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Fiber Identffication via the TISS and DELTA Systems*
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ABSTRACT

Of the vast number of plant taxa in the world, the wood is one of the most useful resources. It is
important to identify the fibers of wood and pulp for the plant taxonomy and for the uses, but we do not
have enough information on them, especially for the computerizd data. The fiber identification is one of the
difficult tasks. In addition to the plant taxonomy and the fiber-using industries, such identification is also
important in many other fields, including education, document examiners, etc.

For these purpose, the fibers should be exactly distinguished. The TISS system I have programed to
identify various woods would also be useful in the identification of fibers by the genus and species in the
features of unknown samples and in searching the features of a species based on its scientific name.

Such searching programs are being developed in many other countries with a view to searching the
features of wood and fibers by using scientific names, or to searching for the species name by using the
features of the cells of the woody materials.

With the survey of all the available literature, the features of the fibers of 124 species both of softwood
and hardwood were examined under the electron and optical microscopies. Each species were coded and
carded by the feature, and the databases were built. The microscopic photographes were inputted into a
personal computer by a flatbed scanner and by a slide film scanner.

The new computer program called TISS 2 was developed using C computer language. Korean language
fonts were added to the TISS 2. The TISS 2 can be in adding and searching a image of fiber features both
of a known fiber and an unknown fiber.

The databases were corded for the DELTA system which was developed by Dallwitz and Paine in
Australia, 1986.
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Fo] 8lE= 79 20tigel] A o] T FEE
oz2A pEozRE A&ste gitic % AD.
1100467 M Aol FFR=EA. o] 712 Ut F
o] 82 AlSd AL BT KK, Yok, &
2 1 o]9) o] HEMpEEMECI A AMEMEE AHE
g2 gsith HZx9] Kif pulpe 1840FMHd =
dojA gEojFon, AL JA FL vy
pulp ©] QA th(Wilfred, 1980). 7L ¥ {4 pulp7} ¥
gate] K#t7h £ol9 EFEZT Ho A F& 90%
LLEo] Ritig#S A&t Slvh(Russell & Gray,
1982; Wilfred, 1980). ;EfEoll ol 28] Ak f
9ol oiuF, A, otz A, otnt, B3,
wool, silk, A AEEEHESQ (LM Fo] AL
Hu oy olg9 AMSFE 10% LIA(Wilfred,
1980) o] B2 &K FHEAX = Aol Mol o3l
Aok EAc. ot K HRolA st &2
FIZERAT S Ao S @3t AMEsHA &¥n F
o] ¢} fiberboard?] FHIZ AlE-5H = AMEHE F
st T2 AFEHATHRussell & Gray, 1982;
Wheeler 5, 1986; Wilfred, 1980).

Aite Kt #EHgn, wEs 2 L8 %
B %oz HHISHAT, M AME kst
B—Hie] MuWBKMHES EBER sto #EIsH
B2 olglg Ho] ¥} (Russell & Gray, 1982). 1
LR AR BEERME I MM BRIt
el 48 FEF A8/ AGE B =€ E 7HA
Foe = Uch(Russell & Gray, 1982). 18} 4%
MR B B odlA JtestEE K
Aot Aifrh HBlEELC] A 34 o] th(Russell
& Gray, 1982).

HEHES s E RS M MEXE 532 &
Ao 2 FrH(Wilfred, 1980). #ifmel Ay HH
S BBEE sk #EEENR S shushue) kg ol
T H%E #EIdT. 2 A iRl
vz @79 HER ol FoA YA &1 F4
7121 9] B oz o|RolA] JYOBZE o5 WHHES
computerel] AJietA] @3 kel L&t A
g3 #HHE T 5 }S B obE & g &
ftgEc] 3 SRS A AL F A9

(Morse, 1974). whebA] #HERRIS st=tl LA
computers FIFHSHA Fplo] M AL EE E
o N R MY BRI HEE 2 FA
3t AxA Y GEEE Y 7 U

ComputerE ©] 83 BT ARMEHES HEAH
HES FEtA, computerE: HHRFHESGE AN
FERste BRI ZA, HEAAM = Wk #iTol
og] vt &gt F2Hn o I FI2
A B AH %58 € (International  Association of
Wood Anatomists)+= 198145-H computerE FIF
g AMEH INEREE 531 AMBLE AT
computer program®| 72 Fkte] code b L AR
A R lisfb Sfol] Bt R #EATHOIT. o
NEEEE 22709 HZEEH 54 198949
A A F THIAWA committee, 1989).

A SEANA computerE FIHd A Rit 2
#E BASe HES AFde 4eH 2o ©
19743 ul=e2] L.E.Morse7} &5 program
(IDENT4)2 7123t} @1981d RB.Miller %2
REZERTFE 3851 listet 3B program{l Ident8(R.B.
Miller, 1980, 1981; IAWA committee, 1981)S- 7}l
gl o0, 3,000 HifEel] of 3t EELE databasell,
gk 2F @1986d ul=2e] E.AWheeler Zo]
GUESS(General Unknown Entry and Search
System) program(Wheeler 5, 1986)& 7|23} 8,
0009 HfEs] di3t BELS databaseft b =3
@z F9 Jllic F& MFERM FEE multple
entry R0 2 (Ilic, 1987, 1990) 10,000a] ##E 2]
wEHS TP o0, CSIROID programg 7H'L3)
t}. 2 9d BYE<9 KKurodax JPNWOOD
program(Kuroda, 1987)% B 1, @®vl=2 T.
Duncan2 MEKA(Multple Entry Key Algorithms)
Z /g3 ovf(Duncan 5, 1989), @DF=9 RJ.
Pankhuruty== PANKEY program(Pankhurst, 1986)
S MEde % Fd programo] LHA oA
a2 9 de FAM = S| a7z o

old] W&l R F7A et AFAH L vl
$ 2248 A olvh. ©] S imageE computero]
Aol 5% 52 S4o) we image Y E3
g5 QS ¢ A7 e AA

2 A704 AgsE 8ot "mullingual
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glossary of terms used in wood anatomy"(IAWA
1964), "IAWA list of microscopic
features for hardwood identification"(IAWA
committee, 1989), "papermaking fibers"(Wilfred,
1980), "computer-aided wood identification”
(Wheeler 5, 1986), the practical identification of
wood pulp fibers(Russell & Gray, 1982), "5} =
Az AF"(Fh 5, 1987) L' EAZH 9 =3 (kb
5, 1981)d] 71 E 8ol & i}

F \RdM e LEEES] ks By &
Aol A FAsho] e fiES EREHE UE
AL, o] & EEE computerdl X HAHT F U=
£ codefl $th AF5H S codedtdt=d] 22 A

committee,

%31 codedt® EA L imagesdldt= programe 7f -

uha) o vy 1,00078 9] image dataZ F& ).

2. A2 2 3

2.1, fEREE

# Bl AHEE ftREES 2 U 24 B
2Ao) 2%gol YE B FES oj&ig.
12478 (4T3R5 % 13 [ 26 M5 RIZERIH 28
¥ 538 98 18)2 ti ez Hch

2.2, AE XM=

22.1. ETERGH AR 81E

& B AMIERN A HRAF S RIS, &
HR oM EXEFEHNE BER A& K
k. o] M-S Sch lze Bk ZH(F =, 1987)9
ARMEHR BRHoZ A MiEE &% B
o}, RE S S glass filter Nl A alcohol series
2 RAKE % sub9 ol REFHE Y S AT o
< I fd BHE 124 BAM SEEEAY.
1 thg ion sputter coaterE ©| 83t 4o

coating F}.

222 B EMSER A RE

kEe EFHRSEHCOE MY MHE glas
filter Aol A] safraninjf o= RE b KK
Yetn A #HHEE alcohol series2 /KT BIKkE

HHES slide glassoll 221 7 Canada balsam F &
BaxterZ # A St K/ slide & B/EE o}

2.3. EZXAM

2.3.1 stIERTHES FE

SRR REE - SHERIY R del 90% 2L
FE Axstn Y, = 2 Zo)7t 1-4mmikh =,
1987) B =2 RZERie] #uEot Z27] djZof B
HERIIT Y] MR T o] Bo] wT}. whakA] $HEERS
e REES Loz AT 53 £3 ¢
99} ol SEPEES|, HHKEEIL Fol Tt FHA
o2 FHEY.

(7h) BREE o] HkEEIL

REES] FHEEILS AL o] Fest Mg
° %o Feirt A 2o S REE F
HEEILE BAY ol REES] AkAAM F2
ROE e AEEILS BESAT AME BED
T REEe] FHEILS #2 T g RYE S
fol A REE e Al 22RG.

(M) srErEEaL

SRS STERME BT o MY 2o
BEERE ] B Ro] MMBNANE HoAME
2 BrlEEie e MEsolE RitolAe FH
&} Z2AY A9 FAFSEH(Russell & Gray, 1982,
Wilfred, 1980). £ AFoM= & 1 L 79 o]

AR oz AHBANN HEHE F49F, &
Jugy g, Ainge g, Jenusgyz o

HUgY P 502 Yo zA

2.3.2 MAZEREMES] R

MZERel MMEEs & 4 % 103} o] JAWA list
O JHdA Bl 7t BEY Ho],
L, EEMEAMEI, EEMSTHEMmMEIL, BE
KEEE, SERREE, RIEASHE, SERRE

& 5& 2AT

(") BEe 24 /5
A 27t BEEH F =80] EAA v TF
£ Amborellaceae, Tetracentraceae, Trochodendraceae 2
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Winteraceac®  ¢alx  UTHIAWA committee,
1989). wef o] & ¥ HAE AHEsIA pulp,
paper ¥ fiberboardE A| X3 BA 3| pulp, F
o] @ fiberboard £&¢j] = o] £ A et} 2
gla T@o] EA3E FFLE pup B FolE
Az BEste FHAN 2= 871 3
o} welA =@ EA FF= EA("+"; positive)
o A ek AL8-3k 3 F-A("-"; negative)oll A & A8
A Zuct o9 T o FE U FAHE B
EAAfAd AFL ZA AT AL

() AL, SEEMIEETL, SO AT

s AFH, ERYEIYT, PRI

Fe 27 BHE 7 S8 T2 $9
FHY + AUk B ol E SYL 2AE o
D8 FolE LA W HEOZN AHBI
2ot ohe MEHHNNE e FRE WA
ol S9inh v BEREILY A9 2AS
b Ex B A o BS99
BFIA Bish S=2 AYE 792 gt

(th) =9 A7)

IAWA list(IAWA committee, 1989)o| A& &F
A, IFA, HFFAZ Pr JAR EEE Y
el o]E §Fo] £ . WA B A7
e dE#} 2T EEHA e 54,
A aT EAste 54, FFA7L obd FFoA
=@ Lxdo] EFHA YEvde SAHSE
o] A o] 54 F R &=
o] EA st EAL EA A §3A R uEF
Ao 5 Ze EFojAU

A9t Actinidia spp(Actinidiaceac), Capparis
maroniensis(Capparidaceae), Derris hylobia
(Papilionaceae), Serjania subdentata(Sapindaceae),
Congea tomentosa(Verbenaceae), £7] 21 & 2 #
EiE 52 BAMoI A d=dd 58] &
A st JeEPGTHIAWA committee, 1989). o] &S
B FEEE TE T e =8 o199
g2 AEE vludte PHF =] B, Fil
9 EERBUMBREIL 58 viasie el A
o} B¥A pulpdl M€ A BifEel B#ste B+

7 Bo) dernz F— Y HEE 42 B
o 2 #As ok}

(2h) &% 9 AR 4ol
o] Zol= IAWA(IAWA committee, 1989)
oA A A ARG FEDR 2ol e

(vh) AEREEE, SERKREE, EEARSME,
BHERBREE

o] 5 E3 & JAWA(AWA committee, 1989)0j]
A AAR REFESIS HER 2ol ZARH.

2.4. TISS 2 system

2.4.1 TISS system< ¢3¢ 5343

b AgdF A7 54

Ao ARAE S Adstr] g3 & 13 2
o] 1578¢] §A & Fstq EAste FA(+), A
e EA(-), B0l EAgts 5A(Y), ¥Rl ¥
A st BEAMW), ¥/t g 5A(V), 488
e 5A(7), A 28 SA(U)e2 FEs
o] databaseE E A § F coded}F .

Table 1. Microscopic features list sheet of softwood
fiber for TISS system

Numbers Features
0001 | Longitudinal tracheids uniseriate pits
0002 | Longitudinal tracheids bi-seriate pits
0003 | Longitudinal tracheids multiseriate pits
0004 | Longitudinal tracheids opposite pits
0005 | Longitudinal tracheids alternative pits
0006 | 1-line spiral thickening
0007 | A pair of spiral thickening
0008 | Ray tracheids present
0009 | Ray tracheids dentations
0010 | Cross-field pits window-link pits
0011 | Cross-field pits pinoid pits
0012 | Cross-field pits taxodioid pits
0013 | Cross-field pits cupressoid pits
0014 | Cross-field pits piceoid pits
0015 | Small lens type pits
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(W4 g5 AR 54

GE5Y ARAE S Ads] g8 & 29 2
o] 15719 5A L A3t EAst= SAH(+), FA
St 54(), 50 2AtE SA(), 950 ¥
A e SAMH), H3rt & V), 48 #
Re BAY), AR 28 5 (U)ez #E3
o] databaseE F A3 F coded}3l o).

Table 2. Microscopic features list sheet of
hardwood fiber for TISS system

Numbers Features

0001
0002
0003
0004
0005
0006
0007
0008
0009

Large vessels present

Small vessels present

Simple perforation plates

Scalariform perforation plates with

Scalariform perforation plates with <10 bars

Scalariform perforation plates with 10~20 bars
Scalariform perforation plates with 20~40 bars
Scalariform perforation plates with <40 bars

Reticulate, foraminate and/or other types of multiple
perforation

Intervessel pits scalariform

Intervessel pits opposite

Shape of alternate pits polygonal

Alternate pits size of Intervessel pits <4m

Alternate pits size of Intervessel pits 4~ 7m

Alternate pits size of Intervessel pits 7~ 10m

Alternate pits size of Intervessel pits >10m

Vestured pits

Vessel-ray pits with distinct borders; similar to intervessel
pits in size and shape throughout the ray cell

0010
0011
0012
0013
0014
0015
0016
0017
0018
0019 | Vesscl-ray pits with much reduced borders to apparently
simple; pits rounded or angular

Vessel-ray pits with much reduced borders to apparently
simple; pits honizontal(scalariform, gash-like) to vertical
(palisade)

Vessel-ray pits of two distinct sizes or types in the same
ray cell

Vessel-ray pits unilaterally compound and coarse (over
10m)

Vessel-ray pits restricted to marginal rows

Helical thickenings in vessel elements present

Helical thickenings throughout body of vesse! elements

0020

0021

0022

0023

0024
0025

Numbers Features

0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044

Helical thickenings only in vessel elements tails
Helical thickenings only in narrow vessel elements
Mean vessel element length <350m

Mean vessel element length 350~800:m
Mean vessel element length >800m

Mean, +/- Standard Deviation, Range, n=x
Vascular /vasicentric tracheids present

Fibers with simple to minutely bordered pits
Fibers with distinctly bordered pits

Helical thickening in ground tissue fibers
Septate fibers present

Nonseptate fibers present

Prismatic crystals present

Druses present

Raphides

Acicular crystals

Styloids and /or elongate crystals

Crystals of other shapes (mostly small)

Crystal sand

2.4.2. 73 A algorithms

BEE AAE0AE AlH EE kA slidee 2
FH AR FEMBESEM)T LBEMKEe 2 &
ffERl JHES MR s BEZEREESA
database{t, 3tax} oo} 22 WP T &£ FfK
< WBEE g9 ae 2730

HEAMERRINA oW T NS HES REBRZE
3 BB o 2o dF /A HEE A
g g Ut 3 ffE JolA FES AE HE
o] MFFFESHY present(+)E(Z 5, 1990;Duncan
S 1989; Wheeler 5 1986), @A 7o} absent(-)
2(Z T, 1990; Duncan &, 1989; Wheeler %,
1986) ZRF . Aol whel T 94X Fof g}
2ol 7b qlo] g @FAESHH required present(!)
(& %, 1990; Wheeler 5, 1986), @A fe]®
required absent(#)(Z 5, 1990; Wheeler 5-, 1986)
2 it @0l HEe gEde 22 fiE
NNZ Iy Te EREMS Fo o=t FEsle
HEel AfEste #EV g 4 Uk ol HE B
Bl = Al 8t Be A= #iliFstd



f2s}7ere =] 4108 A1E (1999, 6)

variable(V)(Z& %, 1990;Duncan %, 1989;
Wheeler 5, 1986)2 FRTH ®oW 3 RS
RES TR o2 #HEY + gle H:#E7 Ao
o) 3 #2:8% undefined(?)(® 5, 1990; Wheeler
5, 1986)2 £RATH OF H#Ed "M = RE

Bgol HA e Aol Aot ol Hidde
natching 5| %] gto}of 3t A2 B o)1 HRE
o HEME S48 2 ZEEE] BitE ook
gich. o] g+ 7 - inapplicable(*) (Morse, 1974;
2 =.1990; Dallwitz, 1986)2 &R

ol A & #gre Ko Mt Aol FRE &
T UE AR FBAM BEE & de A22A
)] Eo] HAEMS Ed Hole 19 13 2o £
B BRIt BarE o

Unknown definition

+ | - PP # |V ok
+|(1]J]0O0¢t{t2Y|P|1]|]U}P
o(1|P}|1|1}{0U]|P
Known | + |y {P|1|P|P|U|P
record | ¥ P |1 |[P| 1| P|ULP
vi|il|{1|P}P|1;U]|U
dluvjufu|fUu|U|U|U
x (P | P|P|P|[U|U|L1
+ : Present ? : Undefined
- : Absent X : Inapplicable
! : Required present 1 : Matching
# : Required absent 0 : Mismatching
V : Varable P : Pass

Fig. 1 Matching criteria of feature state

2.4.3. Imagc &4

EAMFE &4 #5300y 54& KA 3
th. o] 7 4“— olche] 43S imageft 3t} HFE
of AFPt AFAEe] FoFd S AAE

scanner, CCD 7}jat2 & 3la] pex file2 AR
ot 2t 2 F Aol 5709 v &l wet 270

A 9] imaged A3 At

2.4.4. Image file Y

pex file®) ™™ 2 scientific name®] 47 &g
gl 22 2212 9 £9 gl Wl 24 3t
gz ol R Abole] o] E(-)& o
oY 29} o] ¥R

ex) 235 Ginkgo biloba L.

G I B I L-1 1
L1 | | L
S EREEE

gopl 2wy AENE

EEER S

Fig. 2. Cording of image file name

oY 29 Z2 WP R HEY o AFIUF
(Quercus acutissima CARRUTH.) & H7MA| 5
(Quercus acuta THUNB)]= file®o] ARG F
Ao 428 99 Ty o2l 24 34 B
3 ol w229 2x e Z image file® & B
B3

245 Data 98 2@ £3

BAF A0S 48 - & FY, GeY
54 % 549 468 98 ¢ 3 neste A
e % esA Tz ﬂq.~ HEHE

L l

AZol v slo]E #o] 29} o] Browse7] 5
o1 "Wood of world"ol| A A}&-3l3 Qv w43}
Zo]l @ o] ©&71E o] £31A Ut

7} Z=ZF o )3} feature state?] data S 7] 3=
w24 0 2 memodtd-& o] £33 o). o= 2 list &}
z} A9 listolr} ZQ feature stateE 7] ] st A
ge g% Az shte] syoezm 2
list® Agste #d & & ol —‘1:‘1, @A 4 5
Zo] AY listo] )3 feature stateTH-L 713+
% Z memoRY & s e FEWHE H
At
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24.6. File9] 74 4 Z38A

TISS system& o}#} % 33} Zo) 2% 11749] 5
aQz A=) 9ley, wood.dat, wood.dbt, id.dat
9] 3719 filee systcm ol Eq4F 92 +F2
EQS 98, £4 T AAY B § systeme F
A o ﬂ%‘—?ﬂ lﬂ%°] AFo 2 HZFHO fileZ
HEEA A

Table 3. Component files of TISS 2 system

File Name Description
TISS.EXE Execute file
WIN.ICO Icon file
HEADER HDR| Data base header file
WOOD.DAT | File of wood information
WOOD.DBT | Wood information file
ID.DAT File of feature state information
WOOD.MDX | Index file for searching
ENGFNT | English font file
HAN.FNT Hangle font file

¥ 49 o] wood.dat fileo| A field04E HHA
data typeo] memoZ Ho glow Tz Zoly}
1092 5o Uk olRe ZAsG AT e
ExS wood.dbtzbe filed) AAAIF 2, AR
F2| YA & fieldo4o] 71Jst= S ok =T 4
Y list9) feature stateZ Zz} FEnich A FL %
ok 3, id.dat file(¥ 5)% 71% daraZE o] 83} FH
A A fieldo4ol A A& YRE Folr  wood.dbt
fileS FzsA T2aY o

Table 4. Components of Wood.dat file

Li:;h Name Data Type
FIELDOl| 90 | "family, genus and | Character
species name"
FIELDO2! 90 "common name" | Character
FIELDO3| 8 "image file name" | Character
FIELDO4| 10 feature in letters Memo

Table 5. Components of ID.dat file

Field Length Name
FIELDO1 4 "features numbers”
FIELDO02 80 "features descriptions”
FIELDO3 1 feature state

2.4.7. TISS systemg] ©37)
¥ 69] TISS 2 system @7+ o /839

system S g8l Hal A nd ot
Table 6. Hotkey in TISS system
Hotkey Descriptions
INS o ]
’ S zigof Abel e}
SHIFTsINg | 0 = e
DEL A2E YA AHA R
ALT+D | A2 A8 A& ¢33 A g
Home, A
Ctrl+PageUp B2z U HE J=Z o] F Y
End,  Ingexd gnxe =z o
Ctrl+PageDown
ESC 7123 AEoA Urteln E o AL
ALT+F %}a Ho};}(‘l‘}}\%tg, oé‘?l“g)a E—Q}O%
A A“zﬂ.i:].
qeg 44 A41e B welzn
B e,
F2, F3 A 8.9] feature state S HE 3}
F4 MAE feature state2 AT A HEHS
Aot
F8::F8 Afrtt 7w ole SARZ(FY,
=A B o Eor .
ARROW, | 75473
ENTER
TAB, o] o]E(¢r T
SHIFT.TAB | & (IS A

2.5. DELTA system
DELTA system& CONFOR program®} 4742}

=

4 program(directives
characters file 2 items fileZ FTA o]}

file, file,

ol &

specifications
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fles Az BA, AW, €99 BY AL
Dallwitz, M.J. & Paine, T.A.¢] User's guide to the
DELTA system. - a general system for processing
taxonomic description(CSIRO. No.13.:7-37. 1986.)

& #uz s 24P,

2.5.1. DELTA system-& $|3F SA 43

Zh A+ 479 54

3 79} Zo] DELTA systemo|A] A g9 &
288 98 709 5A4& Bt Dallwitz, MJ.
& Paine, T.A.9] User's guide to the DELTA
system. - a general system for processing
taxonomic descripion(CSIRO. No.13.:7-37. 1986.)
o] 98} characters fileE 24 g t}.

Table 7. Microscopic features list sheet of softwood
for DELTA system

Feature numbers and description

1.01 # 1. description based on <species examined>/
2.01 # 2. Longitudinal tracheids bordered pits/

2.02 1. uniseriate /
2.03 2. bi-seriate /
2.04 3. multiseriate/
2.05 4. opposite/
2.06 5. alternative/

3.01 # 3. Spiral thickening/

3.02 1. 1-line spiral thickening/
3.03 2. A pair of spiral thickening/
3.04 3. absent/

4.01 # 4. Ray tracheids/

4.02 1. present/

4.03 2. absent/

5.01 # 5. Ray tracheids <dentations>/
5.02 1. present/

5.03 2. absent/

6.01 # 6. Cross-field pits/

6.02 1. window-like/

6.03 2. pinoid/

6.04 3. taxodioid/

6.05 4. cupressoid/

6.06 5. piceoid/

7.01 # 7. Small lens type pits/

7.02 1. present/

7.03 2. absent/

() gg4 A5 53

¥ 83} o] DELTA systemol| A &9 A&
AE& A9 18709 §54& A8t Dallwitz, MJ.
& DPaine, T.A.8] User's guide to the DELTA
system. - a general system for processing
taxonomic description(CSIRO. No.13.:7-37. 1986.)
o] 9]3) charaters fileZ A4 # T}
Table 8. Microscopic features list sheet of

hardwood fiber for DELTA system

Feature numbers and descriptions

1.01 # 1. descripton based on <species examined>/
2.01 # 2. Large vessels/

2.02 1. present/

2.03 2. absent/

3.01 # 3. small vessels/

3.02 1. present/

3.03 2. absent/

4.01 # 4. Mixed with both of large and small vessels/
4.02 1. present/

4.03 2. absent/

5.01 # 5. Perforation plates/
5.02 1. simple/

5.03 2. scalariform/

5.04 3. reticulate, foraminate and/or other types/
6.01 # 6. Scalariform perforation plates with<number of bars>/

6.02 1. up to 10 bars/

6.03 2. 10~20 bars/

6.04 3. 20~40 bars/

6.05 4. 40 or more bars/

7.01 # 7. Intervessel pits<arrangement> /
7.02 1. scalariform/

7.03 2. opposite/

7.04 3. alternate/

8.01 # 8. Intervessel pits<shape of alternate pits>/

8.02 1. circular or oval/

8.03 2. polygonal/
9.01 # 9. vestured pits/
9.02 1. present/
9.03 2. absent/
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Feature numbers and descriptions

10.01 # 10. Intervessel pits <size categories>/

10.02 1. minute <4/m or less>/
10.03 2. small <4~7m>/
10.04 3. medium <7~10m>/
10.05 4. large <10im or more>/

11.01 # 11. Vessel-ray pitting/

11.02 1. with distinct borders; similar to intervessel pits in
size and shape throughout the ray cell/

11.03 2. with much reduced borders to apparently simple;
pits rounded or angular/

11.04 3. with much reduced borders to apparently simple;
pits horizontal<scalariform, gash-like> to vertical
<palisade>/

11.05 4. of two distinct sizes or types in the same ray cell/

11.06 5. unilaterally compound and coarse <over 10m>/

11.07 6. restricted to marginal rows/

12.01 # 12. Helical thickenings<in vessel element>/

12.02 1. in vessel elements present/

12.03 2. throughout body of vessel elements/
12.04 3. only in vessel elements tails/

12.05 4. only in narrow vessel elements/
12.06 5. absent/

13.01 # 13. Mean vessel element length<categories>/

13.02 1. 350im or less/

13.03 2. 350~800um/

13.04 3. 800m or more/

14.01 # 14. Vascular or vasicentric tracheids/
14.02 1. present/

14.03 2. absent/

15.01 # 15. Fibers pits/

15.02 1. with simple to minutely bordered/
15.03 2. with distinctly bordered/

16.01 # 16. Helical thickening in ground tissue fibers/
16.02 1. present/

16.03 2. absent/

17.01 # 17. Fibers<septate vs non-septate>/
17.02 1. septate/

17.03 2. nonseptate/

18.01 # 18. Crystal types/

18.02 1. prismatic/

18.03 2. druses/

18.04 3. raphides/

18.05 4. acicular/

18.06 5. styloids and/or clongate/

18.07 6. other shapes <mostly small>/
18.08 7. sand/

18.09 8. absent/
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Fig. 3 Databases structure for DELTA system.

2.5.3. Image scanning 2 &3

2459 39 542 BARAD e
gu|iez #4g F olE o= FEE
slide scanner2 4} 185 FuFPL AR
£ platbed scanner$t CCD 7iWj2t 2 1= 3},

o] ¢H¥E imageE DELTA systemd)
DELTAG A3} file2 HEAZ}H HE Y imaged
DELTA system®] DELTA system] DELTAC 4

3 fileZ .

2.54. 71€}t

7)€} algorithms, Data 92 2 44, Image file
By Image Y28 A4 So Bl

Dallwitz, M.J. & Paine, T.A.2] User's guide to the
DELTA system. - a general system for processing
taxonomic description(CSIRO. No.13.:7-37. 1986.)
S Faugch

3.4 3
3.1. TISS system 2| 2444 & &3

311 529 9@ 14
TISS system®] Z7istiozx =, &1, F



7732 #1049 A1E (1999. 6)

oW, o duoz A FAE AREA T F 3
A3, ulA e AH Z, LA S K F&
A4 5 YA oA A AFAA AF
¥ TISS 1, DELTA, MEKA, GUESS, JPN,
PANKEY £¢9] 7153} A< #AFslt}. Index files]
TAE HEEH T Gy TR s 47
ZozN ANETE At BE =22 A4
ot

TISSE A#Y3NS o 7|33 main menu
o 9 "FE&FPoz FY 'Y "Yulgor A
" £ 7149 menuE B HAFE Fo= 5
o} 7}% index fileo] 93] FEE FFHL £4T
4 9t F&EFHez FAH EAAFR F9
>z2ge F&£FPo v 29 dupleez
AP, gt o AFE ZAPR B 5
zoe z= g dutgd o8 FEHUG.

g e #3& FanAstd AN duAste #
o, &0 Zn T2 Aduty g Qs Pt 7
22 398 5 A9

3120zl ARZRE £3% HH

TISS 2.08] 714 383 Ao 2A -4 &
A2y 2 7A(GUESS, DELTA S)o) A A1&st
= urao] opd A2 Ql "Screen select method" &
Hato], s A listol] FRL feature stateS
Ao Qg £35S &+ AU

oA AFT TP TISS 1.02 v|A| 9
%< 2437 A8 DextF A9 4 listE B
o 2A4TE Agsged, 2% 4880 E 3
© 2HL g8 ASHE oA AFEAY B2
keyE ¢9stodol e WA T et A ] A
list2 B} &A8e 59 3 E & X9 7|
Zaqcirl Ade] Bd F, EAste ¥E A
32 9138388l command lined] HEE Y33}
=84S 93

T2 ¥ ndE £FE9 feature state(te] 25
g o= A% &3] A3 gEY AdE AHE
A} 2 F 542 TISS 1 systemol| A £} 2}, 09
X 100 & o] gA7} d3te FAE ddn AU
HRe F2d A4gdng Fd Eshod vla F4

HA

3.1.3. 4 22| image &9

(7}) Image output flow chart for TISS system

23 4% Image £8 £AE2A n 331 990]t}.
webA imagee Z £F F 997N7HA 2H BT

Start

!
N=1

)
Key ?Jf%‘ ; /9

Loading pcx ; N = N+1

)
View pcx ; N
)

Key 99 ; 6

!
End

A

Fig. 4. Image output flow chart for TISS system

(1) Image 28 A3

TISS =21 o) AR & 59 o9|A &
27 gAME BEAFE oA ojuAE Eu A
42 9o WA E YR A|7]|I keyE T
A NYE F£2o AFE o)X 7 BAFE F
FZstche] Jetgth. A& keyE F2W AR
Furze] AAE o7} B F, T A
o ] x| ¢ ebtot.

r

[s)

o

)

go it 1o (w0 rlo

3.2. DELTA system 2 A4 2 &%
DELTA system®] 7342 t}& TISS systemo] 2zt
19E 7157 2ot 28 TISS system¥} ¥] w3}
o 2xgd AR e FHQA £AE AAAGE A
% &9 A3 E ZuiE F33Y F AR TISS

- 10 -



7 : TISS system ¥ DELTA systemel 23 A #48

system3} ¥ Zate] WA T Yol AE
B9l A4 & ¢m glojobe x2 e
st

71et A4 4 &3 ZAe Dalwiz, MJ. &
Paine, T.A.€] User's guide to the DELTA system. -
a pgeneral system for processing taxonomic
description(CSIRO. No.13.:7-37. 1986.)3} 2t}

4. 11 2t

TISS 2 system®| Hgsjojof & HEL g3
Z 3k}, 256 COLOROA & A% 65000 COLOR

ol el Mz F& S E(1024x768)7F AL H -

ook gtr}, B} WL %9 image AR E Al &3}
o dgsjof gt 3R A wiA Yol
Wate W2E AAdk Ik OB EF 2
image files & 4 JEE dof At F& 8o F
< XA (jpsY)olt B ARG TR
H(gifstd) 2 TISS T2 o)) 0] 48 F U=
Z goz A% dFsor Foh m29 2L 16bit
2] OS7} obd Win95¢} -2 32bite] OSe|H 7%
He Z2a3E ASH 0= s of gt

DELTA system®] Hsojof & H& g3}
2o v ARIIE oo FAAF S B T2
P2 S Y F e AL Z2aYP S A
dajof ot b ENY 24 ¢ image fileE A g
& g 3lojotg}.

5.4 &

AT - 897 1245F9) AP 79 493
A FQ 4% image filed} A AT F e
TISS 2 systemS C Aoj 2 LA AFHE o]
£33 Ade - EdF AR dolY £/ - H A
QA AL} TISS 1 systemol] Hlm3le] 2
font7} F7150] @23 4&& T AHEE
U 3, image fileE & FF F 997M71x] 423}
oq 238 ¢ AU

A= - g9dA 1245739 FAL R/ &n

A4 F2 EAEL DELTA systemo] & &8t 7
Mg 4 9 A database & F &g}

a3 2% AF 74 Fvee gdd 23
B, 182 image filed BA)o] AHEE F Y=
FE ZE2a0] MEd HF2E 713 A
717v et AT A FAE B ohuigy ZxjeE
5 dete] BRo §80] @ AAE FFA

a8y $o 2 A&3te] datas} image fileS F
Fajoksta, T2 W GA] A&t Bestd A
R0 o 48 Z2 P8 st gxot
Eid=g

2 gl of

6. AEEH

1. tMB2 ZTCH FEEH. 1981, AT B
IERj :15-160.

2. FMBES FUH FEEH. 1987 AT #5).
#B3CiE :94-364.

3. 2E 5 =T H. 1990. ComputerZ FJH & BH
PE R#tel BBl BT R BEAM TREE
187 2%.:49-66.

4. Clarke, S.H. 1938. A muldple-entry perforated-

to the
identification of hardwoods. New Phytologist 37:
369-374.

5. Dallwitz, M.J. & Paine, T.A. 1986. User's guide
to the DELTA system. - a general system for
processing taxonomic description. CSIRO. No.
13..7-37.

6. Duncan, T. & Meacham, C.A. 1989. MEKA
manual. University of California. :1-15.

7. JAWA Committee. 1964. Mulilingual glossary
of terms used in wood anatomy. Konkordia,
Winterthur. :5-67.

8. JAWA Committee. 1981. Standard list of characters
suitable for computerized hardwood identfication
JAWA Bullns. 2:99-110.

9. IAWA Committee. 1989. JAWA list of microscopic
features for hardwood identification. IAWA Bull. n.
5.10(3):219-332.

card key with special reference

- 11 -



7758 2] #1104 A1E (1999, 6)

10.

11.

12.

13.

14.

15.

Iic, Y. 1987. The CSIRO family key for
hardwood identification. CSIRO Division of
Chemical and Wood Technology Technical
Paper No.8:1-13.

Ilic, Y. 1990. The CSIRO marcor key for
hardwood identification. CSIRO. :1-15.

Kuroda, Keiko. 1987. Hardwood identification
using a microcomputer and IAWA codes. JAWA
Bull. n.s.8(1):69-77.

Miller, R.B. 1980. Wood identification via
computer. JAWA Bull.ns. 1(4):154-160.

Miller, R.B. 1981. Explanation of the coding
procedure JAWA Bull.n.s. 2:11-145.

Morse, L.E. 1974. Computer programs for
specimen  identification, key construction and
description printing using taxonomic data
matrices. Michigan State University Biological
Series 5(1):1-128.

16.

17.

18.

19.

20.

- 12 -

Pankhurst, R.J. 1986. A package of computer
programs for handling taxonomic databases.
Computer applications in the biosciences.Vol.
2(1):33-39.

Russell A. Parham & Gray, R.L. 1982. The
Practical Identificaton of Wood Pulp Fibers.
TAPPI.:1-54.

Sudo, S. 1959. Identificaion of Japanese
woods. Bull. Govt. For. Exp. Station. No.
118. :1-40.

Wheeler, E.A.pearson, R.G., LaPasha, CA,
Zack, T., and Hatley, W.. 1986.Computer-
aided wood identification. Reference manual.
N.C.Ag.Res. Serv. Bull. 474.: 50-51

Wilfred A. Coété. 1980. Papermaking fibers.
Syracuse University press. :plate 1-79.



