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Abstract— Accurately detecting body keypoints in human pose estimation is essential for recognizing individuals' postures within an 

image. This pivotal process serves as a foundational requirement for various computer vision tasks, such as human action recognition, 

tracking, interactive interfaces, gaming, sign language interpretation, and video surveillance. After a concise overview, the classification 

as either single or multi-person pose estimation, determined by the quantity of individuals to be tracked, is presented. Subsequently, the 

narrative progresses by detailing the methodologies employed in human pose estimation. This is followed by an enumeration of 

applications and the challenges encountered within pose estimation. The focus then shifts towards a comprehensive examination of 

pivotal research, emphasizing their impact on human pose estimation. Each model's novelty, motivation, architectural design, 

operational procedures, practical applications, limitations, utilized datasets, and the evaluation metrics employed for assessing the model 

are succinctly discussed and analyzed. 
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I. INTRODUCTION 

In the realm of computer vision, human pose estimation 

stands as a formidable area of research, striving to ascertain 

the spatial coordinates of body keypoints or joints within an 

image or video (as depicted in Fig. 1.1). Its primary objective 

revolves around deriving the configuration of an articulated 

human body, comprising both joints and rigid components, 

through analysis of image- based observations. Despite 

notable advancements in pose estimation algorithms, the 

seamless integration of these techniques into practical 

applications faces enduring hurdles. Challenges such as 

occlusions, variations in lighting conditions, and intricate 

spatial relationships continue to pose significant obstacles 

that conventional methods find challenging to surmount. This 

paper endeavors to tackle these impediments by delving into 

advanced methodologies and techniques, aiming to elevate 

the accuracy and resilience of pose estimation within the 

realm of computer vision. Human pose estimation involves 

deducing poses within an image, conducted either in 3D or 

2D space. Various approaches documented in the literature 

have attempted to address this challenge. Early 

methodologies, including the classical pictorial structures, 

established spatial correlations among body parts through a 

tree-structured graphical model. While successful in 

scenarios where limbs were visible, these models 

encountered difficulties when failing to capture correlations 

between variables in non-tree-like structures. Additionally, 

hand-crafted features like edges, contours, Histogram of 

Oriented Gradients (HOG) features, and color histograms 

were employed in initial studies for human pose estimation, 

exhibiting poor generalization performance and struggling to 

precisely detect the accurate locations of body parts. 

The primary objective of pose estimation involves 

deducing the 3D positioning and orientation of an object 

based on its 2D projection within an image or video, a task 

complicated by the absence of depth cues in the 2D 

projection. Algorithms for pose estimation typically 

amalgamate geometric and statistical techniques to 

approximate an object's pose. These methods generally fall 

into two main categories: feature-based and model- based 

approaches. 

Feature-based methods hinge on identifying and tracing 

distinctive object features within an image or video, utilizing 

these features to gauge the object's pose. Conversely, 

model-based techniques leverage a 3D model of the object to 

estimate its pose within the 2D image or video. 

Pose estimation finds diverse practical applications, 

particularly in robotics, aiding in determining a robot's end 

effector position and orientation. Furthermore, it plays a 

crucial role in augmented reality and virtual reality by 

tracking a user's head or hand positions, enhancing the 

realism and immersion of experiences. In surveillance 

contexts, pose estimation serves to track people and objects' 

movements within a scene, furnishing valuable data for 

security and safety purposes. 
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Fig 1.1 Comparative Analysis of Human Motion Capture 

II. LITERATURE REVIEW 

2.1 Fundamental Stages of Pose Estimation Analysis 

Human pose estimation primarily encompasses two core 

procedures: firstly, the localization of human body joints or 

keypoints, followed by the subsequent grouping of these 

identified joints into a coherent and valid human pose 

configuration. During the initial step, the primary emphasis 

lies in pinpointing the precise locations of various keypoints 

such as the head, shoulders, arms, hands, knees, and ankles 

within the human body. Preprocessing involves readying the 

input data (images or videos) through actions like resizing, 

normalizing, noise reduction, or enhancing image quality, all 

aimed at facilitating precise pose estimation. 

A. Key point Detection: Key point Detection entails the 

identification and localization of specific anatomical 

landmarks or joints on the human body within provided 

images or frames, achieved through algorithms designed 

to pinpoint body parts like shoulders, elbows, wrists, hips, 

knees, and ankles. 

B. Pose Estimation: Pose Estimation encompasses the 

creation of a body pose representation by linking the 

located keypoints to construct a skeletal structure or 

arrangement that encapsulates the spatial relationships 

between body segments. This phase employs algorithms 

that deduce the overall pose based on the detected 

keypoints. 

C. Pose Refinement: Pose Refinement or Optimization 

focuses on refining the accuracy and consistency of the 

estimated pose by adjusting the positions of keypoints or 

optimizing the pose configuration. This stage leverages 

techniques such as constraint-based optimization, 

machine learning, or the inclusion of temporal 

information for video-based pose estimation. 

D. Post-Processing: Post-Processing involves conducting 

supplementary processing steps such as filtering out noisy 

detections, addressing occlusions, or implementing 

context-aware algorithms to elevate the quality and 

dependability of the estimated poses. 

2.2 Upsides of Pose Estimation 

• Superior Precision: When appropriately applied, pose 

estimation algorithms exhibit exceptional precision in 

ascertaining the precise positioning and orientation of 

objects within 3D space. 

• Diverse Applicability: Pose estimation boasts a broad 

spectrum of applications, spanning across robotics, 

augmented and virtual reality, and sports analysis, 

highlighting its versatility. 

• Live Tracking Capabilities: Utilizing pose estimation 

enables real-time object tracking, serving as a valuable 

asset in domains like robotics, surveillance, as well as 

augmented and virtual reality applications. 

•  Non-Intrusive Nature: As a non-intrusive method, pose 

estimation facilitates movement and position analysis 

without necessitating physical contact offering a 

non-invasive approach to scrutinizing spatial 

relationships. 

2.3 Downsides of Pose Estimation 

• Computational Demands: Pose estimation algorithms 

often demand substantial computational resources, 

consuming significant processing power and time for 

execution. 

• Constraints on Precision: Factors including varying 

lighting conditions, camera angles, and occlusions can 

restrict pose estimation accuracy, resulting in imprecise 

determinations of an object's position and orientation. 

• Restricted Scope: Pose estimation may have limitations in 

its application scope, especially with objects possessing 

intricate shapes or structures, thereby reducing its 

effectiveness. 

• Vulnerability to Interference: Pose estimation algorithms 

are susceptible to input data noise, such as image 

distortions or background clutter, which can compromise 

the accuracy of the derived pose. 

2.4 Exploring Pose Estimation Methods 

Pose estimation in computer vision encompasses various 

methods. Below are some prevalent techniques: 

A. Model-based Approaches: These methods involve 

creating a 3D model of the object and aligning it with 2D 

image data to deduce the object's pose. They assume the 

object is rigid and can be represented by geometric 

primitives, proving effective for objects with clear 

geometric features and simpler shapes. 

B. Feature-based Techniques: Reliant on detecting and 

tracking image features like corners or edges, these 

methods utilize relative feature positions to estimate 

object pose. They're versatile across a wider object range 

but might be less accurate for objects with fewer 

distinctive features. 
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C. Direct Estimation Methods: These approaches estimate 

object poses by minimizing the difference between the 

observed image and an object appearance model. They 

excel in handling non- rigid objects or deformable 

surfaces. 

D. Hybrid Approaches: Combining elements from multiple 

methods, hybrid techniques enhance accuracy and 

robustness. For instance, a hybrid approach may use a 

model-based method to estimate initial object pose, later 

refining it with feature-based methods. 

E. Deep Learning-Based Strategies: Recent advancements 

in pose estimation rely on training neural networks to 

directly predict object poses from image data. These 

methods circumvent explicit geometric models or feature 

extraction, showcasing promising results. 

Each method offers distinct advantages and applicability, 

contributing to the diverse landscape of pose estimation 

techniques in computer vision. 

2.5 In-Depth Comparision of Pose Estimation Methods 

Here's a comparison among various common methods 

used in pose estimation in computer vision: 

A. Model-based Methods: 

Pros: These methods offer high accuracy for objects with 

clear geometric features and simple shapes, adeptly handling 

occlusions and complex camera motions. 

Cons: Model-based techniques can be sensitive to errors in 

the 3D model, demanding substantial computational 

resources. They might struggle with complex objects that are 

challenging to represent geometrically. 

B. Feature-based Methods: 

Pros: Feature-based approaches are versatile, suitable for a 

wider range of objects, and less reliant on explicit geometric 

models. They're computationally efficient and feasible for 

real-time applications. 

Cons: These methods may falter in accuracy for objects 

lacking distinct features and can be sensitive to changes in 

lighting or background clutter. They might also require 

numerous features for high accuracy. 

C. Direct Methods: 

Pros: Direct methods are capable of handling non- rigid 

objects and deformable surfaces, bypassing the need for 

explicit models or features. They're adaptable to objects with 

intricate shapes and textures. 

Cons: These methods can be computationally demanding 

and might struggle with objects displaying significant 

appearance or lighting changes. 

D. Hybrid Methods: 

Pros: Hybrid methods amalgamate different strengths to 

enhance accuracy and robustness. They offer a flexible 

approach adaptable to various object types and datasets. 

 

Cons: Implementation complexity and substantial 

computational resources might be requisite for employing 

hybrid methods effectively. 

E. Deep Learning-based Methods: 

Pros: Deep learning-based techniques achieve high 

accuracy and robustness without explicit models or features. 

They generalize well across diverse objects and 

environments. 

Cons: These methods can be computationally intensive 

and demand extensive data for training. They may also be 

sensitive to biases within the training data. 

In conclusion, each method in pose estimation has distinct 

strengths and limitations. The choice of method relies on 

specific application requirements, the object being estimated, 

and the available data. Combining different methods, such as 

employing hybrid or deep learning-based approaches, may be 

essential for achieving superior accuracy and robustness in 

complex applications. 

Fig 1.2 Transformation into 3D Motion Graph 

2.6 Pose Estimation’s Impact Across Domains 

Pose estimation, with its capability to discern the spatial 

arrangement of objects or human bodies, boasts a multitude 

of applications across diverse domains: 

A. Human-Computer Interaction (HCI): Within HCI, pose 

estimation fuels gesture recognition, facilitating natural 

interaction between humans and machines. This 

technology enables users to manipulate devices through 

hand gestures, body motions, or facial expressions, 

elevating experiences in gaming, virtual reality, and smart 

devices. 

B. Robotics: Crucial in robotics, pose estimation aids in 

robot navigation, object manipulation, and human-robot 

interaction. Robots leverage this technology to identify 

and grasp objects, manoeuvre through environments, and 

replicate human movements for collaborative tasks. 

C. Medical Imaging and Rehabilitation: In medical imaging, 

pose estimation assists in analysing patient movements 

and posture. In rehabilitation settings, it aids therapists in 

monitoring and assessing patient movements during 

physical therapy, guiding recovery assessments, and 

treatment plans. 

D. Sports and Athletics: Widely used in sports analysis, pose 
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estimation tracks athletes' movements, evaluates 

techniques, and refines training regimes. It plays a vital 

role in scrutinizing sports performances, preventing 

injuries, and refining athletic skills by analysing 

movement patterns. 

E. Augmented and Virtual Reality (AR/VR): AR/VR 

applications leverage pose estimation for immersive 

experiences. It precisely tracks users' head, hand, or body 

movements, enabling realistic interactions within virtual 

environments or overlaying digital information onto the 

physical world. 

F. Security and Surveillance: Pose estimation aids video 

surveillance systems by detecting and tracking human 

movements in security footage. It assists in identifying 

suspicious activities, monitoring crowd behaviour, and 

ensuring public safety in various environments. 

G. Health and Fitness: In fitness and wellness domains, pose 

estimation tracks body movements during workouts or 

exercise routines. It enables users to assess posture, 

monitor exercise correctness, and receive feedback for 

refining fitness techniques. 

H. Autonomous Vehicles: Pose estimation contributes to 

object detection and tracking in autonomous vehicles, 

assisting in recognizing pedestrians, cyclists, and other 

vehicles. This technology enhances navigation and safety 

features in self-driving cars. 

I. Retail and Marketing: Within retail, pose estimation aids 

in customer behaviour analysis, tracking movements 

within stores, and optimizing store layouts to enhance 

shopping experiences and refine marketing strategies. 

J. Animation and Film Industry: Pose estimation is 

employed to capture and replicate human movements for 

animation and film production. It plays a pivotal role in 

motion capture, character animation, and creating special 

effects in the entertainment industry. 

 
Fig 1.3 Applications of Human Pose Estimation 

2.7 Precision Evaluation in Pose Estimation 

The precision of pose estimation in computer vision relies 

on various factors, including the input data quality, the 

object's intricacy, and the algorithm employed. 

Generally, when implemented correctly and applied to 

suitable data, pose estimation algorithms can achieve 

commendable precision, often measured by estimating the 

object's position and orientation error using metrics like mean 

squared error or root mean squared error. 

An influential factor impacting precision is the input data 

quality, where elements like lighting conditions, camera 

setup, calibration, and occlusions significantly influence the 

accuracy of estimated poses. Addressing such issues might 

necessitate preprocessing steps to refine the data and 

minimize the impact of noise or distortions. 

Moreover, precision can be affected by the complexity of 

the object under estimation. Objects with clear, distinct 

features are easier to estimate, contrasting with more intricate 

objects characterized by irregular shapes or textures. 

Complex object pose estimation might require employing 

advanced algorithms or models for accurate results. 

Ultimately, precision in pose estimation holds paramount 

importance in various applications, especially those 

mandating high accuracy or real- time tracking. Rigorous 

evaluation of pose estimation algorithm performance within 

the specific application context and input data is crucial to 

ascertain their suitability and efficacy. 

III. WRAP-UP: THE ESSENCE OF POSE 

ESTIMATION 

Pose estimation, a critical challenge within computer 

vision, entails determining the spatial placement and 

alignment of objects within a 3D environment. This field 

holds vast implications across domains like robotics, 

augmented reality, and human-computer interaction. 

Diverse methodologies exist for pose estimation, 

encompassing model-based, feature-based, direct, hybrid, 

and deep learning-based approaches. Each method harbors 

distinct strengths and limitations, contingent upon the 

application's specificity, the object under scrutiny, and 

available data. In complex scenarios, employing a fusion of 

methodologies might be requisite to attain heightened 

accuracy and resilience. 

The evolution of computer vision and machine learning 

has ushered in an era of enhanced precision and robustness in 

pose estimation. This progress fuels a spectrum of innovative 

applications, elevating efficiency, and accuracy across 

various tasks. Pose estimation's ongoing evolution remains a 

focal point in research and development, promising continual 

advancements in accuracy and robustness for future 

methodologies. 

REFERENCES 

[1]. The research conducted by Cao et al. resulted in the 

development of the OpenPose model, a groundbreaking 

solution for real-time multi-person 2D pose estimation using 

part affinity fields (Cao et al., 2017, arXiv:1812.08008). 

[2]. Newell, Yang, and Deng presented the Stacked Hourglass 



    ISSN (Online) 2394-2320 

International Journal of Engineering Research in Computer Science and Engineering  

(IJERCSE) 

Vol 11, Issue 08 August 2024 

 

165 

Networks at the European Conference on Computer Vision 

(ECCV) in 2016, introducing an innovative approach to 

human pose estimation. 

[3]. The work of Chen, Y., Wang, Z., Peng, Y., Zhang, Z., Yu, G., 

and Sun, J. brought forth the Cascaded Pyramid Network for 

multi-person pose estimation, as detailed in their findings at 

the IEEE Conference on Computer Vision and Pattern 

Recognition (CVPR) in 2018. 

[4]. Xiao, B., Wu, H., Wei, Y., and Yuan, L. shared insights on 

"Simple Baselines for Human Pose Estimation and Tracking" 

at the European Conference on Computer Vision (ECCV) in 

2018. 

[5]. He, Gkioxari, Dollár, and Girshick introduced Mask R-CNN 

in 2017, a noteworthy approach for instance segmentation, 

detailed in their paper presented at the IEEE International 

Conference on Computer Vision (ICCV). 

[6]. Sun, K., Xiao, B., Liu, D., and Wang, J. made significant 

contributions with "Deep High-Resolution Representation 

Learning for Human Pose Estimation," presented at the IEEE 

CVPR in 2019, advancing the realm of deep learning for 

human pose estimation. 

[7]. Martinez, J., Hossain, R., Romero, J., and Little, J. J. 

presented a straightforward yet effective baseline for 3D 

human pose estimation at the IEEE International Conference 

on Computer Vision (ICCV) in 2017. 

[8]. Bulat, A., and Tzimiropoulos, G. proposed a method based on 

convolutional part heatmap regression for human pose 

estimation, unveiling their findings at the European 

Conference on Computer Vision (ECCV) in 2016. 

[9]. SCYang, WK., L, SL., ang, W., Li, H., and Wang, X. shared 

insights on learning feature pyramids for human pose 

estimation at the IEEE CVPR in 2018. 


