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Method to Detecting Fetal Head Station and Cervical Dilation

LU Yao-sheng®, LIN Qi-tao', and SHEN Yi-hong?

(1. College of Information Science and Technology, Jinan University Guangzhou 510632;

2. Sunray Medical Apparatus Co LTD Guangzhou 510520)

Abstract In order to replace the conventional method of vagina palpation which has been widely used in
obstetrics, a new method for detecting fetal head position and cervical dilation automatically is proposed based on
the analytic geometry of space and ultrasonic triangulation. A tracking (position) model is set up and kinds of
factors which may cause detecting errors are discussed. A ultrasonic measurement system for body tracking
(position) is developed. The error of average result from 5 times detection by this system is less than 0.25 cm, much
less than the error of a conventional vagina palpation, that is average around 2.0 cm.

Key words fetal monitoring; tracking position; triangulation;  ultrasonic devices; ultrasonic

measurement

P22 (partogram) & —FIfET 8. 54T SERM RN RGMT B a6y
15 R 0 = R 2 Je o W A 7 v, e E— K 1E B R R AR B A7 a0 e i
R EESERE Y KT DY 5K). BRAE RO DAL IS SR ST, AHX P R 7 VAN BE DN & 5 ™
R, PREAATRIRE M RR S ()45, @ Pe FE B AT ik BRIXANSHL, ARER NG Sk B 10,
A FE S . ARDIMEFE . T W 5 DLk 8 iE 24 SR A 18] J LA SR ERRIGER 75 2 i R, R
BT, SCERHERHE . Bt H BT o BBk T P T S = A SRS A M BRI R Sk
v, PREEPWAEES Y kA E LA, R RE DK R E BRI v, BRI RS
FRR A AT TR A B SR IE FR A IR, LR Af R T ReSEHLAG LA B A S Sy ik i 5 shl & .
T HARN R AKY, REHIER WIS T 1 MBS ERS
R LR A g ASE LD, L, BTk E NIRRT
AR KA BN EREEAGIRRSLHE . Jif Sk A7 B RV 2 5K 1) B s A vk S S
b7 F A, PR EWn] RS G BoAR FEEZNE R e, ARSI — ﬁj%?ﬁgfﬂﬁﬁ%{m
R IR 58 AR Sk A BN S gk, (s A A gk VAR REM HARRIG SR TS D8 5K e 846
f@i*ﬂﬁl@fﬁﬁm B AN 228 w90 7 DO A IR W7
BT B K. JA O B RIS, A R TSI EE KR URAL ) A (R AL, AR SR
PR SE SR AT N B ALEZ &8, DL W ZYEARR R I RS DA E T2 AR

ks Hi: 2008 - 08 - 03; &I HEA: 2009 - 03 - 07
BEEUH: TRE ﬂ&mﬂaﬂ(zoomowsomog)
YEE TN FhSeME(1966 ), 53, BIEIR, EENFEVEZBR TS, F55 5B AEE 5 HNTA.



o

FhESBIE & RSk BEANE S K T VE R 7T 153

I3/ L KA. By CIE NS H bR R, ik
JRASA. BE THERT WML, (2R CE THEE+
T, X3RRI KRGS AL
B. CH M —A =AMV, fENNE RGNS,
WELFR. HAINEFLEEEE. Fo HE T~
N, PR RERRGE S R E S, HAHERFRME
JREF R AR E I, 5 —ME AR H I E 7R R Lk
TiHs, dnE2FR.

K1 JE#3MEREEA. By CHIMZ % T

\ B2k

T}
Jen]

B2 (RN3MEREEMFE T 58, HB THE)LKTH

T IR ER A G U B 5, AL
PR 85 LB IE UM 991, 57 0 R ek,
W3R, LIABCTHIASIR, HAEMSHE,. F.
HEREI SO A, 00 T 46 0 2 2500 A R S o
T LLEA AW, SHIAHRT bR IS . A, B,
CREMBIM=ATUL, i 9 5BAR T [ AL
Egoék%ﬁﬁ?meC%$ﬁﬁ
B ojoixks Wi, . K EEEERLES MBS
)

%1 JI_\“J’ i=

BA=|BA|i+0j+0k Q)
AC=BC-BA =(m-|BA|)i +nj+0k )
W
BC =mi +nj + 0k 3)
UESE
{m2+n2+0248CF @
(m—|BA|)? +n*+0° =| AC
g

m_|BAF+|BCF—|ACF
2x|BA| (5)

n=4|BC[ -m?

WA AFEIA. By C= A RIEEE 47 Aay -
b ¢, BF=xi+ yj+ 2K » A
CF=BF-BC=(x-m)i+(y—-n)j+zk (6)
AF = BF — BA = (x| BA |)i + yj + zk )
X +y>+2°=h’
(x—-m)*+(y-n)*+2z* =¢} 8
(x=|BA|? +y* +2° =a?

L _bi-al+|BAF
~ 2xBA
2 2 2 2
y=b1—01+m +Nn° —2mx ©)
2n

z=qb =X —y;

FIEE, DA, B. CHZHAER, B mES]
A. B, C=rifUBEE 1l Nag. by Cor NAIERIAH
X AR

b’ -a,’+|BA[
~ 2xBA
2 2 2 2
b,° —c¢,” +m" +n° —2mx (10)

2n

2 2
X Y,

b. LIA. B. CHZH THKIIIEAIR R
B3 a5 E ) LR AL &) R



154 SRS N i N = 2

39 %

HI, #FFHIA. B. C= A REE 2 5 NFA.
FB. FC, EFIA. B. C= A MIIH 7 I NEA. EB.
EC, LIA. B. CAZH- T, E. FRIMIXALFR(X,,

Yo, Zo)s (Xe, Yo, Zo)WIR:
X :|FB|2—|FA|2+|BA|Z
F 2xBA
YF:|FB|2—|FC|2+m2+n2—2mXF (11)
2n

X _|EB|2—|EA|2+|BA|2
F 2xBA
EB|* —|ECJ* +m? + n? — 2mX
YE:| | | | + + E (12)
2n
Z. =|EBF -XZ-YZ

FH 2 () 9 R B A SR ] 43 8 209 5K BB

EF|= (X = Xp )2+ (Ye = Yo ) +(Ze —Z:)?  (13)

B =M HAIEERALRESA. BFIR Lk

LRZRHA R, T X 6 NBHSBAKIE A, N
_[BAF+| BHP—| AH’

cosé (14)
2x| BH|x | BA|
fitr Sk AR AR H S PN ISR AL R 28 A. BRIFE B A
h=|BH|xsin 0 (15)

I S Ao R R 5 A R RO T B, 1R 2
PR 2G0T 06 TARR (AR 145 [ BiR ) Lk &
ZJ )P AR A A N AL B RO T 5 ABE £ B 25 1A £
THEA, ZAEN AL, raEEAE

[EE e, Bk, kO8N
|HS|=h-4 (16)
IHS| = |BH|, [1 - [BAF+] BHF JAHF Z—A (17)
2xBHNBA|

O AAL T TH S AB AR B 8] 1 R S A

zi BTk, HENHAB. BC. AC. EA. EB.
EC. FA. FB. FC. HA. HB. HCHI#EE, Rpw]i}
O E Y Ik ARE LA E . IRR EIXFASHN
TAGIR ZEAEL~2 emZ 1], [RIE H B Rl iR
ZEAE IS R Y RIS

2 RS

A SCRT BT RGBT E S 5K 8 E sl
ARG A BB AFT R o F 8 UK 22 1% 80 J 2 S i
B B AR A T AN AR AR RS S N
ARG R A B S TR B AR O 2 | 2
R s A A5 T BEATTEOR . B, DA 42l 5 g
UG IERA LA A S WS RS Tl &4

LB . R P AR IS A SR USB % 1 T AE,  SEalfE
SHEIERACE BRI IR & SPCIEE .
2.1 BEARSFIZ

TR P OB P RO R AT e 3 7 A SR S B
(1, AR R B R RME R GVER I R . %
F 8 LA 22 5 3 S BRAGTIN 7 0 e 5B IR LA
PEATER R, AR IAR I AR Ty gt 7R7R
FEZHA B EER.

I H N T RS A AR — AL MHzZ~ %]
+ MHzZ[a]. JUERF BRI, 75 LR K piik
%25 TR A RIS S P R (T R
P, DRI BRI IR SR, AL AU S AR
PR . ARSI R, AR RRST (e R A oK UL
FRIRAR K7 A PR U WSS B R, T
PEPRAR AR, AR AR RO R, 1136 22 3 ol
WE. BT % RGN RKMEERE—BAE30 cmbl
W, JFESRGE AR RS 2T R i g 1k, DAL
BEUFE il (R A% s rp Lo B i 5E 91.0 MHzZ. BBt
FORE THRN KRB S A BUN 5 28R
A BIKIEE -

B4 Sy
7
@) e
7t
IKE
" wz| luse
%f' (E I Chmd
st |
s
)

14 i S B R B S5k DI R A R A
22 MERGANEIT

M R GR T AR, LCPLDYE il
FE RS AU L%, XS R R R AT
THE, DAMCURE A LT REA R i) TAERAE. &
RSB M L 5 PC A A .

CPLD:k HLattice A m = 1 iEispMACH 4000 %
FIF= i, % £ 51 &ispLSI12000 A1 ispMACHAA H Fift it
WMATHIIR REM B4 4. MCURH Cygnal i)
C8051F020, ER—FMIEAESRALL AN, H
W& CIP-51fICPUN #% . 64 KB F P FlashfE 7 17-fit
2%, 4352 BIJRAM. 8/M1/0% 364 I/010 4. —
AN1207 AIDFE g fl— 8L AIDEL M 2%, LA K —A
AN DIAFE g% . 24 HLEe 2% . 5164238 F 52 i



Ca| fli Sk S

JIE Sk i AT E 25 5K 0 5 v i T 155

P BN LU IR R e R B B R R A
BV ER 2% VDD WAL &8 R 5 AR B3R S5y
C8051F020 5. H ML 37 FF XU, T AEH R VE A
2.7~3.6 V(i /0. RSTHUITAG 5| it & -
5V).

2.3 MERGHREANLIT

B Sk A B ATE S K I R G AR W E]5
Fi7R o 8 HCPLDFE F* RIMCUFE P 99 i 43 4 i $E
HCPLDAR /7 FZ LW NI Re: 7= A BUah ik k42
1) 75 YR (180 R ST R 7R P R KD < DR AN ) EAT T
HMCU Z [ 5 1L 5 . 8 2 3k #liE R S AE
CPLD#% I Tiaftk, WA &M TG, Flkriic &8
B, H A Ee TR . MCUEESE b FIhfg:
R 1) 22 AN 75 A KA 1 AR S TH B E S0 kAR
AL E . PCHLIMUSBIETE .

UbAh, T TE A AR R R, BRI B
FEFE [RGBk e T4, SO [R5 /i
WL . 25 5 A e 22 . Bl DI 2R B I KR,
ARV SR o 2l NP P 0 9 1 S e
1E. #£10~30 cmUEETE I, A SCARHE 2 i p AR
BT RN, X RGN E LSR5 N TEH

BT X AR, #E T — DN RGN ERZEXNNRK, @
WA RIEBIT I ESS R, B 7 kiR =
i) 78

5545 PC HLIF I K% A 4
v
| RS K |
v

11848 A(B.CYR 5
B

A

AR (F. HBL

FfES?

| wremremmomy |

12 iR ?

| mamyammnken |
v
| mmesecn |
|

KI5 kA BAE S Gk IN &E R S R

RevSingals | 1 |
RevSingald | O
RevSingals | O
RevSingalz | O
RevSingal o
Restart o
Enabl o
CLK 1
Add o
Sem3 o
Sent2 o
Sent1 o
Ready1 1
lears 1
ears o
leard 1
lear3 1
lear2 1
learl 1
SendAdd H 2
DataOut H 26
RecAddr H5

K6 B 2 I EE RGN R

2.4 RGMEEMIK

ASCEAHHRE T KRR, A2 = 10 505 )L
MHEARNM KR, WER2AE3fR. HAEFHE S E
FFIME; Fa L EEH S AN IE AL I S AB 1 BE
BoNh, FoRfAAIEH. ER, 255%E s ST
[(EF)A3 5+ 7cm, HAH ARG EZIMESIX,

FHRBCFIME AT 2, WRLIFR . LARFE 70 &
G301 BB (h), 23 3 E B ST I(EF) 9. 11, 13
cm, WIR2FTR. HULAT L, 1% RGN B ST A
B3k B ISR &I 40 1R 2 /N T0.25 cm,

MM R SR =R A, IRRAE S F TR
RZEHN1~2 cm.

+£1 EIHMAFOEF)ANEMR B{I: cm
= S 11 (EF) ML M2 M3 4 M5 WETHEAVG  MIE VAR
3.00 3.23 2.86 2.79 3.28 3.28 3.09 0.05
5.00 5.25 4.67 4,78 5.05 4.86 492 0.04
7.00 7.31 7.30 6.86 7.21 6.72 7.08 0.06




156 R N 39 %
2 BRSLALE (H)RoME M B cm
Ji KA E (h) &L &2 &3 M54 &5 ME-FEAVG METTZEVAR
9.00 8.95 9.39 9.58 8.96 8.75 9.13 0.10
11.00 10.43 11.19 11.29 10.71 10.69 10.86 0.11
13.00 12.65 12.52 12.35 13.15 13.28 12.79 0.13
‘5 [6] DANIEL R, CHRIS T M B. Estimating body segment
3 4 R I8

AR SO FH 7 1) LA JE SRR 7 00 S, e
TR Sk R B E S K AR TS, IR
7RI ARG, KT HHAT RIS, SEEL T
DEEAIGAIE T8 A =B S .

IRTT,  BRGEIEAFAEAG Otk 2 SN 5 ELR N 5T
AR ARG S IR T IRPRI X A% %
(2 TR B R A A I, R R 22 4,
RUERTSENE s A BE R AR IRt R 20, &
BLIBEIE, W R A A Sia gt
ARZE, TIRERGHNERE.

2 £ X M

[1] CCUNNINGHAM F G, GANT N F, LEVENO K J, et al.
Williams Obstetrics.21sted[M]. Norwalk: Appleton & Lange,
2002: 425-450.

[2] VANBOGAERT L J. The partogram[J]. SAfr Med J, 2003,
93(11): 830-833.

[3] AKMAL S, TSOI, E, KAMETAS N, et al. Intrapartum
sonography to determine fetal head position[J]. Journal of
Maternal-Fetal & Neonatal Medicine, 2002,12(3): 172-177.

[4] SHARF Y, FARINE D, BATZALEL M, et al. Continuous
monitoring of cervical dilatation and fetal head station
during labor[J]. Medical Engineering & Physics, 2007, 29(1):
61-71.

[5] SHERER D M, ABULAFIA O. Intrapartum assessment  of
fetal head engagement: comparison between transvaginal
digital and transabdominal ultrasound determinations[J].
Ultrasound in Obstetrics & Gynecology, 2003, 21(5): 430-
436.

orientation by applying inertial and magnetic sensing near
ferromagnetic Materials[J]. IEEE Transactions on Neural
Systems and Rehabilitation Engineering, 2007, 15(3):
469-471.

[7] JASON T S, JONATHAN K L. Characterization of a novel
magnetic tracking system[J]. IEEE Transactions on
Magnetics, 2007, 43(6): 2725-2727.

[8] MICHAEL S, JAFFA A, KREISER D, et al. Computerized
real-time labor management[J]. American Journal of
Obstetrics and Gynecology, 2003, 189: 210-215.

[9] JAFFA A, SHENHAV M, FARINE D. Computerized labor
management: a new approach to labor management[J].
American Journal of Obstetrics and Gynecology, 2002, 187:
172-176.

[100 2= W, €8 R, £, FURE S KEN RS

(3 B ) [3]. B AR A B ¢ TORE S AR, 2003, 22(4):
337-381.
LI Gang, SHAO Wei, JIANG Wi, et al. A monitoring
system for cervical dilation in clinical obstetrics[J].
Chinese Journal of Biomedical Engineering, 2003, 22(4):
337-381.

[11] A8, 2= R B:T-SoCHE S 7k i I 2 45 (1 il
[J]. BT BA %6 4%, 2006, 27(1): 28-30.

SHI Xiao-juan, LI Gang. Development of monitoring
system for cervical dilation based on SoC[J]. Chinese
Medical Equipment Journal, 2006, 27(1): 28-30.

o\ R OE



	胎头位置和宫颈扩张监测方法的研究
	陆尧胜1，林启涛1，沈以鸿20F(
	(1. 暨南大学信息科学技术学院  广州  510632;  2. 三瑞医疗器械有限公司  广州  510520)

	1  测量方法研究

	|HS| = h − (                (16)
	(17)
	2  系统实现
	2.1 超声传感器的设计
	2.2  测量系统的设计
	2.3  测量系统软件的设计
	2.4  系统性能测试

	3  结 束 语


