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INTRODUCTION

With the development of the heart rate monitor, hieart
rate (HR) monitoring has become a widely used nteiho
collective sports, as basketball, providing infotima about
the effort during games. The HR may be used tobbska
the intensity of the exercise [1]. Other variatiattis being
related to the intensity of the efforts made byypla is the
velocity (v). It can be obtained from kinematic bsé&s

system and has been used in different modalitieis gaper
aims to describe and analyze both heart rate alodityeof

male basketball players during a game (T), discrating

the Live Ball (LB) and Dead Ball (DB) verifying dédrences

highest possible point form the ground. The images
sequences were analyzed at 7.5 Hz using the DVideo
System were manual processes of the screen cotaslina

were done, as the calibration, time synchronizataom
reconstruction of two dimensional coordinates ef phayers
in the court. The periods separation in LB and Diguls
was done automatically from a footage of the scoaet
[2]. A chronometer was used to determine the beggof
the HR sample collection of each player and tharinégg
of the game, that was used as a parameter for
synchronization of the HR and v signals. The HR anidta
were smoothed by a digital filter model Butterwoitiw

the

among forwards, guards and centers and the possibl@ass, of ¥ order, with a cutoff frequency of 0.2 Hz and 0.45

correlation between HR and v.

METHODS
The sample consisted of nine players (3 guarden\8afrds,
3 centers) from a professional male basketball tdlaah

Basket Brazil” (NBB) the main national championshiphe
study was authorized by the Research Ethics Comenit

Hz, respectively, and subsequently interpolated the
frequency of 7.5 Hz.

The 2D coordinates of position versus timesed in the
calculation of the velocities, were obtained by itén
difference. Then, was calculated the mean and satdnd
played of a game in the 2011/2012 season of thew“Ne deviations of the percentage of Rand v for the whole

game and for periods of LB and DB, for each onghef
players analyzed, considering only the time spenmttie

UNICAMP (CEP n° 1008/2010) as well as approval for court, and separately for each quarter. In eached was

video acquisition, obtained from National
Basketball (LNB), and the players have signed ia tefr free
and informed consent. For the HR data collecticgrenwsed

League of verified the normality using a Shapiro-Wilk Test<®.05),

the Spearman correlation test (p < 0.05), to vepifgsible
relationships between means and periods of DB, hé B,

a Polar heart rate monitor, model Team System, withand among the guards, forwards and centers.

sampling frequency of 0.2 Hz, starting in the warmand

finishing in the end of the match. The same games wa RESULTSAND DISCUSSION

filmed by four digital cameras (JVC, model GZHD10), Table 1 shows the variables of the FHRpercentage of each

placed in fixed positions at the gymnasium cornatsthe

Table 1: Average of HR,.« percentage of basketball players by playing pasitin the Live Ball (LB), Dead Ball (DB) and

Total Time (T) periods.

player in each quarter of game.

1th Quar ter 2th Quarter 3th Quar ter 4th Quarter

DB LB Total DB LB Total DB LB Total DB LB Total
Guard1 87.36+8.89 9567+459 91.38+8.21 8882+571 3036.75 91.81+6.53Guard1l 85.86+6.46 88.74+566 87.12+6.23 79.83+897 69536 84.98+9.50
Guard 2 96.94+1.45 98.00+3.65 97.56+1.65 86.24+10.33.5086.01 90.28+8.94Guard?2 9526 +3.06 95.24+4.62 9530+3.21 82.21+11.26401576 86.37+10.25
Guard 3 81.79+12.22 9303+6.26 87.62+ 11.@GUard3 81.87+10.17 92.71+6.86 86.27 +10.38 -
Forward 1 = = 81.16+11.38 91.90+5.82 86.48+ 10.48rward 1 88.41+5.03 9455+6.17 91.44+6.07 81.91+13.76.1PB86.30 86.95+12.32
Forward2 8540+850 95.05+4.89 89.97+8.46 - - Forward 2 85.66+551 92.12+586 88.19+6.35 - - -
Forward 3 85.69+858 94.68+5.08 90.18+828 87.16+8.77 433571 90.67 +7.66Forward3 89.67+530 92.86+5.65 90.91+555 89.11+11.51.8326.74 91.01+9.44
Center 1 95.01+ 5.14 97.87+350 9655+ 410 88.20+9.151.6P+5.82 90.11 + 7.63Center 1 85.56+9.55 88.87+816 87.11+9.02 - - -
Center 2 85.17+ 852 94.85+4.97 89.73+8.50 = = Center 2 89.33+4.77 9258+6.02 90.55+525 80.04+6.77 683552 85.86+9.13
Center 3 90.12+8.71 97.58+351 9354+7.62 8272+12.1 783.6.27 88.78 +10.80enter 3 88.26+7.14 94.85+580 91.98+7.00 74.90+11.25.8P26.65 82.24+12.69




Table 2: Velocity average of basketball players by playesitian, in the Live Ball (LB), Dead Ball (DB) andotal Time (T)
periods.

1th Quar ter 2th Quar ter 3th Quarter 4th Quarter
DB LB Total DB LB Total DB LB Total DB LB Total
Guard 1 059+0.72 209+131 131+129 0.69 +£0.55 2.184% 1.67 £1.42 Guardl 0.89+0.76 204+134 1.39+1.19 0.56 + 0.68 1.8126 114+1.14
Guard 2 101+0.69 215+1.42 1.61+1.27 0.71+0.75 2.1%68 151+1.46 Guard2 0.72+0.71 239+152 150+ 1.42 0.66 £ 0.72 1.97468 1.25+1.29
Guard3 ° ° ° 0.66 +0.65 2.23+1.40 1.47 +1.35Guard 3 0.71+0.75 219+150 1.31+1.33 - - -
Forward 1 - - - 0.77 £0.75 2.19+1.40 1.47 + 1.3Forward 1 0.74+0.75 2.01+1.30 1.36£1.25 0.74+0.84 21239 1.36+1.31
Forward2 059+0.63 199+130 1.25+1.25 - - Forward 2 0.86+0.78 202+143  1.31+1.22 - - -
Forward 3 0.66+0.78 198+1.30 132+1.29 074+073 1968 141+132 Forward3 0.73+0.79 199+147 131+126 0.83+095 18249 132+134
Center 1 101+1.00 187+145 146+133 054+0.63 18R¥ 1.27+1.28 Center 1 0.74+0.89 202+158 134+141 - - -
Center 2 048+0.70 1.81+1.39 110+1.27 - - Center 2 096+105 162+143 120+124 059+083 17636 1.09+123
Center 3 0.75+091 192+135 128+128 061+073 1844 128+1.20 Center 3 087+092 183+128 142+122 055069 171@0 107+128

The averages of %HR, and v obtained in the periods of decrease. In LB periods actions of high and medium
LB were significantly higher than in DB an T peripd intensity are made intermittently, with a set of v
indicating that efforts of high intensity are inigtperiod; corresponding to a HR increase, however without
that the DB periods correspond to active restind anst correlation between the averages. Knowing that in a
contribute to the recovering process of players] &ts basketball game, it's possible to have actions etedfort
necessary to separate the DB from T periods foatiaysis demands take different forms and intensities, caingahe

of %HR .« and v. Some studies that have investigated the%HR., to v data, it's not possible to establish a linear
heart rate in basketball, separating the LB an fiogs, relationship between them, although both represamt
found values of 925 + 3.3 % and 89.1 + 3.9 % [3], increase of intensity and effort, unlikely a strag@tning for
respectively. In another study with Australian @esy instance, where there is a continuous effort patteeyond
values above 85 % were prevalent in 65 % of thal tohe the activities of upper limbs, which also chandes ¢ffort
with an average of 87 + 2 % of HR, while the average in intensity.

LB periods was above 85 % during 75 % of the timigh

an average of 89 * 2 % of maximum heart rate [4le T CONCLUSIONS

averages of %HRy of guards showed no significant Thjs study presented the profile of HR in termsY%fand
differences in relation to centers or forwards. ikllour HRmax and velocities of Brazilian elite basketball s,
finds, a study conducted with young Spanish playéfs  providing important information for the players gl
found differences in %H,%X between forwards and guards preparation_ It also shows the importance of ama@/HR
(p < 0.05) and between guards and centers (p <OD)00  and v, discriminating periods of DB and LB, thefeliences
Another study done with Tunisian under-19 playe8$ [ found for the roles in team and in some periodhefgame.
verified higher averages in the guards in relatfonthe  pespite it's being widely used to determine thersity of
centers in the first three quarters. These diffegermay be  ({ifferent efforts, mainly continuous, the HR can be
related to the characteristics of each team andgliysical influenced by psychological aspects, common duting
conditions of each player, in addition to differéanctions games, suggesting that velocity can describe witteb

performed. _ . accuracy the efforts realized.
The average velocity of the guards was higher than of

the centers, while centers had higher averagesnifpared
to forwards. To explain these differences it isessary to 1. Achten, J. et al. Heart Rate Monitoring: Applicatso
consider separately the defense and attack sitisagind that and Limitations Sports Medicine. 33:517-538, 2003.

during the game the positions can change the dieaistcs, 2. Monezi LA, et al. Reconhecimento automético do
as these velocities may depend on the scoreboratisi tempo de jogo no Basquetebol baseado em
or on the tactics of the team. Studies [4,6] inttithat the Processamento de Imagens. Proceedings of the SPS,
high intensity running, or high-speed running hayspevery Campinas, Brazil, Proceedings, 2011.

21 seconds of the LB and 39 seconds between the hig3, Matthew, D. et al. Heart rate, blood lactate

intensity actions. concentration, and time motion analysis of female
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