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ABSTRACT  
 

Archery requires high consistency and precise body posture, where 
small deviations can affect stability and accuracy. Recently, 2D 
human pose estimation has become an effective approach for 
analyzing sports techniques through automatic joint detection. This 
study proposes a 2D pose estimation system based on the MediaPipe 
framework to detect eight fundamental phases of archery technique 
and evaluate accuracy using the Normalized Mean Per Joint Position 
Error (N-MPJPE) metric. The dataset consists of annotated images 
representing the eight phases, which serve as ground-truth references. 
Accuracy is measured by calculating the normalized Euclidean 
distance between predicted joint positions and ground-truth 
coordinates across all phases. Experimental results show an average 
N-MPJPE of 0.71, indicating low joint-position deviation after scale 
normalization. Compared with prior studies reporting N-MPJPE 
values between 0.6 and 1.2, the proposed system demonstrates 
competitive accuracy for real-time 2D pose estimation. These results 
indicate that the system can reliably capture posture variations across 
archery phases and provide quantitative feedback on body alignment, 
making it a practical tool to support athletes and coaches in improving 
training quality and shooting performance. 
 
 
Keywords : Archery; MediaPipe; N-MPJPE; 2D Human Pose 
Estimation; Computer Vision. 

 
 
 



Jurnal Teknik Informatika Vol. 19 No. 1, April 2026 (109-121)  
ISSN: p-ISSN 1979-9160 (Print)| e-ISSN 2549-7901 (Online)   
DOI: https://doi.org/10.15408/jti.v19i1.49778  

 

110 
Prasetya et al, Accuracy Evaluation of 2D MediaPipe Based Pose Estimation… 

1. INTRODUCTION 

 Archery is a sport that demands a high 
level of technical skill, concentration, and 
movement consistency. Proper body posture 
plays a crucial role in maintaining balance, 
minimizing vibration, and improving shooting 
accuracy throughout the shooting process. 
According to Mulyanti in 2024, beginner 
performance in archery is strongly influenced 
by shooting distance; therefore, training should 
be conducted progressively while emphasizing 
consistency in technique and posture [1]. This 
finding is reinforced by Destriani in 2024, who 
reported that stable posture and consistent 
technical execution are key factors in improving 
shooting accuracy, particularly for novice 
athletes [2]. These studies highlight that a stable 
and well-aligned body posture is fundamental to 
achieving optimal archery performance. 
 With advancements in computer vision 
and artificial intelligence, human pose 
estimation has been increasingly applied in 
various sports, including boxing, gymnastics, 
and football, to analyze athletes’ movements 
and technical execution. Pose estimation 
provides an innovative solution for 
automatically and objectively analyzing body 
posture in real time, enabling athletes and 
coaches to receive immediate feedback on 
movement errors. Ludwig in 2021 demonstrated 
that pose estimation techniques can effectively 
support performance improvement by providing 
quantitative feedback on body motion patterns 
during training sessions [3]. Despite its growing 
adoption across multiple sports domains, the 
application of pose estimation in archery 
remains relatively limited, particularly for 
comprehensive posture analysis covering 
multiple shooting phases. 
 Several studies have explored computer 
vision–based analysis in archery. Lee in 2024 
proposed an automated approach to analyze 
shooting time using pose estimation and image 
processing techniques, focusing primarily on 
the anchoring and release phases [4]. Although 
their method demonstrated promising results, it 
relied heavily on video quality and was sensitive 
to variations in individual athletes’ postures. 
These limitations indicate that existing 
approaches have yet to provide a robust and 
generalizable system capable of accurately 
detecting full-body posture across all 
fundamental archery phases while maintaining 

real-time performance. Human pose estimation 
has become a fundamental problem in computer 
vision, serving as a key component for higher-
level tasks such as motion analysis, action 
recognition, and sports performance evaluation. 
Recent surveys indicate that despite rapid 
advances in deep learning-based approaches, 
efficient and lightweight 2D pose estimation 
methods remain highly relevant for real-time 
and resource-constrained applications [5]. 
 In the broader field of human pose 
estimation, various frameworks have been 
developed, including OpenPose, YOLO-Pose, 
and MediaPipe. OpenPose, introduced in 2017, 
was among the first frameworks capable of 
multi-person pose estimation, detecting up to 
135 keypoints across the body, face, and hands. 
While OpenPose offers high accuracy and 
detailed keypoint representations, it requires 
substantial computational resources, limiting its 
suitability for lightweight or real-time sports 
training applications [6]. YOLO-Pose 
integrates object detection and keypoint 
estimation within a unified network, achieving 
strong performance in complex scenarios; 
however, its computational complexity 
similarly constrains its deployment in real-time 
or resource-limited environments [7]. 
 In contrast, MediaPipe provides a 
lightweight and efficient alternative for real-
time pose estimation. MediaPipe can detect 33 
body keypoints with low latency and modest 
computational requirements, making it well 
suited for desktop and mobile platforms [6]. 
Although its accuracy may be slightly lower 
than OpenPose on large-scale datasets, 
MediaPipe demonstrates a favorable balance 
between accuracy, speed, and efficiency. 
Recent studies have also shown that hybrid 
approaches combining MediaPipe with YOLO-
based detectors can further improve accuracy 
while maintaining real-time performance [7]. 
These characteristics make MediaPipe 
particularly attractive for sports training 
scenarios that require immediate feedback 
during practice sessions. 
 Based on these considerations, 
MediaPipe offers a practical balance between 
accuracy and real-time performance for archery 
training applications. However, limited research 
has systematically evaluated its effectiveness 
for archery posture analysis using quantitative 
accuracy metrics. Therefore, this study aims to 
develop a MediaPipe-based 2D pose estimation 
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system to detect eight fundamental phases of 
archery techniques and to quantitatively 
evaluate its accuracy using the Normalized 
Mean Per Joint Position Error (N-MPJPE). By 
focusing on scale-normalized joint error 
analysis, this research seeks to provide a 
reproducible and objective evaluation 
framework for pose estimation in archery, 
addressing an existing gap in sports-specific 
pose estimation studies. 
 The main scientific contributions of this 
study are summarized as follows. First, this 
research presents a domain-specific application 
of 2D human pose estimation for archery, a 
sport that has received relatively limited 
attention in pose estimation literature compared 
to other athletic disciplines. The proposed 
system is designed to detect and classify eight 
fundamental phases of archery techniques based 
on body keypoints, enabling structured posture 
analysis throughout the shooting process. 
 Second, this study introduces a 
quantitative evaluation of pose estimation 
accuracy using the Normalized Mean Per Joint 
Position Error (N-MPJPE). Unlike prior 
archery-related studies that primarily relied on 
timing analysis or manual joint-angle 
measurements, this work applies to a scale-
normalized metric to objectively assess joint 
position prediction accuracy across different 
postures. This contributes to a reproducible and 
interpretable evaluation framework for future 
sports-specific pose estimation research. 
 Third, this research provides empirical 
justification for the use of MediaPipe in archery 
posture analysis by positioning its accuracy 
within the commonly reported N-MPJPE range 
in real-time pose estimation studies. The 
achieved average N-MPJPE value of 0.71 
demonstrates that the proposed system attains a 
favorable balance between accuracy and 
computational efficiency, supporting its 
suitability for real-time sports training 
applications. 

2. METHODS 

 The development of the proposed system 
in this study employed the PPDIOO 
methodology, which consists of six sequential 
phases: Prepare, Plan, Design, Implement, 
Operate, and Optimize. Each phase is defined 
by specific objectives and systematic 
procedures that guide the research process from 

initial preparation to final optimization. This 
phased structure ensures that the development 
and evaluation of the pose estimation system are 
conducted in an organized, transparent, and 
traceable manner, thereby minimizing 
inconsistencies and methodological ambiguity 
throughout the research lifecycle [8]. 
 The PPDIOO methodology was selected 
because it provides a structured and 
comprehensive framework that effectively 
supports system-oriented research involving 
both implementation and quantitative 
evaluation. Previous studies have shown that 
PPDIOO is particularly effective for research 
that integrates system design, deployment, and 
performance assessment, as it allows each 
development stage to be explicitly documented 
and evaluated based on predefined technical 
criteria [9]. This methodology enables the 
researcher to systematically define system 
requirements, design the pose estimation 
architecture, implement the model, deploy it in 
an experimental environment, and refine its 
performance based on objective accuracy 
measurements. In the context of this study, 
PPDIOO is particularly suitable for pose 
estimation research, as it facilitates the 
integration of dataset preparation, pose 
detection using predefined reference postures, 
quantitative accuracy evaluation using the 
Normalized Mean Per Joint Position Error (N-
MPJPE), and iterative optimization based on 
evaluation results. Unlike conventional 
machine learning pipelines that rely on 
training–testing splits, system development 
methodologies such as PPDIOO emphasize 
evaluation-driven refinement and operational 
validation, making them appropriate for studies 
that focus on inference-level accuracy and 
system reliability rather than model retraining 
[10]. Therefore, PPDIOO provides a rigorous 
and reproducible methodological foundation for 
assessing the proposed archery pose estimation 
system. 

2.1.  Plan 

 The Plan phase represents the initial stage 
of the PPDIOO methodology, in which the 
fundamental requirements for developing the 
proposed pose estimation model were 
systematically identified. This phase focused on 
conducting a needs analysis and clearly defining 
the research problem to ensure that the 
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developed system addresses practical 
challenges encountered in archery training. The 
outcomes of this phase serve as a conceptual 
foundation for subsequent stages and guide the 
overall direction of the research, particularly in 
terms of model design and quantitative accuracy 
evaluation. The main outputs of the Plan phase 
are described as follows: 

a. Problem Identification 

 Archery athletes frequently experience 
posture-related technical errors during training 
sessions, particularly in hand positioning during 
the drawing phase. Improper hand posture at 
this critical stage can negatively affect shooting 
stability, consistency of arrow release, and 
overall shooting accuracy. These posture 
deviations are often subtle and difficult to 
identify through direct visual observation alone, 
especially in real-time training environments. 
This limitation highlights the need for an 
automated and objective posture analysis 
system capable of detecting joint-level 
deviations with sufficient precision. 

b. Objectives  

 The primary objective of this study is to 
develop a two-dimensional pose estimation 
model capable of accurately detecting body 
posture across eight fundamental phases of 
archery movements. By extracting and 
analyzing body joint positions, the proposed 
model aims to identify posture deviations that 
may occur during each shooting phase. In 
addition, this study seeks to quantitatively 
evaluate the accuracy of the pose estimation 
results using the Normalized Mean Per Joint 
Position Error (N-MPJPE), enabling objective, 
scale-normalized, and reproducible 
performance assessment. 

c. Scope 

 This research focuses on the analysis of 
body posture in archery athletes using two-
dimensional human pose estimation techniques, 
with particular emphasis on key joints involved 
in shooting mechanics. The scope of the study 
is limited to posture detection and accuracy 
evaluation based on joint position estimation 
using annotated ground-truth references. 
Biomechanical force analysis, physiological 
measurements, psychological factors, and 
three-dimensional motion reconstruction are 
beyond the scope of this work. 

d. Information Gathering 

 To support the planning process, an 
extensive literature review was conducted on 
human pose estimation frameworks, pose 
detection algorithms, and archery training 
principles. The review provided insights into 
commonly used pose estimation methods, 
quantitative accuracy metrics such as MPJPE 
and N-MPJPE, and best practices in sports-
related computer vision research. These 
findings were used as references for defining 
system requirements, selecting the MediaPipe 
framework, and designing the evaluation 
strategy adopted in this study. 

2.2.  Prepare  

 The Prepare phase focuses on 
establishing the technical foundation required 
for developing and evaluating the proposed 
pose estimation system. This phase includes 
dataset collection, data preprocessing, and pose 
estimation framework selection. The primary 
objective of this stage is to ensure that all 
system requirements such as the types of poses 
to be detected, the structure of the ground-truth 
data, and the target application environment are 
clearly defined and aligned with the research 
objectives. A well-prepared dataset and an 
appropriate model selection are essential to 
achieving reliable and reproducible pose 
estimation accuracy [11].  
 In this study, archery posture data were 
obtained through collaboration with expert 
archery coaches as well as from image frames 
extracted from video recordings of athletes 
performing standardized archery shooting 
techniques [12]. These data sources were 
selected to ensure that the collected samples 
accurately represent correct and commonly 
accepted postures according to standard archery 
training principles. Each sample serves as a 
ground-truth reference for evaluating pose 
estimation accuracy rather than for training a 
learning-based model. 

a. Dataset Collection 

 The dataset used in this research consists 
of annotated image samples representing eight 
fundamental phases of the archery shooting 
sequence: Stance, Nocking, Hooking, Setup, 
Drawing, Anchoring, Aiming, and Release. 
Each image corresponds to one reference 
posture for a specific phase and serves as 
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ground truth for pose accuracy evaluation rather 
than as training data for model learning. 
 The dataset was obtained from archery 
athletes, who were photographed while 
performing standardized shooting techniques 
under supervision. A total of eight reference 
images were collected, with one representative 
image for each archery phase, captured from the 
same athlete to maintain posture consistency 
across phases. While the dataset size is limited, 
this design is sufficient for evaluating pose 
estimation accuracy at the joint level, which is 
the primary objective of this study rather than 
model generalization. 
 All images were captured indoors under 
controlled lighting conditions to minimize 
illumination variability and external 
interference. The camera was positioned at a 
distance of approximately 3–5 meters from the 
athlete, aligned at body height to ensure full-
body visibility and accurate joint 
representation. This setup was selected to 
simulate a realistic training observation 
distance while maintaining sufficient image 
clarity for pose estimation. 
 It is important to emphasize that this 
study does not employ a conventional training–
testing split. The MediaPipe pose estimation 
framework used in this research is a pre-trained 
model and was not retrained using the collected 
dataset. Instead, the dataset functions 
exclusively as ground-truth reference data for 
evaluating joint position prediction accuracy 
using the N-MPJPE metric. Therefore, data 
partitioning and sampling strategies commonly 
used in supervised learning are not applicable in 
this evaluation-oriented study. 

b. Preprocessing 

 Data preprocessing was conducted to 
enhance dataset quality and ensure reliable pose 
estimation evaluation.  This stage plays a 
critical role in preventing error propagation into 
subsequent analysis and evaluation phases, as 
data validation and cleaning are widely 
recognized as essential steps for ensuring model 
reliability and accuracy [13]. The preprocessing 
process involved verifying image clarity, body 
visibility, and joint coverage. Images that were 
blurred, poorly illuminated, or partially 
occluded were excluded to prevent inaccuracies 
in keypoint detection and joint position 
measurement. Furthermore, careful 
preprocessing is particularly important in 

computer vision–based systems, as 
inconsistencies or noise in input data can 
significantly affect quantitative evaluation 
results. Prior studies emphasize that rigorous 
data preparation and validation are necessary to 
minimize misleading outcomes caused by 
unverified or erroneous data, especially in 
scenarios where models are evaluated against 
reference postures rather than trained through 
large-scale datasets [13]. 
 Each image was manually labeled 
according to its corresponding archery phase 
based on a predefined eight-phase shooting 
protocol. Accurate labeling is a fundamental 
prerequisite for reliable image-based analysis, 
as ground-truth annotations directly influence 
the validity of downstream evaluation metrics. 
Previous research highlights that manual and 
interactive labeling approaches provide greater 
control over annotation quality, particularly for 
complex visual structures and limited datasets 
where precision is critical [14]. To minimize 
labeling bias and human error, all labeled 
images were validated by an experienced 
archery coach, ensuring that each posture 
accurately represents standard and correct 
technical execution for its respective phase. 
This expert-based validation functions as a 
quality assurance mechanism, reinforcing 
annotation consistency and reducing subjective 
bias in the absence of multiple annotators. Such 
validation strategies align with data-centric 
approaches that prioritize dataset quality as a 
key determinant of system performance and 
evaluation credibility [13]. 

c. Pose Estimation Modeling 

 For the pose estimation component, 
MediaPipe was selected as the core framework 
due to its favorable balance between accuracy 
and computational efficiency in real-time 
applications [15]. MediaPipe provides a pre-
trained two-dimensional human pose estimation 
model capable of detecting 33 body keypoints, 
including joints that are critical in archery 
movements such as the shoulders, elbows, 
wrists, hips, and knees. MediaPipe Pose has 
been widely adopted in recent studies due to its 
ability to provide reliable 2D joint localization 
while maintaining real-time performance on 
CPU-based systems. Previous research has 
demonstrated that MediaPipe can serve as a 
robust off-the-shelf pose estimation framework 
without additional model training, making it 
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suitable for practical and lightweight motion 
analysis applications [16]. 
 In this study, MediaPipe was utilized as 
an off-the-shelf pose estimation framework 
without additional model training. The detected 
keypoints produced by MediaPipe were directly 
compared with ground-truth joint coordinates to 
evaluate pose estimation accuracy. Its ability to 
perform real-time pose detection with relatively 
low computational cost makes MediaPipe 
suitable for desktop-based applications and 
aligns with the objective of evaluating practical 
pose estimation accuracy for sports training 
scenarios. 

2.3.  Design  

 This phase focuses on designing the 
overall system architecture for pose detection 
and quantitative accuracy evaluation using the 
MediaPipe framework. The design stage 
emphasizes a clear and structured data flow, 
ensuring that each processing step directly 
supports reliable pose detection and objective 
performance evaluation. By defining the system 
architecture at this stage, the proposed system is 
structured to enable reproducible accuracy 
assessment of 2D pose estimation results in the 
context of archery posture analysis. 
 The data flow begins with dataset 
preparation, where preprocessed and labeled 
archery posture images corresponding to the 
eight defined phases, Stance, Nocking, 
Hooking, Setup, Drawing, Anchoring, Aiming, 
and Release are provided as system inputs. 
These inputs are processed by the MediaPipe 
pose estimation module to extract two-
dimensional body keypoints. The extracted 
keypoints represent the predicted joint positions 
produced by the pose estimation framework. 
Subsequently, the predicted joint coordinates 
are compared with manually annotated ground-
truth joint positions for each archery phase. The 
comparison is performed using the Normalized 
Mean Per Joint Position Error (N-MPJPE), 
which serves as the primary metric for 
evaluating pose estimation accuracy. This end-
to-end design integrates pose detection and 
quantitative accuracy evaluation into a unified 
and reproducible evaluation pipeline. 

a. Flowchart 

 The workflow of the proposed system is 
illustrated in Figure 1. The process begins with 

dataset collection, followed by a preprocessing 
stage that includes data cleansing and phase 
labeling to ensure high-quality and consistent 
input data. 

 
Figure 1. Flowchart Model Design 

 After preprocessing, the input images are 
processed by the MediaPipe pose estimation 
module, which detects 33 two-dimensional 
human body keypoints. These keypoints 
correspond to major body joints such as the 
shoulders, elbows, wrists, hips, knees, and 
ankles, which are essential for analyzing 
posture during archery movements across all 
shooting phases. 
 Following pose detection, a keypoint 
validation step is performed to ensure that all 
required joints are successfully detected. When 
validation is successful, the detected joint 
coordinates are extracted and stored as 
numerical data for evaluation. The extracted 
keypoints are then directly compared with the 
corresponding ground-truth joint annotations 
for each archery phase. 
 Finally, the system computes the N-
MPJPE value to quantify the deviation between 
predicted and ground-truth joint positions after 
scale normalization. The output of the system 
consists of pose estimation accuracy results for 
each archery phase, providing an objective and 
quantitative assessment of MediaPipe-based 2D 
pose estimation performance in archery posture 
detection. 
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2.4.  Implement 

 At this stage, the pose estimation system 
was implemented and evaluated using the 
labeled archery posture dataset. The 
implementation process involved processing 
preprocessed images representing the eight 
defined archery phases, Stance, Nocking, 
Hooking, Setup, Drawing, Anchoring, Aiming, 
and Release through the MediaPipe pose 
estimation framework. For each input image, 
MediaPipe generated two-dimensional body 
keypoints corresponding to major joints, which 
served as the predicted joint positions for 
evaluation. Each image in the dataset was 
accompanied by manually annotated joint 
keypoints that functioned as ground-truth 
references. The implementation focused on 
executing the pose estimation pipeline and 
extracting predicted joint coordinates, rather 
than training or updating the underlying pose 
estimation model. This approach ensured that 
the evaluation reflected the inherent pose 
estimation capability of the MediaPipe 
framework when applied to archery postures. 
 Following pose detection, the accuracy of 
the predicted keypoints was quantitatively 
evaluated using the Normalized Mean Per Joint 
Position Error (N-MPJPE) metric. N-MPJPE 
measures the average Euclidean distance 
between predicted joint positions and ground-
truth annotations after scale normalization, 
providing a fair and consistent assessment 
across different postures and body proportions. 
The implementation phase concluded with 
consistent keypoint detection results across all 
eight archery phases and an average N-MPJPE 
value that indicated satisfactory pose estimation 
accuracy. These results demonstrate that the 
implemented MediaPipe-based system can 
reliably estimate body joint positions and 
support objective accuracy evaluation for 
archery posture analysis in a real-time training 
context. 

2.5.  Operate 

 In this phase, the implemented pose 
estimation system was deployed into a desktop-
based application environment to support real-
time archery posture analysis. The application 
integrates the MediaPipe framework to process 
input data in the form of images or video 
streams and to detect body keypoints 
corresponding to the eight defined archery 

phases: Stance, Nocking, Hooking, Setup, 
Drawing, Anchoring, Aiming, and Release. 
 The primary objective of the Operate 
phase was to verify that the pose estimation 
system could function reliably during runtime 
inference, producing stable and consistent 
keypoint detection results under various input 
conditions. System operation was assessed by 
observing the continuity of pose detection, the 
consistency of extracted joint coordinates, and 
the responsiveness of the application during 
real-time execution. This phase ensured that the 
system operated without significant latency, 
frame drops, or computational instability when 
integrated into the desktop application 
workflow. The detected keypoint data 
generated during system operation were 
systematically stored and structured for 
quantitative analysis. These operational outputs 
served as the input for computing the 
Normalized Mean Per Joint Position Error (N-
MPJPE) in the subsequent evaluation and 
optimization phase. By using keypoint data 
obtained from actual system operation, the 
evaluation reflects realistic deployment 
conditions rather than controlled or offline 
processing scenarios. 

2.6.  Optimize 

 The Optimize phase represents the final 
stage of the PPDIOO methodology, in which 
refinements were conducted based on 
quantitative evaluation results obtained during 
system operation. In this phase, the Normalized 
Mean Per Joint Position Error (N-MPJPE) 
values calculated for each archery movement 
phase were analyzed to identify variations in 
joint position accuracy and potential sources of 
estimation error. Particular attention was given 
to phases involving more dynamic upper-body 
movements, where larger joint deviations were 
more likely to occur. 
 Based on this analysis, minor system-
level adjustments were applied to improve 
detection stability and reduce overall prediction 
error. These optimizations focused on refining 
inference-related parameters, data handling 
consistency, and keypoint validation 
procedures, rather than modifying the 
underlying pose estimation model or 
introducing additional training processes. The 
objective of this phase was to enhance the 
robustness and consistency of keypoint 
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detection across all archery phases while 
preserving real-time performance 
characteristics. Through this optimization 
process, the final pose estimation system 
achieved more stable and reliable keypoint 
outputs during operation. The resulting 
accuracy levels were found to be consistent with 
pose estimation performance ranges reported in 
recent literature. The optimized system 
configuration was subsequently used as the 
basis for the final performance evaluation and 
result analysis presented in this study. 

2.7.  Formula Definition of N-MPJPE 

 To quantitatively evaluate the accuracy 
of the proposed pose estimation system, this 
study employs the Normalized Mean Per Joint 
Position Error (N-MPJPE) as the primary 
evaluation metric. N-MPJPE measures the 
average positional deviation between predicted 
joint coordinates and their corresponding 
ground-truth annotations while incorporating a 
normalization factor to compensate for 
differences in body scale and posture size. This 
scale-invariant property makes N-MPJPE 
particularly suitable for evaluating pose 
estimation performance across subjects with 
varying body proportions and camera 
perspectives [17]. 
 The metric evaluates pose estimation 
accuracy by computing the normalized 
Euclidean distance between each predicted joint 
position and its corresponding ground-truth 
joint. Through normalization, the influence of 
absolute body size, posture scale, and camera 
distance is reduced, enabling a fair and 
consistent comparison of joint position 
accuracy across different archery movement 
phases. Consequently, N-MPJPE provides a 
robust and interpretable quantitative measure 
for evaluating pose estimation performance in 
sports motion analysis. 
 
The formula for NMPJPE is as follows: 
 

N-MPJPE =  
ଵ

ே
 ∑

ฮ௃೔ ି ௃೔
∗ฮ

మ

ௌ೔

ே
௜ୀଵ   (1) 

 
Where: 
 𝑁  = number of key points (joints), 
 𝐽௜ = predicted joint coordinates, 
 𝐽௜

∗ = ground-truth joint coordinates, 
 𝑆௜ = scale normalization factor,  

‖∙‖ଶ = Euclidean norm. 
 In this study, the Euclidean distance 
between each predicted joint and its 
corresponding ground-truth joint is first 
computed to quantify the positional error at the 
joint level. The resulting error is then 
normalized using a scale factor 𝑆, defined as a 
reference body distance derived from the 
ground-truth pose (e.g., the distance between 
selected key joints such as shoulder-to-hip or 
the maximum inter-joint distance). This 
normalization ensures that pose estimation 
accuracy is evaluated relative to body scale 
rather than absolute pixel distance. 
 The normalized errors are subsequently 
averaged across all detected joints to obtain the 
final N-MPJPE value. This averaging process 
ensures that each joint contributes equally to the 
overall accuracy assessment, resulting in a 
comprehensive evaluation of full body pose 
estimation performance. 
 A lower N-MPJPE value indicates that 
the predicted joint positions are closer to the 
ground-truth annotations, reflecting higher pose 
estimation accuracy and reduced positional 
deviation. Therefore, smaller N-MPJPE values 
signify a more precise and reliable pose 
estimation system, making this metric well 
suited for evaluating real-time 2D archery 
posture detection applications. 

3. RESULTS AND DISCUSSION 

3.1.  Results 

 This section presents the quantitative 
accuracy evaluation of the proposed 
MediaPipe-based 2D pose estimation system 
using the Normalized Mean Per Joint Position 
Error (N-MPJPE) metric. The evaluation was 
conducted using eight ground-truth reference 
images, each representing one fundamental 
phase of archery motion: stance, nocking, 
hooking, setup, drawing, anchoring, aiming, 
and release. These reference samples were used 
to assess the inference-level accuracy of joint 
position prediction produced by the pre-trained 
MediaPipe model. This evaluation setup 
emphasizes reference-based accuracy 
assessment rather than statistical generalization, 
aligning with the study’s objective to analyze 
inference-level pose estimation reliability. 
 The evaluation results indicate that the 
proposed system achieved an average N-



Jurnal Teknik Informatika Vol. 19 No. 1, April 2026 (109-121)  
ISSN: p-ISSN 1979-9160 (Print)| e-ISSN 2549-7901 (Online)   
DOI: https://doi.org/10.15408/jti.v19i1.49778    
                  

117 
Prasetya et al, Accuracy Evaluation of 2D MediaPipe Based Pose Estimation… 

MPJPE value of 0.71, demonstrating a low 
normalized positional deviation between 
predicted joint coordinates and their 
corresponding ground-truth annotations. This 
result suggests that the model is capable of 
accurately estimating body keypoints across 
different archery postures after scale 
normalization. 

Table 1. N-MPJPE Result per Step 

Steps N-MPJPE 

Stance 0.69 

Nocking 0.55 

Hooking 0.65 

Setup 0.68 

Drawing 0.65 

Anchoring 0.71 

Aiming 0.63 

Release 0.61 

 As summarized in Table 1, the N-MPJPE 
values range from 0.55 in the nocking phase to 
0.71 in the anchoring phase. Lower error values 
were observed in relatively stable and well-
defined phases such as nocking and stance, 
where body posture remains more static. In 
contrast, phases involving increased upper-
body coordination and fine motor control, such 
as anchoring and drawing, produced slightly 
higher error values due to greater joint 
movement variability. 

 
Figure 2. N-MPJPE Result in Diagram 

 Figure 2 visually reinforces the 
numerical trends presented in Table 1 by clearly 
illustrating the variation of N-MPJPE values 
across the eight archery phases. The bar chart 
highlights that the anchoring phase exhibits the 
highest error, while the nocking phase shows 
the lowest, confirming the quantitative findings 
in a more intuitive form. Phases such as stance 
and setup appear relatively stable with moderate 
error values, whereas phases that involve more 

dynamic upper-body coordination, including 
drawing and anchoring, display higher 
variability. This visual comparison makes it 
easier to identify which phases are more 
challenging for accurate pose estimation and 
supports the interpretation that increased joint 
movement complexity leads to higher 
estimation error. Because the MediaPipe model 
used in this study is pre-trained, the reported N-
MPJPE values reflect pose estimation accuracy 
during inference, rather than performance 
derived from supervised model training or 
dataset-driven optimization. To further validate 
the practical correctness of the detected poses, 
the output results were reviewed by an 
experienced archery coach. The expert 
confirmed that the detected posture phases were 
consistent with standard archery techniques 
commonly applied in training sessions, 
supporting the reliability of the system outputs 
in real-world coaching contexts.  

3.2.  Discussion 

 The experimental results demonstrate 
that the proposed MediaPipe-based pose 
estimation system is capable of capturing 
archery body postures with reliable accuracy 
across all eight fundamental movement phases. 
Although there is no universally established 
benchmark threshold for N-MPJPE, prior pose 
estimation studies have reported normalized 
joint errors typically ranging from 
approximately 0.6 to 1.2, depending on dataset 
characteristics, normalization strategies, and 
model architecture. Within this comparative 
range, the achieved average N-MPJPE value of 
0.71 places the proposed system within the 
favorable accuracy range for real-time 2D pose 
estimation applications. Several studies have 
demonstrated that 2D pose estimation is 
sufficient for evaluating movement quality and 
posture correctness in sports and exercise 
training scenarios. By analyzing joint positions 
and angular relationships, such systems can 
provide meaningful feedback without the 
complexity of 3D reconstruction, supporting 
their applicability in practical training 
environments [18]. 
 The variation in N-MPJPE values across 
different archery phases reflects the inherent 
complexity of each movement. Static or semi-
static phases, such as stance and nocking, tend 
to yield lower positional errors due to limited 
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joint displacement. Conversely, more dynamic 
phases, including drawing, anchoring, and 
release, involve coordinated multi-joint motion, 
which increases prediction variability and 
results in slightly higher normalized errors. 
These findings are consistent with previous 
sports pose estimation studies, where dynamic 
actions generally exhibit higher estimation 
errors compared to static postures. 
 An important contribution of this study 
lies in its explicit use of N-MPJPE as a 
quantitative accuracy metric for archery-
specific pose estimation. Unlike earlier archery-
related works that focused primarily on timing 
analysis or manual joint-angle measurements, 
this research provides a scale-normalized and 
reproducible evaluation framework for 
assessing joint position accuracy. This allows 
for objective comparison across different poses 
and subjects, even when body proportions or 
camera distances vary. By formalizing this 
evaluation approach, the study also provides 
methodological clarity for future pose 
estimation research that utilizes pre-trained 
models without task-specific retraining. 
 Furthermore, the involvement of an 
expert archery coach in validating the detected 
phases strengthens the practical relevance of the 
system. This expert-based validation ensures 
that the pose estimation results correspond to 
technically correct archery movements rather 
than purely numerical alignment, reinforcing 
the applicability of the system as a supportive 
training and analysis tool. 
 It should be noted that this evaluation 
was conducted under controlled conditions 
using a limited number of ground-truth 
reference samples. As such, the reported 
accuracy reflects system-level pose estimation 
reliability during inference, rather than 
population-level generalization. Future studies 
with larger and more diverse datasets are 
necessary to further assess robustness across 
different athlete profiles and training 
environments.  
 
CONCLUSION 

 
 This study presented the evaluation of a 
MediaPipe-based 2D pose estimation system 
for detecting eight fundamental phases of 
archery motion. Using the Normalized Mean 
Per Joint Position Error (N-MPJPE) as an 
inference-level accuracy metric, the proposed 

system achieved an average value of 0.71, 
indicating low normalized positional deviation 
between predicted and ground-truth joint 
coordinates. These results demonstrate that the 
system can reliably capture posture variations 
across different archery phases using scale-
normalized joint position analysis. 
 When interpreted within the context of 
existing pose estimation literature, where 
normalized joint errors commonly fall within 
the range of approximately 0.6–1.2, the 
obtained N-MPJPE value confirms that the 
proposed MediaPipe-based approach achieves 
competitive accuracy for real-time 2D pose 
estimation. This performance highlights 
MediaPipe’s suitability for sports motion 
analysis applications that require a balance 
between computational efficiency and reliable 
accuracy. 
 The main scientific contribution of this 
work lies in the clear formulation and 
application of N-MPJPE as a reproducible 
accuracy evaluation metric for archery-specific 
pose estimation. By focusing on quantitative, 
scale-normalized joint error analysis, this study 
establishes a reference framework for 
evaluating pose estimation systems in 
underexplored sports domains, moving beyond 
qualitative or timing-based assessments. 
 Therefore, while the reported results 
demonstrate reliable inference-level accuracy, 
further studies with larger and more diverse 
datasets are required to evaluate population-
level robustness and long-term deployment 
performance. 
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