Problem Statement

Software Design Process

Vi S i O n St ri ke : P o rta b I e AI - P Owe re d + Collected and annotated 200 images of me as the batter to create a

Can an affordable, safe, and portable machine be
created to automatically identify a batter’'s strike zone
and accurately pitch strikes and balls to designated
locations, regardless of the batter’s height or position?

dataset for training the Al model, and then trained a custom Al model.
 Programmed the Raspberry Pi to run the model to detect six

keypoints, calculate body angles, check body angles, identify

personalized strike zone, and calculate servo angles.
 Programmed ESP32 to control servos to aim at the target and DC

Baseball Pitching Machine

Ba c kg rO u n d [ 1. Detect Six Keypoints ﬂ:{)[ 2. Calculate Body Angles q:>[ 3. Check Body Angles ]

def detect_keypoints(frame, model): def calculate_body_angles(points): def check_body_angles(bat_angle, elbow_angle, shoulder_angle,
hip_angle, knee_angle):

prediction = get_model_output(frame, model) bat, wrist, elbow = points[@], points[1], points[2]

o @
] keypolntsr= prediction(6: shoulder, hip, knee = points[3], points[4], points[S] if (BAT_ANGLE_MIN < bat_angle < BAT_ANGLE_MAX and
points ==k ELBOW_ANGLE_MIN < elbow_angle < ELBOW_ANGLE_MAX and
$or 1 3% bat_angle = angle(bat, wrist, elbow) SHOULDER_ANGLE_MIN < shoulder_angle < SHOULDER_ANGLE_MAX and

in range(6): .
kx, ky, k_conf = (keypoints[i*3], keypoints[i*3+1], elbow_angle = angle(wrist, elbow, shoulder) HIP_ANGLE_MIN < hip_angle < HIP_ANGLE_MAX and

In a typical two-hour baseball game, a player only receives two to three ket oy e oo i o
at-oats, making off-fied training essential for developing bpbatting skils.| - — -~~~ 0000000000000 | . o g, v, s s,
However, existing baseball training methods have several ﬂ
limitations, as shown below. To address these limitations, | invented a ( 5. Calculate Servo 4. |dentify Personalized W
D . ’ i initi i i i - - i 6. Aim at the Target .
Portable, Al-powered Baseball Pitching Machine. Strike Zone Definition Al Model Detection Strike Zone Calculation Pitching Preparation }<:E Angles }<:E Strike Zone
COMPARISON OF BATTING TRAINING METHODS e Strike Zone (MLB-Based): . . : . . . . . . .o R ok el il () iy
Training Capability Human Front Toss Traditional Pitching Machine VisionStrike T ] : d ( t h | d ) h InPUt' camera Image Personallzed dlgltal Strlke Ready_ stance: 2 SeCOnd 45 A (YA S RAA) 5 NS, e D) tlt_d:dgpglltt:tndggl(tgw—p1) nee = pointsld] A |
Automatic personalized strike-zone detection )4 P4 = 10pP: miapoin (S oulaer, Ip) zZohe: detection LtAgl ngtiglg e e t11%_angle = tilt_angle - tilt delta_deg T oo, Win ey T ecgetton = getstrie zonet
Automatic nine-section strike zone targeting )4 )4 - Bottom: knee ° Keypoints: bat’s end WriSt H . h . _ (Yhip+Yshoutder) sl = sAarestieis pan-angle - max(0, win(180, pan_angle)) return zone_left, zone_top, zone_right, zone_botton
Automated strike and bal pitching X X Width: home plate elbow, shoulder, hi I,<nee | " MOIGNE: 52, = yiree - ‘ - Assumption: strike zone
Consistent repetitive pitching Limited " P ’ , NP, - Pixels Per Inch: _ P . "
Safety Varies Varies > PixelSsouigerhip > remains fixed
et e + Personalized to the batter’s " Calculation: joint angles
ordapliity aries imite v - . . o - . . .
Accessibility Varies Limited stance and bOdy prOpOrthnS : ] - Width: Sz,, = plate width x PPI Almlng'_ calculate horizontal
Table oreated by Finalist using google sheets, 2026  Detects batter’s posture Iin _ _ and vertical degrees for servos
real time  Dynamically adjusted based
, I I ] g ] [ ] L] L] [] L]
on the batter’s position * Launch: 3-second lock-in - Strike Zone Matching: Align a physical strike zone target with the

machine-identified strike zone
« Calibration: Use the physical target to set the initial pitching location

F&macmne’s camera, 2026 F;bymacmne’s camera, 2026 - Distance Setup: Set the target at 12 ft, 15 ft, and 18 ft with different
= pitching speeds

Diagram created by Finalist using PPT, 2026
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Enage captured by machine’s camera 'Image captured by machine’s camera, 2026 Fcaptured by machine’s camera, 2026
and edited by Finalist using PPT, 2026 -

Traditional P ching

VisionStrike Protot . : : _
Human Front Toss Machine IsionStrike Prototype il A * Front-Toss Test: Pitch to 9-unit strike zone (Goal: 280% accuracy)
oulder
Requires a thrower and has Throws repetitive pitches, but Portable(10 lbs), A-powerad f"“& « Fastball-Pitching Test: Pitch strikes and balls (Goal: 290% accuracy)
llmlted ConSiStenC Only toa flxed locatlon and IS SyStem Wlth personallzed and ! ) ';‘ Image 1, 2, 4, and 5 captured by machine’s camera, Photo 3 and 6 taken by Finalist, 2026
Y less portable(weight>1501bs). targeted pitch placement. guepoint r prows p—
Photo taken by Finalist, 2026 Photo taken by Finalist’s Parent, 2026 Photo taken by Finalist, 2026 | i a /

Strike Zone
per MLB
rule

1. Strike Zone |:> 2. Calibration |:> 3. Distance setup |:> 4. Front-Toss and Fastball-Pitching Tests
Matching

Engineering Goal

My goal is to design and build an affordable, safe, and portable
baseball pitching machine capable of detecting the batter’'s six key

oints, automatically calculating the strike zone, accuratel _ " Y .
P L . y . 9 . o ’ . y Strike Zone Definition — Pitching Preparation . . . .
delivering pitches to any of the nine sections within the strike zone, Front-Toss Testing Fastball-Pitching Testing
and pitching both strikes and balls accurately. Therefore, this machine et bt e e
can effectively help improve batting mechanics, pitch recognition s s Aeeere g
abilities, and reaction time by simulating real-game conditions for |
baseball players. . distanceand accuracy .
| | [ | & 80
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ee o . ' x s Chart created by Finalist using Google Sheet, 2026 Chart created by Finalist using Google Sheet, 2026
. . . Lounching e w i 15 ft was determined to be the optimal 15 ft was determined to be the optimal
 The ball should be similar size as a real baseball but Ilghter. b = . J A 3 e distance for front-toss training distance for fastball-pitching training
* The top half of the machine must be lightweight. searing A ¢ k [F e oy ey Y J [ o Ty vy R et 7 J
* The bottom half of the machine must be sturdy. \ s l: | | r 'y ' ront-Toss Confusion Matrix astball Confusion Matrix
« The custom-trained Al model must accurately detect 6 keypoints: the | * \s?b .' R 12V-5V i Camera Actual Landing Zone Actual Outcome
bat end, wrist, elbow, shoulder, hip, and knee. - P e °"9;°;‘"’ " | | Converter — I : strike Bl
* The frame rate must be high enough to capture the batter’s - 0 Motor : | & “ o
P S. Driver . - !
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Diagram created by Finalist using Lucidchart, 2026 1 10
. . Figure created by Finalist using Python , 2026 Figure created by Finalist using Python ,2)26
Power from a 110V OUtI_et I? converted to 5V for Raspberry Pi, and 86% accuracy when targeting the nine 95% overall accuracy of fastball-pitching,
. Raspberry Pi 4B with a 4GB memory converted to 12V and distributed to a VOItage converter and motor strike-zone units, exceeding the 80% target exceeding the 90% target
Rasnberry Pi Camera Module 3 NN , driver. The converter reduces 12V to 5V to power the EPS32, the
Ser\Fl)o Mgtors 275 DC Motors. Rubber wheels. Soft foam balls 7 " A ‘ horizontal and vertical servos, while the motor driver powers two .
Cviron 20Amo Bi-Directional 6Y-30V DC Motor Dri ; B - DC motors. The ESP32 sends PWM signals to control servo ConCI usion
ytron mp Bi-Lirecliona ) otor vriver 4. Motor erlng 5. Electronic Assembly 6. Final prototype ang|es and motor speed_
¢ ESP32 DeV BOard Photos taken by Finalist, 2026
* Pin Adapter extension Board * | successfully designed and constructed an Al-powered baseball
* Voltage transfer box 110V to 12V _ pitching machine that met all my engineering goals.
- Voltage Converter Module 12V to 5V fcoperm Pl Foundation. “Rasoberry i — Teach. L  Make with Rasoperry P ”ﬁ'a"; Rei;?";)?:es o o « The system accurately detects the batter's six keypoints and
. . . N aspberry Fi1 Foundation. aspberry Fi1— leach, Learn, an aKe wi aspberry rl. aspbperry ri, , WWW.rasppoperrypi.ord/. . .
Custom 3D printed parts and Carbon Fiber Plate . Robojax. “ESP32 Tutorial 15 - DC Motor Speed Control with ESP32 L293D | SunFounder’s ESP32 loT Learning Kit.” YouTube, 11 Dec. 2023, www.youtube.com/watch?v=ei SIh1xH1U. calculates a personalized strike zone. | |
M4 Washer, M3/M4/M5 Lock Nut, M3/M4/M5 Allen Bolts «  DroneBot Workshop. “Mastering DC Servo Motors with ESP32 and Arduino.” YouTube, 15 Apr. 2025, www.youtube.com/watch?v=fzpiadiS-ns. « The machine consistently delivers targeted pitches in front-toss
« M2/M2.5 motherboard standoffs and screws . S%G?ICV: “C;zpebn?lv M%du:cesf’ %OCS-IopenCV-?rg,?ttps:/édch.opincx\/./gr_q/S.a/irédclag.hltﬂml e Roboflowai. o oo / mode and reliably “throws” both strikes and balls in fastball-pitching
o . . . N ODOTIOW. obotriow: GO Trom ~Raw Images 10 a Iraine omputer Vision iviodel In viinutes. opoTIow.al, PS://TODOTIOW.COMm . T . .
Copper Wires, Dupont eres,_ and 14 AWG wires . “Strike Zone | Glossary.” MLB.com, www.mlb.com/glossary/rules/strike-zone, mode, ena_bllng_ realistic game simulation. |
» X-Contact and Flanged Bearings - Welch, Christian M., et al. “Hitting a Baseball: A Biomechanical Description.” Journal of Orthopaedic & Sports Physical Therapy, vol. 22, no. 5, Nov. 1995, pp. 193-201,  The machine is affordable, safe, and portable, so it can be used
« Aluminum Bar Connector, Corner Bracket, and Custom steel sheet www.jospt.org/doi/pdf/10.2519/jospt. 1995.22.5.193, hiips://doi.org/10.2519/0spt. 1995.22.5.193. anywhere to help baseball players effectively improve their batting

« Pitching Machines. (2026). Batting Cages Inc. https://www.battingcagesinc.com/collections/pitching-machines

metal for Base Box skills.
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