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Abstract. Accurate fetal biometry measurements from ultrasound ex-
aminations are critical for estimating clinical indicators like gestational
age (GA), monitoring fetal growth, and assessing overall fetal well-being.
Clinicians annotate the required measurements by placing calipers on
the standard fetal planes. However, the reliability of these measurements
depends heavily on the correct placement of calipers by sonographers.
Even small deviations in caliper positioning can introduce clinically sig-
nificant errors in biometric measurements and clinical indicators. While
expert sonographers achieve high measurement consistency, their avail-
ability is limited, and less experienced operators are prone to annotation
variability and placement errors. In this work, we present SonoAudit,
an automated caliper auditing framework for fetal ultrasound biometry
that evaluates the quality of clinician-placed calipers and provides objec-
tive feedback on measurement correctness. The proposed system localizes
caliper annotations in fetal ultrasound images and segments the relevant
anatomical structures, enabling assessment of caliper placement against
clinically established measurement guidelines to determine whether the
annotations satisfy standard measurement criteria. The proposed frame-
work further estimates biometric measurements and corresponding clin-
ical indicators, enabling quantitative assessment of annotation quality
and its impact on fetal growth evaluation. Validation on patient studies
demonstrated the feasibility of automated caliper auditing and its po-
tential as a quality-control tool for fetal ultrasound examinations. The
proposed framework achieved robust caliper detection and localization,
with an average Precision of 0.88, a mean localization error of 3.05 ±
1.61 pixels, and 88.1% PCK@5, indicating accurate caliper placement
within a 5-pixel tolerance of expert annotations. And attain an average
MAE of 1.13 mm for biometric measurements.
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1 Introduction

In current clinical practice, sonographers manually place measurement calipers
on ultrasound standard planes to obtain biometric measurements. Despite the
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existence of standardized measurement guidelines [10], the quality and accuracy
of the final measurements depend heavily on the operator’s expertise. Variabil-
ity is particularly evident among less experienced operators, trainees, and in
high-volume clinical environments where maintaining consistent measurement
quality can be challenging [12, 11]. Even small deviations in caliper placement
can introduce clinically significant measurement errors, potentially leading to
inaccurate growth assessment. Furthermore, expert fetal sonographers capable
of performing highly reliable measurements are limited in number, creating a
need for systems that can assist in quality control and training.

Recent advances in artificial intelligence have significantly improved auto-
mated fetal ultrasound analysis, including standard plane detection [2, 7, 4] and
anatomical structure segmentation [6, 1]. However, most existing methods focus
on generating measurements directly from images rather than evaluating the
correctness of measurements already performed by clinicians. As a result, there
remains a critical gap in automated quality assurance systems that can objec-
tively assess whether clinician-placed calipers satisfy established clinical mea-
surement guidelines [3]. Automated auditing of biometric annotations presents
several challenges due to the calipers being small visual markers, while the va-
lidity of a measurement depends not only on the caliper locations [13] but also
on their geometric relationships and anatomical consistency with surrounding
fetal structures and the auditing criteria differ across biometric measurements,
requiring measurement-specific validation rules that closely reflect clinical prac-
tice.

To address these challenges, we propose SonoAudit, an automated caliper
auditing framework for fetal ultrasound biometry. The proposed system employs
a Yolo based detection model [8] to localize clinician-placed caliper arrowheads
from fetal ultrasound images followed by a lightweight UNet based segmentation
model [9] for anatomical structure segmentation and subsequently evaluates the
quality of the measurements using clinically motivated auditing rules. In addition
to auditing measurement quality, the proposed framework computes biometric
measurements and corresponding clinical indicators. Validation on inhouse and
online data demonstrates the feasibility of automated caliper auditing and high-
lights its potential as a quality assurance and sonographer training tool. Our
main contributions are as follows:

– SonoAudit: A fully automated framework for auditing clinician-performed
fetal biometric measurements from fetal ultrasound images.

– Clinical Guidelines Checker: A module that evaluates the geometric and
anatomical correctness of caliper placement and biometric measurements
from a sonographer’s perspective.

– Clinical Validation: Extensive evaluation on in-house and publicly avail-
able datasets demonstrates a caliper detection precision of 0.88 and a bio-
metric measurement MAE of 1.13 mm.
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Fig. 1. SonoAudit Framework Overview

2 Methodology

2.1 Overview

Our proposed framework SonoAudit as shown in Fig. 1. performs caliper lo-
calization through the Yolo v8 variant detection model when a fetal ultrasound
image containing clinician-placed biometric calipers is given as an input. Caliper
localization is formulated as an object detection problem, where each caliper ar-
rowhead is detected independently. As an initial quality-control step, the frame-
work verifies whether the expected number of caliper points has been detected
for a given biometric measurement. Cases with missing or excess caliper detec-
tions are automatically flagged as potential annotation errors and excluded from
subsequent auditing stages. While caliper localization provides the geometric in-
formation required for measurement estimation, several clinical auditing criteria
require anatomical context. Therefore, a lightweight UNET based segmentation
network is employed to delineate anatomical structures relevant to each biomet-
ric measurement. The detected caliper locations and segmentation masks are
subsequently analyzed using measurement-specific auditing algorithms designed
to emulate established clinical measurement guidelines. Furthermore, the esti-
mated biometric measurements are used to derive clinically relevant indicators,
and they are subsequently mapped to gestational-age-specific Hadlock reference
centile curves, enabling assessment of fetal growth relative to normative popu-
lation standards.

2.2 Dataset

The proposed framework was trained and evaluated on an in-house dataset com-
prising of 1,000 and 400 patient studies used for training and testing respectively
collected from multiple scanning centers. To further assess the generalizability of
the proposed approach, additional evaluation was performed on 424 images from
the publicly available UCL fetal ultrasound dataset [5]. The dataset contains
examinations acquired using ultrasound systems from different manufacturers,
resulting in substantial variability in image appearance, acquisition settings, and
caliper annotation styles as shown in Fig.2. Such heterogeneity is particularly
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Fig. 2. Caliper Types

important for developing robust caliper auditing systems that generalize across
imaging platforms.

2.3 Clinical Guideline Checker Module

Different biometric measurements require different anatomical landmarks for au-
diting. Consequently, a lightweight UNet based segmentation model is trained to
identify the structures relevant to each measurement plane. The extracted con-
tours from the predicted segmentation masks are then used to verify whether the
detected caliper locations align with the corresponding anatomical boundaries,
as defined by clinical measurement guidelines.

Trans-Thalamic Plane: For auditing Biparietal Diameter (BPD) and Occip-
itofrontal Diameter (OFD) measurements, the segmentation model predicts masks
corresponding to the midline falx and inner and outer calvarial boundaries.
These structures provide the anatomical reference required to verify whether
the calipers are positioned correctly on the fetal skull according to standard
measurement protocols. OFD boundary compliance requires the left and right
caliper points to lie on the outer calvarial boundary, whereas BPD requires the
top and bottom calipers to lie on the outer and inner calvarial boundaries, re-
spectively. Furthermore, the BPD and OFD measurements must be orthogonal
within 30◦ tolerance, with the BPD passing through the OFD midpoint and the
OFD intersecting the midline falx.

Abdominal Plane: For abdominal measurements, the segmentation model pre-
dicts the fetal skin boundary, portal vein, and stomach bubble. These structures
serve as anatomical landmarks for validating the placement of calipers used to
obtain the Anteroposterior Abdominal Diameter (APAD) and Transverse Ab-
dominal Diameter (TAD), ensuring consistency with established clinical guide-
lines. The TAD and APAD measurements are validated by assessing the angle
between the two diameters computed from the abdominal circumference, requir-
ing orthogonality within a tolerance of 30◦.Furthermore, the APAD is required
to pass through the portal vein, the TAD through the stomach bubble region,
and the TAD length being greater than the APAD length.

Lower Limbs Plane: For femur length (FL) auditing, the femur is segmented
and the detected caliper locations are verified against the extrema points of the
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Fig. 3. Caliper Detection TT, AC, FL, SDVP (from left to right)

segmented femur mask. Additionally, because the femur exhibits strong acous-
tic boundaries in ultrasound images, local image gradients around each caliper
location are analyzed to ensure alignment with the corresponding femoral bone
boundaries. Measurements are considered valid when the calipers coincide with
both the anatomical extrema of the segmented femur and the gradient-shift re-
gion.

Fetal Environment Plane: The framework is also extended to audit amniotic
fluid measurements, where the Single Deepest Vertical Pocket (SDVP) is as-
sessed. The contour extracted from the segmented amniotic fluid mask is veri-
fied to ensure that it intersects the detected caliper locations. Additionally, the
verticality of the SDVP measurement is evaluated to confirm compliance with
clinical measurement guidelines.

2.4 Measurement and Clinical Indicators Estimation

For standard-planes that satisfy the auditing criteria, the detected caliper loca-
tions are used to estimate the corresponding biometric measurements, which are
subsequently employed to derive clinically relevant indicators, including Gesta-
tional Age (GA), Estimated Fetal Weight (EFW), and Cephalic Index (CI). In
addition to the estimated composite GA, measurement-specific GA is also com-
puted independently from HC, BPD, AC, and FL using established fetal growth
equations. Furthermore, each biometric measurement is mapped to gestational-
age-specific reference charts using Hadlock regression equations to determine its
corresponding percentile, enabling assessment of fetal growth relative to norma-
tive population standards. By combining accurate caliper localization, anatom-
ical segmentation, and clinically informed auditing rules as shown in Fig.3, the
proposed framework provides an automated and interpretable quality-assurance
mechanism for fetal ultrasound biometry.
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3 Results and Discussion

The proposed framework was evaluated on 400 in-house and 424 publicly avail-
able datasets encompassing fetal head, abdominal, femur, and amniotic fluid
measurements. For caliper detection, performance was assessed using Intersec-
tion over Union (IoU) and Precision. Caliper localization accuracy was evaluated
using Mean Localization Error, Root Mean Square Error (RMSE), and Percent-
age of Correct Keypoints (PCK) at a tolerance threshold of 5 pixels. Biometric
measurement accuracy was quantified using Mean Absolute Error (MAE), Root
Mean Square Error (RMSE), and Mean Relative Error (MRE). Agreement be-
tween automated and reference measurements was assessed using the Intraclass
Correlation Coefficient (ICC), Lin’s Concordance Correlation Coefficient (CCC),
and Pearson’s correlation coefficient (r).

Detection and Localization of Calipers: Table 1 summarizes the caliper de-
tection and localization results. The proposed detector achieves an average IoU
of 0.70 and a precision of 0.88 across all anatomical planes. The mean localization
error was 3.05±1.61 pixels, with an overall RMSE of 3.45 pixels. These results
demonstrate robust detection and localization of caliper arrowheads despite vari-
ations in ultrasound image quality, anatomical appearance, and device-specific
annotation styles. The highest localization accuracy was observed for the lower
limbs plane, achieving a precision of 0.93 and a PCK@5 of 93.1%, while fetal
environment measurements exhibited comparatively lower performance due to
increased variability in caliper placement and structure appearance.

Table 1. Caliper detection and localization performance evaluation.

Measurement IoU Precision Mean(px) RMSE (px) PCK@5 (%)
TransThalamic Plane 0.715 0.912 2.87± 1.52 3.25 91.2
Abdominal Plane 0.691 0.879 3.10± 1.57 3.48 87.9
Lower Limbs Plane 0.735 0.931 2.59± 1.30 2.90 93.1
Fetal Environment 0.660 0.799 3.62± 2.03 4.15 80.0
Average 0.700 0.880 3.05± 1.61 3.45 88.1

Biometry Measurement: Table 2 presents the biometric measurement and
clinical indicator evaluation results. Across all biometric measurements, the pro-
posed framework achieved an average MAE of 1.13 mm, RMSE of 1.48 mm, and
MRE of 2.7%, indicating high measurement accuracy. The low standard devia-
tion of the MRE across all measurements indicates consistent performance of the
proposed framework and demonstrates its robustness across different anatomical
structures, imaging conditions, and acquisition settings. Among the evaluated
measurements, biparietal diameter (BPD) and occipitofrontal diameter (OFD)
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Table 2. Biometry Measurement Performance Evaluation

Measurement MAE RMSE MRE ICC CCC Pearson’s(r)
BPD 1.11± 1.32 1.70± 1.32 0.021± 0.022 0.972 0.971 0.982

OFD 1.11± 1.56 1.89± 1.56 0.016± 0.020 0.971 0.970 0.973

AC 1.77± 3.46 1.48± 3.46 0.050± 0.027 0.933 0.933 0.989

FL 0.74± 0.80 1.08± 0.80 0.022± 0.026 0.965 0.964 0.966

SDVP 0.92± 0.95 1.25± 0.95 0.028± 0.031 0.958 0.957 0.961

Average 1.13± 1.62 1.48± 1.62 0.027± 0.025 0.960 0.959 0.974
Clinical Indicators

GA 3.22± 2.33 3.95± 2.33 2.233± 1.625 0.917 0.914 0.950

CI 1.61± 1.56 2.22± 1.56 2.152± 2.065 0.792 0.784 0.822

demonstrated the highest agreement, with ICC values exceeding 0.97. Gesta-
tional age (GA) estimation achieved an MAE of 3.22 days and an ICC of 0.917,
while the clinical index (CI) achieved an MAE of 1.61 and an ICC of 0.792. These
results suggest that the proposed automated framework can provide clinically
reliable biometric measurements and derived fetal growth indicators.

Error Identification Cases: Fig. 4 shows representative examples of mea-
surement annotations flagged by the proposed framework. In the BPD example
(leftmost), the topmost caliper is not placed on the outer edge of the calvarium.
In the AC example, the measurement axis fails the orthogonality constraint and
the topmost caliper is incorrectly positioned. In the FL example, the caliper end-
points do not align with the femoral bone-edge gradient transitions, indicating
inaccurate endpoint placement. In the amniotic fluid (SDVP) example, the in-
ferior caliper is positioned above the fluid boundary instead of on the boundary
itself. These cases highlight the capability of the proposed framework to auto-
matically detect diverse caliper placement errors that could lead to inaccurate
biometric measurements.

Measurement Centiles: To evaluate the clinical relevance of the estimated
biometric measurements, each measurement was mapped to Hadlock Equation
based GA-specific centile curves (Fig. 5). The majority of BPD, HC, AC, and FL
measurements were located near the 50th percentile and predominantly within

Fig. 4. Error Identification Cases TT, AC, FL, SDVP (from left to right)
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Fig. 5. GA specific centile curve plot

the 25th–75th percentile range. Additionally, all measurements remained within
the 5th–95th percentile reference limits, suggesting that the audited measure-
ments are consistent with expected fetal growth patterns. These centile plots
provide an intuitive visualization of fetal growth status, enabling identification
of measurements that may deviate from normal growth trajectories.

4 Conclusion

In this work, we presented SonoAudit, an automated framework for auditing
fetal ultrasound caliper annotations. By detecting calipers and checking them
against clinical guidelines, the method assesses annotation quality and estimates
biometric measurements for fetal growth evaluation. Validation on in-house and
public datasets showed good performance, with 0.88 Precision, 88.1% PCK@5,
and 1.13 mm MAE for biometric measurements demonstrating its potential as
a quality-assurance and training tool. Future work will extend validation to
larger multi-center datasets, extending to additional biometric measurements
and integrating real-time feedback mechanisms to assist sonographers.

Prospects of Application: SonoAudit can be deployed as a quality control and
training support tool in clinical fetal ultrasound systems. By automatically au-
diting biometric annotations and providing objective feedback, it has the poten-
tial to improve measurement consistency, reduce operator-dependent variability,
and assist both experienced and trainee sonographers in routine fetal growth
assessment.
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