U.S. PATENT PENDING + APPL. NO. 64/186,568 TEEDIAL.COM PHANTOMSYNC™ 10K ENGINE

TeeDial™ — 3D Launch Monitor, Caddie Dial & 10,000 FPS Phantom Camera

Powered by the PhantomSync™ 10K Sensor-Fusion Engine & 1.75" Round AMOLED Tee-Box Dial for iPhone 18 Pro Max.

Why This Concept Is Unique (The Gap in Today's Golf Tech)

1. Why Current Al Coaching Apps Fall Short 2. Why Our Multi-Sensor Fusion Changes the Game

Apps like Sportsbox 3D, GolfFix, and OnForm track 2D body skeletons Instead of buying $700-$20,000 of external radar/strobe hardware (or
well, but cannot act as true launch monitors: a 2D camera lacks requiring special marked balls), we fuse all 6 iPhone 18 Pro Max
millimeter depth, suffers from severe CMOS "rolling shutter" shaft sensors + a Waveshare ESP32-S3 Tee-Box Mote at your feet so every
bending, and at 240 fps (4.17 ms per frame) a 165 mph golf ball travels sensor covers the others' blind spots—creating both a TrackMan-class
~12 inches between frames—meaning the entire 0.45 ms club-ball 3D Launch Monitor and a 10,000 fps Al Macro Replay Camera.

collision happens invisibly between frames.

The 5 Core Breakthroughs (Golfer's Technical Summary)

LiDAR + 48 MP "Two-Phase" Setup & Mechanical Variable Aperture (No Stickers or Marked Balls)

Before you swing, Phase 1 (60 fps ARKit + LiDAR) scans the 3D ground slope, locks the exact millimeter distance to the tee, and snaps a crisp 48
MP static reference photo of your clubhead and ball dimples. In <180 ms , Phase 2 locks into 240 fps high-speed video using the iPhone 18 Pro
Max's mechanical variable aperture ( /4.0 at 1/8000s outdoors so the entire 3D swing plane stays in deep focus; f/1.48 at 1/2500s

indoors for bright, low-noise frames). Filming from a 45° Rear-Oblique tripod angle (~7.5 ft back) captures both Ball Speed / Launch Angle and
Club Path [ Attack Angle simultaneously.

48,000 Hz Audio + Speed-of-Sound Impact Lock & Living-Room "Whoosh" Mode

The iPhone's 4 microphones sample 200x faster than 240 fps video. Because LiDAR measures the exact distance to the tee (e.g., 8 ft = 7.0 ms
speed-of-sound delay, nearly 2 video frames!), the app subtracts acoustic time-of-flight to pinpoint impact to +20.8 us. It also analyzes the 1-18
kHz titanium/carbon impact "ping" to classify Pure Center ( 1.49 Smash) vs. Toe/Heel ( 1.40 ) vs. Fat strikes. Swinging indoors without a ball?
It reads the aerodynamic vortex frequency (Strouhal "whoosh") of your shaft to compute peak Clubhead Speed and Early Release (Casting) vs.
Pro Lag.

Turning CMOS "Rolling Shutter" Into a 357 kHz Shaft & Velocimetry Sensor

Phone cameras scan 1,080 pixel rows top-to-bottom over ~3 ms, creating the notorious "jello shaft" bend artifact and causing up to a 13.8% error
in ball speed and 3.4° error in shaft lean. By assigning each pixel row its exact readout microsecond ( 2.8 ps/row ) and fusing multi-frame
centroids with intra-frame blur-streak length, we turn rolling shutter into a 357 kHz line scanner that recovers true Shaft Lean, Dynamic Loft,
and Ball Speed.

Sensor-Conditioned Al "Virtual Phantom" 10,000 FPS Macro Replay

Standard Al slow-motion fails on golf swings because it blends frames across impact, making the ball "float off the tee" before the club arrives.
Because our audio + mote pipeline locks impact to the microsecond, we condition a Wiener Deblur + 3D Deformable Gaussian Splatting pipeline
on a strict 3-Regime Piecewise Physics Trajectory: (I) Ball strictly stationary pre-impact, (Il) 450 ps of Hertzian elastic ball flattening (~19%
compression) & gear-effect face twist during contact, and (lll) Post-separation launch at 10,000 fps ( 100 us per step).

TrackMan-Grade D-Plane Spin Solver, 6-DOF Aerodynamics & Barometer/LiDAR Caddie

Using D-Plane oblique impact mechanics (fusing Launch Direction, Club Path, Attack Angle, and Shaft Lean), the app solves Backspin (RPM)
and Spin Axis Tilt (Draw/Fade) without marked balls. A 4th-order Runge-Kutta (RK4) 6-DOF ballistics engine reads the iPhone's Barometer for
real-time moist-air density (altitude, temperature, humidity) and uses LiDAR to compensate for uphill/sidehill lies, predicting Carry, Apex, Landing
Angle, and Turf Rollout within ~0.2 yards of Tour benchmarks.

TeeDial™: The 1.75" Round AMOLED Tee-Box Puck (ESP32-S3)

Why a Round Puck 8 Inches From the Ball Is a Secret Weapon
« "Ball-First vs. Mat-First" Divot Low-Point in Inches: On indoor mats, hitting 1.5"

behind the ball bounces the club into the ball and fools cameras. Resting on the mat 8" (bRIVER 105°)

from the ball, the board's onboard QMI8658 6-axis IMU feels the mat shockwave in <@.5 —

ms while its ES721@0 Dual Digital Mics hear the ball click (+21.6 dB stronger SNR than the 284 YD

tripod). Comparing both timestamps + stereo mic TDOA measures your exact Divot Low- e O

Point (e.g., +2.1 in Ball-First Compression vs. -1.8 in Fat Strike). R0 B i ERL S
« Direct Ground-Slope Leveler: Measures exact uphill/downhill pitch and sidehill roll 2540 RPM + LIE +0.5

(+0.05°) right at the ball to fuse with iPhone LiDAR.

¢ At-Your-Feet 466x466 Round AMOLED Caddie HUD: Glance down at your feet to see
Carry, Ball Speed, Spin, and Low-Point, or tap the touch screen to switch clubs and re-
arm.

Waveshare 1.75" 466x466 CO5300 Round AMOLED HUD
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TeeDial™ & PhantomSync™ 10K — Golfer's Field & Setup Guide

Step-by-step guide for Outdoor Driving Ranges, Indoor Simulator Nets, and Living-Room No-Ball Practice.

Physical Setup Geometry (Takes ~30 Seconds)

o 1.iPhone Tripod ( 45° Rear-Oblique ): Place your tripod 7 to 8 ft ( 2.1-2.4
m ) behind the ball and 45° off your trail hip at waist/chest height (0.9-1.1 EERETEE
m ). This gives LiDAR + 240 fps camera an unobstructed view of both down-
the-line ball flight and face-on shaft lean/hip sway.

« 2. Waveshare ESP32-S3 Puck (Optional): Place the round puck flat on the
mat/turf 8 inches (20 cm ) directly across from the ball (outside your club
path) with the dual mics facing the tee.

e 3. Zero Body Occlusion: Stand naturally at address—ensure both the golf 45° Rear-Oblique (7.5 ft)
ball and your hands at the top of your backswing remain inside the camera
frame.

TARGET LINE

Step-by-Step In-App Workflow

Select Capture Mode, Club, Turf & Lighting

o Capture Mode Bar: Choose Real-Ball Launch Monitor (hitting real balls outdoors or into a net) or Indoor Dry-Swing (Whoosh +
LiDAR) (practice swings with no ball—measures speed and lag from the aerodynamic sound of your shaft).

o Club & Turf Pickers: Select your club (Driver 10.5°, 7-Iron 32.0°, or Pitching Wedge 46.0° ) and turf condition ( Soft ,
Medium, Firm).

o Indoor Studio Switch: Turn ON when indoors so the iPhone 18 Pro Max mechanical variable aperture opens to f/1.48 (1/2500s
shutter). Leave OFF outdoors so it stops down to f/2.8-f/4.0 (1/8000s shutter) for maximum depth-of-field.

Tap "Calibrate Phase 1 LiDAR & Arm 240 FPS"

« Phase 1 (2 Seconds): Scans the 3D ground plane normal (uphill/sidehill lie), locks exact LiDAR distance to the tee, reads barometric air
density (Air p in kg/m? ), and captures the sharp 48 MP reference keyframe of your club and ball.

e Phase 2 (Automatic <180 ms Handoff): The status badge turns green: Phase 2: 240fps 1080p Locked Capture + 48kHz Audio . If
the tripod is ever bumped by more than 0.15° , the gyro drift guard automatically prompts a quick re-calibration.

Swing Hands-Free & Check Your Round AMOLED Mote at Your Feet

¢« No Record Button Needed: Just step up and hit. The 48 kHz acoustic TKEO detector + ESP32-S3 mote detect impact to *20.8 pus
and automatically save the 1.5-second high-speed ring buffer around your swing.

¢ Instant At-Your-Feet Readout: Look down at the Waveshare 1.75" Round AMOLED Mote next to your tee to see Carry Yards, Ball
Speed, Spin, and Divot Low-Point (Green +inches = Pro Ball-First compression; Red -inches = Fat Mat-First strike). Tap the round
screen to re-arm for the next shot.

Scrub the 10,000 FPS "Virtual Phantom" Macro Loupe
At the bottom of the iPhone dashboard, drag the Sub-Frame Scrubber across the 42 synthesized 100 us micro-frames ( -2000 ps to
+2100 ps around impact) to inspect the three physical regimes:

Regime | (< O us): Pre-Impact Regime Il (O to +450 ps): Contact Regime Ill (> +450 us): Launch
Ball stays 100% locked on the tee (zero Al Watch Hertzian ball flattening (~19% Ball springs off the grooves along its true
ghosting) as the clubface closes in. compression), club deceleration & gear- 3D launch vector and spin axis.

effect twist.

Dashboard Metrics Reference & Couch Demo Mode

DASHBOARD SECTION METRICS DISPLAYED HOW TO TEST RIGHT NOW (COUCH DEMO

BUTTONS)

8-Tile Launch Grid Ball Speed + Strike Quality (Center / Toe-Heel / Fat-Thin), Carry & Total Tap "Simulate PGA Tour Driver (171 mph Ball)"
Yards, Total Spin & Axis, Launch (VLA/HLA), Club Speed, Smash Factor, or "Simulate Dry-Swing Whoosh (938 Hz)" at
Path / Face-to-Path, AoA / Dynamic Loft the top of the app to run the full ballistics,

X . acoustic, ESP32 mote, and 10,000 fps Virtual

3D Biomechanics Bar X-Factor & X-Factor Stretch (deg), Transition Shallowing (deg), Early Phantom pipeline immediately without a tripod.
Extension Hip Thrust (cm), Tempo Ratio ( 3.0:1 target), P5 Wrist Lag
(deg)

Codebase & Xcode Repo: /Volumes/Data 1/Repos/GolfSwingAnalyzer (16/16 test suites

passing) - Open in Xcode: open "/Volumes/Data
1/Repos/GolfSwingAnalyzer/Package.swift"
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