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The MTD-3 

Description 
The MDT (Mechanical Testing Device) is a precision-machined tool 

manufactured by Motion Lab Systems that can be assembled in less than a 

minute to create a precise test object suitable for a number of essential 3D 

biomechanics laboratory tests to verifying the accurate measurements of forces 

in a 3D environment.  The device allows a user to apply a pure force vector that 

can be recorded by both the force plate and the 3D data collection system to 

verify that both data collections are synchronized and aligned in a 3D calibrated 

data collection environment.  This is needed to verify accurate calculations of 

internal joint forces and moments as a clinical or research subject moves over 

the force plate located in the 3D collection volume. 

The accurate measurement of ground reaction forces is important in 

virtually all areas of clinical analysis and biomechanics research 

because inverse dynamics analysis can be severely affected if 

there are errors in the recorded force magnitude or center of 

pressure.  In a 3D data collection environment, force plates 

normally record foot placement and gait timing during human 

walking, factors that are sensitivity to errors in the alignment 

of the force plates with in the 3D environment.  Performing a 

simple MTD test prior to clinical or research data collection 

can verify the accuracy of the data collection environment. 

The MTD design, with needle bearings at both ends of the 

central calibration rod, allows the user to apply a pure force 

vector to a force plate – whether free standing or within a 

treadmill – in any 3D environment that records both forces 

and locations.  The application of a pure force vector, free 

of any moments, allows the user to accurately determine 

the alignment of the force plate within the calibrated 3D 

measurement space verifying that both the physically 

applied vector and the recorded force vectors are aligned 

in the data collection space. 

The MTD-3 enhances the functionality of the previous 

MTD-1 and MTD-2 devices by allowing the user the 

option of attaching a load-cell to measure the magnitude 

of the compressive force applied to the surface of the 

plate during each motion capture environment 

calibration verification test. 
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The MTD-3 is comprised of the following items supplied in a plastic storage case: 

 Five wands with a retro reflective marker or a disk for active sensor based systems. 

 Calibration testing rod with two conical tips and a dummy load-cell. 

 Test plate with dual bearing points and stand mount. 

 Handle with recessed bearing surface for user safety. 

All items, except the main rod, are mechanically compatible with the original MTD-1 and MTD-2 designs from 

Motion Lab Systems.  The only difference is that the main MTD-3 and MTD-2 calibration rods are slightly 

shorter than the original MTD-1 rod, making the current version easier to use.  In addition the current design 

does not offer the alternative marker wand mounting points that allowed the MTD-1 to simulate a standard 

lower limb gait model, a feature that is no longer used in most clinical or research environments, as typical gait 

models have become more complex over time. 

The MTD-3 includes a dummy (non-functional) load-cell component at the lower end of calibration rod.  This 

has the same dimensions as a Futek LCM200 load-cell using US 3/8-24 threaded stud mounts and can be 

replaced with a compatible load-cell, supporting direct measurement of the compressive force applied to the 

MTD-3.  This allows the user to perform multiple tests with verification that each test applies a similar level of 

force.  The dummy load-cell is fitted to ensure that the physical length of the MTD does not change when used 

with a Futek load-cell thus preserving the dimensional integrity of the system. 

The MTD-3 has standard US 3/8-24 threaded mounts at the lower end of the rod for compatibility with standard 

load-cell attachments, while retaining the standard 3/8-16 threaded mount for the tip at the upper end of the 

calibration rod.  This ensures that the device is always used with the load-cell at the lower end of the rod. 

The 3/8-24 threaded, stud mount, load-cell attaches to the bottom of the MTD-3 between the new rod and tip. 

The overall length of the MTD-3 is unchanged when the dummy load-cell is replaced by the recommended 

Futek device. The MTD-3 is virtually identical in all respects to a standard MTD-2 with virtually the same mass 

and identical dimensions. 

 The MTD-3 does not include an active load-cell or amplifier – these items may be independently 

purchased at any time by the user to produce the desired output signals and establish a direct 

association with the load-cell manufacturer for future load-cell calibration verification if required. 

 The MTD-3LC is supplied with a standard LCM200 Futek load-cell, amplifier and display accessories. 

CE, UKCA, and NIST certification 

The MTD is a mechanical device that can be assembled 
and allows users to evaluate the accuracy of their 3D 
motion capture, biomechanics data collection, volume 
that includes both Force Plates and 3D data collection 
features.  So it is not a ‘calibration device’ and CE, UKCA, 

and National Institute of Standards and Technology 
(NIST) regulations do not apply to this product category. 

The physical dimensions of the MTD are documented in 
this manual and can be verified by users in all 3D data 
collection environments.  If a load cell is used then its 
calibration will be verified by the load cell manufacturer. 
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CalTester Software 
The optional CalTester software that automates the measurements described can be purchased from C-Motion 

Corporation.  The development of CalTester software was originally funded in part by an STTR grant (R43 

HD37286) from the National Institute of Child Health and Human Development (NICHD) and developed at the 

National Institutes of Health (NIH) to verify the accuracy of the force plate data in the gait lab and enable any 

force plate data center of pressure and location issues to be identified and fixed.  C-Motion was created in 1997 

to facilitate a technology transfer of the Move3D motion analysis tool from the Physical Disabilities Branch of 

the National Institutes of Health into the commercial market. 

The CalTester software application is a laboratory quality assurance tool designed to validate the laboratory 

settings of force plates, instrumented treadmills, and motion capture systems by verifying the spatial 

synchronization of forces within your motion capture system 3D data collection environment.  It was originally 

developed for laboratory accreditation efforts because accurate and reliable kinematics and kinetics data are 

essential for movement analysis data in clinical and research movement data collection environments. 

Errors in the 3D motion data collection parameter settings, force plate locations, or the force data measurements 

will lead to incorrect values for kinematic and/or kinetic variables calculated during a movement analysis.  The 

CalTester software used in conjunction with an MTD device will allow the user to find, document, and correct 

any errors that affect the location and orientation of the force plate in a calibrated motion data collection 

environment. 

A CalTester verification trial 

can be performed on a regular 

basis before each motion 

capture session to validate the 

laboratory settings and 

demonstrate that the force and 

3D data are collected in an 

environment that 

demonstrates that the 

recorded forces and moments 

are directly related to the 

motion data collection.  Each 

trial is easy to perform, it only 

requires the MTD-3 base 

plate placed on the force plate 

or treadmill and then applying 

the MTD-3 to the base plate 

while using the MTD handle 

to focus the applied forces to 

the end points of the rod 

which eliminates all 

significant moments from the 

applied force test.  A good 

deal of pressure should be 

used to push down and move 

the rod around while 

capturing the motion.  The 

MTD handle is designed to 

ensure that it remains on the top of the rod while significant forces are applied, to help maintain the user safety. 

This is a simple test that takes only a few minutes in any functional clinical or biomechanics data collection 

environment that has been configured to be capable of recording accurate 3D motion and force data 

synchronized together and stored in a standard C3D file.  As a result, the MTD-3 can be used with the C-Motion 

CalTester software to perform a quick test prior to any data collection that can demonstrate that the 3D data 

collection and force-plate data collection environment is accurate and valid. 
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A CalTester data accuracy report 

The CalTester software application calculates the orientation and tip position of the MTD from the force 

platform data and compares these measurements to the recorded motion capture data orientation and position as 

determined by the MTD wand marker locations.  The degree of agreement between these two independent 

measurements provides an assessment of the relevant C3D parameters that document the force plate location, 

alignment, and configuration within the 3D environment.  The resulting report can then be examined and any 

problems found can be corrected and documented to maintain a record of the laboratories’ status within the 

CalTester application database history. 

The CalTester software may be purchased from C-Motion, Inc., 20030 Century Blvd, Suite 104A, Germantown, 

MD  20874 USA, Telephone: (301) 540-5611 - www.c-motion-com 

http://www.c-motion-com/
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Laboratory Calibration 
Laboratory calibration tests with an MTD are conducted in order to ensure the accuracy and reliability of 

kinematic and kinetic data.  This is essential for the appropriate application of movement analysis data when 

used for clinical and research purposes.  Thorough laboratory calibration includes the accurate determination of 

the positions of the force platforms and cameras in the laboratory coordinate system, as well as correct setting 

of force platform parameters such as analog scale factors and origin offsets.  Any errors in the parameter 

settings or calibration measurements can lead to incorrect values for kinematic and/or kinetic variables. 

To conduct a test with the MTD, first perform a 3D system calibration to accurately determine the 

camera/observer locations which are defined relative to the measurement system origin.  The force plate 

location is recorded relative to the 3D data origin when the 3D motion capture environment is set up and 

performing a MTD test with the CalTester software will verify that the locations of the force plate are 

accurately recorded in the files created by the motion capture environment. 

 
An MTD-3 being used to verify split belt treadmill force plate performance 

Start by placing the square MTD base plate close to the center the force plate and then apply the MTD, with its 

five marker wards attached, in one of the two conical depressions in the MTD base plate and use the heavy 

MTD handle to apply a force to the MTD, thus pushing at the force plate.  The needle bearings at both ends of 

the MTD ensure that a pure force vector is applied to the plate so that you can perform a data collection, 

recording both 3D and analog force plate data, while pressing on the plate and moving the handle from side to 

side, forwards and backwards, during the data collection to vary the applied force vector. 

The force plate will record the force and moment vector applied to the plate surface, while the 3D motion 

capture system records the location of the MTD during the test, allowing software to model the MTD and 

estimate the applied vector based on the 3D locations of the markers on the MTD wands. 

The calibration test incorporates data derived from the force platform and data generated from the camera 

measurement system.  The degree of spatial and temporal agreement between these two sets of data provides an 

assessment of the joint working status of the kinetic and kinematic systems.  A small number of variables are 
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calculated and presented for inspection – these enable the user to detect the presence of errors from a large 

number of potential sources. 

The design of the Mechanical Testing Device (MTD) allows a force to be applied to the surface of the force 

platform without any applied moment.  A rigid, machined rod with a conical (pointed) tip at each end is used 

together with a handle and a test plate, each with machined conical depressions.  Five tracking targets are 

attached to the testing rod using rigid posts.  Data are sampled simultaneously from the force platform and the 

cameras, as forces are applied through the rod to the surface of the MTD plate which is placed directly on the 

force plate to protect the plate surface. 

If the measurement system is configured and functioning properly, the rod tip location (determined from the 

target locations measured by the camera system) will match the Center of Pressure location (measured by the 

force platform and transformed into the laboratory coordinate system).  In addition, the force platform measured 

line of action of the operator-applied force (ground reaction force minus the testing device weight) should align 

with the kinematic-based estimate of the rod shaft orientation.  The coincidence of all of these measurements is 

indicated by four variables: the difference in the force vector orientation (expressed as an angle), and the 

differences in the three coordinates of the Center of Pressure location. 

The MTD works with both passive, retro-reflective optical tracking systems and active marker systems and 

allows users to verify the quality of the data generated within a motion capture environment. 

It is important to note that we are testing the calibration of the motion capture environment – the ability of the 

laboratory systems to record accurate force and kinematic data simultaneously. 

Please note that Force Plate calibration involves testing the force plate in isolation to ensure that it is measuring 

both forces and moments accurately and this is calibration a service that can only be performed by the Force 

Plate manufacturer using specialized equipment. 

The function of the MTD is to give the user the ability to verify that the force plate data that is collected is being 

located accurately within the three dimensional calibrated volume of the laboratory. 

Regular tests performed with the C-Motion CalTester software can provide documentation of the system 

performance for long term quality control and verification. 

 
The MTD-2 and MTD-3 mechanical testing devices dimensions with the five-target configuration. 

3D systems normally record locations based on the marker centers, the marker wands are 139.70mm (±0.51mm) 

long and the main stem is 22.23mm wide at the wand insertion point.  These measurements are based on the 

width of the main rod at the insertion points and the length of the wands when screwed completely into the rod 
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and the plane end that the marker is screwed onto.  Assuming that the marker is a standard 3/4 inch marker 

(19.05mm) then the math to calculate the distance between the centers of the two markers is: 

                (19.05/2) + 139.70 + 22.23 + 139.70 + (19.05/2) = 320.68mm (±1.02mm) 

While this is an “exact” number, it would be affected by how tightly the markers are attached to the two wands, 

how tightly the wands are attached to the main rod, and the exact diameter of the markers. The two pairs of 

markers should be 600mm apart; this measurement may be affected to some degree by the assembly issues 

described above. 

The MTD-2 device does not support a load cell and uses identical probe points at both ends of the main rod 

while the MTD-3 supports the optional addition of a load cell and is supplied with a dummy load-cell mounted 

at the lower end of the probe rod.  The dimensions of the non-functional dummy load-cell match the dimensions 

of the recommended Futek LCM200 load-cell.  This allows the MTD-3 to be used with or without a load cell 

because replacing the dummy load-cell with a Futek LCM200 load-cell does not change the dimensions of the 

main probe rod.   

Note that while using a different load-cell is possible if it is equipped with the standard 3/8-24 threaded screw 

interface, if the alternative load cell has different physical dimensions then the default probe rod dimensions 

may need to be updated if using the recommended C-Motion CalTester software application. 

Force Plate Data synchronization 
The CalTester application verifies the force platform configuration within the 3D data collection volume but 3D 

volume calibration verification does not confirm the temporal synchronization of the force and motion data.  

This requires an independent test that is normally only required when the data collection environment is first 

configured, or changed in any way. 

The force plate data synchronization defines the timing accuracy of the force plate data samples in relation to 

any 3D marker or sensor motion and associated analog data values such as EMG muscle contractions or foot 

switch data indicating gait cycle timing.  The synchronization depends on the hardware data collection system 

and the signal latency of any devices connected to the analog sampling system.  While data collection systems 

normally claim to be capable of recording 3D and analog data with perfect synchronization, when multiple 

analog devices are connected to a data collection system by different interfaces (e.g. USB, radio-telemetry, 

ADC etc.,) you may incur significant signal latencies in some or the sensors that can result in synchronization 

errors in the recorded data environment when the relationship of all the recorded data samples is analyzed. 

Verifying temporal data synchronization requires performing a data collection trial that allows the data 

recording system sensors to detect a single event stimulus – this environment is potentially unique in each data 

collection configuration.   Many clinical and biomechanical research tests involve collecting 3D motion data as 

the subject walks through the data collection volume, force plate data when they step on a force plate, and EMG 

data to detect the muscle activity that generates the subject’s motion.  So a data synchronization test must apply 

a single signal event to the 3D motion data collection, the force plate, and the EMG system. 

For example, a simple test in a marker-based data collection environment would be to cover a standard 46gm 

golf-ball with retro-reflective tape and then perform a data collection that records the ball being dropped onto 

the force plate.  This creates a marker trajectory as the ball falls that will reverse (the Vertical Marker Trajectory 

shown in the graphs below) at the instant that the ball strikes the plate, generating a small vertical force (Fz1, 

shown in the middle graph below).  The graphs demonstrate that the recorded data can be easily reviewed. 

The ball impact can be recorded by an EMG system when a small two 

inch loudspeaker is placed face-down on a force plate and connected 

to an EMG input – illustrated here by connecting the loudspeaker to a 

fine-wire EMG pre-amplifier.  When the loudspeaker is placed against 

the plate it generates a small signal when the ball strikes the plate, 

allowing an EMG system to detect the impact event.  The signal 

generated by the loudspeaker is shown as Voltage.1 in the lower graph 

display below.  This can result in a single event being universally 

recorded when the ball strikes the force plate. 
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A single impact generating a 3D trajectory, Fz force signal and an EMG channel signal. 

The synchronization test illustrated above was performed with a high 3D frame rate of 250 frames per second 

and eight analog samples per frame.  The high sample rates allow the data collection to measure the force plate 

signal latency of 4ms (one 3D frame) and the EMG signal latency of 3.75ms in relation to the 3D data. 

A single test allows the individual sensor latencies to be measured, but verifying the overall the data collection 

synchronization accuracy needs a second test, dropping the golf ball after a typical trial period which may be 

several minutes if data is being collected on a treadmill.  If the data collection sampling rate is accurate then 

both tests, the first at the start of the data collection and the second at end of the data collection, will result in 

identical measurements.  Any difference in the measurements at the start of the trial and the measurements at 

the end of the trial indicates that the 3D point sample rate and the analog sample rate are not accurately 

synchronized when the data is sampled and recorded.  This may be a result of a 60Hz recorded 3D sample rate 

while the 3D samples are actually recorded in synchronization with video data recorded at 59.94Hz which 

results in a 16us synchronization error in the second frame in the C3D file, an error of 0.5ms (16us*60) after 

one second, increasing to an error of 58ms (16us*60*60) at the end of a one minute trial or more than half a 

second after ten minutes. 
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Recommended load-cell 
The MTD-3 can be used with any load-cell that has a standard 3/8-24 threaded screw interface although if the 

vertical dimensions and mass are different from the Futek LCM200 load-cell then some changes may be needed 

in the CalTester software configuration.  We recommend and offer the MTD-3 with a standard LCM200 Futek 

load-cell and amplifier package comprising off the following items which can be ordered from Motion Lab 

Systems as an MTD-3LC: 

Item No. FSH03903 - LCM200, 250 lbs. Ultra-Light Miniature Universal, RoHS 

Compliant, 3/8-24-Thread, 4 Conductor Spiral Shielded Teflon Cable, 10 ft. Long 

Item No. FSH03571 - IHH500 Pro Intelligent Digital Handheld Display, mV/V, 

VDC, & mA Measurement, Analog Output, Alarm Relays, TEDS & USB Output, 

and only Power Supply Adapter is included 

Item No. GOD02975 - Binder Male Plug with Cable Clamp, Shielded, 12 

Contacts, Gold Contact Plating, IP67, M16 Locking. For Use with IHH500, 

ZCC994, & USB520 

Item No. SLC00007 - Integration, Configuration, Calibration, and Certification, 

Sensor + Instrument NIST Traceable, Compression, 5 points 

The Futek IHH500 Pro amplifier uses a rechargeable battery and allows the user 

to measure and monitor the output of the load-cell in real-time. In addition to 

numeric display of the applied force, it also provides a scaled and calibrated, 

analog output signal representing the applied force.  This signal can be connected 

to your Motion Capture system ADC if you wish to record the applied force measurement or utilize 

the load-cell in other applications.   

The IHH500 supports a USB interface and direct analog output of the sensor signal via a rear analog output 

connector for connection to an ADC or other external recording device.  Full details of the IHH500 connections 

shown below, manuals, and documentation are available on the Futek web site www.futek.com.  Futek also 

provide sensor calibration and additional connection cables for custom end-user interfaces.  Please contact 

Futek directly for additional interfacing information and accessories. 

Note that the MTD-3 may be used with any manufacturer’s load-cell that supports the same 3/8-24 thread 

mount, although differences in physical dimensions of individual load cells may require configuration changes 

to the CalTester software for accurate results. 

 
CalTester software configuration 
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Assembly 
To use the MTD-3 with the CalTester Force Plate and Motion Capture environment testing software from C-

Motion or software provided by other vendors please refer to the instructions supplied with the vendor software 

for specific assembly details and usage.

 
The lower end of the MTD-3 with dummy load cell fitted 

Each MTD-3 is supplied with the central mounting rod, assembled with a conical point at each end and a 

dummy load-cell component at the lower end.  Five marker wands are included with retro-reflective markers 

attached.  You will need to attach the marker wands to the central rod before use.  If your Motion Capture 

environment uses active markers or IMU sensors then you may replace the retro reflective markers with the flat 

surface disks to mount an active marker unit or IMU sensor if supported by your motion capture system data 

collection environment. 

If you have purchased the MTD-3LC then the Futek load-cell will be supplied separately and may be fitted to 

the rod by unscrewing the tip and dummy load-cell and reassembling the device with the Futek load-cell. 

 
MTD3 with dummy load cell removed and Futek load cell fitted 

When you attach the Futek load-cell supplied with the MTD-3LC option to the MTD-3, first remove the MTD 

tip and then unscrew the dummy load cell from the rod.  The Futek load cell can then be attached to the main 

rod by hand and, once it is attached the tip can be gently screwed onto the lower end of the load cell.  It is not 

necessary to use any tools as the entire procedure can normally be carried out by hand.  When fitting the load 

cell to the MTD rod and attaching the MTD tip to the load cell, take care not to apply any significant off-axis or 

rotational forces to the load cell and tip as this might damage the load-cell.  Once the load cell has been attached 
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to the MTD-3, the Futek IHH500 display and interface can be connected to the load cell and the system is ready 

for use. 

The MTD-3 wands are supplied with five retro-reflective markers fitted to the wands for use with passive 

marker motion capture systems. 

If you are using the MTD-3 with a measurement system that uses active markers (i.e. systems similar to 

Codamotion, Northern Digital etc.) or IMU sensors then you will need to replace the retro-reflective marker 

balls with the additional disks supplied to replace the markers with a flat surface suitable for active marker or 

active sensor systems. 

All MTD-3 markers can be replaced with flat disks that are designed for use with active sensors or markers.  

The retro-reflective markers can be unscrewed from the wands and each replaced with the flat disk allowing the 

attachment of an active marker or IMU sensor at center of each of the disks. 

 
Active markers or IMU sensors can be mounted on the additional mounting disks 

The MTD is supplied with a pressure application bar shown below which has a central recessed pivot point to 

accommodate the upper conical rod point on the MTD device.  This is contained within a recess to prevent 

injury should the MTD point escape from the pivot bearing during application of force to the main rod.  Always 
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take care when using the MTD to ensure that the upper conical point remains within the recess when a load is 

applied to the MTD.  

The pressure application handle has two additional holes, one at each end.  These serve no function and are only 

required during the manufacturing process.  Do not attempt to place the upper tip of the MTD-3 within either of 

these two holes during use.  Replacement pressure handles are available from Motion Lab Systems if you have 

the original design, lacking the pivot point recession, and would like to replace it with a more secure design. 

 
The MTD pressure application handle, displaying the recessed MTD rod receptacle safety feature. 

The MTD base plate supplied with the MTD-3 has two rod application points in the top surface and a threaded 

attachment that allows the load cell and lower point to be removed and the MTD rod to be attached to the plate.  

The base plate ensures that when a force is applied to the MTD rod, the pressure point does not move so that the 

applied center of pressure remains stationary.  The MTD base plate is 0.25 inch thick, the two pressure 

application points are 0.182 inch deep so the probe tip will be only 0.068 inches above the force plate surface 

under normal conditions when the MTD-3 probe is held vertically.  Note that moving the probe to the sides of 

the pressure application points or any wear of the probe points or minor assembly errors may have some minor 

effects of the vertical marker placement in a 3D environment. 

The two application 

points allow the MTD 

rod to be applied to the 

center of the base when 

the base plate is placed 

on the mid-section of 

the force plate for 

optimum stability. 

The corner application 

point on one corner is 

provided to allow the 

MTD to apply pressure 

close to the edge of the 

force platform.  Note 

that the base must 

always be placed 

completely within the 

force plate dimensions 

and must never be 

placed over both the 

force plate and the 

surrounding floor 

surface, or across both The MTD base plate with two pressure application points 
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force plates on a duel force plate treadmill or multiple force plate environment as this configuration will not 

yield accurate data from the force plate because any pressure applied by the MTD would be split across the 

force plate and the floor, resulting in measurement errors. 

The threaded stand mount on the MTD base allows the user to remove the lower point and load cell and then 

attach the MTD rod, allowing the MTD device to stand upright.  This feature allows the user to make 

independent 3D measurements of the MTD marker positions by collecting 3D data while placing the MTD at 

various locations within the working volume of the motion capture system.  

Attaching the MTD to the base enables a 

simple test of the motion system accuracy by 

measuring the same object (the MTD marker 

locations) at multiple locations throughout the 

data collection volume.  An accurately 

calibrated Motion Capture system will 

maintain the same MTD marker relationships 

throughout the entire calibrated volume but if 

there are any calibration inaccuracies then the 

distances between the MTD marker positions 

will vary with the location of the MTD 

changing the observed width or height of the 

device. 

A typical test to verify the 3D calibration 

volume consists of performing the 3D motion 

capture system calibration and then collecting 

several trial data sessions with the MTD 

located at multiple locations within the 

calibrated volume that the subject is expected 

to transverse. 

A quick test would be to walk through the data 

collection volume carrying the MTD device.  

This might result in some of the MTD markers 

being obscured by the users body as they 

perform the test, so performing both the active 

and static tests may result in slightly different 

results is there are and data collection issues. 

These tests allow all users to perform a simple 

and comprehensive 3D accuracy measurement 

that is independent of the calibration devices 

supplied by the motion capture system 

manufacturer and offers proof of the data 

collection system functionality.  Any issues 

detected during these tests data collection 

volume calibration reliability tests should be 

discussed with the motion capture system 

supplier. 
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MTD history 
The original MTD-1 shown here, was designed at the National Institutes of Health 

Biomechanics Laboratory, Bethesda, Maryland, USA, which requested that Motion Lab 

Systems manufacture the devices in 1994 to allow users to obtain accurate force plate 

measurements and enable gait-lab users to simulate the original Helen Hayes Software 

marker model to evaluate lower limb motion in the 3D data collection 

environment, allowing a user to walk through the calibrated data collection 

volume while swinging the MTD-1 to simulate gait with the markers fixed 

on the MTD-1.  This allowed the accuracy of the 3D data collection to be 

verified while re-configuring the MTD-1 to the configuration described in 

this manual with two pairs of markers at the top and bottom of the rod 

allowed a measured vector to be applied to the force plates. 

In practical use, the length of the original MTD-1 presented problems for many users, 

making it difficult to apply typical gait loading force to the force plate under test.  

Motion Lab Systems updated the design to create the MTD-2 by making the device 

shorter so that users could apply more force to the device, changed the pressure handle 

design to ensure that the central rod stayed safely within the handle during the test, and 

removing the additional lower limb simulation option since the Helen Hayes lower limb 

model was no longer a standard in different gait analysis applications.. 

Both the MTD-1 and MTD-2 devices are built from black anodized, high quality 

aluminum; all MTD-3 devices are high quality, red anodized aluminum to distinguish 

them from the earlier devices although many parts remain mechanically compatible.  It 

is Motion Lab Systems corporate policy that whenever possible, all devices should be 

able to be easily upgraded and not require replacement and repurchasing to maintain 

the same level of performance.  The MTD-3 can be used to perform all of the tests 

originally performed by the MTD-1, with the exception of modeling the original Helen 

Hayes human gait marker model. 

An additional 3D data collection calibration verification test can be performed by 

simply walking around the data collection volume while carrying the MTD-3 and 

recording the MTD-3 device dimensions.  The recorded dimensions can then be 

examined to verify that they remain constant as the device moves from one area to 

another and changes orientation. 

The support for a load cell, creating an instrumented pole gives the user the ability 

to record the force applied by the MTD to the force plates, enabling laboratories to 

demonstrate that all force tests are performed with a specific range of forces.  This 

enables additional tests to be performed to verify both floor mounted force plates 

and treadmill mounted plates by documenting both the force applied and the 

location of the force vector at multiple points over the entire force sensor surface. 

The MTD is not a “Force Plate Calibration” device; force plate calibration is a complex procedure that can only 

be reliably performed by the force plate manufacturer.  However using the MTD-3LC to apply a known force to 

many different locations across the force plate does allow users to verify that the reported forces and moments 

are accurate, not only in the force plate itself but also in the physical 3D data collection volume by verifying the 

plate locations and both physical and temporal data synchronization. 

While the original MTD design was constructed in a retro-reflective marker data collection laboratory, the 

option of replacing the MTD retro-reflective markers with a plain mounting disk allows the MTD to be used 

with both active marker data collection systems and inertial measurement unit (IMU) based data collection 

systems.  An IMU or markerless, based data collection would need to translate the sampled MTD sensor data 

into physical 3D locations, stored in a C3D file, to use the CalTester which is the standard MTD software 

analysis application.  This allows the user confirm the 3D measurement environment performance in a way that 

can be compared with all historical data collection and performance verifications. 
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Figure 1 - Basic MTD dimensions and marker locations. 
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Packing List 
The MTD-1, MTD-2, and MTD-3 devices use a number of common components, the list below shows the items 

included with the current MTD-3 version and all previous implementation. 

 

Part Number Description MTD-1 MTD-2 MTD-3 

MTD-15 MTD Base with bearing surface 1 1 1 

 Main rod – lower limb 1 0 0 

 Main rod – standard calibration 0 1 0 

MTD-202 Main rod – load-cell 0 0 1 

MTD-25 Pressure handle bar 1 1 1 

 Six inch trunk handle 1 0 0 

MTD-20 Conical point (3/8-16 NC stud) 2 2 1 

MTD-21 Conical point  (US 3/8-24 stud) 0 0 1 

MTD-22 Dummy load-cell (non-functional) 0 0 1 

MTD-150 150mm wand (1/4-20 NC) 5 5 5 

 50mm wand (1/4-20 NC) 1 0 0 

 230mm wand (1/4-20 NC). 1 0 0 

MTD-10  Retro-reflective markers 11 5 5 

MTD-11 Active marker/sensor disk 0 0 5 

MTD-00 Transportation Case 1 1 1 

 

A copy of the current MTD documentation can be downloaded from the Motion Lab Systems web site and 

replacement parts can be ordered by contacting Motion Lab Systems. 

The MTD-3 supports an optional load cell but does not include a load cell, Motion Lab Systems offers a Futek 

load cell as an option but any load cell that matched the 3/8-24 thread design of the MTD-3 tip can be used. 

Please note that the MTD does not include the C-Motion CalTester software which is supplied by C-Motion.  

Please contact C-Motion if you have purchased a copy of the CalTester software and need to reinstall the 

CalTester software. 

While some 3D data collection systems allow the applied vector to be visually displayed it is recommended that 

the C-Motion CalTester software application is used to verify and document the force plate location and 

orientation instead of only observing the system performance. 
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Spare Parts 
For the best accuracy please ensure that the lower probe tip of the MTD device is a conical point as illustrated 

in the diagram below.  This item must be replaced if it becomes worn and is no longer a pure point. 

 

 

Figure 2 - MTD probe tip dimensions 

Each MTD device uses five marker wands to define the central rod location that applies the force vector to the 

plate under test.  Each wand, as illustrated in the drawing below, must be firmly attached to the central rod – if 

the wand is damaged in any way this may affect the reported results and should be replaced. 

 
Figure 3 - MTD marker wand dimensions 

Please contact Motion Lab Systems if you suspect that any MTD components require repair or replacement.  
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