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tutorial: building a conventional gait model]] prior to going through this tutorial. //workstation// or
/Inexus// users will be familiar with the plug-in gait variation as vicon's implementation of the cgm. in
this tutorial, we describe this implementation of [[http://www.vicon.com%7c|vicon's]] plug-in gait
using visual3d. ===== pose estimation ===== plug-in gait uses a direct (non-optimal) pose
estimation for computing the position and orientation of each segment based on a set of 3 tracking
markers. visual3d uses either
[[visual3d:documentation:kinematics_and_kinetics:pose_estimation|segment optimization or global
optimization pose estimation algorithms]]. the results of the implementation of the plug-in gait model
in visual3d will differ slightly from the vicon pig implementation, but the differences are sufficiently
modest that there are no clinically significant differences. ===== conventional gait model decisions
===== since there are variations of the conventional gait model, decisions must be made prior to
marker placement and data collection. the diagram below lays out some of the decisions based on
body segment. this is not comprehensive since many variations exist. the following sections describe
the conventional gait model marker placement locations and challenges based on these options.
conventional _gait model_decisionsl.png in the case of the plug-in gait, the decisions have already
been made for option 2(c), 4(b) and 5(b). using visual3d, it is possible to opt for different model
decisions if needed or relevant. this would however not be consistent with the plug-in gait's
implementation per se. ===== anthropometric measures necessary for the conventional gait model
===== these lists describe the anthropometric measurements that are needed for the plug-in gait
variations of the clinical gait model. these are the anthropometric measurements also required in
/Iworkstation// and //nexus//. some measurements are clinically measured while others are calculated
from the 3d markers or a regression equation. if the no clinical measurements are entered, then
calculated value is used. the following should be measured:\\ **while both sides should be measured
independently, plug-in gait uses the average of the two values (left and right sides) to compute the
joint centers.** * height (please note that contrary to //workstation// and //nexus// which uses *mm**,
visual3d uses //meters// as the distance unit.) (see
[[visual3d:documentation:pipeline:model _based data_commands:units_of measurement|defaults
units]] in visual3d) * weight (kg) * left and right leg length (mm) (from asis to medial malleolus) * left
and right knee width (mm) * left and right ankle width (mm) * marker radius (mm) the following are
automatically calculated in //workstation// and //nexus// and in visual3d: * inter-asis distance (distance
between the lasi and rasi markers) * asis to greater trochanter distance (calculated from a regression

equation: 0.1288*leg length-0.04856) ==== segment coordinate systems ==== the definitions of
the segment coordinate systems are based on anatomical orientations and are consistent with many
other versions of the conventional gait model. ===== marker placement ===== appropriate

marker placement for any model is critical. the motion system only measures the center of the
marker so when placing markers on the subject, use the center of the marker as your guide and not
the attached bases or wands. it is also good practice to use eyeliner pencil or pen to mark on the
subject the locations of the markers. if a marker is knocked off or falls, it can easily be placed in the
same location. but, one has to be very careful about replacing markers. when segment optimization
or global optimization pose estimation algorithms are used, the missing marker should be replaced,
then the standing trial should be collected again; simply replacing the marker is not usually sufficient.
==== marker color convention ==== the different colored circles relate to the different roles of the
markers. **red markers** are used for both the segment definition and for tracking **black markers**
are virtual markers used for both the segment definition and for tracking ==== pelvis markers
==== the plug-in gait pelvis has two marker set variations: a three-marker marker set and a four-
marker marker set. in visual3d, both marker sets can be used with the
[[visual3d:documentation:modeling:segments:coda_pelvis|coda pelvis]] (described below). when
using the four-marker marker set, plug-in gait computes the mid-point between Ipsi and rpsi, and uses
this mid-point sacrum marker to define and track the pelvis. for the coda pelvis the hip joint centers
are computed automatically using the bell & brand regression equations. however, to be consistent
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with plug-in gait, the hip joint centers must be defined using the davis et al. regression equation. the
[[visual3d:documentation:modeling:segments:pelvis_overview|pelvis overview]] section and the
[[visual3d:tutorials:modeling:building_a_conventional_gait model#pelvis_markers|conventional gait

model]] discuss the differences between the two models. === four marker set pelvis ===
pelvispigd.png rias , lias= right ilium anterior superior (anterior superior iliac spine) rips , lips= left
ilium posterior superior (posterior superior iliac spine) === three marker set pelvis ===

pelvispig3.png rias , lias= right ilium anterior superior (anterior superior iliac spine) rips , lips= left
ilium posterior superior (posterior superior iliac spine) sacr = sacrum (mid-point between rips and lips)
\\ in both cases, the plane of the pelvis is visualized as a triangle or plane that is formed by either the
three markers: the right and left anterior superior iliac spines (rias and lias) and either a sacrum
marker (sacr marker) or the mid-point between the posterior superior iliac spines (sacr landmark).
place the centers of the markers over both anterior superior iliac spines (asis's). the sacral marker
(sacr) is placed over the mid-point of the posterior superior illiac spines (rips and lips). the origin of
the pelvis is at the mid-point of the asis markers and perpendicular to the line joining them regardless
of the position of the psis markers. since this is the case, medial/lateral position of the psis markers is
not critical but care should be taken regarding the vertical position. === placement challenges for
obese subjects === placement on obese subjects can be challenging due to excessive tissue. have
the subject stand to palpate the asis's since the skin and tissue may be in different locations for the
prone and standing position. there are three options for marker placement: move the asis markers
more lateral or move the asis markers anterior or use the pointer to identify a virtual point. == move
asis markers laterally == move both asis markers lateral to the anatomical asis in the pelvic plane.
make sure that the lateral displacement is symmetrical between sides. measure this distance and
modify the **subject metric inter-asis_distance**. == move asis markers anteriorly == move both
asis markers anterior (coming forward directly anterior to the landmarks so that they lie directly over
them in the coronal plane of the pelvis) by an equal distance in relation to where they would have
been. measure this distance and add a landmark that specifies the actual location of the asis. these
asis landmarks should be used for defining the segment coordinate system of the pelvis, but the

original markers should be used as the tracking markers for the pelvis. == use a pointer to make asis
landmarks == a [[visual3d:documentation:modeling:landmarks:digitizing_pointer|digitizing pointer]]
can be used to identify the asis markers. ==== upper leg markers ==== thighpig.png rhjc, Ihjc =

hip joint center rthi, Ithi = lateral thigh marker rkne, Ikne = lateral knee marker \\ there are two
variations for the thigh segment. one in which a
[[visual3d:documentation:modeling:segments:knee_alignment_device|knee alignment device]] (kad)
is used, one without a kad. === without knee alignment device (kad) === the upper leg segment
can be visualized as a triangle or plane formed by the hip joint center (righ_hip, left_hip), lateral thigh
marker and lateral knee marker. palpate lateral epicondyles to estimate the knee flexion/extension
axis. place a marker on the right and left lateral epicondyles (rkne, Ikne) to approximate this axis. this
should be done in the standing position with the subject passively flexing and extending the joint to
confirm placement. **you are looking for a point that is fixed in the thigh and about which the lower
leg appears to rotate.** mark that location with eyeliner pencil or a pen. when not using a
[[visual3d:documentation:modeling:segments:knee_alignment_device|knee alignment device]] (kad)
the placement of the thigh markers (rthi, Ithi) or wands (stick on a base with an attached marker) is
critical. this marker is used to define the frontal plane of the femur (knee flexion/extension axis
location and orientation). the distal 1/3 of the thigh is the best location to decrease movement due to
muscle bulk and swing of the hands. the vertical height is not critical but try not place the thigh
marker too low on the thigh. the anterior/posterior position of this marker is critical and it is extremely
difficult to visualize. adjust the marker so that it is aligned in the plane that contains the hip and knee
joint centers and the knee flexion/extension axis. position this marker standing and observe knee
flexion/extension to confirm. === using a knee alignment device (kad) === as above, the upper leg
segment can be visualized as a triangle or plane formed by the hip joint center (right_hip, left_hip),
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lateral thigh marker and lateral knee marker. the difference in this variation is that a
[[visual3d:documentation:modeling:segments:knee_alignment_device|knee alignment device]] (kad)
is used in the static trial to define the coronal plane for the knee. palpate the lateral epicondyles to
estimate the knee flexion/extension axis. place the kad over the epicondyles such that the device is in
line with the visualized knee flexion/extension axis. this should be done in standing position. after the
subject static calibration trial, remove the kad and mark the kad location on the lateral epicondyle
with a eyeliner pencil or pen. place a marker on that location (rkne, Ikne). placement of the thigh (rthi,
Ithi) markers or wands (stick on a base with an attached marker) is not critical in this case so it can be
placed anywhere on the thigh. == improper placement of kad == the kad can be aligned improperly
or can slip after placement. if this does occur, then the knee's frontal plane will be improperly defined.
care should be taken when using the kad. as a safety measure, it may be best practice when using
the kad to align the thigh marker correctly or use medial knee markers (which is detailed in the next
section) and collect a static trial with the kad and one without the kad. a choice can be made post
data collection on whether to use the kad alignment or the thigh or medial knee alignment. === knee
width === because no medial knee marker is used, **it is critically important to measure the width of
the knee** (e.g. the distance between the medial and lateral epicondyles) since this information is
used to identify the distal end of the thigh segment, i.e the knee joint center. ==== lower leg
markers ==== shankpig.png rkjc, lkjc = knee joint center rtib, Itib = lateral shank marker rank, lank
= lateral malleolus marker the lower leg segment can be visualized as a triangle or plane formed by
the knee joint center and the ankle flexion/extension axis (transmalleolar axis). palpate the medial
and lateral malleoli and visualize an imaginary line that runs through the transmalleolar axis. place a
marker on the right and left lateral malleolus (rfal, Ifal) along that line. remember to mark that
location with eyeliner pencil or a pen. as in the thigh, the placement of the shank markers (rsk, Isk) or
wands (stick on a base with an attached marker) is critical. this marker is used to define the coronal
plane of the tibia (ankle flexion/extension axis location and orientation). the distal 1/3 of the tibia is
the best location to decrease movement due to muscle bulk. the vertical height is not critical but try
not place the shank marker too low on the shank. the anterior/posterior position of this marker is
critical and it is extremely difficult to visualize. an alignment reference device such as a ruler under
the subject's heel can be used to visualize the placement. adjust the marker so that it is aligned in the
plane that contains the knee and ankle joint centers and the ankle flexion/extension axis. this marker
can be placed in a seated position but should be checked when standing to confirm. === ankle
diameter === because no medial ankle marker is used, it is **critically important** to measure the
diameter of the ankle (e.g. the distance between the medial and lateral malleolus) since this
information is used to identify the distal end of the shank segment. ==== foot markers ==== the
foot is visualized as a line along the long axis of the foot from the 2nd metatarsal heads and the ankle
joint center projected onto the plantar surface of the foot. the forefoot (toe) marker (rtoe, Itoe) is
placed on the dorsal aspect on the 2nd metatarsal heads proximal to the mp joint (on the mid-foot
side of the equinus break between forefoot and midfoot). care should be taken in feet with midfoot
breakdown or collapse. the placement of this marker should be proximal to the deformity to avoid
exaggerating dorsiflexion in stance. the heel marker (rhee, Ihee) is placed on the calcaneous where
the medial/lateral position is in line with the ankle joint center. in a plantargrade foot, the heel marker
is at the same height above the plantar surface of the foot as the toe marker. for a non-plantargrade
foot as well as shoe/brace conditions, the height of the heel marker must be placed so that the line
from the heel to toe (when viewed from the sagittal plane) is parallel to the plantar surface of the
foot. **note that inversion/eversion of the foot cannot be measured reliably with any conventional gait
model without any enhancement to the foot marker set** see
[[visual3d:tutorials:modeling:building_a_conventional_gait_model#enhancing_the_foot_segment|enha
ncing the foot segment]] for more detail. footpig.png rajc, lajc = ankle joint center rtoe, Itoe = second
metatarsal head rhee, Ihee = center of calcaneus ===== create the lower-limb plug-in gait model
===== this section will detail the construction of the plug-in gait version of the conventional gait
model. click
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[[[https://www.has-motion.com/download/examples/plugingaitlowerbody%20tutorial.zip|plug-in gait
lower body tutorial.c3d]]] to download the example files. these sample files were generously provided
by vicon (omg plc, uk). starting with the static standing trial. - from the **model** menu, select
**create (add static calibration file)**\\ tutoriall_2.jpg\\ - select **hybrid model from c3dfile** - a
dialog titled **select the calibration file for the new model** will appear. select
//walkingstaticlowerbody.c3d// and click **open.**\\ - visual3d will switch to model building mode
automatically. the 3d viewer will display the average value of the marker locations from the standing
file. the dialog bar to the left of the screen will contain a list of segments, which by default will contain
only a segment representing the laboratory. ==== pelvis ==== pelvispig3.png pelvispig4.png rasi,
lasi = right ilium anterior superior (anterior superior iliac spine) rpsi, Ipsi = left ilium posterior superior
(posterior superior iliac spine) sacr = sacrum (mid-point between rips and lips) the plane of the pelvis
is visualized as a triangle or plane that is formed by the three markers: the right and left anterior
superior iliac spines (rias and lias) and the mid-point of the posterior superior iliac spines (sacr). place
the centers of the markers over both anterior superior iliac spines (asis's). the sacral marker (sacr) is
placed over the mid-point of the posterior superior illiac spines (rips and lips). the origin of the pelvis
is at the mid-point of the asis markers and perpendicular to the line joining them regardless of the
position of the psis markers. since this is the case, medial/lateral position of the psis markers is not
critical but care should be taken regarding the vertical position. \\ === creating the scrm landmark
=== f you have opted for the 4-marker pelvis marker set, where both right and left posterior superior
iliac spines are identified, a sacrum landmark has to be created to define the pelvis segment. go to
the **landmarks** tab, and click on **add new landmark**: landmark name: scrm starting point: rpsi
targets and/or landmark: ending point: Ipsi offset using the following ml/ap/axial offsets axial=0.5
/[check offset by percent// === creating the pelvis segment === - from the **segment name** box,
select //pelvis.// - from the **segment type** box, select //coda.// - click **create.**\\
coda_pelvisl.jpg\\ \\ - a dialogue box labeled **enter body mass and height** will open because
visual3d needs the subject to be assigned a mass and a height. for this example, enter //75// kg and
//1.76// m, and click **ok.**\\ 26_weight.jpg\\ \\ - a dialogue box labeled **coda segment markers**
will open. select the markers so that they correspond to the figure below. click **close.**\\ **note: as
shown in the figure above, the scrm marker (or landmark) is used for both //r.psis// and //I.psis//\\
pigpelvismarkers.png.\\ \\ ** - click **build model** to build the segment. you should now see a pelvis
segment on your standing model. if you do not see the pelvis segment after clicking **build model**,
double check the values you entered in the last step.\\ **note: creating a coda pelvis in visual3d
automatically generates the right_hip and left_hip landmarks. however, these landmarks should
simply be ignored since a different definition will be used to compute the hip joint centres (see section
below).** === enter subject measurements === the plug-in gait conventional gait model requires
measurement of leg length as well as knee and ankle width. to enter those measurements in visual3d,
a *subject data metric** must be created for each measurement.\\ **while these metrics are saved in
the //model template// (.mdh) file, their values should be updated for each patient, to reflect patient
specific measurements.** pigright_leg_length.png \\ - click on **subject data/metrics** tab - click
**add new item** - type in //left_leg_length// in **name** - type in //0.940// in **value of expression**
- click on **ok** \\ - click on **subject data/metrics** tab - click **add new item** - type in
/Iright_leg_length// in **name** - type in //0.940// in **value of expression** - click on **ok**\\ - click
on **subject data/metrics** tab - click **add new item** - type in //leg_length// in **name** - type in
//(left_leg_length+right_leg length)/2// in **value of expression** - click on **ok** \\ - click on
**subject data/metrics** tab - click **add new item** - type in //left_knee_width// in **name** - type in
//0.105// in **value of expression** - click on **ok** \\ - click on **subject data/metrics** tab - click
**add new item** - type in //right_knee width// in **name** - type in //0.105// in **value of
expression** - click on **ok** \\ - click on **subject data/metrics** tab - click **add new item** - type
in //knee_width// in **name** - type in //(left_knee width+right knee width)/2// in **value of
expression** - click on **ok** \\ - click on **subject data/metrics** tab - click **add new item** - type
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in //left_ankle_width// in **name** - type in //0.070// in **value of expression** - click on **ok** \\ -
click on **subject data/metrics** tab - click **add new item** - type in //right_ankle_width// in
*name** - type in //0.070// in **value of expression** - click on **ok** \\ - click on **subject
data/metrics** tab - click **add new item** - type in //ankle_width// in **name** - type in
/[(left_ankle_width+right_ankle_width)/2// in **value of expression** - click on **ok** ==== hip joint
center ==== the hip joint center regression equation for the
[[visual3d:documentation:modeling:segments:helen_hayes (davis) pelvis|helen hayes (davis) pelvis]]
is based on leg length, inter-asis distance, and a regression for asis to greater trochanter distance. *
inter asis distance= 3d distance between asis markers **note: that if the asis markers have been
placed medial or lateral to the palpated landmark because the subject is obese or because the
markers cannot be placed at these locations, it is important to measure the inter-asis distance and
enter this value into the** subject data/metrics **tab. if this is not done, then the hip joint center
calculations will be incorrect.** * bilateral anteroposterior distance= 0.1288*leg length-0.04856
estimates for the right and left hip joint center are represented as landmarks that are created
automatically when the helen hayes pelvis segment is created. when using the coda pelvis in
visual3d, these landmarks need to be defined explicitly. the location of the landmarks are defined in
the pelvis segment coordinate system as: |hip x = |-s (c sin(theta)-0.5*distasis) | |hip y = |(-xdis-
rmarker) cos(beta)+ c cos(theta) sin(beta) | |hip z = |(-xdis-rmarker) sin(beta)- ¢ cos(theta) cos(beta) |
|where: | | |c = |0.115*leglength - 0.0153 (in meters) | |theta = |0.5 | |beta = |0.314 | |distasis = |asis
to asis distance, measured during clinical exam | |xdis = |anterior/posterior component of the asis/hip
center distance in the sagittal plane of the pelvis and measured during the clinical exam| |if xdis not
measured:| | |xdis = |0.1288*leglength - 0.04856 | [rmarker = |marker radius (in meters) | |s = |+1 for
the right side and -1 for the left side | \\ these equations are adapted from the article:\\ **davis rb,
ounpuu s, tyburski d, gage jr.** (1991) "a gait analysis data collection and reduction technique."
human movement science, 10: 575-587.\\ === metrics to compute hip joint center === in order to
create the hip joint center landmarks in visual3d using the above-mentioned equations, it is highly
recommended to create separate metric entries for each equation parameter. this allows the user to
identify transcription errors and typos more easily. as a precaution, make sure that a value is
computed in the //value// column of each defined metrics. a //no data// return value means a
mathematical error (missing * or parentheses for example). //even if it is recommended to enter in
each metrics manually, the expression below are written so that they can be pasted as is in the
**yvalue or expression** box directly, avoiding typos.// **while defining/entering these metrics may
appear time consuming, these are saved in the //model template// (.mdh) file, and so do not have to
be entered for every patient/subject.** the following metrics should therefore be created: - click on
**subject data/metrics** tab - click **add new item** - type in //rasistrocdist// in **name** - type in
//0.1288*leg_length-0.04856// in **value or expression** - click on **ok** \\ - click on **subject
data/metrics** tab - click **add new item** - type in //lasistrocdist// in **name** - type in
//0.1288*leg_length-0.04856// in **value or expression** - click on **ok** \\ - click on **subject
data/metrics** tab - click **add new item** - type in //c// in **name** - type in
//0.115*leg_length-0.0153// in **value or expression** - click on **ok** \\ - click on **subject
data/metrics** tab - click **add new item** - type in //beta// in **name** - type in //0.314// in **value
or expression** - click on **ok** \\ - click on **subject data/metrics** tab - click **add new item** -
type in //theta// in **name** - type in //0.5// in **value or expression** - click on **ok** \\ - click on
**subject data/metrics** tab - click **add new item** - type in //rmarker// in **name** - type in
/10.007// **(or the radius of the markers used for data collection)** in **value or expression** - click
on **ok** \\ - click on **subject data/metrics** tab - click **add new item** - type in //right_s// in
*name** - type in //1// in **value or expression** - click on **ok** \\ - click on **subject
data/metrics** tab - click **add new item** - type in //left_s// in **name** - type in //-1// in **value of
expression** - click on **ok** \\ === xyz coordinates for the hip joint center === **while
defining/entering these metrics may appear time consuming, these are saved in the //model
template// (.mdh) file, and so do not have to be entered for every patient/subject.** - click on
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**subject data/metrics** tab - click **add new item** - type in //right_hip_x// in **name** - type in //-
right_s*(c*sin(theta)-0.5*asis_distance)// in **value or expression** - click on **ok**\\ - click on
**subject data/metrics** tab - click **add new item** - type in //left_hip_x// in *name** - type in //-
left_s*(c*sin(theta)-0.5*asis_distance)// in **value or expression** - click on **ok** \\ - click on
**subject data/metrics** tab - click **add new item** - type in //right_hip_y// in *name** - type in //(-
rasistrocdist-rmarker)*cos(beta)+(c*cos(theta)*sin(beta))// in **value or expression** - click on **ok**
\\ - click on **subject data/metrics** tab - click **add new item** - type in //left_hip_y// in **name** -
type in //(-lasistrocdist-rmarker)*cos(beta)+(c*cos(theta)*sin(beta))// in **value or expression** - click
on **ok**\\ - click on **subject data/metrics** tab - click **add new item** - type in //right_hip_z// in
**name** - type in //(-rasistrocdist-rmarker)*sin(beta)-c*cos(theta)*cos(beta)// in **value or
expression** - click on **ok** \\ - click on **subject data/metrics** tab - click **add new item** - type
in //left_hip_z// in **name** - type in //(-lasistrocdist-rmarker)*sin(beta)-c*cos(theta)*cos(beta)// in
**yalue or expression** - click on **ok** \\ === creating the hip joint center landmarks === go to the
**landmarks** tab, and click on **add new landmark**: landmark name: rhjc starting point: define
orientation using: //check// existing segment: **pelvis** landmark offset from start point or segment
origin offset using the following ml/ap/axial offsets ml=right_hip_x ap=right_hip_y axial=right_hip z
//do not check offset by percent// **do not check calibration only landmark** \\ landmark name: Ihjc
starting point: define orientation using: //check// existing segment: **pelvis** landmark offset from
start point or segment origin offset using the following ml/ap/axial offsets ml=left_hip_x ap=left_hip_y
axial=left_hip_z //do not check offset by percent// **do not check calibration only landmark** ====
thigh segment ==== thighpig.png rhjc, |hjc = hip joint center rthi, Ithi = lateral thigh marker rkne,
Ilkne = lateral knee marker === creating the thigh segment without a knee alignment device ===
== creating the thigh segments == once the hip joint centers have been created, the thigh segments
can now be defined. pigthigh.png from the **segment name** list, select //right thigh//\ click
**create**\\ a dialog will open to define the segment. - in the **define proximal joint and radius**
section, select //rhjc// for the **joint center** and enter //0.5*distance(rhjc,lhjc)// for the **radius
(meters).** - in the **define distal joint and radius** section, select //rkne// for the **|ateral.** and
enter //0.5*knee_width+rmarker// for the **radius (meters).** - in the **extra target to define
orientation (if needed)** section, select //lateral// from the **location** box, and //rthi// from the
**ktarget list**. - in the **select tracking targets**, click on //use calibration targets for tracking// - click
on **build model** from the **segment name** list, select //left thigh//\ click **create**\\ a dialog will
open to define the segment. - in the **define proximal joint and radius** section, select //lhjc// for the
**joint center** and enter //0.5*distance(rhjc,lhjc)// for the **radius (meters).** - in the **define distal
joint and radius** section, select //lkne// for the **lateral.** and enter //0.5*knee_width+rmarker// for
the **radius (meters).** - in the **extra target to define orientation (if needed)** section, select
//lateral// from the **location** box, and //Ithi// from the **target list** - in the **select tracking
targets**, click on //use calibration targets for tracking// - click on **build model** === creating the
thigh segment with a knee alignment device === == create kad segments == we must make a
virtual segment (kinematic only) for the kad. to create a //kinematic only// right kad segment: - click
on **segments** tab - from the **segment name** box, select //right kad.// - from the **segment
type** box, select //helen hayes.// - check the **kinematic only** box - click **create.**\\

hh_kad segmentl.jpg\\ - a dialogue box labeled **helen hayes/derived segment markers** will open.
select the markers so that they correspond to the figure below. click **close.**\\

hh_kad_segment _markersl.jpg\\ - click **build model** to build the segment. you should now see the
kad segment coordinate system on your standing model. if you do not see the kad coordinate system
after clicking **build model**, double check the values you entered in the last step.\\

hh_kad _segments.jpg\\ to create the left kad segment: - click on **segments** tab - from the
**segment name** box, select //left kad.// - from the **segment type** box, select //helen hayes.// -
click **create.** - a dialogue box labeled **helen hayes/derived segment markers** will open. select
the markers similar to step 6 above. click **close.** - click **build model** to build the segment. you
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should now see the kad segment coordinate system on your standing model. if you do not see the kad
coordinate system after clicking **build model**, double check the values you entered in the last
step.\\ \\ **note: many laboratories have taken to replacing the 25 mm markers with smaller markers,
in an erroneous assumption that it would be a good idea to have all markers used on the body and
the kad to be the same size. this actually introduces an error in the assumptions of how the kad is
used. if this is done, the user must be careful to accommodate this change to the original
assumptions.** == edit subject metrics and landmarks == when the kad segments are created,
visual 3d creates the knee and ankle width subject metrics from default values. these need to be
edited to reflect the current subject. #click on **subject data/metrics** tab and enter the values by
selecting *modify selected item** for each of the items below: - enter //0.105// m for **knee_width**
- enter //0.070// m for **ankle_width** in addition, when the kad segments are created, visual 3d also
creates virtual points or landmarks for the knee. these need to be edited to reflect our tutorial marker
set labels. - enter '//rkne// for **hh_right_knee_from_kad** - enter '//Ikne// for
**hh_left_knee_from_kad** the subject data/metrics should look like the image below.

hh_subject data_metrics_kad_alll.jpg == create thigh segments == to create the right thigh
segment: - click on **segments** tab - from the **segment name** box, select //right thigh.// - click
**create.** a dialog will open that will allow us to define the segment. to create a thigh segment
visual3d treats the thigh as a geometrical primitive (conical frustrum). the proximal and distal ends of
the segment must be defined. - in the **define proximal joint and radius** section, select //rhjc// for
the **joint.** - in the **proximal radius** box, enter //0.5*distance(rhjc,lhjc)//. - in the **define distal
joint and radius** section, select //hh_right_knee _from_kad// for the **oint.** - in the **distal radius**
box, enter //0.5*right_knee_width+rmarker// - in the **extra target to define orientation** section,
select //lateral// for the **location.** and //rkne// for the marker. - in the **select tracking targets**,
click on //rhjc//, //hh_right_knee_from_kad//, and //rthi// - click on **build model** you should now see
a thigh segment on your standing model. if you do not see the thigh segment after clicking build
model, double check the values you entered in the last step.\\ hh_kad_thigh_segmentl.jpg to create
the left thigh segment: - click on **segments** tab - from the **segment name** box, select //left
thigh.// - click **create.** in the dialog enter: - in the **define proximal joint and radius** section,
select //lhjc// for the **joint.** - in the **proximal radius** box, enter //0.5*distance(rhjc,lhjc)//. - in the
**define distal joint and radius** section, select //hh_left_knee_from_kad// for the **joint.** - in the
**distal radius** box, enter //0.5*left_knee_width+rmarker// - in the **extra target to define
orientation** section, select //lateral// for the **location.** and //Ikne// for the marker. - in the **select
tracking targets**, click on //Ihjc//, //hh_left_knee from_kad//, and //Ithi// - click on **build model**

hh_kad_thigh_segment all.jpg ==== shank segment ==== shankpig.png rkjc, Ikjc = knee joint
center rtib, Itib = lateral shank marker rank, lank= lateral malleolus === creating the shank
segments === == creating the knee joint centers == first the knee joint centers need to be created:

pig_rkjc.png in the landmarks tab, click on **add new landmark**. - in the **landmark name** box,
enter //rkjc// - in the **existing segment** list, select //right thigh// - select **offset using the following
ml/ap/axial offsets** - in the **axial** box, enter //-1// - check the **offset by percent** option in the
landmarks tab, click on **add new landmark**. - in the **landmark name** box, enter //Ikjc// - in the
**existing segment** list, select //left thigh// - select **offset using the following ml/ap/axial offsets** -
in the **axial** box, enter //-1// - check the **offset by percent** option once the knee joint centers
have been created, the shank segments can now be defined. == defining the shank segments ==
pigshank.png from the **segment name** list, select //right shank/A\\ click **create**\\ a dialog will
open to define the segment. - in the **define proximal joint and radius** section, select //rkjc// for the
**joint center** and enter //rth_distal radius// for the **radius (meters).** - in the **define distal joint
and radius** section, select //rank// for the **lateral.** and enter //0.5*ankle_width+rmarker// for the
**radius (meters).** - in the **extra target to define orientation (if needed)** section, select //lateral//
from the **location** box, and //rtib// from the **target list** - in the **select tracking targets**, click
on //use calibration targets for tracking// - click on **build model** from the **segment name** list,
select //left shank//\ click **create**\\ a dialog will open to define the segment. - in the **define
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proximal joint and radius** section, select //Ikjc// for the **joint center** and enter //Ith_distal_radius//
for the **radius (meters).** - in the **define distal joint and radius** section, select //lank// for the
**lateral.** and enter //0.5*ankle_width+rmarker// for the **radius (meters).** - in the **extra target
to define orientation (if needed)** section, select //lateral// from the **location** box, and //Itib// from
the **target list** - in the **select tracking targets**, click on //use calibration targets for tracking// -
click on **build model** ==== foot segments ==== footpig.png rajc, lajc = ankle joint center rtoe,
Itoe = second metatarsal head rhee, lhee = center of calcaneus === creating the foot segments
=== == creating the ankle joint centers == first the ankle joint centers need to be created:
pig_rajc.png in the landmarks tab, click on **add new landmark**. - in the **landmark name** box,
enter //rajc// - in the **existing segment** list, select //right shank// - select **offset using the
following ml/ap/axial offsets** - in the **axial** box, enter //-1// - check the **offset by percent**
option in the landmarks tab, click on **add new landmark**. - in the **landmark name** box, enter
//1ajc// - in the **existing segment** list, select //left shank// - select **offset using the following
ml/ap/axial offsets** - in the **axial** box, enter //-1// - check the **offset by percent** option once
the ankle joint centers have been created, the foot segments can now be defined. == defining the
foot segments == pigfoot.png from the **segment name** list, select //right foot//\\ click **create**\\
a dialog will open to define the segment. - in the **define proximal joint and radius** section, select
/[rajc// for the **joint center** and enter //rsk_distal_radius// for the **radius (meters).** - in the
**define distal joint and radius** section, select //rtoe// for the **joint center.** and enter
/Irsk_distal_radius// for the **radius (meters).** - in the **extra target to define orientation (if
needed)** section, select //posterior// from the **location** box, and //rhee// from the **target list** -
in the **select tracking targets**, click on //use calibration targets for tracking// - click on **build
model** from the **segment name** list, select //left foot//\\ click **create**\\ a dialog will open to
define the segment. - in the **define proximal joint and radius** section, select //lajc// for the **joint
center** and enter //Isk_distal_radius// for the **radius (meters).** - in the **define distal joint and
radius** section, select //ltoe// for the **joint center.** and enter //Isk_distal radius// for the **radius
(meters).** - in the **extra target to define orientation (if needed)** section, select //posterior// from
the **location** box, and //lhee// from the **target list** - in the **select tracking targets**, click on
/luse calibration targets for tracking// - click on **build model**\\ \\ == defining the virtual foot
segments == pigvfoot.png in the **segment name** list, enter //right virtual foot//\\ check the
**kinematic only** box\\ click **create**\\ a dialog will open to define the segment. - in the **define
proximal joint and radius** section, select //rhee// for the **joint center** and enter //0.1// for the
**radius (meters).** - in the **define distal joint and radius** section, select //rtoe// for the **joint
center.** and enter //0.1// for the **radius (meters).** - in the **extra target to define orientation (if
needed)** section, select //anterior// from the **location** box, and //rajc// from the **target list** - in
the **select tracking targets**, click on //use calibration targets for tracking// - click on **pbuild
model** in the **segment name** list, enter //left virtual foot//\\ check the **kinematic only** box\\
click **create**\\ a dialog will open to define the segment. - in the **define proximal joint and radius**
section, select //Ihee// for the **joint center** and enter //0.1// for the **radius (meters).** - in the
**define distal joint and radius** section, select //Itoe// for the **joint center.** and enter //0.1// for the
**radius (meters).** - in the **extra target to define orientation (if needed)** section, select
/lanterior// from the **location** box, and //lajc// from the **target list** - in the **select tracking
targets**, click on //use calibration targets for tracking// - click on **build model** == rotate local
coordinate system == once the virtual foot segment are created, their corresponding local coordinate
system must be modified to be aligned with the other segment's coordinate systems. - in the
**segments properties** tab, select //right virtual foot// from the drop down list. - click on *modify
segment coordinate system**, - select //+z// for **a/p axis** and //-y// for **distal to proximal** - click
*ok** \\ - in the **segments properties** tab, select //left virtual foot// from the drop down list. - click
on **modify segment coordinate system**, - select //+2z// for **a/p axis** and //-y// for **distal to
proximal** - click **ok**\\ \\ pigrotatermf.png ===== export to vicon polygon ===== ====
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verifying force assignments ====
[[visual3d:documentation:kinematics_and_kinetics:external_forces:force_assignment|force
assignment]] ==== basic signal processing ====
[[visual3d:tutorials:knowledge_discovery:signal_processing|tutorial: signal processing]] ====
computing gait events ====

[[visual3d:documentation:pipeline:event commands:automatic_gait_events|automatic gait events]]
==== computing joint angles ==== ==== computing joint moments ==== ==== export the
polygon c3d file ==== ===== references ===== **pell al, pederson dr, and brand ra** (1989)
prediction of hip joint center location from external landmarks. human movement science. 8:3-16
**pell al, pedersen dr, brand ra** (1990) a comparison of the accuracy of several hip center location
prediction methods. j biomech. 23, 617-621. **davis rb, ounpuu s, tyburski d, gage jr.** (1991) "a gait
analysis data collection and reduction technique." human movement science 10: 575-587. **kadaba
mp, ramakrishnan hk, wootten me** (1990) "measurement of lower extremity kinematics during level
walking." j. orthopedic research8: 383-392. **serge van sint jan** "color atlas of skeletal landmark
definitions: guidelines for reproducible manual and virtual palpations" 2007 - churchill livingstone
[[[http://www.clinicalgaitanalysis.com/fag/sets/|gait models in common use]]] \\
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