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Using personal computer to measure vertical deviation from a prescribed
horizontal track

sl jae 5 S al (a3 AV 2 A8 jal (53 peall (Pladh Gl o gulall aladind

Mustafa Muheilan
Associate professor Mutah University Jordan

-l
A ad e fyi e @ Sl 138 o Gl Sy Y S 0laT 0 4 GB0e (s A jall el
S el o ading G AN e o Ling 0 LS aitl jae g A5 ad e Gl ading 3 gecia il
ALY Jimal i gedalt AR 2t
25 3 G B el oS Ly Ao 0D A f e A I Gt il Ay panll i 0 e
AS5aN Gajy Gl G B Jalaa o e Tlaa) DU s i 1aa ol la e el 20U
CiSy -0.96< ool e e el y Sl Gu Laudl oS Laky 9586 Apesi ks paldlYl azeal

0.99 < b Ol Joa die janll g 38 al ) G Bl Y dalaay By L W 3 WS 2ie 0,96 <
Ond ASde 098 < mils iy

Abstract:

This paper aims at measuring the vertical deviation of the hand while. conducting a
horizontal movement, in an attempt to show the relationship between deviation and age,
and deviation and movement duration. This necessitates the investigation of hand
movements of subjects with varying ages. A light pen is used for capluring the signal
induced by the hand movements. Deviation is found 1o be dependent on duration and age
of subject. Young and old aged subjects show large deviation in contrast to middle-aged

subjects. Correlation factor for deviation and duration is equal to 0.86 for all subjects.
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qunela;tion factor for deviation and age is > -0.96 for young subjects and is > 0.96 for old
.subjects. .
Com;lation factor for duration and age is > -0.99 for young subjects and is > 0.98 for old
subjects. Two mathematical formulas are presented; the first expresses the dependence of

" deviation on age while the other expresses the dependence of duration on age.
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1- Introductioaﬂz

Shipley, in 1995, measured two dimensional hand movements which lead to a sound
understanding of nervous system. Tony et al m 2001 used Microprocessors and
Microcomputers to capture and analyze human biomedical stgnals in speedy and concise
terms.

Muheilan, in 1999-captured and analyzed human medical signals associated with eye
movement in real time. This type of work is essentially needed as a diagnostic tool for

assessing human health, which is also supported by the work done by (Marcus, 2001).

Upper limbs movernent such as the hand is analyzed in a previous work done by the
author in1erms of the horeontal motion (Muheilan 2003) and is found 1o be affected by
the az= of the subject unilergoing the test, movement disorders are found useful in the

diagnoses of hand disability (Jackson, 1980) and where it can lead to better understanding
of the nervous system control (Alan, 1997). These findings have affected the practice of
clinical neurology and produced new diagnostic techniques for hitherio untreatable
conditions {Andrew, et al, 1997),

Based on previous results this research postulates that horizontal hand movement
deviation thought of as an error signal is affected by certain parameters considered in this
work, such as the age of the control and the time of the hand movement. Therefore; the
one-dimensional movement previously investigated will be considered again but from a
different prospective, where the effective deviation produced while holding and moving

an object such as a light pen was determined by the connected personal compuiter.
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The deviation of the movement will be considered as a function of:

1- Time elapsed during the motion.

2- Age of the control undertaking the test, based on horizontal one dimension

tracking.

Movements were captured through different techniques using transducers tightened to the
part of the body under consideration (Polla, D. et al 2000). But these methods were found
troublesome and hazardous in terms of the leakage curmrent that might be injected 'into the
body unintentionally (Leigh, R. and Zee, S, 1983). The authors proposed another method
that proved to be simpl.e and safe; therefore it will be used again in this work as will be
explained in the methodology ahead.
Cleary, et al, in 2002, reported that hand movement disorders may be associated with the
use of computers accessories. In this work, however, this approach will be tested for the
validation, where 2 light pen will be used to capture the signal, and a supporting software
programs (given in Appendixl) will realize the process of capturing, analyzing and
presenting the signal in the time domain using Visual Basic 6 (Déitel, h. 1999).
Analysis of one-dimensional motion using this technique is still preferred particularly the

measurement of deviation from a prescribed trace as a function of time and age.
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11 - Methodology |
' The light ;;eﬁ is a peripheral device that can be interfaced to the personal computer, its
sampling time is 20ps, data is captured at a rate of 20ms using the software prepared, as
the light pen transmits and receives a self .induc_ed pulses at a prescribed frequency of
S0kHz, contamination of the signal with the 50Hz mains frequency and others sources of
noise are eliminated. |
This work made use of this fact, whereby the subject is instructed to hold the light pen as
if it were a normal pen and to move the hand horizontally in a prescribed trace, the hand
movement which is the light pen movement is immediately transformed into a digital
signal through the use of the software prepared, the light pen in this case behaved as a
data acquisition tool, where movement of this pen is reflected as a change in position on
the computer screen. An imporiant point about this type of data capmn'x'lg is that no real
contact between the subject undertaking the test and the mains electricity is established,
which makes the test very safe and agrees with (Troyk, R. 1999)
The software designed for this work is written using Visual Basic 6 which is 2 Microsoft
windows programming Language. To speed up the execution time and minimize the
program size, programming is based on the structure known as Object Oriented
Programming, where Subroutines and Functions are used extensively throughout the
work. This is important in checking for the onset of hand movement and hence its
. deviation and time duration.
A control group of different ages in this case from 6 to 61 years is considered. They are
all of good state of health with no previous muscular or physiological medical history

regarding their hands.
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The population consi. o 20 suliects, 24 were Wales and 5 are Females. The subjects
are subdivided inte thiee classes: 6 ehildren accd 010 16, |7 middle age, aged 16 to 45
and 6 old aged 46 10 6 vears
Test was conducted in the seme way used by ([loger, 2007), with the replacement of the
mouse by a light pen. It was found that 10 pos had no (medon with the pad as was the
case for the mouse. Horizonlal displacerient (Wulls) of the lines as shown in the Fig.] is
kept at an approximare value of 12 etn to give (e culyeots ¢ reference size of the needed
displacement,
Lines drawn sre found again 1o hove sl Jovit ot a pure datum and not fully

straight and are of the form shown in e Coied pon o P 1

: LT



Mansoura Engineering Journal. (MEJ). Vol. 28. No. 3. September 2003. E. 28

a2

Eet e Yl e i ;-:—-.:-JJ:'S

D= Ao SewOus Mewheard CDRCMDKS od WD 60

A

R ) e =

e it T b e

""" e T e e ——— T T T T

Fig.1: Actual hand movement represented by dots, best-fit line is the continuous segment,

Points representing hand movement from start to end are recorded as a set of points with
their X and Y coordinates. and are stored in arrays. Each line is represented by an array

with the starting and finishing time for further analysis.
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Tests were repeated up to ten times by every volunteer to get as natural hand movement
as possible. All volunteers were familiar with the use of computer.
An Option Draw in the programs menu bar is used after completing the test to make
visible the trace of the stored data of the hand movement. it can show the continuous
lines representing the resultant or idea! movement of each test; where lines are drawn
from the starting point to the end point as shown in straightened part of Fig.1.

To avoid measurement error multiple tests were performed for every subject, to detect the

variation between measurements of the same movement by the same individual (Martin
and Douglas, 1996; Richard, 199%). The unavailability of encugh female volunteers in
this test reduced the chance of comparing the performance of males and females.

Fig.2 shows an example of the output of the program used in the anatysis. It can be seen
that each movement is referred to by 2 line number, below it appears many parameters
such as Height which represents the vertical deviations of the hand movement, Width
which represents horizontal deviations and Time which represents the duration of the

movement etc.
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Fig.2: Line numbers and their corresponding parameters.
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The parameters used are defined as follows:

Deviation (Height in mm) = Peak to Peak vertical deflection

Duration (Time) = Time of onset of hand movement — Time at which hand comes 1o rest.
Deviation of hand movemnent from the perfectly horizantal track is noted, which proves
an upward or a downward motion. This deviation is therefore positive if the movement is
upward and negative if movernent is downward, and since deviation is needed whether in
the positive or the negative direction, therefore (e modulus of the negative deviation is
first worked out, and then the maximum deviaion s calculated. The net value represents
the true amount of deviation of the hand from the lorizontal datum, where both
deviations are forms of an overshoot.

At the end of every test the results are stored In the form of bitmap files as they actually
appear, using menu option Save as Fower Point, as shown in Figs. 1 and 2. This task is
also programmed throughout the seftware witl (he othier oplions that appears in the
menu bar. Microsoft PowerPoint application (Majdes, 1999) is very handy for data
storage because of the true image that it can kecp and al=o because comparing different
tests can be made at a glance (Mark, 2001},

The duration of movement is measured using the timer of the personal computer (system
clock). Visual Basic6 enable the user to capture signal at a rate of lms, therefore it was
possible using the software provided to tuke readings at 20ms therefore slowing the rate

. of data collection by a factor of 20.




Mansoura Engineering Journal, (MEJ), Vol. 28, No. 3. September 2003. E. 32

HI - Results

The sample test shown in Fig.! is for one random subject, which demonstrates certain

points:

1-

Gaps between the doted part and the straight line indicate that deviation exists for
all lésts and therefore pure honzontal movement is not possible.

The values of the parameter heights shown in fig.2 which is the magnitude of
deviation is far from 0, whether in the positive or the negative direction.
Deviations vary from test .to test.

Deviations vary within the single test, as can be seen from the gaps between the
dots and the straight lines; this can also be seen from the results shown in Fig.2 of
the parameter Heights where its magnitude is given as -1 for line number 1 and -5
for line number 3. The same thing is noticed for other lines, similar variability is

noticed for other subjects.

Measurements of Deviation

Deviations are measured as a function of age for the whole population and are shown

in Fig.3:
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Fig.3: Deviation versus age for all subjects.
As can be seen from the results of Fig.3, three separate regions can be observed as
summarized in the table below:

Table 1: Age Range versus Deviation.

Age range Deviation (mm)
(years) minimum Maximum
6-14 4 16
16 —45 1.1 4
26 4 16.3
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It can be noted that this deviation is largely distnibuted even within the same age

range, for this reason the average of deviation is measured and the results are shown

in Fig.4:
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Fig.4: Average deviation versus age for all subjects.
The results illustrated in Fig.4 are summarized in Table 2.

Tabie 2: Average Deviation versus Age.

Age range Average Deviation (mm)

{years) minimum Maximum

614 | 3.8 T 15.2

| 16 -49 1.5 I 4

50 4 15.7
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This shows that considering the actual data leads to a wide variation compared to
lower ranges obtained from the averages.
A mathe;natica] formula is derived using the slope calculation process to express the
dependence of Deviation on Age as follow:
D=S*G+C i e e (N
Where D is the deviation in mm, S is the slope for each age group, G is the subject’s
age in years and C is a constant depending on subject’s age.
For subjects aged 6 to 16 years $=-1.32 and C=2G
For subjects aged 17 to 49 years $=0.014 and C=2

For subjects aged 50 to 61 years $=0.86 and C=G/2
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Measurements of Time

Fig.5 shows the tests results:
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Fig.5: Test duration (Time) versus age.
As can be seen from the results of Fig.5, three separate regions can be observed as
depicted in Table 3:

Tabtle 3: Age Range versus Duration:

Age range Duration  (s)
(years) | minimum Maximum
6-16 2.9 T
16 - 51 8 7
52 3 1.3 N
L
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It is clear that the average of Duration is needed to reduce the diversity in the results, and

is shown in Fig.6:
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Fig.6: Average Test duration (Time) versus age.
As can be seen from the results of Fig.6, three separate regions can be obtained. Their
values are depicted in Table 4.

Table 4: Average Duration versus age:

Age range Average Duration  (s)
(years) minimum Maximum
6-16 2.2 14
16-351 .8 4.4
52 J 25 10
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Figure 7 shows the collective deviation and duration versus age where both parameters

seem to have certain degree of correlation with age for the three ranges considered.

e T P i e e et v 1
@) B ER Yew e Fgmuw lock  (hat Widow Heb c. & X
DSy &Y @y - T BHéme -0,
Daviation and Time versus Rge -
n 5 ———
— T
13 1
‘ }
5 i“ L
7] E % Il
I,M ul
A A
! A
s
0 _
- g
Age {orms}
Wty n ] Chartd { Charts { Gharts { Qart? { Chet { Charte 3 Chart1 {Sh |« . o
Raady o N

Fig.7: Deviation and Duration versus age.
Figure 8 illustrates the average deviation and duration versus age, where both parameters

also seem !o have certain degree of correlation with age for the three ranges considered.
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Fig.8: Average Deviation and Average Duration versus age.
A mathematical formula is derived using the slope calculation process to express the
dependence of Time oh Age as follow:
TS * G HK e e )
Where T is the duration in s, S is the slope for each age group, G is the subject’s age
in years and K is a constant depending on subject’s age.
For subjects aged 6 to 16 years S=-1.19 and K=-G
For subjects aged 17 to 46 years $=0.043 and K=1.5

For subjects aged 47 to 6] years 8=0.57 and K=-G/3
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Tables 5 10 8 below indicate the following points:

i~

Deviation with Age has strong Correlating with niegative value for control
aged less than 16 years, an indication of reduced deviation with increased age.

but for subjects between 16 years and 46 years correlation is positive and

‘equal to 0.43 an indication of steadiness, but {.r 6ld aged control correlation is

equal to 0.96 which again an indication of large variability with age. But for
all groups correla‘tion is equal to 0.21 which proves the necessity for dividing
he population into three different ranges with each group has distingt
behavior,

Time and Age has similar behavior to that of devition and 2ge (except that
regative values are calculaied for group with age 18 to 46 yeurs and all ages)
an indication of reduced dependence ¢n age

Correlation between Deviation and Time is found pousl 0,86 which indicates
strong dependence between the two parameters,

Correlating average Deviation with age and uverage Time with age behaved in

the same way to that mentioned before and ascertain the results obtained.
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Table 5: Correlation of Age (years) with Deviation {mm)

Age Range Correlation Value
All Ages 0.21
6_16 0.96
16 _46 0.43
149”61 0.96

Table 6: Correlation of Age (years) with Time (s)

Correlation Velue

Age Renge
All Ages

014
6_16 | 098
16 _46 -0.23
49 61 0.98 ]

Corvrelation of Daviation (mm) with Time (s}

Table 7: Cormelation of Age {years) with Average Deviation (mm)

= (.86

Age Range Correlation Value
All Ages 0.20
6_16 -0.99
16_46 0.47
49 _ 81 0.98

Table 8: Correlation of Age (years) with Average Time (mm)

| Age Range _ Correlation Value
| All Ages 014

6_18 -0.99

16_46 -0.33

49 _ 861 0.95

Correlation of Average Deviation (mm} with Average Time (s} = 0.87

The above results of correlation strengthen the assumption made earlier in the

introduction that hand movement is affected by age.
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IV - Conclusions '
Hand movement is analyzed in terms of its Vertical Deviation from a prescribed
horizontal track and the Duration of the movement; this was considered as a function of
the subject age.
Vertical Deviation is > 0 and is smallest for middle-aged subjects. Deviation is
inversely proponionsi to increased age for young subjects, and directly proportional to
increased age for old subjects 8;'1d steady for middle-aged subjects. Deviation is
dependent on Duration.
Resulls of correlation proves that hand movement is affected by age. Two mathematical
formultas are presented, the first expresses the dependence of deviation on age while the
other expresses the dependence of time on age.
Software prepared is proven adequate for the analysis and presentation of data, and in
quantizing the effect of age and duration on ventical Deviation in horizontal hand

movement.
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Appendix 1:
Option Base 0
Private Sub mnuVertical_Click()
Listl.Visible = False;List2.Visible = False:Cail Cls
For count = 0 To lim - [ : vert(count) = finalpos(count) - pos(count)
Next:Print
For count =0 To lim — 1 : vert{count) = FormatNumber(vert(count), 1)
Next:Print
Print "For the given Lines:"
For count =0 To lim— 1 ; Print count + 1 & Space$(7)‘;
Next count:Print:Print:Print "Vertical in mm are;”
For count = 0 To lim - 1 : Print vert(count) & Space$(5);
Next count:Print
For count = 0 To lim — 1 : horizontal{count) = newpos(count) - fp(count) : Next
For count = 0 To lim — I : horizontal(count) = FormatNumber(horizontal(count), 2)
Next count:Print:Print "Widths in mm are:"
For count =0 To lim - 1
Print horizontal(count) & Space$(5);
Next count:Print : For count =0 To lim - |
If horizontal(count) = 0 Then
horizontal(count) = horizontal(count) + 0.001 : End If : Next count
For count =0 To lim - | : ok{count) = vert(count) / horizontal{count) : Next count

For count =0 To lim - 1 : ok(count) = FormatNumber(ok(count), 2)
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Next count:Print:Print "Vertical Inclinations are:"
For count = 0 To lim — 1 : Print ok{count) & Space$(5);
Next count:Print
End Sub
Private Sub mnuVertical Deviation_Click()
Listl.Visible = FaJse:ListZ.V_isible = False
last=0
Dim old As Integer
For old = LBound{Atthispoint) To UBound(Atthispoint)
If Atthispoint{old) > last Then
last = Atthispoint{old): End If N
Nextold:nwi =0
Dim c As Integer
For ¢ = LBound(blast) To UBound(blast)
If blast(c) > nwt Then
nwt = blast(c): End If: Next ¢
Dim ve As Integer: ve=90
Forcount=0 Tolim - 1: ve= vert{count) + ve
Next count
Dim he As Integer: he=0
Forcount =0 To him - {: he = horizontal(count) + he
Next count

End Sub




