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1 Problem Statement

Musculoskeletal injuries during resistance training are frequently caused by im-
proper exercise technique. While personal coaching is effective for injury pre-
vention, it is often inaccessible or expensive. Existing mobile solutions for auto-
mated feedback lack rigorous biomechanical validation and often fail to provide
actionable correction.

The project, FitCoachAR, addresses this gap by providing an augmented
reality framework for movement analysis. The core problem is to develop a
scientifically valid software pipeline that can ingest pose estimation data, apply
geometric heuristics to detect deviations (e.g., knee valgus or spinal flexion), and
provide feedback. The project leverages a prototype developed for mobile data
analytics [1], refocusing it towards scientific rigor, modularity, and automated
verification of the biomechanical algorithms.

2 Goals

1. Scientific Modularization: Refactor the existing monolithic backend
into decoupled, independently testable scientific computing modules:



e Pose Estimator: Handles the interface with computer vision mod-
els (MoveNet/MediaPipe) and geometric coordinate normalization.

¢ Rep Counter: Manages the state machine for cycle detection and
phase tracking based on angular velocity.

e Feedback Engine: Executes the “FormScript” logic to generate
corrective guidance based on biomechanical thresholds.

2. Data Persistence & Analysis: Integrate a relational database (SQLite)
to store user profiles and frame-by-frame biomechanical data, enabling
post-session statistical analysis of movement quality.

3. Validation & Verification: Develop a comprehensive automated test
suite (Unit Tests) to verify the mathematical correctness of the isolated
Feedback and Rep Counter modules, ensuring that the software reliably
identifies form errors.

2.1 Inputs and Outputs

e Inputs: Video frames (live or pre-recorded); User-specific calibration pa-
rameters (Range of Motion).

e Outputs:

— Feedback Systems:

x Intra-Rep Guidance: Corrective feedback (e.g., “Go deeper”)
and AR directional arrows that are provided during the phase of
movement.

* Post-Rep Summary: Immediate, brief validation (e.g., “Nice
rep” or “Less swing”) which is triggered instantly upon the com-
pletion of repetition.

+* Post-Session Analysis: A comprehensive report generated by
LLM containing the overall “Form Score”, classifications of frame-
by-frame “FormCode”, and the aggregated metrics of error.

— Persistent records of the performance of user stored in a local database.

2.2 Stakeholders

e Researchers/Developers: Those who need a modular “FormScript”
library for experimenting with the new algorithms of pose analysis.

e Physiotherapists: Those who need to define new exercise rules (Form-
Codes) without writing code.

e End Users: Those who need to track their improvement of form over
weeks, which requires the persistence of data.



2.3 Environment

The system is using Python for the logic of backend. Also, the core logic relies
on NumPy for the calculations of vectors and MediaPipe/MoveNet for the
data of pose. The new iteration will be introducing SQLite/SQLAIlchemy for
the persistence of data and Pytest for the verification purpose.

3 Risks for Proof of Concept Demonstration
Two technical risks were identified for the POC demo (held 2026-03-05):

1. Pose-estimation feasibility. Whether a standard webcam and an off-
the-shelf pose-estimation library (MediaPipe or MoveNet) could produce
skeletal keypoints at a high enough frame rate and angular accuracy to
support real-time form feedback.

2. Architectural feasibility. Whether the monolithic CAS 772 prototype
could be rewritten as an eight-module information-hiding decomposition
(M1-M8) with abstract-base-class interfaces without losing the real-time
behaviour shown in the prototype.

The POC demo covered both risks end-to-end (live webcam capture, Medi-
aPipe landmarks, kinematic-engine joint angles, rep counting with AR overlay).
Both risks were retired as a result. A detailed POC plan is in the Development
Plan.

4 Extras

1. Continuous Integration (CI): GitHub Actions workflows to automate
testing and code quality checks upon every commit.

2. Machine Learning Report (MLREPORT): A comparative bench-
mark of different pose estimation backends (MoveNet, MediaPipe, HRNet)
to evaluate trade-offs between inference latency and geometric accuracy,
justifying the model selection.
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