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Image Processing of Early Gastric Cancer Cases

Kazuo Inamoto, Tokuo Umeda and Kiyonari Inamura
College of Bio-Medical Technology, Department of Radiclogical Technology

Research Code No. : 208.1, 512
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Computer image processing was used to enhance gastric lesions in order to improve the detection
of stomach cancer. Digitization was performed in 25 cases of early gastric cancer that had been
confirmed surgically and pathologically. The image processing consisted of grey scale transformation,
edge enhancement (Sobel operator), and high-pass filtering (unsharp masking). Gery scale trans-
formation improved image quality for the detection of gastric lesions. The Sobel operator enhanced
linear and curved margins, and consequently, suppressed the rest. High-pass filtering with unsharp
masking was superior to visualization of the texture pattern on the mucosa. Eight of 10 small lesions
(less than 2.0 cm) were successfully demonstrated. However, the detection of two lesions in the
antrum, was difficult even with the aid of image enhancement. In the other 15 lesions (more than 2.0
cm), the tumor surface pattern and margin between the tumor and non-pathological mucosa were
clearly visualized. Image processing was considered to contribute to the detection of small early gastric
cancer lesions by enhancing the pathological lesions.
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Table 1 Cases with image processing : type and
size of the early gastric cancer

i Size
Type
<2.0cm 2.0cm=

1 1 1
1la 0 3
Ila+1Ic 2 2
Ilc 6 6
He+111 1 3
Total 10 15

Rixllc: 12, e+l : 4 TH5B, BEEILIa+
e : 4 (16%) Efe-Tw3,

JEHE v 1 X% F U < FMFT R > THFTH
To. FHEROEACEE 1 AXEEXERT
RHIATWS, REYDECHGETS E/2.0
cm LUF) 110, K (2.0em LA k) 115, & Fpetn,
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(CCD), ~Avav, n—FF1RZ (4 A=22
<~ v FER), EBHROLERERE (1 2—->v s/ 7=
£y —), AECRT, #35 —CRT, 4 x - v
77 A7 CHERE R, EXCEL System & FEFR LT
w5 (Fig. 1),
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24 ACHERTHD, BRUELHCFEOEL
GBI ERLEVED, 15LUATHS,

EXCEL = 2 7 &4 T CCD-TV #» £ 5 (512X
S1F 1o E, BEEm A X ITREREO A £ »
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Hardware

— TV Camera
. (cco)

Host Computer :
NEC-9801VM
+

Image Processor :

Wideo Imager

Bl color
B I CRT

—O TVIP-4100
FD
0S8 : MS-DOS
Image Processing Package :
S— Image Command 4198
HD

Fig. 1 Configuration of the experimental system (EXCEL).
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IHEICHEE NS, (1) BELH (grey scale
transformation), (2) 7 4 A 2 —4L B (filter-
ing), (3) HREWIMLEE (algebraic manipulation)
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H—Ze% Look-Up Table (LUT) &F5T5 =2 &
2o, LUTAE LS 5T 5, BERAEL LT
1L E B (point operation) BT 5bDTH
59,

Bo2D7 4N Y v /IIL, 3X3DTr Yy
7 ACEYBRELERICHSER D L 51T 5,
ZANE - aD 2 — w509 EXCEL
System TiX V' —-<s (Sobel), 5 735+ 7 v
(Laplacian), = -*— ¥ (Roberts), 7/ 4 v b
(Prewitt), # /2 2 (Kirsch) 7c & 0o ER
MAEETH B,

B 3 ORBIAIER, EROMBEERETTSH
BTHH, SEEHLIAY « =270 7 4
LB —FRT TR B Y FER L ) £5| %, 1B
bhlcERZREERICMZ 5 HETH 5,

4, 77> b—LEER

EERESIH (T B A, BRI EORE
RFEXBI®, B 7 v b — s (FUEEE TMP)
1250% %V & AR TR LTI LB R YRR L

R4 F11A250

Fig. 2 Radiograph of the stomach phantom filled
with 50% BaSO,.

7o (Fig. 2), TOE®&YMIEL, 77 v b — s8E
HICHEh - FiE, FUBEE BAREOMH
DRERXMD FHERYT -1,
REZH#ILUT Cl0fESEE®KShTw5, 4
ZWEREROHH5H 0 wERT 5 Gikds) H
B (K588 —Fig. 3A) & ¥ARCiET 5 Hik
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Fig. 3 Patterns of the grey scale transformation displayed in the Look-Up Table (LUT) on
the CRT. A, Enhancement of specific density levels of the original image. B, Enhancement
of a middle density levels. C. Reverse of the density levels of the original image.

(PR v < L3558 —Fig. 3B) 25, EET Al BEEHMVEALBICOWTHBDRLD -
NEE, REZRIFEE O window width, Th, /14 XHEL hBoT2EIIED: (Fig
window level ¥ E T 5% - L CETAHZ LT 5), 74 A2 ELTREBEEOEEOMEOREHE
55, flziE Fig. 3B 0 HETHEEEYRD 5 (maximum), S E{E (median), =/ME (mini-
BRELCFg ATMELI-0LALL 12 mum) AV, FhZh 2 AR LK BEKE
o TLESZEMNDABL, LEELTHUEE B L DES &, TOBERLYFEERCZ Thic
BRI TLES S b DB, (Fig. 6). B L 7cit B, B/Mi 7 4 A & — Cm
FEZERL, CRT L CEROLHRXE 2 TY — LB %02 7= & 023, RO b RS2,
~MIL, MEOHFEXBRET 5D IWH, B REEZR) 2 — v RS &, WHTES
7RISR, BE L <AL 0LHET, BEERYEET & PR L 7z,

HOICRENEL b, 2 TR RHE ERAB SR —EILT 570, SEFEC=

TRHHH, —E L& T R_RREFig. =H e A=2v 7 7405 New-C Type 62

30) ¥EHETAHAZ L L. P4 2(20.3X25.4cm) iz, [REGICITL - EE,
ZAARY VI ELTE, ABEHCI\VEX HRENEE, V-—-~r, Rr<2708{E04

a7 —=<n (Sobel), 37357 v (Lapla- {5 2 Rk L7,

cian), » -3 — ¥ (Roberts), 714 »  (Prewitt), 5. FHEITE

F o= (Kirsch) ofExA%4, @ELLEL RN DML AHE S A—F D 3HT

fc (Fig. 4. 7 7 v } — 2 DM EHREOEFE fTofe, ETRANC, HALEE X BR2W O BREK
DHEFL Y —_AERFES L, Trqy biX NEEXETHRAD, v v v r 27 ViCEEE -
V=N L BERUEAD LHENEL, 575 MEEE YL, FBHEO» 5 —FEHER Y » 7,
STV, BA=Y, FAY L IFERBRET D HEREOA Yy » 7, BEIDYFVBRHE-T
WCHEARE L, £ 2Ty —VOHENE DR RSN RERT R &L L si s, BEDHIH
B E T 5 2 L iel, HEXEAT O BEICOWTHRE Lic, FHROBHBELRO» 7 —
CHLTWBELT, ATAHZLELE, BEHEREGERNET BRI R LighoteDid, »
Ry =27 MEE, REGCBEORRERE 7 —BERBHFXL EOERTLT LS REL ERH
L, T0oHG5x 7112 ) v 7 ClEHLTEER CHRLTWEWZ EXAD D, WAL~ ) VEE
X h5lE, TheFESTmz, BRELTHEA FLTOBDAYY vy FOHFNE DB D
THEHETCT o, 7402V v 7% 1~6EE BoterbThs, Tleh 7 —FEYEHBESN
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Fig. 4 Phantom images after several filteing techniques. Left is an image and
right indicates the applied filtering operator pattern. A, Sobel operator. B.
Laplacian operator. C. Roberts operatcr. D, Prewitt operator. E, Kirsch
operator. Exceptionally, processing of the Kirsch operator was performed by
Konica KI-1000 workstation, and the processed image was recorded by KFDR-P

(laser printer).
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{HEBmbHY, § XRBBTE -7 KAT,
REICRARVWERY 24 (FRE, #HE) wRE0SH
ETHRTH bV, L ERETE L% ED
o, EHICROCENi 35 & &b AL, F0
EEL 725 mBy L HAEEN D HELIhT W
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Fig. 5 Unsharp masking technique. A, Original
phantom image. B, Blurred image after one time
filtering on ROI of the original image by the
minimum filter. C, A+B. D, Blurred image
after two times filtering by the minimum filter. E,
A+D. The two times filtering image is much
better than the one time filtering image in visuali-
zation of a pathologic lesion.

ERE 4 117258 (7)
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EEAUBONMOEA v F REEY 1 XTF
boTL 5, Tibb/NEWEHHQ.0cm HTF)
TREFOFELY X SHHTE, REL LIHT
MR E D, BEY 1 A0KEWBEQ. Ocm
D)tk FE&cEZEIf#EEIERATVW50T,
ERAAERIEH O, #HIR, BR1LLI<H
DEPBRMBE LIRS, 0L 5 B AL S EHGfE
ErfDD L LT,

L. /JMREOHH
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Fig. 6 Comparison of filtering patterns in two
times application of filtering pattern in each. A,
Maximum filter. B, Median filter. C, Minimum
filter. The minimum filtering image is evaluated
as the best one for visualization of pathological
patterns carved on the phantom.

ELLE )R TL, ZoWorRKELT
REIL X < S hic,
BHHMICRELL-5 MO 5B, /X BRMEER
B4 ThOBEBEESGIGRB I, HED
FHEDRL S bhoie, L LEBEEEFRED 1 4lc
BRZEOHFIER LB H, RERBE OB D RAE
bHEAINLHER, REOAZINERI h LAY
CAZTLESRHEELRD - (Fig. 7).
BANBSCTER 2HA0BREI-Thd D
MEEE AL EEE S, WEDFEN X { ooz,
BIZ D 5 bo 16 CrRiEES - M oMYy
RENWFE I, REVHH X hi- (Fig. 8), &
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g
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Fig. 7 Early gastric cancer Type I (size: 0.7X0.5cm, depth : mucosa, location :
gastric corpus posterior wall) A, Original. A tumor (arrows) is shown with
coarse mucosal folds and relief convergence suggesting ulcer scar. B, Sobel
operator image. The tumor is burried in the surrounding mucosal folds, conse-
quently the tumor is mistaken to be much wider extent (arrows). This case is
one example of the pitfalls of image processing.

Fig. 8 Early gastric cancer Type Ilc (size: 1.9X1.2c¢m, depth: mucosa, loca-
tion : gastric angle lesser curvature). A, High-pass filtering. A depressed lesion
(arrows) is found on the lesser curvature of gastric angle by high-pass filtering.
B. Sobel operator. Tumor extent (arrows) and convergence of the relief folds
are visualized. This case shows tumor existence on the original picture, how-
ever tumor extent is more clearly defined by help of the high-pass filtering and
the Sobel operator images.

ERC44E118 258 (9)



1514 B X E S nE

DIEFH S h, FESNOREORTENFE L2 EREER (RER) TREOHEEN #H 2,

LIZX W REDVER I ERTH S, S =T uER R EP R (Fig. 9), ©
S EO/NEBFELOF DI RIESICRELR S - DREGICIIRIEER &V — _AELEEIC N T 5

7D 3FITHY, TORD 1Ho lla fFHEE e L ETREDHFE RGN, ¥V — UL

Fig. 9 Early gastric cancer, Type Ila+1lc (size:
1.7X1.5cm, depth: mucosa, location: antrum).
A. Original. Tumor detection is difficult in the
granular pattern of mucosal folds on the gastric
antrum. B, Grey scale transformation (reverse
image). Extent (arrows) and surface pattern of
the tumor are shown. C, Sobel operator image.
Small protruded lesion (arrows) is visualized.
Combination of the original and the processed
images contribute to definition of the tumor
extent and its type.

(10) BEERSEE #5288 H11%5
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Fig. 10 Early gastric cancer Type Ila (size: 4.0X3.5cm, depth : mucosa, loca-
tion : gastric corpus lesser curvature). A, Original. A tumor is existed on the
lesser curvature of gastric corpus. B, Sobel operator image. Tumor extent is
depicted by curved line (arrows). This case shows characteristic findings of the
turnor surface and the tumor boundary by help of the image processing.

TIXIEFEHEDC X itk s, REPRLS, BY
D 2PN FINIEFIE LS DT H - T,

A BEET 12 E e 0 g D3 Bk < BURLIR o N5 B s
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e ARETE, &ANFREEERG ClaMED KR
B, V=S ETHREE D REHEFE I h T
w5 (Fig. 11),

LaLEE LTERERENEAINIE
Z, AHEOAY 7 ADE hEHEh, RED
WHhERED 2 &b b5 [Fig 12), FHEIX
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REMFEEDX Sk, REsZLIERER

SERE 4 SE11A25H
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e biow (Fig. 13).
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BHELTREENEROLOTHY, SEILE
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AR ISR L BRI oS (texture pat-

tern) DREHIZER T W5, F LTHEOFIz4E L
el FEM%E AT 35,
DEoEREREEDB E, V-0t FRAE
FUBGERE LR RA L Tae L, o
JRDD Adod b 23 A BDOIEILD, LL,
EELLCABKBLYEAL UREDARE &% E
BRIDAEARTLESIZENDD, BFET
foTLES> L bIroTcEREERIRL K
L,

(12)

B X R AL B

Fig. 11 Early gastric cancer Type [Ic (size: 2.2 X
3.2cm, depth: mucosa, location : gastric corpus
posterior wall). A, Original. B, High-pass filter-
ing image. C, Sobel operator image. The tumor
surface shows a flower petal pattern by unsharp
masking technique C(high-pass filtering), and
relief convergence is stressed by edge enhance-
ment (Sobel operator).

B

Iv., & %

FoENERTEBOEE Y 1 AEROEY
ELT5b0& LCRBEL L%, Kastan HIiT K
BHEO# It & 30.dmm OEFE Y 1 X
PILETH B LT 53, MacMahon 533
X RETRMEE ORMEMRIZX0. lmm A NEC
BB EBRTWBEOD &S END B, Kastan
D0.4mm DOEFEY 4 Zix, 20%X20cm O 7 4 v A
#512X512TF & 2 Al L 7c D Y3 59, Fec-
zko HRM/LEZW CIREMCLERHRYESD
D512 X512 THATH Y, 72 AERITED
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Fig. 12 Early gastric cancer Type Ila (size: 2.5X1.5¢cm, depth : mucosa, location : gastric
corpus lesser curvature). A, High-pass filtering image. Protruded lesion is visualized among
the barium pooling. B. Sobel operator image. The tumor extent may be overestimated by
processed of barium pooling area (arrows). This case shows pitfall of an overestimation by
adding image processing techniques.

Fig. 13 Early gastric cancer Type IIc+III (size: 2.7X2.5cm, depth: mucosa,
location : gastric antrum anterior wall). A, High-pass filtering image shows a
depressed lesion. B, Sobel operator image. The tumor lesion shows different
picture between the high-pass filtering image and the Sobel operator image. The
depressed area may be mistaken as a protruded lesion in the Sobel operator
image.

REOEBIC i h b LIEFHL T 5BY, —EEFTTITEEVWI VI AMNRALB Z &
BEORFEL 7o 2 VEBICKS W TEERIEE &, B MR A LE L THEBROZEE (sub-

TH 5B, Feczko bk, HILEZH BB Y & traction) %47 5 BRI ETH B & R~NT

{THRERRGERRTE, TOEBHELT WY, '

ERL 4411 A250 (13)



1518

B4 DPEERD, EHEABFR BT
LEH oD TCEHEY A X EEEOBEICOWT
DOEE TR T > Tz, LaL, CCD-TV
A AFEHCTANLIS12X512X8 » F D F
DR NEBRIEABERRBR L Twiny, ZToEHE
LT, (D HLEERBR ARy F BEIER
EhTna, BANHEELICFEBEEZIAAY b
#4 X H15.8X15.2cm CI|E E A TW5 2 &4
%<, BHED 42891 X (25.4%30.4cm) X b
INEW, ZOH A RIEESIZX5120= b ) w7 A
TRERY M X50.3mm &5, Q) v+v
AT VIR WICEEY CCD-TV » » 5 CRET
HHBL, TrEDATEHEEEST, 2—F
PETHMOIEFRRFTHZ ENTRETH D E
BRosio\vs, FREEY A X bERLE LT
HIENTES, 3) F—2EBIEIV—% .« 2%+
F—CEEMAR (2,000x2,600) ©T5X b4
WO T, EEAEEEIIELS T, 2 v e 2 —
2RV 3V VURNTHGTHY, BEHORM
TH5,

— i PACS T EFEMHE SR %R 5 54358
<, FWBKLREXYLEL TS, rLAHA
DX 5 e FRITEGABEBE YRS ICRE, A
BEFERLTW ZERNRDBEATVLED TR
WIED B,

B oEHAEICOWT, FEFSIICROE
R ISR LR A TR L, BRI O S
EHERTLTHLEBRTB, L LARICIHEE
L3EDHI LT/ A1 RARELCKRLE L TREER
Dr AL, RO ATEYESD &8
ELTw52,

HLE & £ic ) BIfE R O EEAEIZO\TD
LA\ 918ty 13 Qestmann b O i T o
ROC Hi#g % V- TOMRD & 5 KEBAB T
ER TR S H 58 Sherrier bt 7 4 v & —
ENL T 4 N AEEROBY SRR DHS %565
LT, EBRRCH®IoN, v ALY 5 aFHIL
REDRA R LR ~T VB,

BREFCOWTE L, V=1 ERAEHA
AT A7 4 A2 IR (Ko == 7 088
X, REYERIZT20CHRNTHS, HEY

(14)

B XiE g ae

HE LI bRER il L OREYBRIET 50
I, EBBEREDL S RIFFICAGT WS 2
HLE, V- <NVERTEERAOME L, Bo
WEECRER BT T 501 L\, D% hlE
EDODHRERMERT B OCHEIo, BEBEHER
SR AR R — = DT REFIiT N
Z, RWEECRERELLREL I 2D OB
D ERDD, o THBCEHEY & b icfT-
TRELERORHATAOR I,

BB TIER LA IEM R L e/ MNERE D
WHICIIREZ D 2, BEHEAEIZHENZELAOTE
FHHEBELRFLCLES, o TEEGLEON
B L iss, MNREOHE XS E OB TR
FEhlh, FEERITNEIFRIBLATWE
W, THREBNMERFEONEILETCH S,

CEEMRBEEORECRELLHEORR
IR N2 RET 5, HE RSB oMM
FREORH I THEEROIZ &, EREEEE LM
HIE L OBERBENE|5 - LB TH B LR
TWw5'®, BHLIMREMERZEDOR S EERATR
ELT, (U MEMEREDOT LA & BAEECHE
RIh2&Fihke, (2) BMORR L&, (3) £
T AR O, ) BEMoAr —F LFEEY
REEIC LT3, BREFREE > T odH#o
T, EFOAXE ENFE~DEOFEEEY
HARSEERFENRDD L LT W5,

el todiEreEginLic bt PNEEDL
P L TWA2, (D) BEEORE L) v
ADTED, (2) TELE/NKE, oI RERRR
&, ) KEoEHP, 1) LBOTEEDOESHL,
SROMERERI W ELRAI vy b2 RaT L
L€, BEREMEICE 5FHELE TV, £D
HRZ ROCEITT5FETHAH., KRR TEORK
RizoWTEITLBE L,

SEIOPFREFM CHEE L 1o R B BAES % F
WICHIRRIHEETH B, L LEOREFEI,
E oo — X HEGRAES RSN EMES LD
HELTYH, MHEHEDCE X B&riigT sk
DOFEPICiBrZ Ehbhote, SHIIRELA
PCARREEFIEED, EhHERERERC,

a2y

HABERaE #8528 5115



A

V. 2 ¢ ®

1) BXBREGEYFO21{LL, 2vEa—2%
E AR X % B R 5EEE & 2561 0 F A E A 05
E LTI, TORRAFEM L7,

2) CCD-TV A A 5 TXEEEY YV TALLESL A
TABL, 512X512X8E » FDOF o 2 VEE &
L, AV aviEHEL-EHBELBEEZO Y 7
V=7 CMEL,

3 EHEABIHERE, 74120 v (V-
AR, RAEBEEGER (K7~ 2 27 0E) i
KEL,NEBEGY A 2 —Tv 7 h A5 TREL,
R &S LRHIli 45 A% & - e,

4) NWHEZE 2.0cm LUF) 0106 Ti3, B
e BACRELL THELHETO 1L X<
WX h, WEDEE LY RT ko, L
L, BREOMGHESCREL, Bk LMo
EBL5 260 Ha+Ilc BRI EE L,
FEOKEEEL b L bMAIh bR, REDHELE
BEEh, EERALEBCHZ - Thhhitl{lts
7o,

5) KEWRHEZE 2.0cm L) TREHOETmD
PR S ERETANE BN X A h, BEoM
R BT -7, LaL, EEtREcEHED
AV T ADIE YRS —XNETHBA IR, FE
PR D KEL A2 B Z &%, HMERE K
REREDL SERZHZELDD, Trodh
IEis b,

6) HILED _EEFEGOLE I, gFo X
5 fr s E® (2,000X2,600) #ME L Ui,
RV AV URALTERBIZ)TALEA 2A0FEL, B
BB RCEEIORE O RO, ERRE
L DR L OB X I E &R IR,

7 SEORHEEES S H WA
b, av¥a—2&fUicERARY, KGR
EXAE XBBE2HE T 5B AT 5THE
MR bDEEL S,

#b D ICEFROTRIBEEXTA G2 () &b fERF
B 5 - GREE—FR), KERAESREDHRHETNE
AR (H @B, ovicEREBhE G-
(M)A E D HFEE+ v & — OFEHFZ BRI EE
ORE#OoBLELET,

ERC 4 117250

-k 2%

(15)

1519

3 W
D Iim sk, HBEESE, SR, b | FCR DB ;
HLEE, ERZE, 4(Suppl 1): 34—40, 1984
2) Nakano Y, Togashi K, Nisimura K, et al:
Stomach and duodenum ; radiographic magni-
fication using computed radiography (CR).
Radiclogy 160 : 383—387, 1986
3) Kastan D], Ackerman LV, Feczko PJ: Digi-
tal gastrointestinal imaging ; the effect of pixel
size on detection of subtle mucosal abnormal-
ities. Radiology 162 : 853—856, 1987
4) Feczko P], Ackerman LV, Kastan D], Halpert
RD: Digital radiography of the gastrointesti-
nal tract. Gastrointest Radiol 13: 191—196,
1988
5) Gross GW, Ehrlich SM, Wang Y: Diagnostic
quality of portable abdominal radiographs in
neonates with necrotizing enterocolitis ; digit-
ized vs nondigitized images. AJR 154: 779
—783, 1990
Steiner E, Mueller PR, Hahn PF, et al: Digi-
tal videcofluorography for direct digital spot
filming of gastrointestinal studies. Gastrointest
Radiol 14: 193--201, 1989
7) Rowlands JA, Hynes DM, Edmonds EW :
System for digital acquisition of gastrointesti-
nal images. Med Phys 16 : 553--560, 1989
8) Barnes GT, Lauro K: Image processing in
digital radiography ; basic concepis and appii-
cations. ] Digital Imaging 2 : 132—146, 1989
9 WILUER | EfoREML &R - B BNE
TE, AATERffevy2 —§ aviea—2
E{RME AT, 118—125, 1985, &0 tHAR, HH
10) MacMahon H, Vyborny CJ, Metz CE, et al:
Digital radiography of subtle pulmonary abnor-
malities ; an ROC study of the effect of pixel
size on observer performance. Radiology 158:
21—26, 1986
11) Sherrier RH, Johnson GA: Regionally ada
ptive histogram equalization of the chest. IEEE
Trans Med Image MI-6: 1—7, 1987
12) Sommer FG, Smathers RL, Wheat RL, et al:
Digital processing of film radiographs. AJR
144 : 191--196, 1985 '
13) Lampeter WA, Wandtke JC: Computerized
search of chest radiographs for nodules. Invest
Radiol 21 : 384--390, 1986
14) McAdams HP, Johnson GA, Suddarth SA, et
al: Implementtion of adaptive filtration for
digital chest imaging. Optical Engineering 26 :
669—674, 1987
15) Qestmann JW, Kushner DC, Bourgouin PM, et

6

R



1520 =

16

17

)

st

al: Subtle lung cancers; impact of edge en-
hancement and gray scale reversal on detection
with digitized chest radiographs. Radiology
167 : 657—658, 1988

Oestmann JW, Rubens JR, Bourgouin PM, et
al: Impact of postprocessing on the detection
of simulated pulmonary nodules with digital
radiography. Invest Radiol 24 : 467--471, 1989
Sherrier RH, Chiles C, Wilkinson WE, et al:
Effects of image processing on nodule detection
rates in digitized chest radiographs : ROC study
of observer performance. Radiology 166: 447

X {5 AR

18)

19

20)

21)

—450, 1988

wH O, ERFEH, AEEREA, G §Eogm
WEO X @aw, Hal, 7:715—724, 1972
BERRE, #ILE%, AIURE—, & FErM SR
B X TR & REESFT Ao, 9 LB,
10: 37—49, 1975

FHEET, HREE, Bk H), fb: X E2Mc
B3 FHEOEEEOHFEIZOWT, §EB, 7:
739—751, 1972

NEIIE  BEMRBEREREOEEX REEK
X B MME AR, BHSERSE - IMLEER Mg,
75 76—91, 1987

(16)

HAERSRE #52% #1115



