





ABSTRACT

ASSESSING TRAINER HAND FORCES FOR MANUAL BODY WEIGHT
SUPPORTED WALKING

by
Manish Raval
Spinal cord injuries occur in approximately 12,000 to 15,000 people per year in the U.S.
About 10,000 of these people are permanently paralyzed. Most spinal cord traumas occur
in young, healthy individuals. Males between 15 and 35 years old are most commonly
affected.

Recently new approaches to facilitate walking recovery for individuals after a
spinal cord injury, have been directed towards a therapy known as Locomotor Training
(LT) that implements repetitive stepping on a treadmill using body weight support. A
major intent of LT research is to investigate the effect of an extended period of LT on
bilateral muscle activation (EMG pattern, amplitude, and burst duration).

Currently, training is subjective and there is no way to evaluate if trainers are
applying the appropriate force or not. Researchers have requested a method to measure
the amounf of force applied by the trainers. Researchers would use this information to
assess the subject’s progress over the course of training, to evaluate the consistency of
training and to ensure trainers are properly trained.

A glove-like device was built to measure how much force the human trainers
apply while performing LT for individuals with spinal cord injury (SCI) for the goal of
quantifying force and assessing effectiveness. The development of the above mention
device would be directly used by therapists to improve rehabilitation treatments.

Measuring levels of assistance, rehab programs can identify how much improvement a



particular patient has achieved and at what rate. Rehabilitation programs would also be

able to evaluate the performance of the trainers and observe just how effective they are.
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The spinal cord is about 18 inches long and extends from the base of the brain,
down the middle of the back, to about the waist. The upper motor neurons (UMNs) are
the nerves that lie within the spinal cord and their function is to carry the messages back
and forth from the brain to the spinal nerves along the spinal tract. The lower motor
neurons (LMNs) are the nerves that branch out from the spinal cord to other parts of the
body. These nerves exit and enter at each vertebral level and communicate with specific
areas of the body. There are two types of LMNs: sensory and motor. The sensory
portions of the LMN carry messages about sensation from body parts and organs to the
brain. The motor portions of the LMN send messages from the brain to the various body
parts to initiate actions.

The spinal cord is surrounded by rings of bone called vertebra as seen in Figure
1.1 which constitute the spinal column (back bones). The vertebra are named according
to their location and in general the higher the injury in the spinal cord, the more
discomfort and dysfunction the patient has. As seen below in Figure 1.2, the eight
vertebra in the neck are called the cervical vertebra. Cervical SCI's usually cause loss of
function in the arms and legs, resulting in tetraplegia. Then have the twelve vertebra in
the chest which are called the thoracic vertebra. Injuries in this region usually affect the
chest and the legs and result in paraplegia. The vertebra in the lower back between the
thoracic vertebra, where the ribs attach, and the pelvis. (hip bone), are the Lumbar
Vertebra. The sacral vertebra are from the pelvis to the end of the spinal column. Injuries
to the five lumbar vertebra and similarly to the five sacral vertebra generally result in

some loss of functioning in the hips and legs. [10]






Besides a loss of sensation or motor functioning, SCI may cause other changes in
individuals. It can cause dysfunctioning of the bowel and bladder and sexual
dysfunctioning too. Very high injuries (C-1, C-2) can result in a loss of many involuntary
functions including the ability to breathe. Some other effects of SCI may include low
blood pressure, inability to regulate blood pressure effectively, reduced control of body
temperature, inability to sweat below the level of injury, and chronic pain.

Approximately 450,000 people live with SCI in the US. There are about 10,000
new SClI's every year; the majority of them (82%) involve males between the ages of 16-
30. These injuries result from motor vehicle accidents (36%), violence (28.9%), or falls
(21.2%). Tetraplegia is slightly more common than paraplegia. [10]

There is no cure currently for SCI. There are several researchers attacking this
problem, and there have been some advances in the labs like Human Performance
Movement Analysis Lab at Kessler Research Center and Human Locomotion Research
Center at University of California, Los Angeles. Many of the most exciting advances
have resulted in a decrease in damage at the time of the injury, but have not cured it
completely. Steroid drugs reduce swelling, which is a common cause of secondary
damage at the time of injury. The experimental drug Sygen& appears to reduce loss of
function, although it’s mechanism and working is not completely understood. [10]

When a SCI occurs, there is usually swelling of the spinal cord. After days or
weeks, the swelling begins to go down and people may regain some functioning. With
many injuries, the individual may recover some functioning as late as 18 months after the

injury. In very rare cases, people with SCI will regain some functioning years after the






A major intent of LT research is to investigate the effect of an extended period of
locomotor training on bilateral muscle activation (EMG pattern, amplitude, and burst
duration). It is hypothesized that with repetitive step training using body weight support
(BWS) for an extended period of time, there would be an increase in EMG amplitudes
and alteration in burst duration which were appropriate to the swing and stance phase of
locomotion.

Locomotor Training: As seen in Figure 1.3, three trainers are involved in the step
training component of LT: one trainer at the hip/pelvis, and one trainer at each of the
legs. During stance, assistance is given to aid in knee extension (not hyperextension) at
the patella tendon (no 1 in Figure 1.4). During swing, assistance is given to promote knee
flexion at the medial hamstring tendon (no 3 in Figure 1.4) at the distal tibial region to aid
in toe clearance and unloading. The amount of assistance/force given would affect the
muscle EMG activation pattern. It is important that we quantify the force given by the
two leg trainers. This data is a valuable tool for assessing the subject’s progress as a

result of training.




































CHAPTER 3

DESIGN AND TESTING

3.1 Block Diagram

: . main circuitry protection data logger
Glove wit
__)l (buffer and __4 ciruitry —)’ (sparkfun)

force sensor amplifier)

Figure 3.1 Block Diagram.
Explanation: Block diagram consists of Glove with force sensor which is connected to
buffer and amplifier circuit. Buffer circuit is used to isolate sensor from rest of the circuit.
The output voltage of the sensor is in millivolts. After the buffer circuit, the signal is
amplified by a gain of 100. The differential output is connected to diode protection circuit

which is in turn connected to data logger circuit where the data gets stored in the SD card.
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The Logomatic’s list of features is lengthy:

3 modes of operation: Auto UART, Character-triggered UART, ADC
Configurable baud rates in UART modes of 1200, 2400, 4800, 9600,
19200, 38400, 57600 and 115200 baud

Triggered UART mode has a configurable frame length of up to 510
characters (including trigger character)

Triggered UART frames are delimited with carriage return and line feed
characters for easy reading

10 ADC channels, all selectable as on or off

ADC logging in ASCII or binary format

ASCII logging delimited by tabs between measurements, delimited
between frames by carriage return and line feed characters

Variable frequency for ADC mode

Frequency “safeties” to ensure that the file doesn’t try to overwrite itself,
maximum of 1500Hz for one channel and 150Hz for all ten channels
(ASCII logging mode)

For the brave of heart, you can turn the safety off! [14]
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putting the voltage regulator into thermal shutdown. For best operation, the supply
voltage should be kept between 3.6V and about 7.5V. [14]

Theory of Operation — The Logomatic saves data to an SD card in a two-stage
process. Data is first saved to one of two 512-byte data buffers. As each buffer is filled, it
is logged to the SD card and logging continues on the other buffer.

The limiting factor on the speed of the Logomatic is the write process to the SD
card. The longest write cycle is approximately 42.5mS, which means that the shortest
time allowed to log data to one of the buffers is also 42.5mS. If logging occurs faster than
this, the buffers that’s currently being written to the SD card will be overwritten by new
input during the write process to the SD.

In ADC mode, safety margins are imposed to alleviate buffer overwriting. Sample
rates are capped depending on how many channels you have active, though this is only
imposed when logging in ASCII format. The frequency caps are:

1 channel active, 1500Hz maximum

2 channels active, 750Hz maximum

3 channels active, 500Hz maximum

4 channels active, 375Hz maximum

5 channels active, 300Hz maximum

6 channels active, 250Hz maximum

7 channels active, 214Hz maximum

8 channels active, 187Hz maximum

9 channels active, 166Hz maximum

10 channels active, 150Hz maximum
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The frequency caps are not imposed in binary ADC logging mode. Faster sample
rates can be realized in binary mode, from a 43% increase for 10 channels to 57%
increase for one channel, but you will be required to write your own application that can
interpret the resulting file. To get the faster data rates, just change the “Safety On” option
from “Y” to “N” and set the “Frequency” number to whatever you want. The parser that
reads the configuration file reads up to 4 digits, so you can set it as high as 9999Hz
(though it will likely stop running at that speed). [14]

First Power-up and the Configuration File — Before you power up your
Logomatic for the first time, put your SD card into your card reader and format it in
FAT16. Then install the card into your Logomatic and turn it on. The LEDs will blank
reassuringly and then go quiet. Turn off your Logomatic, pull out the SD card and put it
back in your reader. You will now find 2 files on your card, LOGCON.TXT and
LOGO.TXT. The first is the configuration file, the second is the first logged file (empty).

Open up the configuration file and you will see this:

MODE =0
ASCII =N
Baud =4

Frequency = 100
Trigger Character = $
Text Frame = 100
AD1.5=N
AD14=N

AD13=N
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AD0.3 =N
AD0.2=N
ADO.1 =N
AD1.2=N
AD0.4 =N
AD1.7=N
AD1.6=N
Safety On=Y

Mode — There are 3 mode settings. “0” for automatic UART logging, “1” for
triggered UART logging and “2” for ADC logging. Mode 0 logs everything that comes in
on UARTO, provided that it’s the right UART format (8 data bits, one stop bit, no parity,
data rate of your choosing). Mode 1 logs a specified number of characters (“Text Frame =
100” in this case will result in 99 characters logged after the trigger) after a specified
character (“Trigger = $” in this case). Mode 2 logs ADC measurements according to
which are selected as active at whatever frequency is specified (“Frequency = 100” in this
case). [14]

ASCII - The “ASCII” field only applies to ADC mode (mode 2). It specifies
whether the unit will log in ASCII format (“ASCII = Y”) or binary format (“ASCII =
N).

Baud — The “Baud” field sets the baud rate fbr the UART logging modes. The
available rates are as follows:

“1” =1200

“2” =2400
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“3” = 4800
“4” = 9600
“5” = 19200
“6” = 38400
“7” = 57600
“87 = 15200

Frequency — The “Frequency” field only applies to ADC logging mode and is
responsible for setting the sampling rate of the Logomatic. The number shown (100 in
this case) is in hertz and can be set from 1 to 9999. However, if the frequency safeties are
active, the maximum values will be imposed as indicated in an earlier section. [14]

Trigger Character — The “Trigger Character” field only applies to the triggered
UART mode (mode 1). This is the character that the device waits for to begin logging a
specified number of characters.

Text Frame — The “Text Frame” field specifies the number of characters to be
logged with the trigger character when the Logomatic is running in mode 1. The reader
should be aware that the first character in the logged text frame will be the trigger
character, so if you wish to log 100 characters after the trigger you should set the text
frame to 101.

Operational ADC Lines — The next ten lines in the configuration file indicate
which ADC lines are to be read by the Logomatic. They can each be turned on by
changing the “N” to a “Y”. These values have no affect when in one of the two UART
modes. For ease of use, they are listed in the configuration file in the same sequence that

they’re seen on the Logomatic PCB.
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Safety On — The last field in the configuration file is the “Safety On” field. This
sets the frequency caps for ADC mode on with a “Y” or off with an “N”. The values for
those caps are mentioned in an earlier section.

Output Formats — The formats of the text files produced by the Logomatic will
be a little different in each mode. For mode 0 (automatic UART), any ascii characters
that come in on the UART will be sent to the SD card. Nothing is omitted and nothing is
added. For mode 1 (triggered UART), anything after and including the trigger character
will be logged, including white space characters, up to the end of the specified data
frame. Each data frame is delimited with a carriage return and a line feed character to
make it easier to distinguish between the frames.

In ASCII ADC mode (mode 2, ASCII = Y), each single measurement is between
1 and 4 characters in length depending on how many digits are required, followed by a
tab (ASCII 9) for delimiting. At the end of each measurement frame, that is, one time
through the list of selected active ADC lines, carriage return and a line feed characters are
placed for further delimiting. The sequence of measurements displayed in the file from
left to right are exactly the sequence of channels selected in the configuration file from
top to bottom.

In binary ADC mode (mode 2, ASCII = N), each measurement is two bytes in
length (MSB, LSB), and they will occur in the same sequence as the ASCII logs with
respect to the configuration file. There are no delimiters between measurements, but

measurement frames are delimited by the characters “$$”. [14]
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Operation — Turn on your Logomatic without the SD card in place. You’ll see
the status LED’s blink rather quickly during initialization, then they will go into a slow
and steady sort of blinking. Familiarize yourself with that particular blinking. It’s what
the Logomatic will do whenever it is stopped. In this case it’s stopped because it doesn’t
see the SD card. It will also do this if the card had been formatted in FAT32 instead of
FATI16, or if the STOP button has been pushed.

Now that you know how the Logomatic works and what all of the settings do, it’s
time to power it up. Set your configuration however you like, plug your SD card into the
Logomatic and turn it on. The two status LED’s will blink at you rather quickly during
the initialization, then the unit will go to work with the settings you chose. The only
further indication of operation that you will see is when one of the two data buffers logs
to the SD card, STATO for buffer #1 and STAT1 for buffer #2. These will be very quick
“blips” because the LED’s are only on during the write process, between 20 and 40mS.

When you are done logging, press the STOP button before shutting off the unit.
Why a stop button? The Logomatic is interrupt driven. Pressing the STOP button disables
the interrupts, logs the remainder of whichever buffer hasn’t been written yet and updates
the FAT. This ensures that you get ALL of your data and prevents leaving the file in an
unfinished and corrupt state. Not pressing he STOP button prior to shutting down can
leave you with a corrupted text file.

The Logomatic will create up to 256 log files in text format, numbering from
LOGO.txt to LOG255.txt. The most recent log file will be the one with the highest

number. [14]









CHAPTER 4

RESULTS AND CONCLUSION

4.1 Results
Known force was given from Olb to 14lb and corresponding output voltages were
measured. Table 4.1 shows relation between applied known force and output voltage.
Observed voltage is the one measured using multimeter, differential voltage is the one
measured directly from sensor and calculated voltage is differential voltage multiplied by
a factor of 100. As seen below, voltage value increases with increase in force value.
Table 4.1 Force vs. Voltage

Force  Differential Calculated Observed
(Ib) Voltage(mV) Voltage(mV) Voltage(mV)

0 6.5 650 140

2 14.6 1460 864

4 16.8 1680 1543
6 17.6 1760 1680
8 21 2100 1970
10 22 2200 2160
12 241 2410 2420
14 27.4 2740 2550

Note - Gain of 100

An experiment was conducted where in a known force was varied from zero 1b to

151b and the corresponding voltage values were recorded (Figure 4.1).
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4.2 CONCLUSION
Thus we have a device which can accurately and reliably quantify the force

applied by the therapist during Locomotor training of SCI patients.






APPENDIX

SPARKFUN DATALOGGER

Data Set

187 160 223 366 479 668 824 859 966 962 992 736 269 185
187 161 223 366 479 670 825 859 967 963 991 736 271 183
186 161 222 367 481 670 825 860 966 964 994 735 267 184
191 160 224 367 480 670 825 861 967 964 992 735 267 186
192 162 224 366 480 669 826 861 967 964 992 735 265 186
193 161 224 366 482 671 826 862 968 966 994 734 264 185
194 161 224 367 483 671 826 862 967 966 991 734 262 184
193 162 223 368 483 672 826 862 968 966 991 734 266 186
195 162 224 369 482 672 826 866 970 964 990 731 259 186
195 162 225 368 482 673 825 865 970 964 990 731 260 186
199 163 223 370 483 673 825 865 970 964 990 730 258 186
198 163 223 369 483 673 826 867 970 963 991 728 256 186
199 163 224 370 483 674 827 866 970 962 990 729 256 187
200 164 221 368 484 674 826 866 968 962 991 728 255 187
202 162 219 371 483 675 827 864 970 962 990 725 254 187
202 164 220 372 483 675 827 865 970 960 992 726 251 188
204 163 218 373 485 678 828 865 969 960 991 723 251 187
205 163 219 373 486 678 829 865 967 958 991 720 249 186
208 163 218 374 488 679 828 864 966 958 994 723 250 186
208 164 216 374 487 679 827 863 966 954 994 721 248 185
210 163 216 375 486 681 828 863 966 954 994 720 246 186
210 162 217 376 489 682 827 863 967 951 994 719 247 186
210 162 215 376 489 685 829 864 968 951 995 718 247 187
212 163 214 377 490 686 829 865 970 951 995 715 246 187
214 162 214 379 489 686 827 866 968 949 995 715 244 186
214 161 215 379 489 686 827 866 967 950 995 715 244 186
216 162 213 379 490 688 827 867 967 950 997 713 243 186
218 161 214 378 490 689 826 867 967 950 996 712 243 187
218 160 214 379 492 691 826 870 966 950 995 709 243 187
219 162 214 380 492 693 826 871 966 954 996 706 242 190
221 162 214 381 494 694 826 871 967 950 996 706 243

222 159 212 379 491 692 827 872 966 950 996 703 243

222 160 214 379 493 695 827 874 966 951 997 703 244

223 159 214 379 494 696 826 875 964 951 997 700 243

223 158 216 379 494 698 826 875 964 951 995 699 244

222 159 214 379 494 696 827 877 963 951 995 698 243

"2256 158 216 381 494 698 828 878 963 955 995 696 242

226 158 216 380 495 697 827 879 963 952 995 695 242

226 162 216 378 497 697 828 882 963 954 995 693 242

226 158 217 379 495 696 830 882 963 952 995 692 242

227 158 218 381 496 696 832 884 962 952 995 691 240

226 158 216 381 497 698 832 883 962 954 996 693 238
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