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Maximal and Average Lifting Distances in Pull-Ups are Associated with Maximal
Pulling Force during the Front Crawl in College Male Competitive Swimmers

Kazumasa OZEKI Yasuyuki MARUYAMA Koji WAKAYOSHI
Osaka University of Health and Sport  Saitama Prefectural Toda Kakehashi Osaka University of Economics
Sciences High School for Special Needs Education
Azusa UEMATSU

Otemon Gakuin University

Abstract

The aim of this study was to determine whether pull-up performance correlates with swimming
velocity and power during the front crawl in college male competitive swimmers. Seven college male
competitive swimmers performed pull-ups on dryland, a maximal-effort tethered front crawl for 12 s,
and a maximal-effort 25-m front crawl in a swimming pool. We calculated lifting velocity, maximal and
average lifting distances, and the number of repetitions in pull-ups and swimming velocity, pulling force,
and swimming power. Maximal and average lifting distances in pull-ups strongly correlated with maximal
pulling force (» = 0.80 and 0.75, p = 0.03 and 0.05). These findings suggest that increasing maximal and
average lifting distances in pull-ups may contribute to improving front crawl performance in college male

competitive swimmers.
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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.

F—g— F K, EERERNG. M, EE S - S R AR WUREAT, H AT %y
V7 L—vav
Keywords : Swimming, Automated tracking, Position recognition, Motorized pan-tilt control, Sports video
analysis, Camera calibration
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Corresponding Author : Hayashi Yuki, Otemon Gakuin University, yu-hayashi@otemon.ac.jp
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M2 RO R R L — ADVEALRIZFTETOENS. DL
FoOXHIZ TALIZ X AAiEHERE] [73> - )b b
(&% Ok CHEEERE Ay T —27@E] 2He$
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N—= N7 =713 GPU = ## L 72 PC & Bk IC H v,
YOLO R—ZDEFIVEH T, B30 L) IZHkE®
FoOMEE B ZHEEST L. —J, B2 ZHlEAo
PC & Edelkrone Head PLUS v2 |25 %5 API 2~ K
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THEEEHES. LT T, EBRICERLZT0 74
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1. Position Detection (Primary System)

Sports Field

2. Camera Control (Secondary System)

Sports Field

Streaming

Position Detection

(posX, posY)
I
(vPan, vTilt) ’ 3

Camera Control

H2: 7747 - £Hho )7 LEEDOERR

X 3: B X T LICKBXENME &R DT
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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”)

1. Position Detection

Camera View

4. Target Activate (Perspective Transform)

o~
Target Region*

Active Target

4 EREEBTICEE 2 -7y MEED
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AR (B 4) T, FHANIFHMIAA PZREEERATH] % F
MLTL— vtz id AL, wgk (B5) To
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LALETHUID ZZEFEEN LD o 2845 T DG
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2. Inverse Perspective Transform

Bird's eye view
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[ TametRegion |
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3. Filter Region
idoz @
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M 5: EEOMKICHTB2—7 v MEEORTE

JZ b 3: #fHl PCADFBAMAET -2 DXEFETOT T L

pos_data = {
‘pos’ : (int(x+margin), int(y+marginy)),
‘lane’: currenttracklane
}
msg = json.dumps(pos_data)
server_socket.sendall(msg.encode())

HASHER (€HFVIXFL) 7O
AN N

7 X FHEBIO A 27 ) 7 M, AR T 2E L A
5 Edelkrone Head PLUS v2 @78 - F )b » £ % il il
T AH&EE RS . ARKEFZETHW L1 Edelkrone #t:
MWIEFHETHAPI F¥a AL MIEkoTHRY PT—2#%
BTNy - FIUMNEDOT Y hO— VAT RETH S, /3
Y FIVIMEEO I Pa—)Lix, REST APIIZLD
gz A e -1~ 1 OBBLAEREZ 5 222 L THEH
T5. HWO/RY - FV NAEEEZRET ST fa—)b
LIHETH 575, Wex g4 L2ALT B BT iE 2 B0t
L7200, FEESON L CRBEHER 2 ST A —
Y CHE LGS A UEDND 5.

YH v F) AT AMUHFEZIREEICAY, =N (GR
WA TO TS L) H%SNT L B IEEREHE BT
5. Lo JSONBERO LTI % FGEMAAAIH ZTH
BINLTE 2 M5 S % 70— OVERUZ AR E S,
HEH NS, Head PLUS v2 ~Offilfia~ > Fid, &
T T AN —H )R A MR LTREST APIY 2
TAMREDGTEET LD, fRE LIS - T M ik
FE (FEETId 7 { flETH b HIZIERE) % POST V)
JIAMELTHERFEL, BIEAGOANY FES0E) i
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IR oTWwD, BB, BEONSY - FIVMNIEZNS
72012 Head PLUS V295D L ARV A2 HHET 50
EBhd L. ZOHEIL—71d main () BEofT—E
B (018 ZTL) ICEfFSITBY, URM4DLEH
(B EHAEA L ORASEICED BB AEE ST L
TW5,

JZM4: BEAEREVDAEEDRED SRDEE %
RETHI-—FK

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)

ZZTYURBMAHDxy_to_pan_tilt () &) EEEZE
WRAEE, FANSERSINHEER 2SS [L— L
T VRIS U7 xy) FEEEE SV - F)V N AEOR
o) ZEETLEBTH L.

ORI BV THERITRERELT, B6I
AT ERAOENFITONDL. 74— )V FxEET S
y =0y bR e ST A — AT, 71—
WV EOELGMIGEESVLBEOMEEE, 74—V FD
HFRAEIGEFS VDA TR R 2720, #
DR 2 MRS 578 IR 2 % 7%
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Angle of View (Middle)
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Target Region®

X6 :

Short Course Meters (SCM: 25M)

e

Long Course Meters (LCM: 50M)
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BT LR R B0, EIZT— o TEIEHR] 556
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Paris Olympic Games (La Défense Arena)

World Championships (25m) Budapest (Duna Arena)
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