEXT to spend
the same amount of time of class for both preparation and review.
Since our program is 4 h per class, and the semester lasts 15 weeks
(60-hour class), it's required to have another 120 h of preparation
or review for credits. With regard to this, the workload of this
program is considered moderate.

3.3. Focus on production experience

In this curriculum, a team is comprised of members with skill
variations, and they develop a game within one month. When
teams seek too much quality or spend too much time for planning,
development itself does not progress. When teams place too much
weight on quality and the planning process, the game develop-
ment itself would be affected. Quality is not the key focus at this
stage as the undergraduate students had attended workshops
prior on game quality, but the aims are on student production and
management experience.

3.4. Review of iterations
Evaluation on the game and student performance is conducted

through peer review. Table 2 presents a sample of a game review
sheet, and Table 3 indicates a sample of a personal review sheet.

criterion in the game review sheet is evaluated between 1 (poor)
to 5 (excellent), and the criterion in personal review sheet is
evaluated between 1 (poor) to 10 (excellent). There are two types
of peer reviewers: the peer reviewers of game which include all
participants, also members from other teams and personal
reviewers, which include only teammates of the reviewed
member.

Personal review sheets help students to understand their
strong and weak points. With these tools, students can improve
their skills and commitment. As for the personal review sheet, we
also asked feedback from all professional game developers
involved in the development process during the GGJ. They eval-
uated students in a strict way, highlighting the pros and cons from
their experience and provided them constructive feedback for
improvement.

The evaluation items of the game review sheets are described
as follows.

® [dea: quality of planning

Accomplishment: degree of perfection (number of stages,
character, and so on)

Fun: fun of game play

Graphics: quality of graphics

Implementation: quality of programming

Sound: quality of sounds

Representation: quality of representation as a whole

The evaluation points of the personal review sheet are descri-
bed as follows:

® Motivation: did he/she join the project eagerly?

Communication: did he/she communicate well in a team?

e Contribution (Idea): did he/she suggest many ideas for the game
or the team?

e Contribution (Outputs): did he/she work well in quality and
quantity?

e Contribution (Overall): did he/she contribute to the project as
a whole?

® Task Management: did he/she set correct schedule and
perform it?
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4. History of the program

We started using this curriculum since 2010. At that time, due
to the creation and use of Unity, it was easier to prepare an
environment for game development. In recent years, there have
been many choices for game engines such as Unreal Engine or
CryEngine. We also have a class for Unreal Engine or C+ + with
our original graphic library. However, in our GGJ venue, the
majority of the game development environment is Unity. There-
fore, we adopted Unity as one of the development tools in this
program.

4.1. Participants

The number of participants for each year is shown in Table 4.

Because of internships or research activities, some students
might not participate in all stages of the curriculum.

Details are shown in Tables 5 and 6. The cells filled with red
and pale red represent the first majority and second majority of
the skilled area of the participants. There are many first- and
second-year PTC students as well as third-year university students
as participants. We could attract many game designers and
programmers.

4.2. Results

As shown in Table 2, it was possible to organize a team of
students from different backgrounds, age groups, and organiza-
tions. It was possible to develop a game with a variety of talent
and age range. Every year, most of the students exceed the 48-h
development time limit in the first iteration, but at the final

Table 4
Number of participants.

Year 1st Cycle 2nd Cycle 3rd Cycle
2010 31 26 18
2011 67 70 64
2012 61 56 56
2013 89 98 100
2014 59 49 43
Table 5
Detailed information of the participants (by Year).
Professional Training Colleges | Undergraduate Graduate
. Ist 2nd 3rd 4th 3rd 4th Ist 2nd
Year| Skilled Area Year | Year | Year | Year | Year | Year | Year | Year Total
GameDesign 2 6 2| 1 2] 13
2010 Progra.m 6 5 3 3] 2 19]
Graphic 1 1 1 3
Sound 1 1
GameDesign 2 4 2] 1 12 1 22
2011 Progrefm 12] 15 3 [§ 5 3 44
Graphic 6 3
Sound 1 1 2|
GameDesign 5 5 8 4 22
Program 23 9 2] 1 8 1 44
2012 Graphic 2 4 6|
Sound
GameDesign 3 5 3 11
Program 36, 17 15 14/ 5] 87
2013 Graphic 4 4
Sound 0)
GameDesign 5 1 7 3 1 17
Program 16| 10 2] 1 6] 2] 37
2014 Graphic 1 3] 1 5|
Sound 1 1
Total 103 74 29 9| 89 32 6 2) 3444

iteration of the process, they could keep to the development time
limit, understanding their development speed.

In order to understand their flaws and strong points, the stu-
dents received a review after their completion of each production
cycle: the “Game Review Sheet” and “Personal Review Sheet,”
which were used to improve their weaknesses and enhance their
strengths in the next iteration. This form of evaluation helps stu-
dents to experience identifying and solving problems in game
development, which is difficult in a conventional curriculum. Fig. 4
illustrates an example output by students at the second iteration
in 2012.

In this iteration, the theme was the use of the keyword “Exit”
following the GGJ 2011 theme “extinction.” The player characters
are fragile tomatoes in a factory. The player has to move to the exit
carefully because the stage has factory gimmicks such as moving
belt stamps. In the first iteration, most of the team members
exceeded their production time limit for each team. In this itera-
tion, they planned and scheduled moderately and could develop
the game within the production time limit.

5. Evaluation of the curriculum

In the previous research [20], we found that students improved
in their “Level Design,” “Prototyping,” and “Game Implementa-
tion” through this program. In order to discuss the curriculum
further, we conducted an evaluation in 2015.

5.1. Outline of comparison

In 2016, the questionnaire and interview were administered to
evaluate the kinds of game-developing projects that are effective
in understanding the significance of the production processes or
game elements. We abstracted processes and elements from the
book written by Gregory and McShaffry [12,18]. In addition, we
also evaluated the kinds of game-developing projects that are
effective in improving students’ skills. We conducted three types
of developing projects and asked feedback from 12 junior under-
graduate students who joined all the three types of projects. All of
these students have experienced long-term projects, projects that
last one semester or more. We asked them to compare these three
types of projects with long-term projects. The three types of
developing projects are explained as follows.

5.1.1. The GGJ-based proposed project

The GGJ-based proposed project was conducted in accordance
with the process mentioned in chapter 3. It was not an official
Game Jam but a development program specific for students using
the GGJ-based framework. Students spent almost 48 h within
1 month. In 2015, a total of 45 participants, including 12 students
who answered this evaluation, joined this program. We formed
five teams, and all the teams used Unity.

5.1.2. The GGJ

In 2016, there were 104 participants at our venue, and we
formed 13 teams with eight members including one to three
professional game developers. As for development tools, 10 teams
used Unity, two teams used Unreal Engine, and the rest applied
HSP. The 12 students joined the GGJ at the Tokyo University of
Technology (TUT) venue. Participants could spend only 46 h to
develop their game. We formed a team combining students and
professionals so that students could learn from professionals
similar to on-the-job training. In the GGJ, we did not force pro-
fessional game developers or students to take a specific part in
game development. Upon joining this event, participants equally
became one of the “jammers.” Everyone was equally a team leader,
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Table 6
Detailed information of the participants (Total).

Professional Training Colleges | Undergraduate Graduate
St A1 | v | veur | vear | veu | vear | ear | vear | vear | T
Game Design 15 17 2 1 36 10| 2] 2 85
Program 87 57, 217 8 36 14 2] 231
Graphic 0 27 0 0) 14 8 2 51
Sound 1 8 0] 0f 3 U 12
Total 103 109 29 9 89 32| 6) 2 379

Fig. 4. Sample of student work.

lead programmer, lead artist, or regular member even though they
were students.

In the GGJ 2016, the keyword “Ritual” was provided as the
theme. As GGJ was held in an actual venue, the team sometimes
used Agile or SCRUM methods. Fig. 5 illustrates a sample of a
team's task list in the TUT venue.

5.1.3. Heat Dev projects

Heat Dev is a short-term game-developing project supported
by DeNA Co. Ltd. In this project, a skilled professional game pro-
ducer/director became the teacher and mentor of the project. He
gave lectures about planning and reviewed students’ “Game
Design Documents (GDDs),” brief “Technical Design Documents
(TDDs),” and “Prototype” in detail. Students modified them in
accordance with his professional review and comments. In this
project, we prepared some approval processes at the “TDD” and
“Prototype” levels. Until the mentor gave his “approval” to the
submitted brief “TDD,” students could not proceed to the “Proto-
type” phase. There was another approval process in the “Proto-
type” phase. Without approval, students could not advance to the
production phase. The project spanned around 3 months. Students
spent 1 month for their GDD and TDD documentation and
approval phases. They also spent 1 month for the “Prototype”
development and approval phase. Then, they completed their
work using the remaining production time. We did not limit
production time although it was similar to other projects (i.e.,
48 h) because students had to wait for their approvals. In this
project, 24 participants formed four teams. All the teams used
Unity. The theme was “Physics.” Fig. 6 shows a sample of review by
the mentor at the TDD phase, and Fig. 7 illustrates a sample of a
game developed in the Heat Dev Project.

Fig. 5. Task list on the whiteboard in the GGJ.

5.2. Recognition of significance

We asked students to evaluate the significance of the produc-
tion process or game elements of each project. The results of their
understanding of the production process and elements through
GGJ-based proposed projects are shown in Table 7.

From these results, we deduced that many students could
understand in depth the significance of “Game Design,” “Quality
Assurance,” and “Alpha, Beta, and Master Version Release” through
this project.

However, we found that they could not recognize the sig-
nificance of the aesthetics such as “Modeling of Background
Objects,” “Character Modeling,” “Animation,” and “Visual Effects.”

In 2015, we could not iterate this process for these 12 students.
If we could iterate it, the results would be different.

The results of understanding the production process and ele-
ments through GGJ are summarized in Table 8.

From the results, we deduce that the GGJ-based curriculum and
the GGJ share a similar effect: students understand the sig-
nificance of “Game Design,” “Game Implementation,” “Quality
Assurance,” and “Alpha, Beta, and Master Version Release” through
this project. However, compared to the GGJ-based program, the
aesthetic aspects in the GGJ were well recognized. In the GGJ,
there were professional game developers in each team; therefore,
students could learn from these professionals.

The result of understanding the production process and ele-
ments through the Heat Dev project are shown in Table 9.

From these results, we found that “Game Design Document,”
“Game Implementation,” “Quality Assurance,” and “Alpha, Beta,
and Master Version Release” were recognized as very important.
In Heat Dev projects, we prepared the review and improved the
process for “Game Design Document” and “Prototype” for students
to become conscious about these processes. A comparison
between the GGJ-based proposed project and the GGJ demon-
strates that “Technical Design Documents,” “Interface Design,” and
“Level Design” were highly recognized. The lecturer provided
comments regarding these aspects in the review process for stu-
dents to understand the process and elements better.

The Heat Dev project appears to be effective in understanding
the significance of process and elements. In the Heat Dev project,
lecturers from the industry could lead the sessions to focus on the
important processes and skills; moreover, the project span was
sufficient. It was sometimes difficult to arrange for skilled pro-
fessional lectures, but these lecturers were quite effective as pro-
duction mentors.
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AL

Fig. 7. Sample of work in the Heat Dev project.
5.3. Improvement of the ability or understanding

We asked whether students could improve their ability or
understanding of production process or game elements through
each project.

The result of improvements in developing skills through the
GGJ-based proposed project is shown in Table 10.

These students have already obtained some skills for develop-
ing games and understood the process involved. In short-term
projects of one iteration, it was ineffective in improving their
abilities.

In 2015, we could not iterate this process. If we could iterate it,
the results would be different.

The results of the improvements of the production process and
elements through GG]J are summarized in Table 11.

From these results, we discovered that GGJ was relatively
effective in improving abilities. Many students could improve their
design part skill such as “Character Design,” “Stage Visual Design,”
“Interface Design,” “Game Design,” and “Level Design.” In addition,
they could improve their “Game Implementation,” “Quality
Assurance,” and “Alpha, Beta, and Master Version Release.” In the
GG] at the Tokyo University of Technology, almost 100 participants
joined this project, and all the participants were deadline-
conscious so the students could experience adherence to a strict
time scheduling by improving their development skills. Moreover,
there were professional game developers in each team in the GGJ;
hence, students could learn from professionals similar to on-the-
job training through these events.

Conversely, some documentation such as in “Scenario Writing,”
“Technical Design Documents,” and most of the “Asset Production”
processes did not improve. In the GG]J, the production time is very
limited; therefore, documents were often not created. In addition,
asset production required a specific time to improve it; conse-
quently, the students could not improve their skills.

The result of improvements of production process and ele-
ments through Heat Dev is shown in Table 12.

We found that the Heat Dev project helped improve “Technical
Design Documents,” “Interface Design,” “Level Design,” and “Game
Implementation.” The lecturer commented on these processes/
elements during the review process. Compared to the GGJ, a
professional lecturer mentored the Heat Dev project, but produc-
tion was done by the students only.

5.4. Discussion

Through the results, we found that each project was effective in
understanding the production process and elements. Even though
the GGJ-based proposed project was an internal project in uni-
versities and vocational schools, it would seem effective in
improving students’ understanding of the production process and
its elements.

Fig. 8 summarizes the comparison of improvements of pro-
duction process and elements between each project.

Comparing GGJ-based internal projects with the GG]J, the
existence of professional game developers seemed to be impor-
tant. In the GGJ, on the one hand, if professional game developers
took the initiative, students could learn how to organize or man-
age the team or certain aspects of the process. Therefore, students
could learn as they would during on-the-job training. On the other
hand, if students take the initiative in their projects, they can learn
how to lead these projects or a certain part with the assistance of
the professional game developer. As a result, GGJ could help
improve production ability especially in “Pre-Production” and
“Coding and Test” processes.

Through the comparison between the GGJ and Heat Dev pro-
jects, the existence and focus area of mentors appeared to be
important. In Heat Dev projects, mentors focused on “Technical
Design Documents” and the prototype quality of “Implementa-
tion.” The mentor spent only several hours for each team, but
students could improve specific areas advised by the mentor.
Preparing the mentor for the desired process or elements may
improve the process or elements. The GGJ presents a very good
opportunity for students to learn from professional game devel-
opers, but joining the GGJ is a heavy burden to professional game
developers.

Therefore, in order to experience an authentic game production
process, the GGJ-based proposed project is considered suitable
even though it is held in an institute. If we could prepare a mentor
in the target process or elements, a mentor system such as the
Heat Dev project is considered suitable for improving certain
abilities. The GG] is a great opportunity for students to learn the
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Table 7
Recognition of the significance of the production process or game elements
through GGJ-Based Proposed Projects (one cycle).

Table 10
Improvement in the Ability of Production Process or Game Elements through GGJ-
Based Proposed Projects (one Cycle).

Recognized Highly Relatively [Not Not
Strongly . Relatively [Not Not Process / Elements Improved Improved | |

Process / Elements Y Isignificant feant |Changed |MO™® Changed Improved Improved _|Changed Changed
Accurately Game Design Document 0] 3 0 o 25.00%]  75.00%
Game Design Document 2 3 2 5| 5833%|  41.67%) Scenario Writing 0| [ 0 1] 833%| _ 91.67%
Scenario Writing 0| 0 1 11 833%|  91.67%) pro. | Technical Design Documents 0| 2 0 0] 1667 8333%)
pro.  [Technical Design Documents 3 2 1 6] 5000%|  5000%) Produetion | Charmeter Design 2 1 1 8| 3333%|  6667%
Produstion |Character Design 0 2 4 6| 50.00%| _ 50.00% Stage Visual Design 1 2 2 | 46| 5833%
Stage Visual Design 1 4 3 4 6667 3333%) Interface Design 1 3 0 8| 3333%|  6661%
Interface Design 0, 5| 1 6] 50.00% 50.00% Game Design 1 2| 2| T 41.67% 58.33%|
Game Design 1 7 1 3| 75.00%  25.00% Level Design 0 2 1 o] 2500%] _ 75.00%)
Level Design 0 7] 0| 5| 5833%|  41.67%) Modeling of Background Object 0| 2 0 0] 1667%]  8333%
Modeling of Background Object 0| 0 2 0] 1667%]  8333% Character Modeling 2 0 0 0] 1667 8333%)
Character Modeling 1 1 [ of  25.00%|  75.00%) Asset | G racter Animation 0| 1 1 10| 1667%|  8333%)
Assel [ rcter Anination 1 1 1 o] 25.00%]  75.00% HOCHEHON i val Bffect 0| 0 2 1] 1667%|  8333%]
10N [Visual Bifect 0 [ 1 0] 1667%|  8333% BGM 0| 1 1 0] 1667 8333%]
BGM 1 B 1 S| s833%[  41.67% Sound Effect 0| 1 2 o 25.00%|  75.00%
Sound Effect 1 4 2 5| s5833%|  41.67%) Prototyping 0| 3 0 o 25.00%|  75.00%
Prototyping 3 2 1 6] 5000%]  5000%) Base Program 0| 2 3 A 4167%]  5833%
Basc Program 3| 3 1 5| 5833%|  41.67% Game 1 4 0 A 4% 5833%
Coding 5 ion 5 3 0| 4 66.67%|  3333% 1:‘;‘;";%[ Quality Assurance 1 3 1 | ater| 5833
an‘; T‘?j‘ Quality Assurance 5| 4] 0| 3 75.00%|  25.00%) b *" JAlpha Version Release 1 1 4 6| 5000%|  50.00%]
Alpha Version Release 5 1 3 3| 7500%|  25.00% Beta Version Release 1 3 1 | 41em%|  5833%
Beta Version Relcase 4 1 3 4 6667%|  3333%) Master Version Relcase ) 3 1 6] 5000%]  5000%)

Master Version Release 4 2 2 4 6661 3333%)
Table 8
Recognition of the significance of the production process or game elements Table 11

through GG]J.

Improvement of the Ability of production process or game elements through GGJ.

, Strongly  |Relatively |Not Recognized | (o Process / Elements Highly o oveq [Relatively | Not Improved  [0!
Process / Elements o Significant | .~ Changed More Changed Improved Improved |Changed Changed
Accurately Game Design Document 1 2 2 1 4167% 58.33%
Game Design Document 3| 2| 1 6] 50.00% 50.00%| Scenario Writing 1 1 1 9 25.00% 75.00%)|
Scenario Writing 0 1 2] 9) 25.00% 75.00%) P Technical Design Documents 0f 2 0 10] 16.67% 83.33%|
Pre- Technical Design Documents 1 6] 0) 5| 58.33%| 41.67%| Pr .:ﬁ-.. 0 Character Design 3 1 2| of 50.00% 50.00%|
Production Character Design 3 1 1 7 41.67% 58.33%) Stage Visual Design 1 4 3 4] 66.67% 33.33%|
Stage Visual Design 3 3 2 4 66.67% 33.33%| Interface Design 2| 4 2 4] 66.67% 33.33%|
Interface Design 3 3 5| 58.33%) 41.67%) Game Design 0 7] 0 5| 58.33% 41.67%)
Game Design 1 8 [y 3 75.00% 25.00% Level Design 2| 2 2 6} 50.00% 50.00%|
Level Design 2| 5| 0) 5] 58.33% 41.67%) Modeling of Background Object 3 0 0 9| 25.00% 75.00%|
Modeling of Background Object 3 3 1 3] 5833%|  41.67%) Character Modeling 2 0| 0| 10] 16.67% 83.33%]
neser | Cramacter Modeling 3 3 0| 6|  5000%|  50.00%) A‘“ef Character Animation 1 0) 0) 11] 833% 91.67%
. Character Animation 3| 1 2| 6] 50.00% | 50.00%| Visual Effect 0 0] 2 10) 16.67% 83.33%)
Visual Effect 1 3| 2| 6] 50.00%| 50.00%| BGM 0f 2 0 10| 16.67% 83.33%)
BGM 3 3 2 4 66.67% 33.33%] Sound Effect 0 2/ 1 9] 25.00% 75.00%|
Sound Effect 3 2 2| 5| 58.33% 41.67% Prototyping 0] 4 1 7| 41.67% 58.33%)
Prototyping 2 4] 1 5| 58.33% 41.67% Base Program 0f 2) 2| 8| 33.33% 66.67%)
Base Program 3| 4 1 4 66.67% 33.33%) Game ion 2 5 1 4 66.67% 33.33%)
Coding Game o0 3 3 0 2 83.33% 16.67%) a:‘;d_:_ril Quality Assurance 2 5 1 4 66.67% 33.33%|
and Test Q“ali[y Assurance 5 3 1 E 75.00% 25.00%) ; Alpha Version Release 2| 2| 3 35 58.33% 41.67%)
Alpha Version Release 5 2 3 2) 83.33% 16.67%) Beta Version Release 4 1 3 4] 66.67% 33.33%|
Beta Version Release 4] 2 3 3 75.00% 25.00%) Master Version Release 4 2| 2| 4 66.67% 33.33%)
Master Version Release 6) 2| 3 1 91.67% 8.33%|
for their own reasons; therefore, it is difficult to recruit profes-
sional game developers to voluntarily mentor in the GGJ. If we
could form a balanced team of students and professional game
Table 9 developers, students could work with their mentors. In this case,

Recognition of the significance of the production process or game elements
through Heat Dev Project.

Recognized

Process / Elements Strongly | nificant [Reitively | Not Mmcg Not

Changed Changed
Accurately
Game Design Document 7 3 0 o 8333%|  1667%
Scenario Writing 0 3 [ 8| 3333%|  6661%
pro. | Technical Design Documents 5 6| 0 [ orer) 833%
Character Design 0 4 2 6| 50.00%|  50.00%
HOTHON Stage Visual Design 1 4 2 S| s833%| 4167
Interface Design 0 7 2 3| 7500%|  25.00%
Game Design 3 7] 0 o] 8333%  1667%)
Level Design 4 6 1 | o6 833%
Modcling of Background Object 1 1 1 o] 2500%  75.00%)
Character Modeling 2 1 2 A 46| 5833%
o xlﬁ:‘m Character Animation 2 1 2 9| arerw|  s833%
Visual Effect 0 3 2 A e 5833%
BGM 1 6| 1 A e661%|  3333%
Sound Effect 1 7 0 A e667%|  3333%
Prototyping 2 5 2 3| 7500%]  25.00%
Base Program [ 5 [ S| s833%|  4167%
Game ion 9 [ [ [ orer) 833%
Coding -

s [Qualty Assurance 10) 2 0 o 100.00% 0.00%
Alpha Version Release 7 1 2 o 8333%|  1667%
Beta Version Release o ) ) o 833%|  1667%
Master Version Release 7 ) 1 o 8333%  1667%)

professional production method similar to internship or on-the-
job training. If we want to utilize the GGJ as an educational plat-
form, we need professional game developers to educate students.
However, the professional game developers participate in the GGJ

with the professional game developers’ direct cooperative parti-
cipation in teams, the GGJ will be a better education program than
the mentor system. If team members were only students, it would
be similar to the GGJ-based internal project, where students could
experience short-term development, but it is difficult to improve
their production skills.

6. Conclusion and future work

Since we started this curriculum in 2010, over 300 students
have had the opportunity to be part of the program. Participants
have experienced real development time management and the
game production process.

In short-term projects, the production time was limited, so
participants had to estimate their working speed accurately. Then,
they had to adjust their schedule in accordance with the difference
between real output and estimated output. This process seemed to
help students understand their production speed. In early iteration
of the GGJ-based proposed project, student could not finish
developing their games within their estimated time. However, in
the end, they could finish the process of developing a game within
the expected time. Because of the Japanese higher education
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Table 12
Improvement of the ability of production process or game elements through Heat
Dev Project.

Highly
Improved

Relatively |Not Not
Inproved |Changed |"™"°"*d  |Changed
66.67%)
66.67%)
41.67%)
75.00%)
58.33%)
50.00%)
58.33%)
50.00%)
§3.33%]
§3.33%)
75.00%)
83.33%]
91.67%)
91.67%)
75.00%)
66.67%)
50.00%)
5833%]
66.67%)
66.67%)
66.67%)

Process / Elements Improved

33.33%
33.33%
58.33%
25.00%

Game Design Document §
§
3
9
1 4167%
q
7
o

Scenario Writing

Technical Design Documents
Character Design

Stage Visual Design

Pre-
Production

50.00%
41.67%
50.00%
10] 16.67%
10] 16.67%
25.00%
10] 16.67%
11 8.33%
11 8.33%
9l 25.00%
33.33%
ol 50.00%
7| 41.67%
8] 33.33%
8]

8]

Interface Design

Game Design
Level Design

Modcling of Background Object
Character Modeling

Character Animation

Visual Effect

BGM

Sound Effect

Prototyping

Basc Program

Game

Quality Assurance

Alpha Version Release

Asset

Coding
and Test

33.33%
33.33%

Beta Version Release

wl=|—lo|=|o|o|o|olo|w|v|o|=]|-|o|olu|o|o|e
ol=lo|wla|w|v|-|~|uv|o|o|w|w]|vw|wulv|o|ulw]w

wlvlwlv|-|-|olo|olo|olololw]—|wluwl—|u]|w]|—
o

Master Version Release

system, we could not adopt Agile or SCRUM methods. As pro-
duction times are limited in our program, students have to be
conscious to production schedule. Therefore, students had similar
experience to Agile or SCRUM.

Using the “Game Review Sheet” and “Personal Review Sheet,”
students could recognize their performance of each “Evaluation
Point.” With each development cycle, students can identify their
flaws; they can fix and improve what they have learned for
upcoming cycles, one of the merits of our iterative program. From
the interview, students seem to understand their individual strong
and weak points. As short-term productions were iterated, stu-
dents could try to play several roles such as team leader, pro-
grammer, and game designer. This helps us avoid the problem
related to skillful students. If we conducted only one project,
skillful students would take a strong initiative and other students
would follow them. However, in our program, we have many
opportunities to encourage or force students to play another role.
In consequence, we could avoid this problem associated with
skillful students. Conversely, skillful students also have the
opportunity to follow other students. This experience will help
them play the role of a follower.

In addition, another strong point of our designed method is the
possibility of working in collaboration with professionals at the
GG], which is rare for students and people outside of the industry
in Japan.

However, there remain some challenges as well. We prefer to
form a well-balanced team, but it always depends on the skills of
the participants. In fact, there are some teams with no graphic or
sound artists. In order to provide a high-quality experience, it is
necessary to supply materials such as a 3D model, motion, sound,
and music.

We also evaluated our GGJ-based program by comparing with
the official GG] and other mentor-based projects. Overall, we
recognize professional mentors as highly effective in helping stu-
dents understand and improve the desired production process and
game elements. Furthermore, we found that in order to utilize
lectures and reviews of professional game developers, their par-
ticipation in a game development project is effective. It is not easy
for professional developers to join the education curriculum for a
certain period. The GGJ and similar events are short-term weekend
events, but they present a heavy burden to professional game
developers. Therefore, we should consider other avenues or plat-
forms for sharing that do not encumber professional developers.

In addition, this method is suitable for university students
who already have some skills in game development and have

Number of people who voted (n=12)

1 23 4 5 6 7 8 9
Process / Elements ro ect
Game Design GGJ Based
D ¢ GGJ
ocumen Heat Dev
GGJ Based
Scenario Writing GGJ
Heat Dev
Technical Design GGJ Based
D ¢ GGJ
ocuments Heat Dev
GGJ Based
Character Design GGJ
Heat Dev
GGJ Based
Stage Visual Design GGJ
Heat Dev
GGJ Based
Interface Design GGJ
Heat Dev |
GGJ Based
Game Design GGJ
Heat Dev
GGJ Based
Level Design GGJ
Heat Dev 1
M odeling of GGJ Based
Background Object GG
£ ) Heat Dev
GGJ Based
Character M odeling GGJ
Heat Dev
GGJ Based
Character Animation GGJ
Heat Dev
GGJ Based
Visual Effect GGJ
Heat Dev
GGJ Based
BGM GGJ
Heat Dev
GGJ Based
Sound Effect GGJ
Heat Dev
GGJ Based
Prototyping GGJ
Heat Dev
GGJ Based
Base Program GGJ
Heat Dev
Game GGJ Based
Impl tati GGJ
mplementation Heat Dev 1
GGJ Based
Quality Assurance GGJ
Heat Dev
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Alfa Version Release GGlJ
Heat Dev |
GGJ Based
Beta Version Release GGJ
Heat Dev
Master Version GGJ Based
Rel GGJ
clease Heat Dev
Highly Improved Improved Relatively Improved
GG]J Based
GGJ
Heat Dev

Fig. 8. Comparison of improved process or elements.

experienced game production. With regard to this, we have to seek
new ideas for freshmen or vocational school students.

In this research, evaluation is conducted by only limited stu-
dents. We would like to evaluate many participants and analyze
the results using statistical measurements such as chi-square or
analysis of variance (ANOVA) or any other suitable method.
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Direction Aided Light Set for 3DCG Production
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Abstract

In 3DCG visual production, lighting is a really important factor.
Directors and lighting designers can generate feelings with the help
of intention, atmosphere, and effects. They can improve the results
of lighting, by repeating scene rendering by trial and error, and by
the feedback of the lighting result. However, in existing materials
there is a trend of focusing on the purpose of the lighting in 3DCG
software. Although it is possible to learn the factors of lighting
settings (brightness, angle, color, and so forth), it is considered
difficult to unify the elements to achieve the intended outcome. To
resolve this problem, in this paper, we propose a “Digital light set”
for learning lighting methods along with how to achieve the
intended result. Therefore, the digital light set is a sphere that takes
in a vertex of 26 pieces. Lighting designers can set the light of the
vertex's 26 pieces. By using this educational tool, it is possible to
grasp the concept of lighting, and how the setting of lighting can
serve different roles. The features can be simplified and used for
setting the lighting during pre-production.

Keywords : Lighting / 3DG / DireCction / Education tool
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Simple Graphic Tool Xgt on X-Windows
and Education of Computer Graphics for Beginners

Kunio Kondo, Kaoru Ogata, Hisashi Sato and Shizuo Shimada*

1 Introduction

This paper presents a simple graphic tool Xgt, which was developed to aid the education of computer graphics
for beginners, and the contents of lectures and exercises using this tool.

The education using computers at our department is as follows. Soon after the students enter the university, they
are given a basic UNIX education. They practice how to use a workstaion in the network environment, Japanese
editor, E-mail and the news system, and a basic shell during the first semester. This shows that we aim at
teaching them what UNIX is and the way of using the workstaion during the first semester. The main purpose
afler this education is o acquire the ability of making programs using the C language during the second
semester. :

We explain the structure of the programming language and many kinds of algorithms in order. These exercises are
given once a week, however many students sometimes study themselves for out of the exercise hour. Over the
present second grade students are not especially given any lectures and exercises about the programming. Instead,
each lecturer gives them the subjects using computer at the lectures or the exercises or gives the report subject as
their homework. The themes of the exercises for the third grade students are related to the computer graphics such
as the image processing, data processing and its presentation, and solid modelling etc. The education of computer
graphics for beginners which this paper introduces is given by the lecture of Information Mathematics for the
third grade students.

Information Mathematics 3 is given to educate mathematics and algorithms, and it is proceeded as the lectures
and the exercises on the topics relaied to the computer graphics. It mainly consists of the understanding of the
mathematics and thinking algorithm as the pre-process of its programming, while making beautiful colored
pictures which is usually the main purpose of computer graphics is not important there. The contents include
two parts; one is two dimensional computer graphics, and the other is three dimensional solid modelling.

Two dimensional computer graphics treats making plots of curves represented as a function, the picture
transformation (translation, rotation, Affine ransformation, projective transformation) and making a picture of a
{ree curve. Three dimensional computer graphics treats the inner representation of the convex solid shape, the
projective transformation (the orthographic projection, the axometric projection, and the perspective projection),
and the intersection of solids. We developed an easy graphic tool Xgt 1112 10 use in lectures. This tool can be
used with easily, and we can process graphics of personal computers in X-Windows. In spite of it is important to
make the easy graphic tool to help the education for beginners, we cannot find other reports which presented such
a tool.

First, this paper shows the software which we developed 10 use for experiments and exercises. Second, the
contents of lectures are introduced, then some results of made pictures and those evaluation are given.

* Department of Information and Computer Sciences, Saitama University
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2 Tool For Education Of Computer Graphics

2.1 Graphic Tool Xgt

To display the graphics on the X-Window, some libraries called X-ToolKit or X-lib should usually be used.
However, as it generally takes much time to master these, direct use of this software is not appropriate as a
subjects for all students. As examples of easy use, there are some libraries which include clearing display and
many kinds of line components display to make pictures using the personal computer. Of course these functions
makes it possible to write complex pictures. It is also important for easy graphic tool to have the capacity such
as opening windows, writing line components, and making a hard copy of the pictures on X-Window. To achieve
these tools make it possible for students 10 display pictures easily on X-Window even if they do not understand
the detailed programming techniques for X-Window. The functions of Xgt shown in the following include those
of Turbo-Pascal graphic package.

2.2 Functions of the Graphic Tool Xgt

Xgt has the displaying space in which an upper left point becomes the origin as default. The functions which
Xgt provides can be used 1o display in this space except some exceptions. Before we display pictures using Xgt,
we need to call g_init. While after all process of picture display are done, we need to call g_end. The functions
Xgt provides are shown in Table 1. Example program is shown in Figure 1.

Table 1 Commands of Xgt
#include <stdio.h>
finclude <math.h>

Command Meaning of Operation #include <local/Xgt.h>
Name : #define PI 3.1415927
g_init Start of using Xgt system main ()
{
gend | End of using Xgt Window (Quit) int n, r;
. printf( "R =" );
] scanf( "%d" , &r ):;
g_pause | Pause of running printf( "N =" );
scanf( "%d" , &n );
g_sleep Pause for n/100 seconds of running g_:.nlt‘; 0:
Nefloid( r , n );
g_end();

g_button | Reading of position of Mouse cursor }

Nefloid( r , n )

_message | Displ f
g g isplay of message int z,n:

{
g_remove | Cancel of display int i;

double dt,t,rl,x,y;
dt = PI*2/n;

gcls | Clear of screen g_circle( 300. , 200. , r );
for( i=1 ; i<=n ; i++ )
g_line Drawing of line {
t = dt*i;
- ) . i . X = r*cos(t)+300;
g_circle Drawing of circle with radius y = 200-r*sin(t);
rl = r*cos(t):;
g_ellipse Drawing of ellipse if(rl <0
rl = -1*x1;
g_box Drawing of box } setrelelx ¥y, =1

g.bezier | Drawing of Bezier curve

Figure 1 Example Program
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3 Mathematics for Computer Graphics

3.1 Contents of Lectures and Exercises

We give 90-minute lecture on each theme and after that we give lecture and exercise about graphic display
techniques for the purpose of letting students understand many mathematical calculation methods. The subjects
of this lecture and exercise consist of making a curve, the transformation of picture, making a free curve, the
projective transformation of three dimensional shape, the intersection of solids. The detailed contents are as
follows.

In the first class, we teach how 1o display the curve, for example, which can be represented as a function such as
a circle or involute curve with the explanation of Xgt. In the second class, we teach how to treat the matrix
calculation and its programming lechnique using the subject of picture wransformation. We also indicate that
these matrix programs are available as a library after this class. We also teach the matrix calculation of
movement or rotation, Affine transformation etc. by treating graphics problem as examples. In the third class,

we teach how 1o display the free curve which is an important subject of two dimensional computer graphics. .

Here we introduce Bezier curve and give the help of understanding of its property and its application.

In the fourth class to the sixth class, we treat the production, representation, processing of solid shapes. In the
fourth class, we teach the data representation such as phase property and geometrical property as that of solid,
then teach how to make the data of many solids. In the fifth class, we introduce how to make the projection of
the produced solid. We indicate this method requires the library which was made for two dimensional graphics
because it requires the matrix calculation. In addition, we indicate that it is easy that we transform three
dimensional shape to two dimensional picture by using the transformation of the coordinate system. In the sixth
class, we teach the intersection of the objects as a main subject, and let students understand the techniques of the
analytical geometry such as the calculation of cross point of the line and the plane, and the determinant of inside
or outside region of them. Exercise of making program is given every time afier each subject is introduced.

3.2 Drawing Pictures during Graphic Exercises

Drawing Pictures of Curves

The curve is a convenient example which students can fully undersiand the effect of using computer. It is
interesting for them to see the computer display of curve which they cannot easily write. An example of picture
and its program are shown in Figure 2. We can display complex picture in comparison with its compact
program.

AU
TXAAR

Figure 2 Drawing Picture

Transformation and Two Dimensional Arrangement of Pictures

Transformation and two dimensional arrangement of pictures are convenient theme for understanding of the
matrix calculation. Especially producing pictures makes it easy to understand what should be transformed. The
students can understand that it is important that the familiar matrix calculations are used as library which
consists of basic functions. Some examples which students made themselves are shown in Figure 3.
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Figure 3 (a) Rotation Figure 3 (b) Transformation of Pictures

Bézier Curves

We let students draw any picture using free curves. To achieve this, we let students calculate new control points

from the entry point, then let them draw pictures which is put on the entry point, furthermore, let them draw
closed curve or open curve. (See Figure 4)

12

ey

-

Figure 4 Examples of Making Free Curve

projective Transformation and Intersection of Three Dimensional Shapes
It is necessary to calculate some matrixes to draw three dimensional shape on two dimensional display. These
operations are called projective transformation, and those are the basic techniques in the field of Computer

Graphics. As the subject for students, we let them draw only convex polyhedral solid. Some examples are shown
in Figure 5. ’

N N [MME

d[\ /

(a) Axometric Projection (b) Cavarier Projection
Figure 5 Projection and intersection of Objects
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(c) Intersection of Objects

Figure 5 Projection and intersection of Objects

4 Discussion

This paper presented the environment of computers at Department of Information and Computer Sciences of
Saitama University and some examples of education for beginners of computer graphics in this department. The
simple graphic tool Xgt is a tool of drawing pictures in which operations are restricted, and a convenient
software to draw pictures easily on workstaions. It is available not only for the education of graphics but also for
making pictures as the result of experimental data. Students seemed to understand it well and to be very interested
in it through the lecture for half a year. However, this report is made from our experiences for only two years.
We make better reports or references to enhance lectures.

References
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Digital Modeling in CAD Engineering Course at the Department of Computer Science

Kunio KONDO!, SONG Genwang', Hisashi SATO? Yoshiaki MACHIDA 3,
Shinji MASUDA 3, Nobuyuki HOSHINO*
'Saitama University, “Kanagawa Institute of Technology,
3Saitama Industrial Technology Center, *Actment Co.Ltd

ABSTRACT: This paper describes the content of our CAD engineering course and the exercise of Digital Modeling
for fourth grade students during the first semester in the department of information and computer sciences. In the course,
five main important parts of CAD systems will be discussed as follows: (1) Introduction to CAD, (2) Design Theory
and Process, (3) Interactive Method, (4) Solid Modeling, (5) Computer Graphics. The practice for students as a part of
the course is so-called “Digital Modeling” that is a design process from a solid modeling and rendering to an evaluation
of real models made by means of a rapid prototyping system.
KEYWORDS: CAD, CG Digital Modeling, Solid Modeling, Rapid Prototyping

1. INTRODUCTION

We are proceeding the useful education and experiment
about pictures and images such as pattern recognition,
processing, graphics, CAD
engineering, etc. This paper presents the contents and
the exercise of CAD engineering for fourth grade
students during the first semester.

image computer

In our department, besides CAD engineering, we have
some another lectures about visual thinking and visual
communication, such as computer graphics, image
processing and pattern recognition. We believe that the
visual communication and visual thinking with
computer graphics are an essential and fundamental part
Visual
communication is very important in idea and more
effective in discussing concurrent engineering through
distributed computer system. Visual thinking is an
effective method in thinking technical ideas and
problem solutions. The aim of CAD engineering is to
make students understand visual thinking and visual
communication and improve student’s visualization

of a computer sciences education [6].

abilities that are important for good communication
with a computer.

There are many courses in education or introduction of
CAD at department of mechanics, but few of them treat

in department of information and computer science. As
the education of CAD engineering or the shape
modeling belongs to the field of application
corresponding to curriculum of universities, and it is
important for engineers to deal with the process of
shape or developing CAD system, we believe that it is
necessary to offer the course actively in the department
of computer science. The authors had introduced the
education of shape modeling before through some
lectures and exercises during a half of year course

(121

This paper presents the new contents of CAD
engineering and the exercises of Digital Modeling. First,
in our CAD engineering course, we emphasis in
treating three main important parts of CAD systems: (1)
Interactive system and interactive techniques. (2) Solid
modeling and its processing method. (3) Improvement
of understanding solid models, picture representation
and graphic communication about solid shapes through
sketching a solid object.

Second, we show the Digital Modeling in our course
and make it be an exercise. Digital Modeling is a design
process from a solid modeling and rendering to an
evaluation of real models made by means of a rapid
prototyping system. As we known, there are two
modeling methods on Digital Modeling: (1) The
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measuring method to a real solid, and (2) The solid
modeling method through CG/CAD software. In this
paper, we only introduce the later.

The content of our exercise is about Digital Modeling,
including solid modeling and rendering through CAD
or 3DCG software. The reports need to be submitted by
students in form of Web page with 3D model data and
CG images through Internet. Students can use the free
software in the Internet, or some 3DCG software in our
laboratory. According to the design of students, we had
made some real models by means of Rapid Prototyping
system at Saitama Industrial Technology Center.

This paper also shows the merits of education of CAD
engineering, some pictures of real models made by
students through Rapid Prototyping, and the evaluation
to the results.

2. CAD ENGINEERING COURCE

In this section, we describe the task of CAD
engineering and the contents of this lecture. The main
task is to make students construct the concept of CAD
system first in their brain and understand the
relationship between information system and the
technologies of CAD systems. The contents include
five main parts: (1) Introduction to CAD, (2) Design
theory and design process, (3) Interactive method and
interface for CAD, (4) Computer aided modeling, (5)
The visual communication and rendering method by
using Computer Graphics. We still indicate the
importance of user in friendly man-machine interactive
CAD system. Fig.1 shows the concept of CAD system.
The concrete contents of lectures are planed as follows:

(1) Introduction to CAD

In the beginning of our lecture, we have to introduce the
relation first between information processing
technology and CAD, as well as the most recent CAD.

(2) Design Theory and Design Process

On the basis of the literature "The Psychology of Every
Thing", we explain the principle of design, psychology
of human's act and seven-stages of the theory on
performing in treating products, and introduce
visualization, concept model, correspondence and the

113

importance of feedback.
(3) User interface for CAD

We talk about the interfaces for CAD, such as user
interface for good communication, sketch interface,
input method of 3D scan devices.

Designer

Concept |
v
[Know|edge]<+ Interface

v

| Command J

Database [m]

Computer

Fig.1 Concept of CAD system
(4) Solid modeling

Computer Aided Modeling includes: B-Reps, CSG
local operation to modify the shape, curves and surfaces,
for example, Bezier curve and subdivision surface. We
explain the boundary representation of the shape
modeling method, the data structure of CSG method
and the local transformation to correct the shape.

(5) Representation and Graphic Communication

In this part, we explain the connection of design and
man's sense first by showing ambiguous drawing,
three-face drawing and cartoon. Then we explain the
main characteristics of the expression of computer
graphics, such as line drawing, painting rendering,
shading and shadow, interactive rendering and vision
problem

3. DIGITALMODELING
3.1 What is Digital Modeling?

Demand of digital design in our modem society is
growing every year. Digital actors, prototypes, package



designs, paintings, movies, art, all of them are preparing
using computers and CG software and special devices.
We can create CG 3D models, animations using only
mouse, but there are several special hardware tools too
that can make the process of creation easier for the
designer. Tablets, motion capturing equipment and
some others make it possible to acquire the final effect
of CG as the designers want it to be. But now, we also
have machines and systems that allow us to bring into
reality designs and 3D models. Now we can transform
the digital designs and art into reality and give them real
form of solid objects. In this paper we will show briefly
the procedure of Digital Modeling from the idea to the
final 3D object, and then show the steps of Rapid
Prototyping,

Many systems for generating 3D model with computer
have become the commercial software, and have been
applied in designing activities in many fields. With
CAD/CAM, the solid model of designed shape can be
evaluated and the products can be carried on designing
and manufacturing. The procedure of generating the
internal model within computer, as a solid model, is
known as Digital Modeling. The procedure may
generally be achieved by two methods. First, the solid
model of the 3D image, which comes from the brain of
human being, is generated by CG software. Secondly,
by entering the existed object into computer through 3D
scanning, the internal solid model can also be gotten.
The first method will be discussed in this paper, and the
method so-called Rapid Prototyping will also be
explained. Fig.2 (a) illustrates the 3D model of a Tiger
with a CG system. The model is based on
stereolithography after its 3D data are transformed into
the STL data of Rapid Prototyping. Fig.2 (b) displays its
casting model according to its 3D model by way of
lost-wax.

(a) The 3D shape model (b) The cast based on lost-wax
Fig2 model of a Tiger

3.2 Design Process of Digital Modeling

Fig 3 illustrates the procedure of digital modeling. In the
beginning stage, although it is different that the shape is
generated through CG software or entered by means of
measuring instruments, the later processes are same.
This procedure is called Digital Modeling just because
it generates the 3D shape model as an internal model
within computer and makes out the solid model in basis
of the 3D model.

The preparations are very important. In this very
beginning step, 3DCG designers make decisions and
plans for the scene and objects. What and how should it
be modeled? What in great detail and what not? How to
use textures? What technique should be used? Which
type of geometry should be chosen? How to acquire the
results as close as possible to the Idea? The answers to
these questions will be very useful in the process of
Digital Modeling, Movie postproduction, Movie
Making and so on. We can use the abilities and
disabilities of human eye and other senses to show
“reality” better than it really is.

Input of Shape using 3DCG & 3D
measuring instruments

Shape Design: transformation method

and animation

Making of STL data by 3D-CAD or
3D CG system

Making of Solid Model by
stereolithography

Fig3 Process of Digital Modeling

3.3 Making 3D Models by 3DCG Software

There are many methods to get 3D models, such as
through 3D scanning, or modeling via CG software, etc.
Instead of modeling complicated geometry, materials
and lighting from scratch, programs like ImageModeler
taps directly into the richness of the real world.
Modeling complicated geometry and creating realistic
looking models is difficult, time consuming work. With
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Image-Based software, 3D models can be created
accurately in much less time than conventional
computer modeling techniques.

3.4 Modeling Process by Stereolithography

In this section, we will generally show the method of
stereolithography that is one of the methods of Rapid
Prototyping,

Once the model is transformed into STL data for Rapid
Prototyping, the solid model can be made. The STL
data is a great number of slices (or layers) with a proper
thickness (generally 0.005mm). After the data is
prepared, the modeling process may be started. Every
layer is solidified gradually, layer upon layer, through
lighting up the liquid photo-curable resin with a UV
laser. The movement of the harden part on a platform is
controlled by an elevator that is lowered down a
distance of one layer thickness in a vat step by step, and
the movements of the laser are controlled by two
stepper motors. Thus, the solid model will be produced
by means of accumulating layer upon layer in proper
sequence. Finally, after all of slices are completed, the
elevator raises the platform out of the resin surface and
the accomplished solid model will be appeared out of
the vat. The whole procedure would spend, to a more
complicated part, up to 10 hours.

4. EXERCISE OF DIGITAL MODELING
4.1 Purpose of Exercise

As the solid modeling is given as the basic technique, it
is necessary for students to get the ability of space
recognition. Here, the ability of space recognition
means the ability one can think the shape so that they
can decrease the difference between the thinkable
image and the real produced shape. The image of shape
can be represented as the same picture as one imaged if
they have the ability of space recognition [4]. This
exercise has the purpose to get this kind of higher ability
by using Rhinoceros, LightWave 3D, etc. As a helping
tool of education, the exercise has the following three

purposes:

1. To understand that the process of the shape modeling
is a basic technology
2. To improve the ability of space recognition, and to get

a deep understanding of three-dimensional solid
modeling.
3. To obtain better presentation techniques by making
the shape that students considered or imaged by
themselves.

4.2 Contents of Exercise

The concrete theme of our exercise is called “Solid
Modeling and Rendering using 3D-CAD & 3DCG”.
The process of the exercise is asked as follows: (1) To
get 3D-CG software in Internet. (2) To consider the
solid modeling process through hand-drawings. (3) To
make a 3D model by the software. (4) To render the
model. (5) To write the detailed Web report.

4.3 Educational Effects of Digital Modeling

When students get the exercise, most of they would feel
very bewildered to the task and doubt that it is too
difficult to be completed better only through around ten
hours’ study to Digital Modeling. It may be confirmed
that the students have had the ability to complete the
mission. We have gotten the experience from the former,
year by year.

In fact, as long as students do the exercise step by step
according to the process of the exercise we given, they
would go into the path more quickly and fulfill the task
more satisfactorily on schedule. They would first be
familiar to the 3D modeling software, such as
Rhinoceros and LightWave 3D, downloaded in Internet,
and then consider how to present the shape by
hand-drawings and how to, with computer, display the
shape they want to be constructed. After that, they
would do their best to realize their designed shape by
3D software, and to make the objects more realistic
through rendering. After rendering the first model, they
would maybe found that the produced shape is a little
different with the shape of object they want to be made.
With curiosity and interesting, they would put into
practice repeatedly till the effect of model is satisfactory.
Finally, they will write the Web report in detail. In report,
they have to point out the validity of the Digital
Modeling and the effectiveness of learning.

From these facts, we confirmed that the educational
effect is obvious. If there were not this kind of practice,
the students should never use any 3D software or CAD
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system in short times. In addition, the ability of space
recognition for students will also be improved.

4.4 Examples

Some examples of the produced shape are shown in
Figure 4 to Figure 9. Among them, figure 4 to Figure 7
show some examples of modeling, in which the
produced objects are familiar to us. Figure 4 is a watch,
including the drawings of its parts and the rendering
effect. Figure 5 is a chair. Figure 6 is a pencil with its
shadow and shading. Figure 7 is a mobile telephone that
looks realistic. Figure 8 shows an example of Web
report submitted by students through Internet. Figure 9
shows three final models of Stereolithography, namely
mobile telephone, chair and watch.

(b) Rendering example
Fig.4 Example of Modeling (Watch)

Fig. 5 Example of Modeling: Chair

Fig.7 Example of Modeling: Mobile Telephone
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(c) The Final Model of Watch
Fig.9 Some examples of Stereolithography

5. CONCLUSION

In this paper, the contents of our CAD engineering
course and the exercise of Digital Modeling are
discussed. Especially, we talk more about the concept of
Digital Modeling, the design process of it and modeling
process through Stereolithography. Also, some
examples made by students are also presented below.
Digital Modeling is a more effective method which
people are now expecting toward to newly emerging
industry. Rapid Prototyping is a more accurate and
relatively quicker process for acquiring trial parts, new

concept tools and specific parts.

We have recognized that students can obtain a lot
through the course and the exercise, including
improvement of space recognition, operation of 3DCG
or CAD software, ability of visual communication and
visual thinking. In short, the overall quality of students
on the side of CG/CAD has been enhanced.

In future, we will continue to study the methodology on
education of CAD engineering in order to make the
educational effect better and better.

REFERENCES

1. K. KONDO, S. SHIMADA, H. SATO, “Shape
Modeler GEOMAP and Education of Producing Shape
Using NUCE-BASIC”, Journal of Graphic Science,
No. 51, 1989

2. S. SHIMADA, K. KONDO, H. SATO, “Teaching
Solid modeling Replaces Hand Drafting”, 5th
International conf. on Engineering Computer Graphics
and Descriptive Geometry, 1992

3. S. SHIMADA, K. KONDO, H. SATO, A.
KURODA, “Solid modeling at Experiment for
Computer Science”, SIG of CG/CAD, Japan Society of
Information Processing, 56-6, 1992

4. D. A. NORMAN, “The Psychology of Every
Things”, Basic Books Inc. 1988

5. K. KONDO, “Education of CAD Engineering at the
Department of Computer Science”, Proc. of
China-Japan Joint Conf. on Graphics Education, pp.
208-213,3/1993

6. K. KONDO, “The Integration of Computer Aided
Visual Communication and Visual Thinking in
Computer Science Education”, China-Japan Joint Conf.
on Graphics Education, pp.131-136, 1997

7. M.TAKAHASHI, H.SATO, K. KONDO, “A
Remote Education System of Computer Graphics
Education using Java”, The 3rd China-Japan Joint
Graphics Education, Kunming, Yunnan, China. pp.
228-233 July 1999

8. E. RODRIGUEZ, “Visual Simulation of
Design Processes”, proc. of ICECGDG’92
9.K.SUZUKI,”Computer Aided Visualization in
Education of 3-D Geometry’, proc. of
China-Japan  conference  on  Graphics
Education 1993

10.S.NAGASHIMA, “Solid Modeling system for
educational Use”, proc. of China-Japan
conference on Graphics Education 1993

117



DEVELOPMENT OF AWEB BASED TRAINING SYSTEM AND COURSEWARE FOR ADVANCED
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ABSTRACT We have designed more than 50 Java applets for the educational

We propose a web-based training system and courseware for
advanced computer graphics for undergraduate students. By using
the system, the students have no temporal and spatial limitations
for learning computer graphics technologies. Once they can con-
nect to the Internet, they can study for as much time as they wish
and in any place. We have designed more than 50 Java applets
from the educational viewpoint, and developed them to enable
complicated computer graphics algorithms to be comprehensibly
understood. All of the applets have been developed by using pure
Java programming language because of its hardware -neutral fea-
tures and wide availability on many hardware platforms. Hence,
the students can use any Java enabled browser on any kind of
platform to study interactively computer graphics technologies via
the system.

Keywords: computer graphics, Java applet, web-based training

1. INTRODUCTION

The technologies of computer graphics have become more and
more important, since there are more and more people wanting to
use them to create more imaginative contents. How, when and
where one can study these useful technologiesare good questions
for many people, because not everyone majoss in computer
graphics. With the rapid growth of the Internet, we propose a
web-based training (WBT) system and courseware for advanced
computer graphics for undergraduate students. By using the WBT
system, the students have no temporal and spatial limitations for
studying computer graphics technologies. Once they are able to
connect to the Internet, they can study as much as they wish and
in any place.

purposes, and developed them so that complicated computer
graphics algorithms can be comprehensibly understood through
interactive and intuitive operations in the WBT system. These
include 2D/3D geometrical transformation, digital image proc-
essing, z-buffer algorithm smooth shading, lighting models , ma-
terial, texture-mapping, rendering, animation, etc. Besides the
Java applets, we have also provided an on-line textbook written in
HTML (Hypertext Markup Language), so that the students can
still get support from a textbook as before. From the educational
viewpoint, communication between advisors and the students &
also important, therefore an on-line FAQ whiteboard is also pio-
vided to answer all the questions from the students.

There are several advantages for the WBT system: (1) the stu-
dents could plan their own study schedule and arrange their lei-
sure time for studying; (2) the students could study the multimedia
materials interactively since we use web technologies, like HTML
and Java, to design them; (3) because all of the computer graphics
algorithns in the system have been implemented by using Java,
the students could study them by controlling all the parameters via
friendly graphical user interface: (4) the students’ studying statuses
have been recorded by the system so that to monitor the statuses is
possible; (5) an on-line teacher mechanismis also provided to
check the homework and mini-tests of the students.

Finally, the contents have been designed to produce two
three-month distance learningcourses, which have been evalbated
in Japan by the Computer Graphics Arts Society (CG-ARTS)
since November 10th, 2000. From April, 2002, the distance
learning system has been improved and renamed the “e-Learning
CG Technique Master Courses ™.
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2. RELATED WORK

The traditional CG learning methods are introduced first, and then
previous Internet distance CG learning methods are described.

2.1 Trends and Categories in Computer Graphics Learning

The methods of teaching computer graphics can be classified into
three categories (Suzuki et al., 1993). The first category is to do
the programming tasks to understand the algorithms, which is
called programming learning. The second one is to do the pio-
gramming tasks from given programs of some basic algorithms,
which is called semi-programming learning. The last one is to use
some commercial products or applications for studying, which is
called ready-program learning.

Suzuki et al. (1992) provided several programming assignments
on the set operation algorithm which is the foundation of solid
modeling. These assignments included drawing a curved surface
and some Pascal programming exercises (Suzuki, 1999). For
Kondo and Ogata’s (1993) example, they used the exercises for
geometrical transformation and projection which are basic com-
puter graphics technologies (Kondo, 2001). Mende and Fuchi-
gami (1993) instructed students majoring in design, to do po-
gramming tasks to introduce their work, and hoped that this
would allow them to understand the rules or sequences of a natu-
ral model for developing good design systems. Besides these,
Suzuki (2001), Tsutsumi (2001), and Yamaguchi (2001) alsopro-
vided some examples for teaching computer graphics.

For these examples, although it is necessary to provide other pio-
gramming courses and the students should also spend some time
for debugging, to develop some new computer graphics tech-
nologies, this kind of learning for fundamental algorithms is very
important.

2.2 Computer Graphics Learning via the Internet

Via the Internet, teacherscan not only use textbooks but also show
slides, data sheets, pictures of real objects, or other media to the
students. Moreover, since some programming languages, like
Java, are designed for the Internet andenable users to use interac-
tively, the courseware for comp uter graphics learning could be

provided all over the world. For example, in the educational

homepages provided by Nishita' (Nishita, T., 1998) and Kondd’,
there are some course notes, a computer generated image gallery,
and links toward other related societies and researchers. Since

they have some program examples, these homepages are similar
to the semi-programming category. However, there are also some
more complex exercises without any simple examples; this is
more like the programming category.

' http://nis -lab.is.s.u-tokyo.ac.jp/~nis/
2 http://www ke.ics.saitama-u.ac.jp/kondo/

Takahashi et al. (1996, 1997) created a homepage for computer
graphics learning using HTML files, Java applets, example pio-
grams, and data. This course page can realize distance learning by
using active courseware and can be executed on almost any kind
of computer. Nagae and Iida (1997, 1998) proposed a project for
learning descriptive geometry from the Internet. Lieu (1999) and
Tan et al. (2001) also have reported on education for engineering
graphics via the Internet. Chen et al. (1998) used VRML (Virtual
Reality Modeling Language) models to demonstrate the process
of model generation. Araki (1996) showed the results of CAD
(Computer Aided Design) education for several universities via
the Internet.

However, to date, there is no project or system that enables com-
puter graphics technologies to be leamt efficiently and systemati-
cally using Java applets that can be used to understand algorithms
for self-study via the Internet.

3. FEATURESOF JAVA COURSEWARE
The Java courseware has the following features:

1) By using Java applets, distance learning courses can be real-
ized for interactive studying.

2) Students can control several parameters interactively by
themselves, so that they can learn what they really want, in
their own way. The system can give the students hints in the
teaching material to match the study schedule by ranking
their study progression automatically, so that the individual
differences between the students can be decreased

3) Since the Java applets can be executed on any Java enabled
web browser, no extra special software is needed. Therefore,
the students can not only study in the classroom but also by
using a computer at home.

By utilizing 3D technologies, multi-dimensional information can
be deeply understood, since the coursescan be taught by using 2D
and 3D technologies, static images, and interactive animation.

By using the WBT system, there are notemporal and spatial limi-
tations for studying, once the students are able to connect to the
Internet, they can study as much as they wish i their own time.
The teaching material i developed by utilizing the Java applets
and information technology (IT) according to their interactive
involvement, so the students are able to get extra useful help for
studying rather than being only able to use books, as before.

4. INTERNET DISTANCE LEARNING
4.1 Study Target

“Internet Correspondence Courseware for CG Standard Courses”
is designed for teaching the required knowledge and technologies
equivalent to the second level of “The Certification Test of Com-
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puter Graphics”, which is authorized by the Ministry of Education,
Culture, Science, Sports, and Technology of the Japanese gov-
ernment. Therefore, help ing the students to fully understand the

contents of the main textbook, “Standard CG Textbook: Theory

and Algorithm Version”, is the nmin target of the courseware de-
velopment. To reach this target, we developed web teaching ma-
terials, using Java applets for the main part, to help students to
study the hightech contents easily. Hence, we focus on under-
graduates and technical college students who wish to study more

high-end computer graphics technologies.

42  Courseware Organization

The contents in part 1 of the courseware are “Computer Graphics
and its Applications”, “Rendering”, “Digital Image Representa-
tions”, and “Image Processing”, and part 2 includes “2D Image
Generation”, “3D Geometrical Transformation”, ‘“Modeling”,
“Computer Animation”, “Digital Image and Modeling”, “Sys-
tem”, and “History of Computer Graphics”.

43 Courseware Advantages

The advantages of our distance learning courseware are listed as
the follows:

1) Web Based Training

® The students can plan their own study schedule and arrange
their leisure time to enable them to study from anywhere via
the Internet.

® The students can study the multimedia teaching material n-
teractively since we use web technologies, i.e. HTML and
Java, to design them.

2) Java Courseware

® Since a lot of interactive computer graphics courseware has
been developed by Java programming language, by studying
with these Java applets interactively, complex computer
graphics algorithms can be easily understood. This will be
described in the next section.

3) Rich in Study Support Mechanisms

® FEach students studying status is controlled by the system, so
that the mechanism to re-open the lesson where the student
stopped last time, the mini-tests mechanism designed for
checking the student’s level, and the monitoring mechanism
for the students’ progression are offered. Moreover, the
mechanism to send mail automatically to students to encour-
age them to study harder is also implemented.

® Since the students study by themselves via distance learning
courseware, we also offer the following mechanisms: (1)
useful FAQ (Frequently Asked Questions) pages to help the

students find solutions easily; (2) several on-line teachers to
answer questions from the students and also check their
homework and minitests; (3) the status of the students’ an-
swers to the questions are also monitored by the system

4) Course Notes

® The contents of the “Standard CG Textbook: Theory and Al-
gorithm Version” are described by using only two dimen-
sional representations just like other textbooks, which for
some people makes the more difficult parts hard to understand.
In the course notes (Computer Graphics Arts Society, 1999,),
much additional material are also provided, such as: (1) de-
tailed descriptions and the deriv ation of the formulas; (2) the
algorithms are explained by flowcharts; (3) the difficult con-
tents are described more clearly by using several comparison
tables, figures, and flowcharts.

® While reading the course notes, the students can use the Java
teaching material to verify what they have learned through the
results. This is a new method of learning by which we want to
teach them.

44 Learning Sequence
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The “homeroom” page, shown in Figure 1, is the top page of the
system and displayed every time the student enters the system.
From the menu, the student can select “Java Courseware”, “Test”,
“Communication”, or “FAQ” as h e or she needs. The main part of
our system, Java Courseware, will be described in the next sec-
tion; other components are as follows:

1) Homework — for checking the study schedule and under-

standing, there are three parts to the homework in our system.

This homework & referenced from the “Computer Graphics
License Examination” and formed as minitests; the students
can check their own problems or misunderstandings through
this.

2) Question— if the studenthas some questions while studying,
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he or she can find the proper answers from the “FAQ’ page.
Ifhe or she isunable to find the proper answers from there or
wishes to know more details about the questions, he or she
can use the mailing mechanism on the “Communication”
page and the questions will be answered by the on-line
teachers.

3) Fina Exam — when the student, after finishing the curricu-
Tum, has passed all three minitests, he or she is able to attend
the final exam. If the student also passes this exam, he or she
will get a certification.

5. JAVA COURSEWARE DEVELOPMENT

We have developed about 54 Java applets, which include
ray-racing, fractal, Bezier surface, radiosity, etc., as listed in the
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appendix. To make the system easy to use for the students, the
system development is described in the following sections.

5.1 Layout Design

The main window layout, which is shown in Figue 2 (b), has two
parts: the left frame is a Java applet, and the right frame is the
introduction and course manual. All of the courses in the system
follow the same layout rules, so that the student can read and use
these pages uniformly. The window size of the Java applets &
fixed and uniform so that it isnot necessary forthe students to use
the scrollbar. However, in the page for image processing, shown
in Figure 3, since we wish to compare the original image with the
processed one on the same page, the size of the frame which con-
tains the Java applet is set to be twice the width of one image.
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Figue 2 is the page for learningthe depth-sort algorithm, which is
also called the painter’s algorithm. The polygons in Figure 2 (b)
are converted into several vertical line-segments as shown in the
upper window of Figuwe 2 (a), which shows the position of each
polygon in the z axis. When the user moves the viewpoint, the
length of the linesegment is changed and the linesegments are
re-arranged automatically. The color (blue, green, and black) of
the linesegment represents the rendered face (blue), the face that
is going to be rendered (green), and the facethat has no need to be
rendered (black). Figure 2 (a) are the control windows of the Java
applet in Figue 2 (b) for helping to show the information or con-
trol the parameters of the main window when needed.

Figure 3 shows an example of the page for image processing,
which contains the sampling and quantization courses. For a
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(b)
Figure 2: (a) control windows and (b) main window.

given image, by changing the level of quantization or the interval
of sampling interactwely, the basic algorithms of image process-
ing can be easily understood.

52  Design to Improve Understanding

We developed the interactive Java courseware by utilizing the
features of Java applets, and designed the system to enable the
students to understand the contents easily and quickly. In this sec-
tion, we use the example shown in Figue 2 to describe how it is
used.
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Figure 3: the applet for image processing.

For example, if a student wants to move the viewpoint, he or she
can (1) use the mouse to drag the object in the main window n-
teractively, or (2) use the scrollbar in the lower window of Figure
2 (a) to change the position of the viewpoint, or (3) enter the exact
position of the viewpoint directly. Therefore, the user has many
choices to control the Java applet to study.

For understanding the complex computer graphics algorithm, we
develop the Java applets as following:

1) For the Java course example in Figue 2 for learning the
depth-sort algorithm, there is a “step-by-step” mode. When
the user sets the “step-by-step” mode “on”, the system
pauses after rendering one polygon when processing the al-
gorithm. Hence, the user is able to see the algorithm progres-
sively and understand it more easily.

2) To enable the student to understand the depth-sort algorithm
easily, we use the “sort window”, which & shown in the up-
per part of Figue 2 (a), to show steps i the algorithm proc-
esses. Each linessegment in the window represents a polygon
in the main window, and the position of the polygon in the z
axis sorts the line-segment from left to right. The length of
the line-segment represents the range in the z axis in which
the polygon exists. When the user moves the viewpoint, the
length of the line-segment is changed and the line-segments
are re-arranged automatically. The color (blue, green, and
black) of the line-segment represents the rendered face (blue),
the face that is going to be rendered (green), and the face
which has no need to be rendered (black).

5.3 Lifting Windows

The windows shown in Figue 2 (a) are the “lifting windows”
which are used to help the students understand computer graphics
algorithms and display some useful information to them. These
lifting windows are popped by the main window when necessary .
If the student is using a computer with low screen resolution, the
lifting windows might be hidden by the main window. Therefore,
when the main window has finished the process, the open lifting

windows are re-popped again to make them shown.

54 CD-ROM Version

To enabk the students to study off-line, we also deliver the
CD-ROM version of the Java courseware to the students. Figure 4
is the applet for radiosity in the CD-ROM version of the Java
courseware. Therefore, our system does not only teach the basic
algorithms, but also some advanced computer graphics technob-
gies.
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Figure 4: the applet for radiosity in the CD-ROM version.
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6. CONCLUSON

We have proposed a web-based training system and courseware
for advanced computer graphics. All the contents have been de-
signed to be included in two three-month distance learning
courses, which have been evaluated and have served in Japan
from November 10th, 2000. Since we published the courses on
the Intemet, more than 250 students have registered and studied,
and we have also got many good responses and suggestions from
other teachers and students all over the country. These have a-
abled us to improve the WBT system to provide more useful
courses and to satisfy the students’ wishes.

From the experimental development of this WBT system, we
hope to build a more efficient educational system for students.
The responses from the students are alsovaluable for our analysis
of'the learning system andto help us improve the Java courseware
to provide a more powerful system in the near future.
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APPENDIX

The prepared Java applets in the system are divided into 8 chap-

ters, the followings are the list.

1) Rendering - painter’s algorithm, z-buffer algorithm,
scan-line algorithm, ray-tracing, ambient light, diffuse reflec-
tion, secular reflection, transparency/refraction, radiosity,
Gouraud shading, Phong shading, shadows of parallel or
point light source, texture mapping, solid texturing, bump
mapping, and environment mapping.

2) Digital Image Representations — sampling, quantization,
Additive color mixing,, and Suctractine color mixing

3) Image Processng- contrast transformation, gamma correc-
tion, segmentation, halftone approximation, smoothing,
mask, overlay, cdiroma key, hi-contrast effect, posterization,
nega effect solarization,, emboss, mosaic, and blur.

4) 2D Image Generation — 2D geometrical transformation,
line drawing, painting, and antialiasing.

5) 3D Coordinate Transformation — 3D geometrical trans-
formation, projection, and coordinate system.

6) Modding — CSG (constructive solid geometry), sweep,
curved surface, parametric curve, parametric surface, fractal,
and meta-ball.

7) Computer Animation ? display objects and viewpoint,
key-frame, morphing, dynamics, and FFD (free-form c-

formation).

8) Digital Image and Modeling — design and mathematical
expressions
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1X. Java 707537 AP8, Web L Java 1285 CG
Iar73 7 ARBRR—VOREEEM R—T~

DY PERBITT DI, Tul I3 T EBDH
BEAEREL T, Java ZFI A LT U1EEED 1999 4F
ILERREE 2L, LR —MRIHELER B E O
BETH-T-, SEHBERL ThHoILEERETH
i DB NZ FEE L= LV 2D, 2000 FEEN DI
HEKEEZEOL, EELEDLNABBICREL,
2002 FEEDERERRAIL, (1) Bezier HIBRE 13X —7
L—LT =A—a), (2) BERBBNAIZ LD ERO 1]
THD, ZDIINNIT 74 BRDOT 7Ly &8
WZIEAL T, 7YX AOERfRE R LT,

3.5 REMOEEE & BRA

FRRRE DRI, Web _—ET 7L v hTHERK
TAHIEELTUWA, UL FIZBRBEDOHHEE 3HE. 0
R NT,
1. Bezier BIEROIER: IREDE R, 7 A NDHEHR.
BRAD AR, KEEAL, T —FDMRELREZRELL
7= (42)
2. F—TL—ALT = A=Y 3L BEORFEOFA.
XTEERVR MR . Xt R B DX FIfRR Y
BRI, (K3)
3. ABRBENE: BX - HMie T 7Ly Mebiiz 1 #E
DEROHEE], FEOEROE, AL E | Yl -
BHEHROE R, FA - B, KHROEE, &
D@ 2B 22 L 2L L, (X4)

OO, TATY XABREDT-HD 1

77 LRBEBRLTHY , BB E TS s 7
L% LITHREDIBMNZ L TV T EERTHoTE T
K276 4 1R T &) REREZERTHEFIZ2Y
BRIEFERA SN TV B EIHTE DRBZ) S ERME S ¢ Bk
WODIEM-T- Y | BIEEEIZE BIZ X DIMAIRYZ:
EZINRxpo-n, a™—&2 L0 +5h2LY
o7,

4. 2003 FED C6HEH

ABETIX. FEAOKIRBLIEWZLIZEX &5
ZONT-FIEZBRL TEVIARTILICE-T, KR
EXZERRICKR TN TEAIIREZHIOIEELE,
ZORE AL CHIE TR, fliEtE, BF L0 FRE
O,

41 AVE2—BTS574 9D ADEBL 5/ R

2002 FEOANRTE* TN THRETDHL, BEEER
THREEMNBR2 D THBARZHIRL -, Fi-.
FAN CC IZRKREFFLINRNFEZ AL T LR
H T THEI-DIC, FEMERERYEL T, F
AR THAEFHMETI L2 EML-, Fi-, BREE
IZBWT, FF4D PC BiIIGERERE T~ 5
ZF LEFIR L, 2z - T, O EE TAED T
ARNEV DR SAEARTEL T,
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BEARIUTOEEY THD, URL BE:
http://www.ke.ics.saitama—u.ac.jp/kondo/lect/cg/cg.html
B 1A a2 —ETTT4 I REFT DR #E
B 20 FNR KN EEEEY

% 3\ BB EE

% 4B LR—MEH, FADOHRES

% 58] Bezier Bi#R BELKE

% 6E DX —TL— AT =A—1a HE

% 70 D F—TL—LT=A—a ®E

% 8\ AL LEARER EREKRE

% ol AHRENE EE

%10 B HBRENE RE:. 0T LEE

B 11 B HBRERNE 1KY T SOMAKERK
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«» 2PE

SUIEE e

BE® VTR M A RIS
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N

~_|~
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Apra. QB41501108733284¢  Delt 044267BU00NE0AT

Scws 10 00800 4] ey =
km"? m?‘lﬂﬂx."ilﬂim.l‘“' Aﬂfﬁ‘)-m’f’“ AMTFELER
?W XN Imn ‘I+

M6 #iik: HBREY

#1120 HRENE ®E
B 13E Falod CG 8ift &%  FAOMAHME
KELFHE 1 BT CG R, 55 2,3,4 1T Java
Iar 77 ORfEE . BIRAERRDT-H OERDE
E|DOERME., B 5[\ T Bezier BBRDOME L ISR B O
fR. B6,7 [T = A3 OEBOEME, 5 8[EH
5 12 BT, 3 IRTT CG DEARRYV LB ChHHRRCL
L F VT EROREFN 2 FIETHDINAREBNED
Hfgh BREL TV,

4.2 REREORE
(1) #RD2LKDH 62 RITBERRO A HRITL -
TRk, BRL-ERE AT D% BRIELT,
COBBEIRRIBRKRE BV TRE THERAINT
WBLDOTHD, (X5)

URL : http://www.teu.ac.jp/media/" tagiru/mat
(2) Bezier BIBROIER: ORI HLNBKFERBS
MEZ 1= XD T — Z1ERIZ L > T, Bezier Bhi#R
DERMOBRFAY BRI LT, (X 2)
B)F—TL—LT=A—3 :CG IZBITHEEDRK
RO BEAREME AL | BHEELRRE 8 E D AR~
REIELLZBRELT, (X3)
(4) BB ZHEK: G2 =0/ 2 AV TT —
HERETHILIZE ST, BREEBRDOE X H LK
AERRIZDOWTERRA RO D2 BRIELTZ, (K 6)
(5) AABBBNE: 3IRTTCGITRITDBL L F Y FFikk
3 RIL—r DRYEICOWTEMT AL BREL
7o (K4.K7) Z% URL:
http://www.geocities.co.jp/Silicon Valley-Bay/1981/java/3
dcg/index.html

4.3 PHEDOBEHER L5TE

X 8 {25 2D AN R EWE =T,
(1) TR LB B NIV TIE, Java 7073
VT AREEZ SN a s I MK B TEXLEEK
IR DENHIRY TR T =— 772 B8 25K
RYE T, RILERITL, £ BOERNEBRICEK
WTUB,
(2)Bezier HIBRDIGH TIX, T —#4EREHLEL T,
(& 7=\ B 2 EHALKZ EARA TS,
(3) T=A—T 2L 3RRRIT, B2 BRICHL) D5 T
BEEMBEN ZEIZHKE RS T — 2R R T 55T
72K BiT-7oRREABINL TV VD, BhEXDOFRICHTT 5
BRENNEE ST,
(4) R DORYWETIL, 3 IRITT —2Z/ERRL THR
Rz TV, 7T Y ZAIZT OB HIRED
CG VAT LI L TEEMRERE > TS,

(5) HARBENETIZ. 2000 1THTV T 1T ADRRTL .

U7 NIREHRAERRIC B D AN RN A F-T-, B S
MEZ I —  FHL N TELD T, BAEE Kk
RERSHERRERX{ToTD,
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AILTIL, CC HBZI D LEMEREHET B
IEXEL- AL, FEOHEFHEZITOZ LK
BB TEIDOWTRA, ZOHEBIZL-T,

(1)CG HBIZBWTT NIV R AL EEXE 575
ICHEBBUWEDOBR AL THREINE |

QLW EHAEL > TH s I hBlRELIZY, 7T
X LDEfRE L IOELT-0 T HRB) G DTE
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Java 70455 2 I &K AREREBRERETR AT LORFE

gk Ak @EE K2
BEXF REX#E

BEE : BAIZEITS CC HEATFERICTH-DOITIE, KFEBRL LD CGC HRICBWUHEATEDEMORE
NEETHD, FEEEHFKHE(Non PhotoRealistic Rendering) 7= DEE A Java V7 I 7 % S L= #7248
BERERD T T I ARRE, 71V AHERE, MBI FEAFREBTHILX BMILT D CC HBIZOWTRRS, KFIZHBIT
% CG HBIIFHORENETHY . KEFRL NV OHEEFNIREN 2V, BHEOIIFHL LD CC HED
BEMBAREZIT > TETD, ZHbid, CG DEMALNETHY, BLOMFIZ BV TRBIN TODHTLV EIR
AT LT X AE ARV FEL ~L TR TR, FZ T, KEREL LD CG HBIZBWTHEAT
&% CC VAT LEIAICEED TV K IENEB THDHEEX 2, AREIZTDOVEDTHY , T EH2BEIRAERD
RN BFIZHT HIRERERUBFEDOER 2 XIETHHMEZRRT D, ZOHBERAL AT AT Java 7us/5h
ERAWT 7L oA T B8 E S TT NI R LR BT HIENBESITTELI L, (ERESNW BT 1 V5%
FIAL THREORELERY BAZTEXHI L% BAEITHEL,

Keywords: CG #HB. #EENRBE. Java 7ur T L, BIRT 1V 7, REFRE

1 IXCHIC

FHEEHFKE(Non PhotoRealistic Rendering)?d7->
DHEBER Java V7N 7 %G LU= Fi7- Ak R
BDT T ABRE, 7 1V IBRE, MBI FIEEZRRT 5

VERRLT= 7 AN E B E L THT- R AB 2 EX B
WARETH D, T2, FIRD ANRER, /3TA—FA
HDHE—LDTarF7 L0F| B, ABNES THHZ
LIZRHED 0D,

xR BAETD CG HBIZOWTIE RS,

KEFEIZBITD CC HBRIFHHEFOWMEN-6]2E
THY, KERL XLV OHEEFITREN R, BH Lind
SITFEL~LD CC HBOEMBAREZIToTETW > . -
B7-11), Zhbid, CG DERARIZNETHY, Bolfd
FEICBVTRRBENTWAHLWEBRAER T LTY
ZAE—RRITITFEL ~ N TR - TV, £
Z T, KEREL~LD CCHBIZBWTERTESCG
VAT LEIBICEED T K IENEBETHDHEE R T,

BHREITEDOVEDTHY, FEEHLERERMRD
7S BB DASEFRERAAB FiED FE &
THEMERET D, ZCOEEHA AT AT Java 7o
PN 2 IRV A 2 (55 o R N S ) =
AL BT HIENBRHICTEDIE, fERRENT-E
74N FEFIAL TEBORENER L BT L
* BIRITHBEL-,

A RAT LD S— 3 AIFIUMMER LTz, ZD
VAT LB BOERT A NI DIER~ =2 T VAT
ST, Fl=2 7 AN EEERRL TBINT BZEMTEDL
N2 HTND, ZDY AT AKX IIE BT LT
Ly MBREINTWAIE, BRI D L7
DBREN BTz, T T, HFRIZV I —Tar 2bhe
(ZAEBE EER(L L, 74NV AR A= — TR TEHLD
I RL-(K2),

INBIXY— AT T LARARENTEY, 5 ETIC

— 7 J—

28 8 L E(Haeberli's method)2
httg//reality.sgicom/gratica/improssion/ %8R

X1 SEFEERERSATLAED1
] (NoFmne o]

X2 FEFEERAERS AT LED2
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QIEFEBRER R T LOMELS

AU AT AL, CC FrapaDi &R CHAELEBIZIERL
Teo TNEDLEIZBREDT AV EHBIML T EIZK
ST, KEENRBEBREREITIZENESIZTES,
AENTIX, T EBRT V7% BB A RALERIC
DNWTERTBHHIT, VAT LDENEEE 3 121
S>THRB,

T 7Ly MIi, 800 X600 BEIFRDERNTKRRTED,
AHRNZIE, I b= A B I A= 2 —RERREINDH,
VERWIGEIT, RN TED, A=2—0 LEIT
EREER T V2 HBIRTDE D 13D D, 74N F %
BIRTDE, ZHUTKIET D/ T A=A EEE RS
N5, MBLIZVARIZIGU TRFA—E %2 ANTHT
EMTED, RTA—F ANFIHBE D EITR Y %18
R 5L, BRERITOND,

3 Image Filter MEFE
ZITIE Fal T LRREITICODITHLERIEIZD
W3,
3.1 T4 TR
T 7Ly N EITT D7 40T OERIE. LLFDLD
T,
(1) MainApplet.htm (7L v &R $% HTML)
(2)imageFiltering
MainApplet.class
Filter.class
FilterListing.class
AnimatedImage.class
FilterPanle.class
() filter ZANEDIFA (TERRSh=a A rahi-
TANEDIZR)
(4) List.txt (V=T 4L Z DY L)
(5) images BEIfR7 74/ ((ERTHEERT 71V
(6) List.txt (AT D EHRDY ZH)

3295ADHE
MainApplet.class
A EIRBT Ty NITR ZDT T Ly b
7RI SN S.
AnimatedImage.class
BERZ BT D77 R, ZO7T7 A %@L TERY
(GEEAS
Filter.class
TANENT DRI TR, TANEDIT AL E R
AV RENEMIARD I ED.

TP ERE

r‘:l—!'ln

imagedl g9 =l

|7 «nsmm

l._.,i sGian -|

Caussan parametsr

signa 0

L »

—,1 ] J INSA—P—
f - BEAL

’J__l___ = L)

=

[-‘ sER ]

B3 A7 LDEWE

BEOETNY

FilterPanle.class
TANEDINGA—FEIRESIRHITAR. T7Lvh E
ICRIREN, NIA—FERESE TN LYY
2.
Filter Y 5 X
BB DT 4NV 2B %1THI T A, Filter.class Z#k&
L, /> F—2F AL T FilterPanel.class /&L 7=
bOEEFO.
FilterListing.class 7 (/L DY ANEH T 57D 7
A, D IZ ALIIMIIL TEY, BT java 7 0s>
LELTERTS.
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3.3 1L DERAX
BFLWTANEEVERR T DH5A1TIL, Filter.class Z#k

AL Z7 2% 1EY, getName()-filter() getFilterPanel()

L FilterPanel.class & LT= 7 TR % AL F—I TR

LTl 45. FIlLWTANZDISZERR LIS, T

4L 27 limageFiltering/ filter |IZ{BV YT, 3L 3oL

EEAS

Filter.class Z &L 1=25X

ERLT B AVYE:

getName() 513 &L RY{HE: String
TANE DARTEIRT . LRI EPTERL U
oYM

filter() 5% AnimatedImae RVME: void
Z\}TEl>7~ Animatedlmage 77 A% HMEL Bt 2 &
BID. ZANEEIT.

getFilterPanel() 5% L &RYfHE: void
TANEZEEMET BT D FilterPanel 77 A% 3K 9.

e 3B F—20FZ:

FilterPanel Z#k&L7-27F &

Applet DFRNZ IRV ELTERREN, TANVZIIRT

BHINFGA—BEEERITBO 7 ANZ M5, 35

A—HZDZTEYHIL B H (Button, TextField 72£) .

Ay R

setFilterParameter() 5% L &RYfE: void
REINT/ T A—4% Filter Iy 5.

3.4 74 LB DBMAE

FERT37 410 42LL T, limageFiltering/filter | 5 (L
JNIRND(List txt | \ZEDPNI I FAT 7 AN T XT
THRIAL, DT T L) —ADERIILER,
EDTAVINNZI FAT 7ANEBINL, List.txt| O
{EIE%#1TD. limageFiltering/ FileListing] #FE1T3 5k,
YRR 7ANDMERRE N, EDLE,
limageFiltering/filter | ND T XTDIF AT 7AIVHY
AMTBMEND DT, BRI T TEHR,

3.5 EfgDEMA %

{3 8137 1L 7 b limageFiltering/images | N®
MList.txt |\ EAVIZEHR T 7 A1V R THAIALS,
ZDLETOTTLY —ADERITHEIR, EDT 4
L7 NIZEgEBANL, (List.txt| DIEEZITHIZTT
X\, limageFiltering/FileListing| #E{T%5%&, VAT
TANDBMERREN D, YANTBIMSHSERDT +—~
M3, JPEG & GI R 2 R THS,

AICERER AR AT D, AR N —

Ta A FENEBBROEGRELL T2003 £EIHR
2D THD,

4 RERTLZRAV:-CHE

AHITIE, 2001 A5 2003 AT 7= IEEEAE
BAERDEZIZOWTIRARD, REREIL, FEN
BBLIZV AT 2 AW TRREFRT A VZZVERL . B
BEREITHIZETH D, FIETRLIY —RE2BE|T
% B CEBLBEFIEZERL, TS SARER TS
TLEAToT, ZORRRRIL, 2 Y ARRETERE T HILE

BAELL TVWADS, ERITLVEERNEEL R LY,

AT MEEHEIT -1V LT-D T, 20024E,2003 £EEEIT
RN TITo72,2002 FEEEIX, EifR7 V2D
FEDIFINT 3 WITIARORBR 2 ECH/AT0, 74NV 5
DIVBEERTFERIELEL TRTGA—Z AN #HFH-T-DL
2o AT TIE, 2003 FEEDONER H LIRS,

4.1 RENE

2003 BT FREDNBIC R BRE 21T o7,
HBROBRL. (1)2002 FEETOIANE TOT T
DOEE 2)Fl-7274NZDER, Q) EBTRHY AT
LOREED3IHELT-,
% 1| HAFR
% 2[A] ImageFillter D Java 7’277 5D 5547
% 3B BERROFEOMTLERLKE

IWIA—BEER F— A BT 2 —ADKRE

% 48 FEBEEMRRDT-ODBREBINOHNEDOKE
% 5B FEEEHRBOILOOBEE: 71U XA
DORE (& BOWET —~ DYTE)
% 6[E ImageFillter ® Java 71 7 Z ADiBMN
% 78] ImageFillter ® Java 7’12 7'Z ADBHN
B8 E NIA—FDANFEEALEZ Tz —R
THA L DREEY
% 9@ NPR BRI AT LD%E L 1ER
#10E NPREBFEHT AT LA~DEM
B 11E NPREHEHT AT A~DBEM
F12[H Web 2L 3T 2T AABRTEDIER
%13\ REAEROFME > 2T LA

ZD Web 2BRIZIHKDBE Web ~—[1],[2] TIT
STWB, ZOIIHIREITICBWT, ELLo AL HE
BIEMRNICELSEOZLIZI-ST. S ADTAT 728
B, BEZALHIILI-DTE-, ZHEAIT 104
BRETH).ZHLIEDTLIHHELHDN, HLET
Xk oL, HEENREBRER T ST LN TEED
T lRRERBBONDZLEHB B,
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42 REBRR

2001 75 2003 FEED 3 RSB T /L
BOHIELUTICRN T2, 20 2 FEMIZKRB/S—a
ELEIRRBERAT A VA BEITI S 0 s T 2B RF
L7z, T, 7T A EEEEZ BT ERE T T,
Fo, B2 BT A NV EEVERR LT B %~ T, 2003 &
BEOK®KIZIL, 2 B CHALEEERL AT AIZ25
DTANEHEBINT B LI L TRIR L= 42 E A E 5
HRRS AT L FHELT-,

(1] /35 A —2 HREDIEMB

Haeberli D FE12)IXBEHRIZL TT7 7 0B8R L
THEREBREBDIENTED, ZOFiEFERAL
T 7L o3 ER LTz, ZDO—HFiIAX1THD, X 1
EBDBEDHBIONC, BIfREZRIRL TRBEEITTS
2 CRBEIRERE GO ENTED, L1L, JIVEE
LW EREED-DIC, 773 0KRES, 7708
SREEERTHLENHD, £Z T, 3 BROBERKRE
BT 7Ly MIX LT, RTA—FERNTEDIOINE
ETAZE%21To7, K 4 ITFEANFTLEDILK DD D
BROBBREBRD/RTA—F 2T, ZOIIN, BB
FERE GO DI BIR/NNTA—F BT HIEMN
KEITH,

& 5 1%, FA—FANIA RO THY, EDIEZHA
WTRD-ERZX 6, 77T, R—DRBETHDHH,
IRGA—BHRBEZ DL ST RO B -7-HEitg
BHERTDIENTED, ZOIINI/TA—FEE LS
EFRERORBMRE BT A LN TED,

K8 iX, 77 DY AXEEERLIZY, 773 Otk
D o BEEZ-FITHD, ZOIDNMERERIC TS
P ARXPE DI BT D E M T AN TE
e

2403 )iS5R—31 HWoA—-52 © $5x-43
Gaussion DAEOYAX 3
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Haeberli2 30K IJSVORES ol

Haeberli3 JSVOAZTL S )F
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Median DA FOTAZ

MeshBrush F3/D8A AX JSYORE
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Bnish8ize:8 ¢ ?| BrushBize8
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—
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{Java Poplet Window [Jave Applet Window
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(2] #1=72 D 4 L2 DERLH
(a) FNRIREHREHE
X9 DER#X 10 DEIRIZE#K
(b) BathroomWindow 7 4 /L %
INERIEEFFHWATEH 5 28 L OBERAERR
(© MEFERE#R (X 12)
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5. F&EH

AARIZEITD CC MIFEATERIZT A-DI2IE, KF
BEL~L 0D CC HB BV TERTEBEM O FEN
HETHD,

ARE LG ENLRBEBRERDHRDTBFFICBITS
REFAERUBFEDFEE 2 XETIHEMEREL
oo ZHIX, FEBEEMEXIB (Non Photorealistic
Rendering D72 DHEER Java Y7 I TEBLEIZL
T AR EREIR DT T HERE, 7 AV FBERE, HE
BFEOFEEXET LD THD, LDV AT Lk
FRALEEBICL- T, EENRBERERFIEICR
WREROFAPHX T,

&Il

3

KBRS AT 2O/ N— a  FARE THHHLU
FER. KB AA—1al OBRETHLIFREBZRIC
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Character Making Education for Media Content Creation

RYUTA MOTEGI"

DAISUKE KANNO™

KOJI MIKAMI™? KUNIO KONDO

Character is an element a significant impact on impression of the media content. This exercise confirmed the impression of the
character convey information by analyzing the character. And we made a character creation using the draft media content
production methods that we have proposed. And I made a clay model with a view to 3D modeling. Report the results.
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