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The purpose of this study was to clarify the kinetic features of each hand under conditions 
of different hitting-point heights in the baseball tee-batting by using a bat with 
instrumented grip-handle. Twenty-three collegiate male baseball players’ motion were 
captured with a VICON MX system (12-cameras, 250Hz), and kinetic data at each hand 
were measured by using the instrumented bat equipped with 28 strain gauges (1000Hz). 
The vertical displacement of the hitting-point on the bat was mostly dominated by 
translational movement of the bat. The work of the force of vertical component showed 
that the positive work of knob-side hand was significantly larger at down swing and level 
swing phases. These results indicate that the knob-side hand is a great contributor to 
adjust the bat into the different hitting-point height in each phase. 
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INTRODUCTION: Baseball players manipulate a bat with both hands by exerting forces and 
moments on the grip handle of the bat to hit balls thrown into various courses. Due to the 
kinetic redundancy of the system consisting of the bat and upper limbs, it is essentially 
impossible to know how each hand exerts forces and moments on the bat. This is known as 
the ‘closed loop problem’. Koike et al. (2004) have proposed a solution to the problem using 
a bat instrumented with strain gauges. The purpose of this study was to clarify the kinetic 
features of each hand under conditions of different hitting-point heights in the baseball tee-
batting by using a bat with an instrumented grip-handle. 
 
METHODS: Twenty-three collegiate baseball players (age; 19.8±1.3yrs, height; 1.74±0.04m, 
weight; 74.1±6.2kg, athletic career; 12.0±2.1yrs) participated in this study as subjects. They 
performed baseball tee-batting with three ball heights (low, middle, high) according to the 
baseball rules and body height of each player. Three-dimensional coordinate data (body: 47-
points, bat: 6-points) were captured with a VICON MX system (12-cameras, 250Hz). Kinetic 
data at each hand were measured by using a bat with an instrumented grip-handle with 28 
strain gauges (1000Hz). The period of forward swing motion was divided into a down-swing 
phase and level-swing phase identified from the components of bat head velocity. 
 
RESULTS and DISCUSSION: Figure 1 shows the mean value and standard deviation of the 
vertical displacements of the hitting-points on the bat caused by translational and rotational 
movements of the bat during forward swing motion. This result indicates that the height of the 
hitting point is modified mainly with translational movement of the bat. Figure 2 shows the 
work done by the vertical component of the force exerted by each hand. The work done by 
the knob-side hand, which was positive, showed significant difference between the height 
conditions at each swing phase. These results indicate that the knob-side hand is a great 
contributor to adjust the bat into the different hitting-point height in each phase. 
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The aim of this paper was to: validate an integrated system (i.e., software application and 
hardware after calibration) to assess human‟s horizontal intra-cyclic velocity with a 
mechanical speedo-meter. System validation was done for a set of land-based human 
locomotion techniques (from slow walk to maximal running) in four subjects and 
comparing it with a videometric system (i.e. APAS). There were no significant differences 
between pair wise data (speedo-meter versus APAS data) using student„s t-test for both 
velocity coefficient of variation and maximal velocity. Linear regression models were very 
high for both the velocity coefficient of variation and maximal velocity. More than 80% of 
the Bland-Altman plots were within 1.96 standard-deviations. 
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INTRODUCTION: A lot of research is done regarding human motion kinematics in several 
sets, such as for land- and aquatic-based environments. On regular basis it is assessed the 
horizontal intra-cyclic velocity of the subject‟s body, also known as “speed fluctuation”. This 
data can be acquired with several techniques, e.g.: (i) computational digitizing of anatomical 
landmarks, i.e., videometric system (Barbosa et al., 2010); (ii) Doppler effect procedures, i.e., 
radar gun (Garrido et al., 2010; Barbosa et al., in press) or; (iii) mechanical apparatus, i.e., 
speedo-meter (Vilas-Boas et al. in press). The videometric technique presents a high validity 
and accuracy when procedures are properly followed. On the other hand, it is very complex, 
time consuming and expensive. The speedo-meter is an apparatus easy to be used, less 
expensive and data is obtained on-line.  
Commercially, several speedo-meter systems (hardware plus software) or only the hardware 
component are available. One of the commercially available speedo-meter‟s hardware 
components (Swim speedo-meter, Swimsportec®, Hildesheim, Germany) needs an 
acquisition card and a software application to process and display captured data when a 
subject is performing a land- or aquatic-based locomotion activity. 
The aim of this paper was to validate an integrated system (software application and 
Swimsportec® hardware after its calibarion) to assess human‟s horizontal intra-cyclic velocity 
with a mechanical speedo-meter.  
 
METHODS: The speedo-meter calibration was done assessing the relationship between the 
DC tension and the linear velocity with an industrial robot (IRB 1400, ABB, Karlskrona, 
Sweden) as reported elsewhere (Barbosa et al., in press).  
Software‟s interface was developed in LabVIEW® (v. 2009) to acquire, display and process 
pair wises velocity-time data on-line during the subject‟s locomotion bout. To transfer data 
from the hardware (i.e., speedo-meter) to the software application a 12 bit resolution 
acquisition card (USB-6008, National Instruments, Austin, Texas, USA) is used. Further 
details about the software application can be read elsewhere (Barbosa et al., in press). 
Four subjects performed seven bouts of proximally 5 meters at a wide range of self-paced 
speeds from very slow walking to maximal running intensities. Subject‟s velocity was 
acquired from both speedo-meter system and a videometric system in each bout. The 
speedo-meter cable was attached to the subject hip and data was acquired on-line with the 
integrated system at a sampling rate of 50 Hz. At the same time, subjects were recorded in 
the sagital plane with a video camera, with a sampling rate of 50 Hz. (GR-SXM 26, JVC, 
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Figure 1: Vertical displacement of the bat. Figure 2: Works of the forces of vertical 
components. 
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