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BACKGROUND RESULTS AND ANALYSIS

° Olym pIC Welghtl Iftl ng (SnatCh’ Clean & Barpath combines deep-learning barbell detection (YOLO) and pose estimation (MediaPipe) with
jerk) demandS preCiSe teCh N |q ue biomechanical signal processing to extract kinematic features from weightlifting videos. A five-step

METHODOLOGY AND SYSTEM DESIGN

Lift Detection System

* Barbell object detection: ~90% mAP@50

pipeline produces stabilised bar paths, joint angles, velocity profiles, and technique scores by * Trained on 299 lifts from elite weightlifters
° Wea rable Sensors (IM US, fO rce plateS) comparing lifter metrics against pro-athlete baselines. Real-time webcam preview mode provides (Olymplclworld Champions)

instant lift classification and fault detection.

are expensive and intrusive g P—— \ * Individual clean followed by jerk are reactively
« No tool provides lift-specific feedback T I concatenated to analyze clean+jerk (fourth lift type)

Recorded lift for post-processing

\ ) * Overall Detection Accuracy: 74%

for Olympic weightlifting 1/ . .
. . Lift De't'ect|'c'm Per-Class Accuracy
° B r tI fI I I tI I : f I Iy t t I ' STEP 1 : DATA COLLECTION \ Heuristic Classifier - y_start_norm threshold model

Computer Vision Detection & Tracking — raw_data.pkl

it ancloe, and phase timing from
. - . - Barbell endcaps / frame 33 body landmarks + segmentation Lucas-Kanade camera stabilisation i m
joint angles, and phase timing from

. Threaded producer-consumer decoding. Auto-detects ONNX / OpenVINO / TensorRT. R I ——
tandard video \ )
" g3 z = Barbell'Box - ¥ | .m ‘1;‘ k » mﬁ 1 'u:;, |

- L 2 Object Detection Model

STEP 2: KINEMATIC ANALYSIS . i
Biomechanical Feature Computation — final_analysis.csv L Our YOLO barbe” deteCt|On mOdeI WaS tralned On a

Joint Angles & Power dataset of ~5,200 hand-labeled images, which we

T ) ) augmented to >22,000
§ Unpacks 14 landmarks into per-joint columns. Stabilises barbell position. ~40+ CSV columns. ) o Afte r tra | N | ng’ our mOd el 3 Ch |eved 90. 6% mAP @ 50

v accuracy
STEP 3: GRAPH GENERATION STEP 4: TECHNIQUE CRITIQUE
DatasetSpit [ _ .\ metrics/mAP50(B)

SET C) VALID ‘;!;7‘::_.
Trajectory Plots Kinematic Charts Feature Extraction Baseline Comparison 21135 Images | | 533 Images 528 Images 0.9 A
Phase-coloured bar path (X-Y) Velocity, acceleration, power ~26 scalar features per lift Pro athlete percentiles (p10—p90)
M OTIVATI O N A N D O BJ ECTIVES Matplotlib PNGs @ 150 DPI. Phase bands + start/end markers. Rule-based scoring 0—100. 17 fault types. Coaching cues + checklist. a— s R e 0.8 -
k _J \ J Resize: Fit (reflect edges) in 64ex640

Automated Detection: |dentify barbell IR IHEOHERD SIS S —
position and athlete pose in arbitrary e 5
Shake-compensated path. Phase legend. GC every 50 frames. BN opx, Angle: @°, Frames: 2

training videos without calibration v

Kinematic Extraction: Compute velocity, § SYSTEM OUTPUTS A
acceleration, SpeCifiC power, and jOint final_analysis.csv Graph Images (5x) Annotated Video analysis.md CONCLUSION AND FUTU RE WORK

Per-frame kinematic data Trajectory, velocity Overlay bar path & Biomechanical report

a n g I eS fra m e_ by_fra m e + phases + predictions acceleration, power charts joints, fault markers Score, faults, coaching cues Wh at We Ac h ieved

P h ase Seg me ntati O n : AutO m ati Ca I Iy S pI it & Batch mode: superimposed_bar_paths.png for multi-lift comparison J . Fu I Iy automated Welghtl Iftl ng anaIySIS
each lift into L LVE PREVIEW MODE (ReabTime) | . Real-time lift recognition

Open-source architecture
Pull — Pull-under — Recovery
- s m Bar passes knees Capture + bar path Random Forest model Result 3 s — reset
Technique Critique: Detect common
Trigger: bar crosses below knees OR vertical velocity > 25 px/frame. Displays lift type + top fault. Expand dataset I nCI u d e fe male I Ifte rs

fault rly arm bend, incomplet
aulis (ea yd bend, CO_ PICIe Temporal modeling: Replace Random Forest with
extension, slow turnover) via ML models oo ’ LSTM/Transformer for sequential fault detection

Real-Time Feedback: Provide live Output Files (per analysis run) Feedback loop: Integrate with training logs to track
preview with bar path drawing and lift-type technique improvements over time
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Smooth & Kinematics Phase Detection

Savitzky-Golay + numerical diff Pull / Pull-under / Recovery (t0-t4) Knee, elbow, specific power (W/kg)

IDLE

Buffer frames

Future Directions

Draws: YOLO boxes, skeleton, phase-coloured bar path, FPS counter. Runs on a background thread.
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. . . . raw_data.pkl Intermediate: raw landmarks, barbell coordinates, shake vectors Step 1 Automatic ba rbe" Weig ht esti mation Use bar
CI aSS Ifl Catl O n d u rl n g re CO rd | n g final_analysis.csv Complete analysis table: 40+ kinematic columns per frame Step 2 defo rmation + d |SC d |ameter to eSt| mate |Oad
barbell_xy_stable_path.png Smoothed X-Y bar path, coloured by lift phase Step 3
vel_y _smooth_graph.png Vertical velocity over time with phase shading bands Step 3
(Below) Frame-by-frame illustration of a single lift. This is what our program sees. accel_y_smooth_graph.png Vertical acceleration over time with phase shading Step 3 CheCk out the prOJeCt on G ith u b'
specific_power_y smooth_graph.png Specific power (W/kg) over time with phase shading Step 3
analysis.md Technique report: score, faults, coaching cues, checklist Step 4
output.mp4 Annotated video with path, skeleton, and legend overlay Step 5

Legend: . Input L8 Collection . Analysis . Graphs . Critique Rendering . Live Preview . Output




