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Abstract Several methods of non-invasive estimation of the gestational week using
data from the medical ultrasound are discussed in this paper. Generally, the gestational
week is estimated by an empirical formula using the related parameters of fetal organs
measured by B-mode medical ultrasound. Due to the disunity of the empirical formulas
and separate usage of parameters, the results of estimation are highly dispersed and
cannot be used in practice. The quantification theory is used in this paper to quantify
the measured fetal parameters, and to design an automatic estimation method for the
gestational week. In practical application, the corresponding regular equations obtained

from the quantification theory are difficult to meet the requirement of the premise of
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the common solution method, so a generalized inverse matrix theory is proposed in this

paper. In addition, the selection of items and the segmentation of categories in the

application of the quantification theory are thoroughly discussed, while results of various

segmentation methods of items and categories are compared. The non-invasive estimation

method of the gestational week established through the present work seems to have

shorter computation time, higher estimation resolution, and be more practical in the

clinic application.

Key words Medical ultrasound, Gestational week estimation, Quantification theory,

Regular equation, Generalized inverse matrix.

1 3

it

TR L, XEA#TEHEPR—AE
EREME. ZEMBILGLE, TLARE
PARSKRT, REEEEneEgR Y. B
B, BT BRBSHAFENHFFEHEA, AR
EEETRLHABHEEAREONET, 85
BEX T RAR LSRG HE, MERERFE
FARAER. AXHEEFTHERELET B
R R I 0B LA AR, RERM R
AL R 2

g b, MEEWNETRET B BB
WBBILBENHXSY, HULRAXHE
B, EXRHAFEEUTAR: HiFEANES
ER—RANTE, EEMREEK, BENE
RRAMGME, *ZATKOEREELRR, H
TR T E 2RAXTEE—FR,
BERE M, HilgEmuEA. A
MEBETHER: ERRAMGFD, MEAKELE
W, {EBTEAR B IE A0 5 R UL 6 2 3 SR AR
HRRTRENE P, BLBIA T U A
TREZEMHE, B4, A TREME TR

51(1a1) 61(1,7‘1) 51(2a1)

X = 5,,(1,1) 61’(1,7'1) 61(251)

0n(1,1)-+ 6n(l,r1) 6,(2,1)---

IO R 7 2

B, FENHBEAEBHE, KGEMIELET
AT REAT I E I EEE AN B 65015

bR TSI A R B T T Ik,
HA G EE, WERSRA ZFEREK
DAL

2 RIEBMAHE

2.1 HELHEEMIIA

S#ELE AT EAR, AX5IAKE
HE B M e RERF ERTEHITIELN
BREE, LU N R S8R AR R o B U R oA
fk..

BAAER: SREEERPEEHR
B (REWEH, item) BHARREBMER A%
(category) I &, ¥ttt FHI S BE AT H,
FRIBIR SRR KL, HZEE m WA
ST (EARSCH BRI TH 250 %3
E B MFEBELE (criterion variable)y(fE & X H
B4 22 J) BEATAG T y= flz1, 22, -, 20m) . B
FIATHE z; A AKHE, BIEHE YT r=p
MEB. BERWT n AREA, MMTFHEE X
FR A7 S 6 R

Z1,Tg,

(51(2,’!‘2) 61(m, 1) 61(TTL,Tm)
(5i(2,T2)"' 5,(m,1) (Sz-(m, T‘m) (1)
0n(2,72) -+ dp(m, 1) &,(m,ry)



Hh, GUKHRATIEANE  MEE kX
B K

1 ¥z, BFREE

0;{4, k) = 7 2

(3,k) {0 e (2)
M B] DL EE 37 F 5 A

m Ty

vi=_ > 8:i(G,k)bk + e (3)
§=1k=1
He, i=12---n, AREE, « HIREM,
bir BYE I NMHEANEjATBBETE L4
KERXNERE. KNE—NEENSHE,
Extg—AEEw i A

S 6K =1 (4)
k=1

BREANE—- T HAESITE P RE K
BRIRMNA 1, HREHNO. IMAREHH
SIRTERBRET TR,

H (3) KEAFERETE A F R

Y=X-b+E (5)

Hep, X A RMERE, HEEN 6K, V

ARERE, HTEPHN v, b HRBER, H

EHN bk, ENRERNE HoENe . i8E

¢=ET E=(Y-X-)T-(Y-X-b), Hfiq i 5T 5

MME, BEFEER S=—2XT (Y - X b)=0.
B BT R 0 BN Fef ot B R 2

XT-X.b=XxT.v (6)
WA ER SR, W
b=[xT-x]"'-XxT.y (7

MED S&, MBI EERGHE Y wER
M
V=X (8)
2.2 HBUFESEMAHEERRB
B (4) XOAREBETH, S—ATAF
. 8.

A TR N RIS, kR, EMOTRE
HEREAR Y L —mA I AT REKLK, H
R XT X MBBER Y rj—m+1
IR RAR R T L1, 1B R AT LUHER] B
EREE AR ¢ AT, mWAEME
ERSR. BT LU # E SRR 1 SR AR R
— W R AT AT B R b, X
BEBEMTBAR K —BM (KX A MK
).

®1 DBEPEEMYS (1)

i H BME BXKE EE  XBH
(mm)  (mm) (mm)

BBk 0 2 4.0 16.4 1.0 15
HRER $5 42 4.8 16.8 1.0 14
HEE 9.5 34.0 1.5 19
AR 34.0 96.0 3.0 23
oKz 30.0 98.0 3.0 25
BEK 16.0 76.0 3.0 22
Bt 118

F2 MAPEEHHS (2)

mH BME BAMH ME  KEHM
(mm) (mm) {(mm)

HRER M 2 4.0 16.4 0.5 27
BEREE 4.8 16.8 0.5 26
HEK 9.5 34.0 1.0 27
Bz 34.0 96.0 1.0 64
[ Ee] 30.0 98.0 1.0 70
BEK 16.0 76.0 1.0 62
)87 S 276

B2, TR A B Bk k@ EAL5 2 (6) B
IR EBEHE RXTX)=3"", rj—m+1, ifi
EAXME TR EANTRENAS, LW EEE
B, ERESE m=6 WELSHHED, g
FRZRBHEBERNSHE (BRELD, BE
FHRBA RXTX)=Y]", r;—m+1=113,
oA B R A A R A BHZE SR, flin, &
SCHCAEFI I 390 B BEABTE R(XTX)= 109,
AN BE 6 22 P PR I BR v SR AR 1% TE L5 A B A 1.
HFEFEFEHRE: EXRXMTHEMAF, 8K
m K/, MEERSEARK, REAEXH®E—

18 % 3 # (1999)



SH G2 AR, SEEE m=1, WEXRE
B XTX J—WEBRAERE, SERRBYA bR LA
. mRHE-PSMAELAHK (BRE2), W
WA m R, WMERERE XTX +548E
Wk RAE, FRNMAMBRZERBEMATE. X
FE A 3T 1Y 5K B 7 FH A R B B .

ATHRERAE, ARSI SGHEER
W seRM\EMBE (6), EXWMTF.

BRARmxn B, MBRFEnxm B X,
B

I) AXA=A4,
1) XAX =X,
(III) (AX)* = AX,
IV) (XA = XA,

WA X & AW GEERE. ATEAa%L
Bomxn BE AWM UHERGFEHLRE—,
Wie z=A" . B, X A RETRER, I
X=A"1,

B, R R EREBES KRB RE X
X b=xT.v, &

b=[xT Xt - XT.Y (9)

AR, AT RESHRE Y KRB mxnE
B AT SGERERE AT .
XF mxn B AFTRES R,

>
]U*
0

b, VAU S5 m A n B R, [ﬁ]

B mxn i, X=diag(o1,---,0,) B nxn
TAER, A,

A=V (10)

At =U(Zt ov* (11)
K, Tt=diag(of,---,00),

1/0; 1 i >0
cr+—{ jJoi if o

*Tlo0  if o;=0 (12)

MAAEE

IR, REER A M RESE, 5
AR BT GERERE AT . AXOBHEINE
A BH RE SR, B S —Fr B R B Householder
BB A AT AEEER; EZHER
FIH Givens x5t #tH) QR H ik RKIUX M5
B B A R 1A

F ek o T —H, AFHASTRESE
W SGER SRS, BEEEENE, B
FETFEANER ¢ B/ NERENRAE, EHAY
ENRBTITEHEPHRE. 4

0_:_:{(];/0' if o, >¢ (3)

1f O'i_<_6

XEE, sl (11) BEYS0GE AT BT EA

™

Ui Vi
al = Z 2Tk =1, n

)
g,
k=1 k
O >E

(14)

jzl)”'am

3 mERMIBITRER

ATRIZFAMET AR, AXRETK
BREE, BEATHLE, DEREARE
FERFBEIER. SR B SRR, AL
WA T 390 BIAEAAE 4 B L Z B W R i 5
B, RANSERTEENTRE. BEMNR
B2, B T OB 2 R AL R 1 B
JUIRERG, RERER B IEEKX 3 42
., AxXEX 6 MSEAEN 6 NTEFTR
%,

ETENMNHEWEKBER o, SEFEXX
BR. HER O A A RETMIRKEE, &
MIBEFT T 2 T E RE B 4. LRI
ZBhH, B/ME 4.0mm, BK{f 16.4mm , 4
KERE 0.5mm , /TFEAMEMK T B KMEK
SRIN—%, RIS 27 %, HE 5 HRKK
HiE, MAKBEBAT 276 . FREMEXERNSE
HRIERE B W G R IR BN RRETTEY, B
23K EN T Z RS RI 4 BB R,



AT B iiE A SUAR 3 S 0 B 12 S 1 A
AT LM RAUTT i R R A8, &
SCHER 5351 60 25 G PR B8 Xof 22 A 4l 3t 4
AT TRE, HEZTESUERPTERE

I H S AR LR BEAE T Hd, AR HR
RF 3. HPHEMTT 5 T ERHMERERR
EMTRE, HRATEIRRHAHH X
WA R K AR

R3 BEHREAMITHEOLE

Fk MILERHE (A) SEME) () SxREPHNHE (A) H#EE (A)
HEHF I 14-40 6 ¥ 63 0.6479 1.033
HEh I 14-40 6 5% 63 0.9862 1.347

Z#Ema 14 - 40 6 &% 63 1.154 1.510
P E IR 14 - 40 42 63 1.582 2.037
5 Rc | 14 - 40 REK 63 1.474 1.830
ZHE R 14 - 40 B 63 1.402 1.791
BB AR 14 - 40 X2 63 2.969 2.704
2B nR 14 - 40 BEK 63 2.222 2.486

F4 HRLHEIEWMANGEITH
RRMEBXARY

mH REXRK HEHL HHNEHK

i 78 B

HERAR 0.855 1.68 99.3
B R 0.846 2.37 95.8
EEK 0.574 0.120 34.2
WA 0.553 0.0382 5.34
[ p 0.682 0.0473 4.72
BEK 0.870 0.380 50.9

A XA H 0.989
£5 HNEBREHEIIEHEXMGITH
RHRMEBAXRHY
WA REXRH FHEL HRHEH

¥ 5 B

IBERHA 2 0.787 0.0597 7.88
RERBER 0.861 0.0655 10.5
EHK 0.835 0.0393 8.13
D 0.905 0.0654 13.0
Bz 0.935 0.138 15.7
1483 0.950 0.219 20.9

HIERRY 0.994

i R AT LUR R, A SCEEE S RA 6
SEMBEATERRERST, KT UEHEL
Tk, KA 6 SRR BTENME RS
AWAICTT B, (R 4 588 5 SRR

BRI A R AN, BT LA

H&ER, ZEHOFTERTE-SHOTE;
.10 -

HEATERREWBED, X —SEP 3
RILBSFMEE. ARE SR A BRI i 5
BEEL, TTLUE M B A X — .
EEXNXALEARXMMGTEERNER
M, BRI AN —2E8 A XWEFER
EZXK. EBHMBESESFEHRL, HBRER
WA R NBEATT 5, W BHETHRE
EVEY 7N
SEMERPREERRM, ALt HEE
WERAG I T KA SRR TR E.
AIEBE AR KRB AR HE, T4, R
BHENER, FCEIITEMERRE. S
2 AN R S R () st s & T E R
it S RITTK, IE 4 FE 5 R, HdE
4 fnsk 5 AT LUA H A SO0k i R 4L 77 vk 1 B
BT UER BT .
4 Hig
ACEEIZ A K8 TR 5 .
W FIATSGEE R B ERTTE, HiFb
BT MR B B A AT A T AT IR &
. KB EIRER S REY, AR EY
BRTEEDERUFHBREATE, REK
7 P B S P T RN O 2 R ST R R

(THE 25 1)

18 % 3 1 (1999)



CON  ASN  ENT  IDM MM
B5 REKERNEBHOESHME

G=20, N=12, F=45

1.2

1.c

< 08 AR A NI
T s
=04 P

0.:

0.0

1 E1 10° 151
K6 REKEW B BRGHEE %
G=40, N=6, F=20

12
1.0 A ; N
~0.8 4 \/\JW\/NJ\"-A/‘\/\/M\" T At 0 B
=0
D06
N
0.4
0.2
0.¢

1 51 101 121

W7 SWERK Z(z, ) ¥ -ALEEIBE

4 it

BT S R KRR RS 0, 52 35 58 I LA
R RGN R, Bk, A g
TIORE AL TR, B 4E (R R A 2 & 9 M S b E 3 R
— RGBT BRI IER . FaRgU# S
¥ CON., ASM. ENT F IDM H¥{E7E 2
AR B S AR KE RGP ERRA, HY
Wit S TGC LR EA] B ME B E K,
XL T X — L TR AR/ IME MM %%
16 P A R RO T — S K /0N i IR 38 P A K (1 5
MEREH, BrUlRZ g mmst s, 1
7 PR A A S8 AR K (B AR /N £ IR R T
Rt =35 o TGC BT K, HEM 2

ZE L,

s % x ™

1 Zhou K'Y, Zhang D F, Lin C, et al. Journal of the
Acoustical Society of America, 1992 92(5): 2532
2538.

2 Zhou K'Y, Lee D L, Wang M, et al, A restoration
method of ultrasonic medical tomogram, Acoustical
Imaging, Vol. 20. New York and London, Plenum
Press, 1993, 511-517.
415-419.

4 Haralick R M. Proc. IEEE. 1979 67(5): 786-803.

N, BEEER, 1993, 18(6):

5 Richard W R. IEEE Trans. Pattern Analysis and
Machine Intelligence, 1980, 2(3): 252-256.

6 Owen R S. IEEE Trans. Computers, 1977 8(4): 310
321.

N N NG N N N N 00 N N0 N N I N N N £l 5l (N (N P N N 1N N N S N ) 1 N 5 ) 50 5 N N 0 0 s o 0 0 s 0 0 0 U U A (0 )

(L% 10 W)

2 X X W
1 e dEARKEEIFHSEREE. E. BEE
B2 BARH, 1993, 16-20.
2 Wang W Q, Wang Y Y, Liu B, et al.
Biomed. Eng., 1998, 7(4): 180-183.

3 HNB, FAAT. HEAERREMNE. & Tk
HAEA, 1985, 1-75.

Chinese J.

R

4 YL, MNCHL. PTSGEERESIE. LA IIERER K
HARFE, 1991, 28-47.

5 AL, PR, FALW. REEZZGEAR, 1993, 19(2):
24-26.

6 E4AE. @A% R ARDA®MRKE, 1993, 20-226.
7 UVEHE. THREERSEELE. Jbw. LRIy
MAEFH, 1993, 8-56.

.95 .



