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Design and Implementation of an Automatic Tracking System
Utilizing Machine Learning for Position Recognition

Yuki HAYASHI

Otemon Gakuin University

Abstract

In recent years, the importance of video recording and motion analysis has been growing in various
sports, including competitive swimming. However, the number of support staff able to attend international
or major competitions is typically limited, forcing one individual to handle both camera operation and
performance analysis in many cases. To address this constraint, we developed a system that integrates a
machine learning-based athlete position recognition module with a motorized pan-tilt camera head. Our
approach runs recognition and control processes on separate PCs, exchanging coordinate information
in real time. By calibrating between the pool coordinate system and the camera coordinate system,
and employing multiple predefined reference points, the system can operate reliably without program
modifications—even when the camera is placed off-center relative to the pool. Field tests conducted
at four different venues, both in Japan and overseas, confirmed that specifying a target lane alone is
sufficient for long-duration tracking, requiring minimal manual intervention by analysis staff. Although
future work on zoom control and multi-camera collaboration is anticipated, the results of this research
demonstrate a fundamental technology that can reduce the labor needed for video recording and improve
the efficiency of performance analysis.
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def start_server():

server_socket socket.socket(socket.AF_INET,
socket.SOCK_STREAM)
server_socket.connect((client_ip, client_port))
print(f”Connected to client {client_ip}:{client_
port}”’)

(PR ).

return server_socket, receive_thread

start_server () BATIX, £ 5 T A7 A4
DIPT7 FLABLIYKR— MFEFEZIREEL, Bkl PC
B PC IS LT TCP 7 94 7 » b & LCofkE
BRT. EHICHIAL Y K& LCHIE PC 225 0fa4r
TS L) 4. HIH PCIdsEE A0 ) £y b
RERL - VHEGOLEXLEEORA vy —T %A L TR
ZTL B0, FIET 5 M) F = RIUTBRIREZ Y
WL 2 7% EORER AT

F72, EFEOHR
1This.

BERE, UXAb20 X951

UZR2: HREL NSy H—TIVTUXLEREL 7
YOLO D3

model.track(frame, persist=True, classes=[1],

tracker="custom_botsort.yaml”)
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pos_data = {
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while True:
status = get_device_status()

current_pan = status[‘data’][‘readings’]
[‘headPan’]
current_tilt = status[‘data’][‘readings’]
[‘headTilt’]

aim_pan, aim_tilt = xy_to_pan_tilt(aim_x,
aim_y)

pan_speed = tendclamp(aim_pan - current_
pan)

tilt_speed = clamp((aim_tilt - current_tilt) / 5,
-1, 1)

move_to_position(-pan_speed, tilt_speed)
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