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Abstract— This study proposes a foundational method for
objectively classifying whether mothers can easily perceive fetal
movements, a crucial indicator in perinatal care. Traditional
fetal movement assessments rely on subjective maternal reports
or wearable sensor-based methods susceptible to external noise.

This paper applies the previously established Multi-
Resolution Feature (MRF) method to independently quantify
both fetal and maternal deformation from simulated fetal
movement videos. We constructed a novel fetal-maternal de-
formation map using these deformation values as axes. The
results demonstrate that this map can visually represent the
relationship between fetal and maternal deformation. Further-
more, exploratory analysis of the data distribution on the map
suggested the existence of distinct fetal movement patterns:
movements accompanied by significant maternal abdominal
wall deformation (likely perceived by the mother) and move-
ments where the fetus is active but less transmission occurs to
the mother (likely difficult for the mother to perceive). This
method is expected to be a stepping stone towards establishing
a new approach for more detailed assessment of fetal health
and, consequently, improving the quality of perinatal medical
care.

I. INTRODUCTION

Fetal movement measurement is crucial for understanding
fetal health and promoting mother-child bonding [1], [2].
However, current methods face several challenges. The most
common, fetal kick counting, relies on subjective maternal
perception [3]. A lack of standardized guidelines further
compromises objectivity [4]. Factors like maternal body
shape and fetal position also impede objective assessment
[5], [6], [7]. Primiparous women, in particular, often mis-
interpret fetal movements as maternal digestive activity [8].
These subjective assessment limitations significantly hinder
accurate fetal health understanding and maternal anxiety
alleviation.
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While accelerometer sensors have been proposed for fetal
movement measurement [9], they are susceptible to noise
from breathing and maternal movements. To counter this, we
propose using ultrasound videos for robust sensing against
external disturbances. However, most existing ultrasound
video studies focus on detecting movement presence or
intensity, struggling to differentiate between perceivable and
hard-to-perceive movements. Furthermore, many require ex-
pert evaluation, meaning an objective and quantitative fetal
movement assessment method remains unestablished [10].

Given this, our study focuses on the physiological as-
pects of maternal fetal movement perception. The maternal
abdomen contains mechanoreceptors that generate sensory
input from external pressure changes and local stretching
[11]. This makes abdominal wall deformation accompanying
fetal movements a primary factor in maternal perception
[12]. Thus, quantitatively evaluating maternal abdominal
deformation (hereafter ”maternal deformation”) is useful
for detecting fetal movements and understanding perception
tendencies. It is hypothesized that fetal movements accom-
panied by maternal abdominal deformation are more easily
perceived by the mother.

This study aims to enable objective classification of fetal
movements based on maternal perceptual characteristics,
specifically to build a support system presenting perceiv-
able movements to mothers struggling to feel them. The
Multi-Resolution Feature (MRF) method is applied to si-
multaneously calculate fetal and maternal deformation from
simulation videos[13]. Subsequently, a novel fetal-maternal
deformation map is proposed using these values as axes. The
paper’s purpose is to visualize the relationship between fetal
movement and maternal response with this map, verifying
its potential for classifying fetal movement patterns. Specif-
ically, we extracted fetal and maternal deformation from
simulated videos to validate the proposed method, laying
groundwork for future analysis with real ultrasound data.

II. METHOD

This section proposes a method for constructing a fetal-
maternal deformation map to visualize the interaction be-
tween fetal activity and maternal perception. We will first
present the concept of the proposed fetal-maternal deforma-
tion map, then detail the underlying deformation calculation
technique, appropriate scale selection, and the construction
of the map itself.
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Fig. 1: Overview of fetal and maternal deformation map.
Mf and Mm represent the fetal and maternal deformation,
respectively, and are defined as a single element or an
integration of multiple elements of M(S, t).

A. Concept of the Fetal-Maternal Deformation Map

The fetal-maternal deformation map proposed in this
study is a two-dimensional space defined to integrate fetal
and maternal deformation data and objectively evaluate the
perceptual characteristics of fetal movement. The method
for calculating deformation applies the MRF method pro-
posed in previous research, and the calculation formula
will be described later. An overview of the fetal-maternal
deformation map is shown in Fig.1. The X-axis of this
map represents fetal deformation, and the Y-axis represents
maternal deformation. Each data point plotted on the map
indicates the relative simultaneous deformation state of the
fetus and the mother at a specific moment.

Fetal movements are proposed to be classified into four
categories based on the position of data points on this map.
This classification aims to distinguish how effectively fetal
movements are transmitted to the mother, and whether the
movements originate from the fetus itself or from the mother.

1) Prominent maternal deformation caused by fetal move-
ment: A region where both the fetal and maternal
axes show large values (clearly perceivable fetal move-
ment). The fetal movement is strong and effectively
transmitted to the maternal abdominal wall, making it
highly perceivable by the mother.

2) Fetal movement with minimal maternal contact: A
region where only the fetal axis shows large values,
while the maternal axis remains small (barely perceiv-
able fetal movement). The fetus is actively moving,
but has limited contact with the maternal abdominal
wall, making the movement difficult for the mother to
perceive.

3) Maternal deformation not caused by fetal movement:
A region where only the maternal axis shows large
values, while the fetal axis remains small (maternal-
origin deformation). The deformation is due to mater-
nal movements (such as breathing) or external stimuli

Fig. 2: The overall flow of MRF method, where s0<s1<s2,
which performs frequency analysis and averaging on the
input image.

and is not triggered by fetal activity.
4) Near-stationary state of both fetus and mother: A

region where both fetal and maternal axes show small
or near-zero values. This indicates that both the fetus
and maternal abdominal wall are nearly stationary, with
no significant movement or external interference.

This four-category classification system is believed to
be capable of distinguishing fetal-derived movements from
maternal-derived movements or external influences, partic-
ularly in identifying fetal movements that are difficult to
perceive. By representing fetal and maternal deformation on
separate axes, it is possible to identify movements originating
from the fetus but with limited transmission to the mother, as
well as maternal movements that are often mistaken for fetal
movements. However, the relationship between maternal
deformation and the perception threshold has not yet been
clarified, making it difficult to determine the boundaries of
these categories.

B. Deformation Calculation using the MRF Method

To construct the fetal-maternal deformation map proposed
above, it is first necessary to calculate the objective defor-
mation magnitudes of both the fetus and the mother. The
foundational technology for this is the MRF method, which
has been established in previous research. A conceptual
diagram of the MRF method is shown in Fig.2.

The MRF method extracts shape features at multiple scales
for uncertain shapes, independent of position and rotation.
The translation- and rotation-invariant shape feature vector
I(s, t) at each scale is given by Equation 1.

I(s, t) =
1

W ·H

H∑
h=1

W∑
w=1

|F (s, t ,w , h)| (1)

Here, t represents the frame number of the input image, s
is the scale parameter, (w, h) denote the pixel displacements
in the x and y directions, respectively, W and H represent
the width and height of the input image, and F (s, t ,w , h)
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indicates the coefficients obtained by wavelet transform. The
mother wavelet is assumed to be isotropic.

The deformation magnitude vector M(S, t) is defined
by the temporal change of this shape feature vector. Since
the features obtained by the MRF method are translation-
invariant and rotation-invariant, the calculated deformation
magnitude vector M is not due to the rigid body motion
of the deformed object. The deformation magnitude is cal-
culated as the absolute difference of the vectors between
consecutive frames, as shown in Equation 2.

M(S, t) = {M1, ...,Mn} = {|∆I(s1 , t)|, ..., |∆I(sn , t)|}
(2)

This deformation magnitude vector M is defined as a set
of vectors whose elements represent the magnitude of de-
formation at each scale. Each element Mn = |∆I(sn, t)| of
the deformation magnitude vector represents the magnitude
of deformation at a specific scale sn . Here, S is the set of
scales, and n indicates the total number of scales in the set.
The multi-resolution approach in the MRF method enables
capturing deformations at different anatomical scales, from
subtle fetal deformations (e.g., arm flexion) to large whole-
body deformations (e.g., whole-body extension). This allows
for a more comprehensive understanding of the separation
of maternal and fetal activity and detailed fetal movements,
compared to conventional evaluation methods that can only
capture a single scale.

C. Extraction Method for Shape Description Features

When calculating deformation magnitudes using the MRF
method, the selection of the analysis scale, i.e., the size of the
shape to be analyzed, is crucial. This study adopts a method
that automatically identifies scales from the local maxima of
the wavelet variance σ2 (s). This method has the advantage
of automatically identifying the most appropriate scale for
shape identification, which most sensitively and effectively
reflects changes when a shape transforms.

The shape description features Sp is expressed as:

µ(s) =
1

T

T∑
t=0

I (s, t) (3)

σ2 (s) =
1

T

T∑
t=0

(I(s, t)− µ(s))2 (4)

Sp =

{
s | d

ds
(σ2 (s)) = 0,

d2

ds2
(σ2 (s)) < 0

}
(5)

In these equations, s represents the scale parameter, t is the
image number, and T denotes the total number of images.

III. EXPERIMENT

This experiment verifies whether the proposed method
can appropriately detect fetal movements as deformation
magnitudes in simulated videos, and whether the constructed
fetal-maternal deformation map can elucidate the interaction
between fetal activity and maternal perception based on these

Fig. 3: Simulation images of frames within the fetal and
maternal movement onset interval. Images of the fetus at the
top and the maternal are displayed at the bottom, arranged
vertically. The variable t represents the frame number in the
simulation movie.

deformation magnitudes. For this purpose, It was confirmed
the time-series changes of fetal and maternal deformation
and created the fetal-maternal deformation map.

A. Experimental method

The input data consists of simulated fetal videos generated
from a physics-based simulation, in which a musculoskeletal
model produced spontaneous movements driven by chaotic
oscillators [14]. The videos were consistently rendered from
the sagittal plane and include various fetal postures such
as flexion and extension (Fig. 3), along with corresponding
maternal abdominal surface movements responding to the
fetal dynamics. The numbers written at the bottom of each
image indicate the frame number. These two videos are
input separately to calculate their respective deformation
magnitudes. The frame rate is 20 fps, the total number of
frames is 90, and the resolution is 500 px per side. Among
the fetal movements in the video, movements involving
flexion postures occur around frames 11-16 and 51-60,
while movements involving extension postures occur around
frames 25-31 and 67-75. These fetal movement occurrence
times were visually labeled as the period from when the fetus
starts moving from a static state until it becomes static again.
All maternal deformation in this video is attributed to fetal
movement.

IV. RESULTS

A. Extraction of Shape Description Features and Scale Se-
lection

To capture the dynamic behavior of the fetus and mother,
scales serving as shape description features were extracted
using wavelet variance. The graph of wavelet variance, which
expresses the intensity of shape variation at each scale, is
shown in Fig. 4.
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(a) Wavelet variance of the shape feature vectors for all frames by
scale by fetal movie.

(b) Wavelet variance of the shape feature vectors for all frames by
scale by maternal movie.

Fig. 4: Wavelet variance of the shape feature vectors for all
frames

Each dotted line in the figures indicates the scale cor-
responding to a local maximum. From the fetal video,
three scales, Sp = {33, 92, 182}, were extracted as shape
description features. On the other hand, from the maternal
video, a single scale, Sp = {166}, was extracted as a shape
description feature. These extracted scales form the basis for
the deformation magnitude calculation described later.

B. Calculation of Fetal and Maternal Deformation

To construct the fetal-maternal deformation map proposed
above, it is first necessary to calculate the objective defor-
mation magnitudes of both the fetus and the mother. The
foundational technology for this is the MRF method, which
has been established in previous research.

The deformation magnitudes for the three scales identified
as fetal-derived shape description features contained multi-
dimensional and redundant information. Therefore, dimen-
sionality reduction was performed to facilitate analysis and
subsequent processing. Specifically, Principal Component
Analysis (PCA) was applied to construct the fetal axis,
which represents fetal deformation. As a result of this PCA,
the contribution ratio of the first principal component was
0.91. On the other hand, the deformation magnitude selected
as maternal-derived was limited to a single scale and was
adopted directly as the maternal axis.

Fig. 5: Time series changes in fetal and maternal deforma-
tion. Fetal movement occurrence time is indicated by a blue
band.

Fig. 6: Fetal and maternal deformation map. Mm represents
the maternal deformation, denoted by M(s = 166), and Mf

represents the fetal deformation, which is the integration of
M(s = 33), M(s = 92), and M(s = 182) using PCA.

C. Construction of Fetal-Maternal Deformation Map

The time-series changes of the constructed fetal and mater-
nal axis deformation magnitudes are shown in Fig. 5. This
graph also overlays the timing of fetal movements. These
results are normalized and then processed using a 0.1Hz low-
pass filter.

Subsequently, the results of plotting each data point on
the constructed fetal-maternal deformation map are shown
in Fig.6. To represent the deformation patterns and fetal
movement characteristics shown by this map, each data point
has been manually classified based on the four categories
conceptually defined in the Method section, and the results
are indicated by the color of each point.

V. DISCUSSION

A. Appropriateness of Shape Description Features and De-
formation Extraction

The scale extraction using wavelet variance in this study
suggested that it appropriately captures the major shape
changes of the fetus and the mother, respectively. The three
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scales extracted from the fetal video, Sp = {33, 92, 182},
are considered to correspond to subtle movements of fetal
limbs (s = 33), movements of the trunk (s = 92), and
large movements such as whole-body extension (s = 182).
This supports the MRF method’s ability to comprehensively
capture fetal deformations across diverse anatomical scales.
On the other hand, the scale extracted from the maternal
video (s = 166) is considered to correspond to the shorter di-
mension of the maternal body. This result can be interpreted
as the main response when fetal movement is transmitted
to the mother being easily captured at this scale. These
extracted sets of scales served as an appropriate analytical
basis for the subsequent deformation magnitude calculation.

B. Validity of Deformation Estimation Method

To evaluate whether the constructed fetal and maternal axis
deformation magnitudes are effective features for identifying
fetal movements, a comparison with time-series data was per-
formed. As shown in Fig. 5, it was confirmed that the local
maxima in the time series of each deformation magnitude
generally appeared simultaneously with the fetal movements
observed in the input video. This result clarified that the
deformation magnitudes estimated by this method are indeed
synchronized with fetal movements and the accompanying
maternal response.

Furthermore, a detailed analysis of the time-series data
revealed the following two patterns of fetal movement and
their relationship with deformation magnitudes. Each pattern
is indicated as (1) and (2) in Fig.5. (1) The case where fetal
deformation lags behind maternal deformation corresponds
to a flexion posture. This is a case where maternal defor-
mation peaks at the moment the fetus separates from the
maternal abdominal wall, and then the maximum of fetal
deformation appears later as the fetus continues to deform
internally. This is thought to correspond to movements where
the fetus gains space by moving away from the abdominal
wall and then further stretches its body or changes its posture
within that space. In contrast, (2) the case where the maxima
of both axes are simultaneous corresponds to an extension
posture. This suggests that the fetal movement is directly
and strongly transmitted to the maternal abdominal wall. It
is presumed that when the fetus gives a physical impact to
the mother, like a kick, the deformation of both the fetus and
the mother reaches its peak almost simultaneously, and such
fetal movements are considered to be deformations that are
easily perceived by the mother.

These findings clarify the relationship between the nature
of the fetal movement that occurs and the resulting deforma-
tion magnitudes of the fetus and the mother.

C. Analysis of Fetal Movement Patterns in the Fetal-
Maternal Deformation Map

Fig. 6 shows the constructed fetal-maternal deformation
map, visually representing the simultaneous deformation
state of the fetus and the mother. Since this simulation video
did not contain data corresponding to ”Maternal deformation

Fig. 7: Fetal and maternal deformation map. Mm represents
the maternal deformation, denoted by M(s = 166), and Mf

represents the fetal deformation, which is the integration of
M(s = 33), M(s = 92), and M(s = 182) using PCA.The
red area shows Prominent maternal deformation caused by
fetal movement, the blue area shows Fetal movement with
minimal maternal contact, and the gray area shows Fetus and
Mother in Near-Stationary State.

not caused by fetal movement,” only the following three
categories of data were distributed on this map.

Data points classified as ”Prominent maternal deformation
caused by fetal movement” showed a tendency to concentrate
in the upper-right region of the map. This region indicates
that both fetal deformation (X-axis) and maternal deforma-
tion (Y-axis) are large, reflecting a state where fetal activity is
strongly transmitted to the maternal abdominal wall. Among
the fetal movement patterns, (2) fetal movements where the
maxima of both axes are simultaneous were classified into
this category.

Data points classified as ”Fetal movement with minimal
maternal contact” showed a tendency to distribute in the
lower-right region of the map. This region suggests that
while fetal deformation is large, maternal deformation is
small. This is considered to objectively capture situations
where the fetus is actively moving, but the movement is
not sufficiently transmitted to the abdominal wall, making
it difficult for the mother to perceive the fetal movement.
Among the fetal movement patterns, (1) fetal movements
where fetal deformation lags behind maternal deformation
were classified into this category.

Data points classified as ”Near-stationary state of both
fetus and mother” were concentrated in the lower-left region
of the map. This region accurately represents a state where
both fetal and maternal deformation are small, indicating no
significant fetal movement or maternal movement.

To evaluate the discriminability of each state, Fig. 7
visualizes ellipses enclosing data points for each class, using
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the square root of 5.991, which is the value of the 95%
confidence interval of the chi-squared distribution (with 2
degrees of freedom). This showed the possibility that each
class can be categorized, despite some overlap between them.

In this video, the category ”Maternal deformation not
caused by fetal movement” was not observed on the map.
However, it is expected that by using actual ultrasound data
in the future, maternal deformation due to the mother’s own
movements or external influences will be plotted in the
region where only the Y-axis of the map is large (upper-
left region). This would enable clear distinction between
fetal-derived movements and maternal-derived movements,
preventing misidentification of fetal movements.

These results suggest that the map proposed in this study
clearly demonstrates the relationship in fetal and maternal
deformation, leading to the potential for objective classi-
fication of fetal movements based on future maternal per-
ceptual characteristics. This classification method not only
complements subjective maternal fetal kick counting but also
clarifies movements that should be actively presented, for
example, fetal movements classified as ”Prominent mater-
nal deformation caused by fetal movement,” especially for
mothers who have difficulty perceiving fetal movements.
Furthermore, for ”Fetal movement with minimal maternal
contact” movements, where the fetus is active but difficult
to perceive, providing information that the fetus is moving
is considered to further contribute to health check-ups and
attachment formation support.

VI. CONCLUSIONS

This study proposed a fetal-maternal deformation map
aiming to objectively assess fetal movements in perinatal
care. This map was constructed by applying the previously
established MRF method to simultaneously quantify the
deformation magnitudes of the fetus and the maternal ab-
dominal wall from simulated fetal movement videos.

Analysis using this map clearly visualized the relationship
between fetal and maternal deformation. Furthermore, it was
suggested that patterns of fetal movement that are easily
perceived by the mother can be categorized from those
that are difficult to perceive, depending on the extent of
the impact of fetal movement on the maternal abdominal
wall. This represents a new approach to objective assessment
that considers not only the presence and intensity of fetal
movement but also the mother’s perceptual characteristics.

The proposed method is expected to contribute to a more
detailed assessment of fetal health and the development of
personalized support systems for mothers who are anxious
about their perception of fetal movements, thereby improving
the quality of perinatal medical care. As future work, we
plan to algorithmically determine the category boundaries for
each individual, for example, by using Bayesian estimation.
In addition, we will verify whether the proposed method
can recognize fetal movements using real data (ultrasound
videos) and by cross-referencing with mothers’ subjective
perception reports.
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