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In China, there are about 800,000 congenital diseases among 20 million newborns, among which nearly
200,000 fetuses have serious defects and diseases. The birth of these sick fetuses brings serious economic burden and
social problems to the family and even the society. Therefore, it is particularly important to carry out early fetal
monitoring to detect fetal defects and diseases as early as possible. Umbilical artery blood signals contain important
information about fetal growth and development, reflecting various problems during pregnancy, such as Intrauterine
Growth Retardation(TUGR ), hypoxia and maternal hypertension, which can be judged by umbilical artery blood signals.
Therefore, the analysis of umbilical artery blood signals is important for prenatal monitoring and fetal health status
diagnosis.

The acoustic spectral parameter method is a conventional technique for analyzing the umbilical artery blood
signals. It comprises three parameters that are clinical diagnostic criteria: the resistance index (RI), the pulsesatility]
index (PI), and the maximum systolic/end-diastolic umbilical flow velocity (S/D). However, these parameters neglect
the phase properties of the signal, such as phase delay, phase frequency, and phase mode, and only concentrate on the|
fundamental statistical parameters of blood flow velocity, such as maximum, minimum, and mean values. This leads to|
clinical misdiagnosis.

The umbilical artery blood signals, in addition to its amplitude fluctuation, also includes the signal's complex
structure and nonlinear properties. In this study, the signal's complex structure and nonlinear properties are focused on|
and comprehensively analyzed by using fractal theory and chaos theory for improving diagnostic accuracy.

The aim of this study is to propose a new method to perform feature extraction and classification on measured
signals of fetal umbilical artery blood for improving the accuracy of diagnosis. Firstly, the fractal features and fractal
dimensions of umbilical artery blood signals are investigated; next, chaotic feature identification of umbilical artery|
blood time series is carried out from both qualitative and quantitative perspectives; and lastly, an umbilical artery blood
signal classification and diagnostic model based on artificial intelligence algorithms is proposed.

This doctoral dissertation consists of 6 chapters.

Chapter 1 introduces the background and means of umbilical artery blood study as well as reviewing the current
research situation. The outline of this thesis is also given.

In chapter 2, the fundamentals of fetal hemodynamics are described. The clinical significance and normal
reference values for umbilical artery blood signal parameters are outlined. Details of the umbilical artery signal
acquisition equipment, data classification, acquisition process are explained.

In chapter 3, according to the fractal theory, the nonlinear characteristics of the umbilical artery blood signals are

studied using the fractal dimension box-counting method and correlation dimension(CD). Firstly, the box dimension of]
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the umbilical artery blood signals is calculated, and the fractal characteristics of those signals are analyzed. The results
indicate that there is a positive correlation between the fractal dimension of umbilical artery blood signals and
gestational weeks. Secondly, abnormal umbilical artery signals and normal umbilical artery signals are composed into
the abnormal group and the normal group. Grassberg-procaccia algorithm (GP algorithm) is used to calculate and
analyze the CD of the two groups. The overall CD of normal umbilical artery blood flow signals is greater than that of]
abnormal signals. CD is significantly superior to traditional detection parameters in distinguishing the normality of]
umbilical artery blood signals. The Hurst exponent of umbilical artery blood signals is calculated and analyzed by Lo
method. The results show that umbilical artery blood signal belonged to non-stationary signal and show obvious “1/f
fluctuation” characteristic.

In chapter 4, Chaotic phase space diagram method and Maximum Lyapunov Exponents (MLE) are used to
determine the chaotic characteristics of umbilical artery blood signals from qualitative and quantitative perspectives.
The attractor reconstruction of umbilical artery blood signals has been performed in Three-Dimension (3D) and
Two-Dimension (2D) phase space. The results indicate that the chaotic phase diagram of the time series of abnormal
umbilical artery signals show a jumbled “ball of wool” state, and the chaotic “shape” appears to converge. MLE off
normal group for umbilical artery blood signals and MLE of abnormal group for umbilical artery blood signals are]
calculated, which can quantitatively distinguish between normal and abnormal umbilical artery blood signals. Receiver
Operating Characteristic Curve (ROC) of MLE shows that MLE is significantly superior to traditional detection
parameters in distinguishing the normality of umbilical artery blood flow signals.

In chapter 5, an artificial intelligent classifying method is proposed to categorize the four states of umbilical artery|
blood signals, which are: normal, Oligohydramnios, umbilical cord around neck and fetal malposition. The Support
Vector Machine (SVM) classifying method is constructed based on the conventional parameters, S/D, PI and RI. The|
particle swarm optimization (PSO)-SVM classification of umbilical artery blood with conventional parameters was
constructed. The box dimension, correlation dimension and MLE derived from Chapter 3 and Chapter 4 are used as|
feature parameters to construct nonlinear characteristic PSO-SVM classifying method. The results of the classification|
tests show that the PSO-SVM with nonlinear parameters classifying method has higher accuracy, which is confirmed
that the proposed classifying method is useful and effective.

In Chapter 6, summary of this thesis and future work are described.

(F13C 2,000 FFERE / PE3C 800 EFENE)
(about 800 words)



RIEHER01335

(#%X9 5)

AR CEEORRRCRERBROMREEE

Hi A KRR BRI R R JE R

K 4 Yu Kaijun

F AL OEE

B &K W

:E]]

gl & KK JEE

Bl NEEET

Bl A A&E O E

Study on umbilical artery blood signal analysis and classification

i X & H (AR 715 B AT & 23R BE§ H T %E)

[ B AR ER OB RBRORER]

FETIE, 2000 BADFERD S B 80 FAICEREEBRRHY, £0HH 20 H AR
< DRRBIZERAZ2XMBPHREIEH D, 2 bHORROKREOTEAEL, FiE, Xbicidtsic
A RFRAR L HESMEELZ L 6T, Lizdo T, BREOXMCFHESE T 57217 2
WHRRT A0l BRRE=4 ) 72 ElT 52 LREETH S, EHESIRMLEFI2
HRRORREEEBFIZETAEBELRFERIESEINTEY ., TEAREEE IUGR). KR
SiE, RHEDEMLER SRS Ok~ 2 Z, IFFBIROGESICL o THl§5 Z L3 TX
B, Liciio T, EWHMEFOSNIE, HERDET=4 ) 7 LEROBHREOZENIC &
STEETH D,

BEWRE AW FERARY MRT A =2, BHBIROMEESZ 5T 57200
WRDFETH Y BBRBITERLEL 22 3 >OF A—# P RD | IkE#EL% (PI)
3 L OUTHER HraR B & R OB RfE (S/D) oMk an s, LirL, ZhboF
A—2i%, (CREEBE, B, T R Vo EBOMMBREELER L, FoRM,
R/AME, SEE & o o LRERE ORI RREIRNT A—F DORIZEREE T TS, Zh
R ZRRRE 6T 2B b 5,

EENRO MRS B2, 18 5 OIRIERE S XICMA T, F 508 S L IERpAsE LS
ENTWD, BFETIX, ThbDEFOEMEREE L IFREMREICERE L, 777 4 L3
il AAMERE AV T, RS EIRD ORERE ok U TRHEON T A — 2 ohhiliis X
UOSEEZABICIT O LW HEZRRE L, 1. BHLESD 7T 7 ZAVEMICER
L, 777 % N%TBD) & KR IE(CD) %K, BD i REE L E0MEESH Y, CD i
EFERFOHUBNIENTH S Z & 2RI Uiz, Yo, B R0 4 4 AR s L
T, &RV ¥ 77 7HHBMLE) #XKH, RERICIER L BERHRI~OFNEZMA LT, &K




(X9 5)

®ic, ERDOFF ST A—FRI, P, S/D) L #HTzizid b iz3F A—%(BD,CD, MLE)IZ %t
L Chi B L- AR — b7 Z—= 2 (PSO-SVM)ZBEA L. 4 oDIREE (EH., ¥K
B, BE Y O, BEABRE) ICB 2R LEROSE  BHETAREERL, &
W7 CIRE L R8T A — % (BD,CD, MLE) 28 L7=1E 9 28 &V & O Ek A B
BAETAHIEELEBRIELT,

AEESROCIEARSICB T, AREFIEREA T 2 MREEKIZME»H TH 5
M, T T ENE AT ADFRITMIED, ZNENNERDZ/T 2 —FEIZ E 5V EER
M5 BFHERL- R — Fr #—< v (PSO-SVM) 43 FE58 %52 A 77 B f b 05,
FHBEfRE. (CD) DOFERDREGR, AFEDOSEBERZ LI O W TERREMBH ol W
FTHOHEMIZS L THRRE D OHEREIENR R S,

LB X 9 AR mANE, (S5, Aok, EREL bICEN, L (%) o3t
SETDH LD LB LT,

MXHNERVDFESR, AW TOEMICHT 2RERENL, REHRBRIZE®KRE L,

mB. FELEERIXOERILPIITROLEBY TH D, (BER a4 @)

1) Kaijun Yu, Zhongwei Jiang, R/S Analysis on Hurst Exponent of Umbilical Artery
Blood Flow Time Series, International Journal of Engineering Science Invention,
11(6), 7-11, 2022.

2) Kaijun Yu, Zhongwei Jiang, Fractal Characteristic Analysis of Umbilical Artery
Blood Flow Using Box Dimension, International Journal of Engineering Innovation
and Management, 12(2), 19-26, 2022.

3) YU Kai-jun, JIANG Zhong-wei, Analysis of Correlation Dimensions of Umbilical
Artery Blood Flow Signal, International Conference on Innovative Application
Research and Education 2021, 35-38, 2021.

4) Kaijun Yu, Zhongwei Jiang, Diagnostic Model of Umbilical Artery Blood Flow Using
NC-PSO-SVM, 2023 2nd International Conference on Artificial Intelligence and
Computer Information Technology (AICIT), Yichang, China, 2023. Pp.1-5,
doi:10.1109/AICIT59054.2023.10277868.




