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[1]1]. the authors provide raw data without any reports or analysis, allowing the general public to use
it as they see fit. while numerous articles provide in depth looks into the biomechanics of the baseball
swing [[#references|[2-4]]], there is a noticeable scarcity in articles that delve into biomechanical
disparities between various levels of competition, such as contrasting differences between college
and high school baseball players. this tutorial is designed to demonstrate the use of inspect3d to
analyze the variance in pelvic angular velocity in internal/external rotation between high blast bat
speeds
[[https://rocklandpeakperformance.com/a-review-of-blast-motion-baseball-and-its-swing-quality-metri
¢s/|[5111 among college and high school baseball players. ====== downloads and relevant links
====== to follow along with this tutorial, ensure that your version of inspect3d is at least
[[https://service.c-motion.com/customer|v2023.08.08]]. earlier versions will not have the build cmz
feature. after verifying that you have the correct version of inspect3d, download the following two zip
files. - [[https://github.com/drivelineresearch/openbiomechanics|openbiomechanics project: driveline
baseball data]] - [[https://www.has-motion.com/download/katie/driveline_cmotionfiles.zip|c-motion
specific files]] please note, these downloads contain a large amount of data. building cmzs is a slow
process, so if you want to speed it up to follow along with building cmz portion of this tutorial cut the
number of datasets under openbiomechanics-main down to 3-5 subjects. \\ if you want to skip the
build cmz step of this tutorial and focus on the metadata applications, you can: * download
[[https://www.has-motion.com/download/examples/inspect3d/i3d_tutorial obp_analysis_of baseball_hi
tters.zip|this]] pre-built cmz workspace. * download the
[[https://www.has-motion.com/download/katie/driveline_cmotionfiles.zip|c-motion specific files]]. for
more technical information about loading metadata, see:
[[inspect3d:documentation:knowledge_discovery:metadata|metadata documentation]] ======
data ====== openbiomechanics_marker_images.png the openbiomechanics data set provides
**cleaned** c3d files with 3d kinematic data for 47 body markers, 22 lower limb and pelvic markers,
and 25 head, upper limb, and trunk markers; there are also 10 markers placed along the bat.
important metadata that is being considered are **highest_playing_level**, the level of competition
that the subject is currently competing at, and **blast_bat speed _mph_x**, the bat speed at contact
as measured by blast motion sensor in miles per hour. for this tutorial, only the baseball_hitter data
set will be analyzed. some important contents of the workspace are briefly described below: *
**additional_resources:** folder includes additional resources which may be of interest for further
exploration, folders you will find include: * **books_articles:** explore scholarly articles pertaining to
the field of sports biomechanics, all available as pdfs. * **tutorials:** two tutorials for basic
exploration of c3d files using ezc3d package in python, as well as utilizing isbs workshop. *
**pbaseball_hitting & baseball_pitching:** contains data, code, and imgs folder along with a
readme.md file. for this tutorial the data folder is important, but it is worth looking through the other
folders. * **data:** c3d is the only folder of interest for this tutorial, it contains all of the folders for
each subject with all of their corresponding .c3d files. **notes:** * if you have downloaded the prebuilt
cmz workspace you will only find **baseball_hitting**. \\ tables below show the tags, signals, and
refinements that will be used in this tutorial. these will be seen in later steps. \\ \\ table 1: tag
definitions |tags|definition | |r |right side hitters| table 2: signal definitions |signals |definition |
|pelvis_angular_velocity|rate of change of angular position of the pelvis over time| table 3:
refinements definitions |refinements |definition | |highschool [filters c3d file, retaining data entries
where “highest_playing_level” value is equal to “high_school” | |college |filters c3d file, retaining data
entries where “highest_playing_level” value is equal to “college” | |lowbatspeed |[filters c3d file,
retaining data entries where the 'blast_bat_speed' value falls within a specified “low” range
(depending on subjects playing level) | |highbatspeed|filters c3d file, retaining data entries where the
'blast_bat speed' value falls within a specified “high” range (depending on subjects playing level)|
====== build cmzs for hitting data ====== hittingmeta.png select i3dloadlibrary.png **load
library** on the top left of the toolbar, and click the **build cmz** button. in the build cmz dialog: -
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**set the path to:** c:\...\...\baseball_hitting\data\c3d - **set the metadata file to :**
c:\...\...\baseball_hitting\data\metadata.csv - **set the mdh file to:**
c:\...\...\baseball_hitting\code\v3d\model\hitting_v1l_model_hybrid.mdh - add the following scripts and
ensure they are in the correct order: - c:\...\cmotion files\filter.v3s - c:\...\cmotion files\events.v3s -
c:\...\...\baseball_hitting\code\v3d\cmo.v3s - click **create cmzs** - a metadata dialog box will appear
after clicking create cmzs. make the following changes in this box: - height units: in - weight units: Ib -
session_swing: dynamic trial identifier - user: static trial identifier - check "subject specific" next to
highest_playing_level, hitter_side, bat weight/length, and click "apply". - cmz files may take a while to
build. check the status bar in the bottom left hand corner of the interface for the build status.
====== |oading data into inspect3d ====== model_pelvis.png for our analysis, we are interested
in finding the variance in pelvic angular velocity between high and low blast bat speed among college
and high school baseball players. for each signal in our analysis, we specified an x, y, and z
coordinate for pelvic angular velocity with relation to the virtual lab, expressed in the pelvises
coordinate system with movement in the x direction being **anterior posterior pelvic tilt**, movement
in the y direction being **lateral pelvic tilt** and movement in the z axis being **internal external
rotation**, which can be seen in the image below. each group was then refined to be categorized into
right hitters, competition level (either high school or college), and high or low bat speeds for the
subject's specific competition level. if you wish to investigate something new, different approaches
can be taken. \\ before starting this section of the tutorial please **download**
[[https://www.has-motion.com/download/examples/inspect3d/analysis_of baseball_hitters.q3d|this]]
.q3d file with premade query definitions. - select i3dloadlibrary.png **load library** on the top left of
the toolbar, beside **library path** click on **browse**, and navigate to the folder where your .cmz
and .c3d files are located. then select **load** and exit the window. - select the i3dgroups.png
**query definitions** drop down and select **query definitions**. inside the window select **load
query definitions** and navigate to the **analysis_of baseball hitters.q3d** file that you downloaded.
- select **calculate all groups** (if you exit the window before the query is fully computed click
*compute groups**). groups will be queried by player level, right hitters, high and low blast bat
speeds, and X, y, and z pelvic angular velocity coordinates. a detailed tutorial on creating groups can
be found [[inspect3d:tutorials:load_and _view data|here]]. an example of creating a group manually is
as follows. - select the i3dgroups.png **query definitions** drop down and select **query
definitions**. - add a actionadd48x48.png **query** (group) and name it
**“highschool_right_low_pav_x"**. - while the group you just created is selected add a
actionadd48x48.png **condition** and give it the name ***highschool_right low_pav_x"**. - signals:
type - “link_model_based” , folder - “original”, signal name - “pevis_angular_velocity”, component -
“x". - refinement: - check **refine using tag** and select r, - check **refine using signal**, click
actionadd48x48.png **add**, give it the name “lowbatspeed”, type - “metric”, folder - “meta”, name -
“blast_bat speed_mph_x", component - “x”, value must be - “between”, min - “57”, max - “62", click
save. - click actionadd48x48.png **add**, give it the name “highschool”, type - “text_data”, folder -
“meta”, name - “highest_playing_level”, component - “x”, value must be - “equal to”, value -
“high_school”, click save. - once you are happy with your queries click **save query definitions** to
save it as a .q3d file. querydefinitions.png **notes:** * for this tutorial we are basing low and high
blast bat speeds off of blast motion’s bat speed data based on competition level
[[https://rocklandpeakperformance.com/a-review-of-blast-motion-baseball-and-its-swing-quality-metri
cs/|[5]1]. * **college**: low: 61-66 mph, high: 70-73 mph. * **highschool**: low: 57-62 mph, high:
69-71 mph. ====== inspect3d visualization and pca analysis ====== if you haven’t had much
experience visualizing signals in inspect3d, take some time to review the
[[inspect3d:tutorials:load_and_view_datalload and view data tutorial]]. to begin the **pca** (principal
component analysis), select two groups that you want to compare. let's start by looking at
**highscool_right_high_pav_z** and **college_right_high_pav_z**, select the two groups (ctrl + click),
and check the **select all workspaces box** if it is not already selected. navigate to the toolbar at the
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top of the interface and select the i3d_pcaoptions2.png **pca dropdown**. select the number of
**pcs** (principal components) you want for your analysis, for this tutorial we will use 5 (more about
this in variance explained), and then check the **use workspace mean** if it is not already selected.
now click **run pca** and **show pca graphs** and the graphs will appear to the right of your
workspace. once your pca graph has appeared, at the bottom right of the screen you will see six
options for visualizing results of the analysis (variance explained, loading vector, workspace scores,
group scores, extreme plot and pc reconstruction).see the
[[inspect3d:tutorials:perform_principal_component_analysis|perform principal component analysis]]
for more information on interpreting these results. pcaanalysis5.png ====== results ====== we
can interpret differences of pelvic angular velocity between different competition levels of hitters
through visual comparisons of high blast bat speeds at each coordinate system. additionally we can
analyze the various pca graphs to look at **variance explained**, **workspace scores**, **group
scores**, and **loading vectors**. the aim of this analysis is to assess the impact pelvic angular
velocity has on blast bat speeds by comparing high bat speeds between college and high school
hitters, and the hypothesis is that hitters at a higher level of competition will have greater pelvic
angular velocity subsequently improving their bat speed. visual comparisons can be a means of
illustrating outliers and patterns, whereas pca can provide statistical verification of whether the two
groups accurately reveal disparities from the signals of interest. **notes:** * the number of college
and high school subjects are not balanced, which may lead to inconsistent results between the two
groups. * examples of interpreting pca results are shown below and through the following tutorial
[[inspect3d:tutorials:perform_principal_component_analysis|here]]. \\ **visual comparisons:** when
visualizing different coordinates of the pelvic angular velocity, 3 figures can be laid out in a 3x1 grid.
for now you can hide your pca by clicking **show pca graphs** in the pca dropdown, then go to the
i3dshowoptions.png
**[[inspect3d:documentation:dialogs:load_library_dialogue#plotting_options|options]]** tab in the
toolbar and under **plotting options** change **graph rows** to 3, and leave **graph columns** as 1.
selecting one of the graphs will outline it with a gray border, you are then able to select which
**groups** and **workspaces** you would like to display. in the three graphs below we have
displayed **“highschool_right_high_pav_"** and **“college_right_high_pav_"** in their x, y, and z
coordinates. looking at the anterior/posterior tilt and lateral pelvic tilt graph there is not a large visual
difference between our college and high school players. **internal/external rotation** is what we want
to focus on, where our college hitters yield a greater peak pelvic angular velocity compared to their
high school counterparts. but with that being said, visualizing doesn't always tell the whole story, so
let's perform a pca (principal component analysis) and continue analyzing. high_pav x y z.jpg
college_high_z.jpg **notes:** * for more details on creating and exporting graphs please take a look at
this tutorial [[inspect3d:documentation:pages:pca_graphs|here]]. \\ **variance explained:** variance
explained is the first graph displayed after running a pca, and displays the variance explained by each
principal component as well as the cumulative variance of each principal component. we can see that
90.0% of the variance can be explained by the first five principal components. generally you want to
increase the number of pcs until they explain 95% of the variance, but for this data set 7 pcs are
needed to reach that variance and we don't want to start overfitting or capturing too much noise, so
the number of pcs will be left at five. highscool_variance_explained.jpg \\ **group scores:** when
looking at the group scores the goal is to be able to confidently classify subjects as either being
college or high school hitters. analyzing this graph shows that the standard errors of all five pcs do
not overlap, suggesting that all 5 pcs can differentiate between the groups. we can see from variance
explained that pcl accounts for the most overall variation at 38.9%, but since pc2 and pc5 are
showing the most significant differences for each group, due to the group scores not overlapping and
not crossing over zero they will be the focus of the remaining analysis. highschool _group_score.jpg \\
**loading vector:** we can take a closer look at pc2 and pc5 to see why these principal components
may be showing the most significant differences. looking at the mean signal trace of the college and
high school subjects pelvic internal/external rotation, we can see that the majority of the difference in
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their swings are at the peak of their pelvic velocity, and also interestingly the high school players
have more internal rotation before and at the end of there swing which is represented in pc2. pc5 is
less clear and harder to interpret, once again we can see that the high and low points around 80-90
on the x axis are showing the variability between the subjects peak pelvic angular velocity, and the
large value around 40 seems to point out that there were more college players with an earlier swing,
but the rest is hard to decipher. pc2_baseball.jpgpc5_baseball.jpg \\ **workspace scores:** having
identified the principal components of interest, we will switch to the **workspace scores** and plot
the chosen pcs against each other (i.e., for this tutorial, plot pc2 versus pc5). we want to be able to
distinguish our college group in light blue and high school group in dark blue, and in this graph we can
see that there is partial separation between groups. the dark blue high school group seems to be
clustered in the bottom left corner with the light blue college group dispersed elsewhere. if there was
an even distribution of high school and college subjects (right now there are much fewer high school
students) we might have stronger evidence of a relationship between the groups that allows for easier
clustering and separation. highschool _workspace 2 5.jpg ====== conclusion ====== from the
results of the visual comparisons and the pca of this tutorial we can conclude that there is a
correlation between a high pelvic angular velocity in internal/external rotation and high blast bat
speed. this is exemplified by the college hitters exhibiting both a higher pelvic angular velocity and a
higher blast bat speed, along with evidence from the pca that there is a significant level of variability
between the two groups. however, there are limitations on the conclusion such as a disproportionate
amount of college subjects compared to high school subjects so the conclusion should be interpreted
with caution. this is by no means a complete study and used simply for the demonstration of
inspect3d. please feel free to explore this data on your own and make improvements while you
become comfortable with inspect3d and its various applications. ====== references ======[1]
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