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Abstract—There exists a close relation between
dermatoglyphic patterns of palms and the health dition of an
individual, and hence a plausible prognosishis builds upon the
overall physical facade of the palm in giving a syptic overview
on an individual’s state of healthThe applications for palm print:
in the area of biometric identification and secuyitare myriad, anc
in recent years, its research and utilisation in d&léh sciences ha
burgeoned. This paper aims to provide the reseanmtocess
analyss and findings on the prognosis of some existingalie
conditions, such asahizophrenia, intellectual disability, and live
disease; based on the analyses of palm prints. Thege
processing and classification methods employed wonkfeatures
like the palm patterns, lines, ridges, shapad colouration. For
the purpose of this paper, work done is focusedtba lines anc
colouration of palms. The applications and analy could also
serve as a rudimentary development guide for ure
enhancements.

Index Terms—Dermatoglyphic palm ptern prints, Health
conditionHistogram equalization, Image recognitic.

|. INTRODUCTION

Since theancient times, palmistry, or the study of the p
(and its prints), has been used in various waysdiffietent
fields, suchas fortune telling, predicting into the future, ¢
characterization in criminology [1More interestingly, ir
recent years, prediction of illnesses in medicgthimtry has
been discovered in modeday palmistry, that variot
medical problems could bdiagnosed based on differe
palm line formations [2]-[6]To some, th reading of palm
may be just a mere superstition atndated as more of
curiosity; while to others, it can be a very different outladl
looking into one’s fortune, wealth and penal well being.
This is commonly seen in the Western versus Eastdtare
[7]. Palmistry has taken on different perspectives a&
opinions from vaous parts of the world vai

In the modern society, doctors rely on many kintiests
to diagnose a pient's disease. They rely on the med
history of the patient and laboratory test restdt$race the
problem. The skin is an essential organ and chaogehe
skin often serve as early warnings of hidden, nméous
illnesses [8]. Additionally, stlies suggest that—4% of
internal cancers will show some form iaflications on the
skin [9]. Similarly, the colour of the palm may show signs
underlying health problems. If the palm colour ageeithe!
darker or lighter than normal, this may inde that the
person is unhealthy. Traditional Chinese Medicif€N)
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palm diagnosis focuses ¢ime study o pathological patterns
and warning symptoms of diseases. Problems wiflerdift
internal organs manifest symptoms on differentaegiof the
palm. Aralysis of palm colour may thus be an early diagn
tool to identify and predict diseases earlier thather
conventional techniques.

Even before birth, lines ha alreadybegun to develop on
the palms galmar flexion crease, occurring as early as the
12" week of gestation as aeftus and completely presen
birth [10][11]. The lines aid in the stretching asglieezing o
the hand (mainly grasping actions) accompany indiais in
their entire lifetime [12]As the lines are predefined at bir
the inplications that curtail are g-set in the body of an
individual. It is no supernatural prediction whémek on the
hands seem to appear in a common pattern. Thisr
coincidence is the basis forming the symptoms fother
prognosis of a medical cortigin.

This project tries to understand the practice ofmg
reading in the traditiodamanner, as well as puttininto
practice virtually through various approaches. Tiae®
chosen health conditions that this project willfbeusing or
would be schizophreréad intellectual disabilit [3]-[5].
Several experiments with reg. to research for this project
were conducted with a palm print database colleby Hong
Kong Polytechnic University, Hong Kor Analysis of the
chosen health conditions based on tvailable palm print
database, translates ltow they can be used in a r-world
implementation. Givethe results of the analysis, a prooi
concept application will be developed to predicte
possibility (based on an input palm print image}yofferirg
from either of the health conditiol An attempt was made to
automate palm reading via image proces

This project also focuses on the coloration of g in
determining the health status of an individ Red palms
(palmar erythema) indicate signs liver damage, thyroid
disorder or rheumatoid arthritiBluish hands may be due ti
paucity of oxygenated blood or low body temperat(iee
lack of oxygen in will result in blue coloration die skin,
which manifest on the hands, feet and lips. Trialms,
characterised by pronounced folds in the linehefttand, i
a symptom of cancegspecially so in lungs arstomach
cancer. Sample images of the hand: as shown in Fig.1.

L)

Fig.1. Example ofpalmar erythema, tripe palm and
bluish hand (left to right)
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Il LITERATURE REVIEW

A. Schizophrenia

Schizophrenia is anajor psychotic illness which brin
disorder to an individual’s mental he¢ causing them to
have fragmented mental processes leadita breakdown in
thinking and poor emotionaesponses. Major symptoms
this mental illness include delusiongllbcination:, bizarre
or disaganized thinking and behaviour. The illn affects
both males and females equally, at any age withotisei
usually during adolescence and young adult; 15 to 25
years of age among men andt@35 years of age in womi
[13]-[15].

There is substantial evidence showagonstant similarit
patternof abnormal prints in the palm of schizophre [2].
The abnormal prints contaihigh densities of seconcy
creaes lying on the lower palm, whereby i described as
the main feature of schizophrenic individu The contrast is

as shown in Fig. 2 and Fig. 3.

Examples of Secondary Creases

Fig.3.Lower palm print of a schizophrenicshowing high
densities of secondary creases [:

For the experiment, diagnoses were conducted qraBa
prints by 4 unbiased raters, all without the knalgke of the
experiment. Their task was to identify palm prinigh high
densities of secondary creas which concluded with all «
the 4raters unanimously isolating 7 palm prints. affirm
the relationship between high densities of secondegase:
and schizophrenia, the result showed that all Xipusly
chosen palm prints belonged to a group ¢ schizophrenic

(ICD-9) individuals, while none from the 43 normal
individuals were chosefhis 100% accuracwas significant
in concludingthat having high densities of secondary cre:
in the palm print might lead to schizophre, or vice versa.

B. Intellectual Disability

By intellectual disabilityit is the mental condition
characterized by beloaverage mental ability with the la
of social skills required for d-to-day living. Typical
symptoms ofhe neurodevelopmental disor would include
(non-exhaustive):

« Delays in oral language developn
< Difficulty in learning social rule
< Delays in development of adaptive behavi

Intellectual Disability is often associated with e
Intelligence Quotient (IQ) of an indidual being less than 70.
This however, is untrue as therrent definition now include
two components:

1. Mental functioning
2. Functional skills within the environme

Thus, a person havingw 1Q does not necessarily imply
that he/she idntellectually disabled. Intellectual Disabili
typically appears before adulthood, normally befibve age
of 22 andaffects both males and females & [16]-[18]. As
propose by Bali & Chaube ir1971, normal major palmar
flexion creases were classifiadin Fig. 4 [19].

BHE

Single radial Double radial Triple radial
base crease base crease base crease
(SRBC) (SRBC) (SRBC)

Fig. 4 Schematic drawing of normal patterns in major
flexion crease [19]

As evidenced by Rosa et al.,, 2(the palm prints of
individuals classified aswith healh conditions, more
specificallyintellectual disabilit, do not match the prints as
shown in Fig. 44]. The researchas also classified a set of
palm prints with abnormal major paln flexion creases as
shown in Fig. 5.

ofl]is

Simian Line  Sydney Line Rudimentary  Broken creases
CREases

Fig. 5. Schematic drawing of abnormal patterns in
major flexion crease: [19]

In the distribution of abnormal palmar flexion in thieidy
of 137 children, 62 arwith intellectual disability, and 7are
healthy controls. The findings concluded that ofily4% of
the 62 children with intellectual disability hnormal palmar
flexion creases, which belontgsthe normal classificatic, as
compared to the healthy counteris with 71.2% possessing
the normal patternsThere arealso other modern day tests
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and checks around the world onewborr's palm, to identify

if there issingle or multiplpalmar creasasa single palmar

crease might be a sign of intellectual disak [20][21].

C. Traditional Chinese Medicine Palm Diagnos

According to TCM, just how healthy an individua] isis
all written in the hands, literally [22].he overall observatio
of the facade of the palwould allow irregularities to b
picked out by the physician, in terms of lumps coddion.
The palm is also an area of concentration for el
nerves. The skin on the palm is more sensitive #rg part
of the body and it cabetter distinguish between hot and «
temperatures, soft and hard textures, dry and wdéaces
Such ample peripheral nerve activities can havgrafieant
impact on the formation of palm printa3.

From the hand, onesiable to gather a large amount
biological and norbiological electrical information. Tt
composition, and hence the appearamfepalm prints is
affected by capillary and mriocirculation action. Difference
in blood circulation conditions can resuitvisible changes i
the palm. Win the blood circulation is well, as that o
healthy individual the palm shows a uniform colour beca
the skin is well nourished. On the other hand, polood
circulation results in the withering of the palm palm
atrophy, and the palm will be seenpdewhitist in colour.
Excessive carbon dioxide in microcirculation wiluse the
palm colour to turn bluish green due to deprivatiof
oxygen. Hence, the change in palm colour is imporia
palm print diagnosis. Breover, many diseases can ce
changes in microcirculation regulation even thoute
patient does not feel ampain or discomfort [2]. Analysis of
palm prints may thus be an early diagnosis toot ttzn
discover underlying health problems earlier - other
conventional techniques.

In addition, the palm prints can be a diagnosisnobdonly
for congenital disorders, but also for acqd disorders. As
shown in Fig. by learning how to distinguish the fourte
lines and memorizing the positions eciated with the
internal organs on the palm, one can learn thedmaahtals
of palm print diagnosis.

Fig. 6. Example of the palm lines and the associate
positions of theinternal organs on the paln [30]

During palm diagnosis, the firstep is tcobserve whether
any dark spots are present, then inspeetskin colour oat
each area on the palm. This is followegdexamination for
any abnormal pattern thaappears on thepalm [24].
Symptoms of bronchial asthma are reflected on tte gach
as theexpansion of the liver area;and dark sgformed on
lung, bronchial and kidney areas shown in Fig..
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Fig. 7. Example of palms of a bronchial asthme
individual [30]

For a healthy individualthe first and third main lines a
usually deeper than that thfe second line. The depths of
first, second and third main linserve as the basis to gauge
other lines. The formation of a pathological patter lines
that appear to be deeper than thee main lines is known as
Chen in Chinese [23]. Iparticular, if thefourth line appears
to be Chen it signals that the disease/condition
deterioratedIf there are shallow lines that ought to be d
or deep lines that ought to be shallow, trindicate that the
body is undergoing certain chan¢ Some of these changes
and inconsistencies may not possess pathologiicahsr but
nevertheless, thegyrovide useful prognostic informatio

The sympathetic nerve system and the parasympa
nerve system coordinate and regulate eacer. When the
sympathetic nervés in an excited state, it suppses the
parasympathetic nerveand vice vers. These changes are
reflected on the palm through the relative sizethefregion:
of the palm associated with the two nervous sys, as
shown in Fig. 8.

Fig. 8. Example of a palm exhibiting the regions of the
two nervous system [30]

The change in sizess aforementionecan be used in the
determination of an appropriate treatment for @
diseases. For instanéar diabetic patient, if the blood sui
level has not been effectivelggulate,, the sympathetic area
on the hand will graduallexpand. If the sympathetic nervc
system is often in the excited state, it will résnldecrease
salivation, gastric juiceand sweat secretion, as well
increased blood pressure. This malthe body susceptible to
stroke, heart and kidney diseases, hypertensiabetes, etc.
For the case of cancer in thmalignant stages, the
parasympathetic zone will expand while sympathetioe
will slowly shrink.
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The flowchart diagramsed in this paper as swn in Fig.
9 gives the work flow of identification via the PalRrint
Prediction System, which is used the match the pafh
print with the compressed databassing trends and
classificationsFor the analysis of palm line, a line edge r
is produced. The analysis on palm colouration
discolouration requires the palm image to be presd
separatelyThis consists of 5 main phases, namely: i
acquisition, image processing, feature exion, healthy
range computation, and comparison.

The inputof palm print image is the grscale image of an
individual, which intasity ranges from 0 to 2, where 0
represents black and 255 represents whad.the red, green,
and blue (RGB) colour componentse th same weight, it
will result in the seme grayscale level. This technique
applied by the human eye assitmore sensitive to green lig
as compared to red or blue light. Irpalm printimage, the
region of interest (ROI) is extracted [feature extraction.
Images are enhanced by histogram equalisation
comparison and classification. A scatpdot is performed t
determine the k-nearest neighbownsd group them. Tt
identification made is a plausible deduced progs

Image Acquisition

¥

METHODOLOGY

Detect Pal Detect K Image. Pr
FES S Detect V-Pairs P
Edge Points
Extract Region of Interest Determine Region of Interest
(ROI) (ROI)
L
Feature Extraction
/ Extract Information from Region of Interest (ROI)

!

/ Generate Files containing Line Information from Region of Interest (ROI) /

Data Retrieval

Fig. 9. Geneic flowchart of the systen

IV. PALM PRINT PREDICTION SYSTEM

A. Generation of Line Edge Map

The generationf the line edge map is based on tl-bit
TIFF format grayscale input imag€his format allows thi
ROI to be accepted and procesdmd the system’s lin
analysis functionThe line edge map is akin to a replicat
of the palm print imagé a computerised forrthrough the
formation of lines. This process generates theslianed the
outputs the computer interpretable information &M
format files.

The piocessed image prevents the lines from being atf¢
by noise disturbances, which might decrease theracg
when extracting the lines. The intermediate oufjbes from
the lines detection are:

1. hist filtered.txt

2. thin_filtered.txt
3. binary.tif

4. edge.tif

5. thin.tif

11

After the processing, the intermediate files anevested tc
computer interpretable informati. A collection of lines
representing the palm print lines is produced ftbentracing
of contours. Dynamic Tw&trip (DYN2S) algorithm it
performed tostraighten the curves, reducing the space
time complexity of identification. This approximatehe
palm print lines of the input palm print imacThe output
SPM formatfile is seen as the line edge map of the im
consisting of:
dyn2S.rlt
dyn2S.rlt2
palm.pm
palm.spm
palmContour.txt
palmlong.pts
. record.txt

The individual SPM format files for each ROI arerst in
predefined folders. Thereafter images of the line exgg
are displayedvith numbers (in green) for intification, as
shown in Fig. 10.

NouokrwnhpE

Iw é,mm,: V | o X 1 c
Fig. 10.Example of display of line edge ma

B. Image Processing

By image processing, the ROI of palm print imagese
manually cropped usingdobePhotoshop. The justification
behind processing and extracting theOl is due to 2
problems. Firstthe original palm image usually consists
palm, fingers, wrist, and a large amounbackground area.
As in Fig. 11, redundanbformation such as background ¢
the proxinity between fingers var depending on how the
image might have beecaptured.Next, it would be more
efficient to do away with unwanted portions of hginal
palm image as it reduces the amount of computdtzytdes
required in the subsequent sta

Fig. 11.Example of an original palm imag¢
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The main area of the ROI fecused on the centre of t
entirepalm. When the image is addedthe programit is
automatically resized tal60 x 160 pixels. A smalle
resolution results in lesser pixels toiberated through, and
hence enabling easier manipulation and faster im
processing. The Rids as shown in Fig. 1

o \'/ B '.
Fig. 12.The ROI extracted [30]

C. Feature Extraction

In this stage, the ROI is utilised to see which steamen
is the best to differentiate the palms of differeolours. The
method uses k-means clusterindital the 3 most dominai
colours on the palm — 3 specified clustdiise data poin are
partitioned into ‘k’ clustersvhere each cluster is associa
with a centroid that is the calculatedan o the points in the
cluster. Each data point is then ass@yteethe cluster with th
closest centroid. Before the use ofmleansclustering to
extract the colourPython Image Library (PIL) resized t
images to 160 X 160 pixels.

Using eaclpixel in the image as a point ir-dimensional
space to represent the colouesd, green and blue. Each pi.
is iteratedto calculate the distance to each of the clu
Following the assignment oéach point to the close
centroid, re-computation fahe average of each clus is
performed. The reomputation is repeateuntil no further
change in centroid is observed. Fig.st®bwsthe black dots
indicating the centresf each cluster anthe coloured data
points of the respective clusters.
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Fig. 13.The use of kmeans clustering to determine the
clusters and centroidq30]

By k-means clusteringit returns result of the 3 ma
dominant colours in the form of their RGB valuesor
example in Fig. 14, this inp®ROI returner 3 most dominant
colours in RGB valug206, 164, 151], [240, 200, 4], [177,
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132, 120]. Although k-meartdustering is easy to understa
and implement buthe difficulty is in performing analys
based on a single colouklso, it does not have an optimal

206 240
164 200
| 151 184

Fig. 14The 3 most dominant colours fund on the palm

Further enhancement ife application of grescale to
improve the pixels’ intensity (as in line edge getien, as
shown in Fig. 15.rhage enhancement approachesbroadly
divided into two categories which athe spatial domain
methods and frequency dam methods. In this pape
spatial domain methods weapplied by manipuleon of the
pixel valuesof an image. Spatial domain processare
denoted by the expressiogfx, y) = T[f(X, y)], where the
input image is f(x, y) is and theocessed image is g(x, Y),
and T is theoperator on f, defined er some neighbourhood
of (x, y) [29.The second method is to convert RGB col
image to grayscale image by applying the forr
Luminance = ®126¢R + 0.7152+G + 0.0722+B [. The
luminanceintensity computes the different weight of ei
colour componentThe RGB values are applied to comp
for the luminance or grayscale values. For easy reiliei
grayscale valuefor each image are storec a list. A single
gray value result is stored amvariablefor later comparison.
Averagely, conversion to grayscale tc about 30
milliseconds or less.

Fig. 15Example of ROl in grayscale [30]

D. Histogram generation based on grayscale val

By usdng the grayscale values obtair the histogram is
generatedo determine the threshold value. *~ use of a
histogram offers a googdraphical representation to anal
the frequency of appearance of the different scale levels
of the overall image database.

After converting to grayscale images, list of grayscale
values of the image database is writteto a text file.
Matplotlib (Python 2D plotting libran is used to generate
the histogram. Bsed on the grayscale le\,the mean and
standard deviatiowere compute. Besides that, the value of
the input ROI was retrievefdr comparisontogethewith the
rest of the values and displa' on the histogram.

An ideal histograncovers all the possibgrayscale values
used. This histogram suggests that the overall ésdve
good contrast as details of tR®Icoulc be observed easily.
In Fig. 16, the histogrardepicts a fraction of the compl
range of grayscalevels in the image database. The blue
indicates the palm print inpealue. Thevalues shown ranges
from approximately 90 to 190 out 256
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grayscale levels. RQimages with grayscale value less tl
110 or more than 190 failff the healthy rang

bo1s Histogram of Palm Grayscale Value

o.016

o.014

o.012

o.010

Probability

o.o0s

o.006

o.004

0.002

o.000
20

140 160
Grayscale value

120 Z00

Fig. 16 Example of the grayscale histograi [30]

E. Histogram equalization

Some of the palm print images are taken at podtifig
condition whichaffect the intensity of an image. "counter
this issue, the grayscale imagesre enhanced using
histogram equalization. Histogram equalizatiaids in
enhancing thecontrast by spreading out most frequ
intensity values. This method increase: overall contrast of
images especially when an im&imackground an
foreground are of close contrast val It improves the
visibility of imagesthat are under or overexpos

Histogram equalization helps to flatten the scale
levels(L) histogram of mimage so that intensity values .
equally spreaded out [R7The images hasy pixels with
intensity g, for k=0, 1, 2, 3, ..., L 1. Firstly, it obtains the
grayscale images from the image datakto produce the
image histogram (h). The image histagris defined as k)
= ny [28]. Then using the histogranormalizationformula:
p(rd=h(r) / (M x N), where M xN is the number of pixels 1
the number of occurrence @éch pixel colour, in the image.
The mapping of pixel valuess done bycomputing the
cumulative distribution function (COFor each pixel coloul
followed by normalizing it over 0 to 255.

Histogram equalization is applied to all grayscaheages
in the database and a copy of each image is saves
separate folder. New grscale values are stoi a list. In Fig.
17 is an example of palm print before and after histot
equalization. The image features amore visible afte
equalization.

a5 |

Fig. 17Example of palm print image before (left) anc
after (right) histogram equalization [30]

After performing histogram equalizati,a new histogram
is generatetb determine the new threshold ves. In Fig. 18
the histogram showthat the grayscale values ran¢ from
128 to 133 which are the new threshold values. images
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with grayscale values leghan 129 or more than 133 off
the healthy range.

Histogram of Palm Grayscale Value

Probability

130 131
GrayScale Value

Fig. 18Histogram portraying the new grayscale
threshold value«[30]

V. RESULTS AND DISCUSSION

A. Lines analysis forschizophrenii

A simple analysis application was developed toimithe
analysis of the resultsiith regards to schizophre.The
objective of the application was to programmaticathalyse
and calculate the number of secondary creasexmafahe
244 palms printsvhereabnormeprints feature high densities
of secondary creases.

The generate analygsifunction, as shown in Fig. , ran
through a collection of SPM format files to idept#nd mark
the lineswhich are considered to be secondary creases
on the control length of 15 units, preset in eatthe SPM
format files.Based on the resu, it was discovered that the
average number of secondary creds 42, in the set of 244
palm prints.

OutputDYN2S

more files available]

[no more files]
|

|
Secondary_Creasesit
/

Fig. 19Flowchart of generate analysi

m

/
[

Append to
Output File

Statistcal
Calculations

The boxplot in Fig. 2@howsthe result split into quartiles,
where it is slightly skewed rightwith most of the
observations on the lower end of the scalhe histogram
plotted in Fig. 2indicates the secondary creases data an
threshold. ©@mparisons were made to detect any ealies
between data and find a threshold for the numbe
secondary creases to be considered under the ahk
category.The paucity of schizophrenic individuals' pa
prints for comparison rendered the subtle distisiguient ir
the amount of of secondacyease:

Based on the data representation, a threshold c
secondary creases was derived. This wiserve as a proof
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of concept applicatignwith the assumptic that palm prints
with more than 70 secondary creases would be oceresd
schizophrenic.

Box Plot of 244 Palm Prints

[

165

Fig. 20.Box plot of data from analytical epplication [31]

Secondary Creases Histogram (10 Bin Interval)

1

...............

11111

Fig. 21.Histogram indicationg secondary creases dat
from analytical application [31]

In addition, the read palm print for schizophredisorders
function was also used for predition on a test subjec
required a BMP format or TIFF formemhage file typ image
to be selected by the us@n extra step is requirefor BMP
format files to be converted into TIFF forn with the correct
and required TIFF image forrtiang. Thereafter, the imac
would be read and the SPrmat file for the selected imay
would be generated. It wased to perform DisplayDYN2S
and OutputDYN2S() to generate the marked tex. The
final step was the counting dhe number ofsecondary
creases (based on the output file), and finally inwla
prediction. The flows as illustrated in Fig. .

image
type?

Image File (.tif, .bmp)

[bmpfile type]

Convert to TIFF
image with
required format

L4 fle type]

Read Image
Generate SPM
for Image
Perform
DisyplayDYN2$
/ H H Make Prediction /

Fig. 22.Flowchart for the function of read palm print for
schizophrenia

Perform
OutputDYN2S

Count Secondary
Creases
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B. Lines analysis for intellectual disabili

As there were naffirmed trends fc identifying the major
flexion creases on the palnthe analysis for this heal
condition was done manually by ing through each and
every TIFF formaimage of the 244 palm priniThe process
included identifying and sorting each pi print into their
respective normal or abnormal classificatibased on their
palm print typeThe set of palm prints would be classifiec
shown in Table I.

Table I. Format for intellectual disability classification

Narmal Abnormal

Single | Double | Triple | Simian | Sydney | Rudimentary | Broken

Radial | Radial | Radial | Line Line Line Creases Unidentifiable
Base | Base Base

Crease | Crease | Crease

The classifications of palprintshad a 96.71% similarity,
with 235 palm prints classified under the samegate The
averaged results can be séefig. 2:.

CLASSIFICATION OF 244 MAJOR PALMAR FLEXION CREASES

0 -

" | SigleRadialBme | DoubleRadialBae  Triple RadilBase
- - Simian Line Sydney Lne
e Creme

Fig. 23. Bar graphindicating the frequencyof major
palmar flexion creasesin each class [31]

However, as seen from the results, there is arageeot
approximately 19.67%, or 48 palm prints that weeerdec
as unidentifiable, due tomage expous or does not fall
within either the known normal or abnormal categsi
Unidentifiable images are akown in Fig. 2.

il

Fig. 24.Palm prints deemed as unidentifiabl [31]

On the abnormal printghe generate condition template
files function (followingthe work flow shown in Fig. 2) will
run through a collection of SPiformat files deemed to be
palm prints with abnormalities, ' classified as simian lines,
sydney lines, rudimentary creases or broken cr.For
every SPMformat file, the application will apply Hou
Transform()and sort HTHist () to it, resulting in the
generation of 4 new file§29]. These files contain the
information for the major palmar flexion creases eafch
palm print.
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is
\.spm?/ [.spmfiletype]
/

HoughTransform i

somchdUT File
.............

Perform

{ sortHTHist [

more >
fles?
ws/_/

.spmchdHTHISTSORT
File

.spmchdHTHISTDISP
File

[morefilesavailable]

.spmchdHTHIST File

Fig. 25.Flowchart for the function of generate condition
template files

Hough Transform ()performs the Hough Transfor
technique for line detection, primarilhe major palmar
flexion creases. Hough Transform (HT) was not &ufiesthal
could be extract or referenced butas an additional
implementationto detect the major palmar flexion creas
The main advantage of HT is its ability to be riskly
unaffected by noise or gaps in linétl is a good techniqt
for line detection of palm prints due to its capiépiof not
only identifying lines on an image, but also aniyr shape
line ellipses. This is especially useful for linetekction in
palm prints ashe human’s palm comes in both straight
curved lines.

A hierarchical matching scheme for detection of an
palmar flexion creases have been devel prior, on the
basis of motivation that the major palmar flexioarases ar
the most clearlyobservable feature in lc-resolution palm
print images. The database of palm prinages used have a
resolution of 96 dpi, which is close to the defonit of
low-resolution at 100 dpi.

The functions will first accept an input as an Sformat
file and perform the HTechnique on it. This was the fil
version of the implemented HWithout optimization tc
remove or reduce the noise lin€airther modification wa
performed to amplify the results without the outlieT his car
be seen in Fig. 26 where comjsan is made etween the
resulting HTwith and without HFor optimisatio, the
threshold value picked was 8, as it removed mosthe
outliers and maximised the major palmar fon creases, as
shown in Fig. 27.

Fig. 26.Generated line edge map withot HT (left), and
with HT (right)
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Fig. 27.Generated line edge map without HT and witt
optimised threshold value of |

The classifications only identified 4 palm prints23%)
belonging to the abnormal category. The 4 parints were
subcategorized assmian line (50%), 1 sydney line (25%)
rudimentary creases2%%) and O Broken Creases (0¢
Compared to normal, Fig. 28 shows simian line, FAg
shows sydney line, and Fig. 8Bows rudimentary creases.

Simian Line

Fig. 28.Palm prints deemed with simian ine

Sydney Line %

Fig. 29.Palm prints deemed with sydneyine

Rudimentary

CICascs=
Fig. 30.Palm prints deemed with rudimentary reases

C. Colour analysis

For the analysis of palm prs’ colouration, palm prints
from 67 individuals were collected and categoriset
various age groups. Thailgects in each age grc were
tested healthy or unhealthbased on the system. All
participants were from the race of ChineThe current health
statuses of the participants w recorded to act a reference
for the prediction. The number of participain each age
group is a shown in Table II.

Table 1l. The number of participants in each age grou

Age group Number of participants
20-25 years old 41
26-30 years old 12
30-40 years old 2
40-50 years old 2
50-60 years old 9
70-80 years old 1
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The ROI images were converted to grayscale anc
grayscale values were obtained. Histogram equilisdibr
normalisationwas performed on the grayscale values
plotted as a histogram.Theaxis of the histogrardemarks
the normalised grayscale values of fineages while the
y-axis demark the frequency of occurrer. From Fig. 31,
the threshold ranges from 128 to 134. This forrhechiealthy
range, while values outside of the range classified as
unhealthy.

o Histogram of Palm Grayscale Value

o6

os

0.4

Probability

o3

[o%-] e ~

0.1 ~

129 130

GrayScale Value

Fig. 31.O0verall histogram result of the 67 individuals

For theage group of 20 to 25 years old, tested basede
threshold values established, 2 out of the 41 stdbjeere
classified in the unh#ay range, as shown iFig. 32. The
number of participants inaeh normalised grayscale value
as shown in Table l.

Histogram of Palm Grayscale Value

9
o

°
[t}

Probability
e
b

©
u

0.2 =

131
Grayscale value

Fig. 32. Histogram results of palms (20 to 25 yearsd)

Table Ill. The number of participants in each normalisec
grayscale value (20 to 25 years ol

Normalised grayscale Number of participants
values
128 2
129 12
130 16
131 5
132 3
133 1
134 2

For the age group of 26 to 30 years old, d based on the
threshold values established, only 1 out of theulfjects wa
classified in the unhdéthy range, as shown in Fig. . The
number of participants in each normalised graysealee is
as shown in Table IV.
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e Histogram of Palm Grayscale Value
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0.6

Probability

0.4

0.2 ~

0.9
iZ9 0 1295 1300 1305 1310 1315 1320 1325 1330 1335
GrayScale value

Fig. 33. Histogram results of plms (26 to 30 years old)

Table IV.The number of participants in each normalsed
grayscale value (26 to 30 years ol

Normalised grayscale Number of participants
values
129
130
131
132

133

RPlWwww|h~

There were fewer participants in the mic-aged group,
thus the age groups withthe range of 40 to 60 years (
were combined and examined as category. Based on the
threshold values established, only 1 out of theulfiects wa
classified in the unh#thy range, as shown in Fig.. The
number ofparticipants in each normalised grayscale vall
as shown in Table V.

s Histogram of Palm Grayscale Value

Frokability

|

o.0 i
i29.0 1295 130.0 1305 1310 1315 1320 1325 1330 133.5
GrayScale Value

Fig. 34.Histogram results of palms (4/to 60 years old)

Table V.The number ofparticipants in each normalised
grayscale value (40 to 60 years ol

D. Unique Cases

Normalised grayscale Number of participants
values
129 2
130 7
131 1
133 1

From the observatioof the palms some of individuals may
possess some health problemscording to the TCM palr
diagnosis, an individua palm appears to show some
symptoms of havinginaemia wheianaemic veins are seen
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emerging on the palm, or thmalm looks pal, or if the gen
wei region appears to be pale (gen weiionas shown in
Fig. 35). Fig. 36 shows the palofia 20 years old individu:

that exhibitdawo of symptoms mentioned ab¢, and hence it
is highly possible that this person is sufferingnfiranaemi.

Fig. 35. The gen wei regiomn the palrr

Fig. 36. Palm of anindividual that might be anaemic or
possessing symptoms of anaemia [

Fatty liver disease manifessgmptoms such as red pal
or expansion of the liver region the palr, or having red and
white spots on the palnlier region as shown in Fig. ).
Fig. 38 shows a palm that exhibits the two of sympic
mentioned above arttiere exists a high possibil that this
person might have fatty liver disee Further analysis
different region of the palrmoould providemore information
on the specifics of the disease/condition.

Fig. 37. The liver regionon the pam

Fig. 38.Palm of an individual that might have fatty liver
condition [30]

In another test subject, a 70 years old participdistinct
red and whitecolourations were observed in the gall blac
region on the palm (gall bladder regias shown in Fig. 3).
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With reference to Fig. 40t was suspected that individt
could be suffering from inflammation of the galadter

Fig. 39.The gall bladderregion on the palm

Fig. 40.Palm of an individual that might have
inflammation of the gall bladder [30]

VI. CONCLUSION

This work represents a study to design a systemake
predictions based on ROl images through gray:
normalisation and image recognition. It was evigehthal
mog diseases/conditions do follow some form
pathological patterns or symptomatic features fisated on
the palm. Further studies could be conducted
experimenting with a larger sample size and witffiecént
regions of palm colour. The accuracy oediction could be
improved by havingnore abnormal palm prinincluded in
the model (or at least the same number of abndowadrmal
palm prints).
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