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Abstract

Color is a circular feature of the surface of
each object and we are surrounded by a rich range
of colors.  Color deteration in images is one of the
fundamental problems in image analysis.

  The   randomized   algorithm   attempts   to
arrive at a highly     or approximately correct result
by   choosing   random   intermediate   results.   The
original   algorihtms,   where   this   colorimetric
randomized algorithm and other similar algorithms
derive from, are the Monte Carlo and Las Vegas
randomized algorithms.

 The problem to solve     is that we have a
set of colors to obtain (randomly) from the pixels in
the picture and comparing them with a set of colors
that   are   saved   in   the   database.     To   present   the
algorithm  in   a   more   vivid   way   we   have   an   app
“Flag Reconizer”. 

The can observe three different results: the
set of colors obtained from the picture, the flag or
list of flags that are recognized within the app and
the   time   as   a   final   result   which   represents   how
much it took to get the right flag or set of flags. 

The colorimetric randomized algorithm is
something that  could be          really helpful  with a
continuous integration and development

Keywords  and  phrases:  color,  colorimetric,
algorithm,  Monte  Carlo,  Las  vegas,  android,
prototype, probability, numerical, Flag, recognition.

1. Introduction 
In this research   we propose a general and

deeper approach to the complexity of color-coding
algorithms.  We  also  explain  the  implementation,
results  and  efficiency  of  randomized  algorithms
(probabilistic  algorithms).  This  could  be  reflected
largely  on  the  understanding  and  use  of  the
previously mentioned color-coding algorithms.

Color is a circular feature of the surface of each
object,  and  the  world  around  us  gives  us  a  rich
range of colors. Color deterioration in paintings is
one of the fundamental problems in image analysis.
Indeed, when someone is looking at a picture, one
can ask what the nuances there are  or even to ask
which  color  it  is.  This  question  is  certainly
interesting in various fields, such as:
1. Medicine: 

-  recognition of the skin tumor and
other skin diseases

- automated  detection  of  diabetic
retinography

- recognition of different types of cáncer
- Kawasaki diseases

2. Biomedicine
3. Mapping 
4. Geomatics
5. Robotic visión
6. Detection of cracks in buried pipes

In this paper we focus on randomized algorithms.
Their use can be seen through the development of
an  application  called  "Flag  Recognizer".  This
application uses the aforementioned algorithms, and
represents  a  method  for  classifying  the  different
flags.



2. Existing Works
There  are  previous  papers  that  focus  on

similar topic that  were selected for elaboration in
this document:

- “Implementation  of  a  Colorimetric
Algorithm  for  Portable  Blood  Gas
Analysis” by  Jaideep  Chandran,  Assoc
Prof  Alex  Stojcevski,  Assoc  Prof  Aladin
Zayegh,  Dr.  Thinh  Nguyen  where  they
present the implementation of results of a
colorimetric  algorithm for  portable blood
gas analysis. This analysis is an important
diagnostic tool which provides the medical
practitioner with insights in to the health of
the respiratory system and kidneys.

- “Randomized  algorithms  for  statistical
image  analysis  and  site  percolation  on
square lattices” by Mikhail Langovoy and
Olaf Wittich is an probabilistic method for
detection od objects in noisy images. The
method uses  the  results  from percolation
and random graph theories.

- “Application of data fusion algorithm at 
CCD colorimetric temperature 
measurement” by Cuihong Ma, Wei Zhang
and Fanwei Meng introduces a method of 
the colorimetric temperature measurement 
based on data fusion algorithm. The 
temperature results can be calculated by 
two adjacent color components through 
Bayer filter array in front of CCD image 
sensor of digital camera substituting into 
colorimetric formula

- “A  comparison  of  the  colorimetric
characterization  algorithms  for  different
displays” by Li Chen, Yan Tu1, Lili Wang,
Bingya Liu where they set the fact that the
colorimetric  characterization  is  the  basic
work of the color reproduction. To find an
optimized  method  to  evaluate  different
types  of  displays  is  of  great  importance.
The  object  of  this  study  is  to  compare
several universal algorithms which can be
used  for  different  types  of  displays.
Different color space and whether gamma
correction is applied are considered.

- “A Prospective Cohort  Study Comparing
Colorimetric and Fluorescent Imaging for
Sentinel  Lymph  Node  Mapping  in
Endometrial  Cancer”  by  Robert  W.
Holloway,  Sarfraz  Ahmad,  James  E.

Kendrick,  Glenn  E.  Bigsby,  Lorna  A.
Brudie,  Giselle  B.  Ghurani,  Nicole  M.
Stavitzski,  Jasmine  L.  Gise,  Susan  B.
Ingersoll, Julie W. Pepe where this study it
aimed  to  assess  sentinel  lymph  node
(SLN) mapping using isosulfan blue (ISB)
compared with ISB plus indocyanine green
(ICG) and near-infrared imaging (NIR) for
patients with endometrial cancer.

3. Methods 

3.1. Requirement analysis of the 
prototype

In  this  section  the  software  requirements
for  the  “Flag  recognizer”  will  be  described.  This
prototype is  being developed in part  to  show the
practical  usage  of  the  colorimetric  randomized
algorithm. 

3.1.1. Technology Used

Hardware
- HUAWEI P9 lite
- Laptop: HP pavilion 
- USB cable 

Software 
       - Android Studio 3.1.3
       - JRE: 1.8.0_152-release-1024-b02 amd64
       - JVM:  OpenJDK  64-Bit  Server  VM  by

JetBrains s.r.o
       - Windows 8.1 6.3
       - HUAWEI P9 lite as an emulator (Android

7.0, API 24)
       - IntelliJ IDEA 2017.2.

3.1.2. User Requirements 
definition

- As  a  user  I  want  to  be  able  to  login  to
access  the  services  using  allocated
username and password

- As  a  user  I  want  to  be  able  to  have  a
manual for using the prototype

- As a user I want to have the permission to
the camera, internal storage 

- As a  user  I  want  to  be able  to  take  and
retake a picture if needed 



- As a user I want to be able to find the flag
I’m looking for

- As  a  user  I  want  to  be  able  to  find  the
similar flags with the one I’m looking for

- As a user I doesn’t want to be overloaded
with too much information 

- As a user I want to easily understand the
prototype

3.1.3. Usability requirements

- Ease-of-use:  the system must be very easy
to  use  and  also  to  navigate  through  the
activities

- Learnability:  the  system  should  be
developed in way that  improves the user’s
learnability and knowledge

- Attractiveness:   the  simplicity  of  the
system  development  is  to  provide
accommodations to several users.

- Operability:  the  system  should  be
developed  in  the  beginning    for  the
android  platform  and  afterwards  will  be
developed for Microsoft, Apple IOS  

3.1.4. Environmental 
requirements 

- The user must have a mobile device with
the ability of accessing it’s camera 

- The user must have the android versión of
over 5.0 and an API over 22

- The user must have a smartphone powered
by Android

3.2. Architecture of the 
prototype 

3.2.1. The colorimetric 
algorithm of the 
application

The  algorithm that  makes  it  all  function
will be explained in this section. This algorithm is a
combination  of  the  numerical  and  Monte  Carlo
algorithm. 

The idea  of  this  approach  is  to  take  a  random
numbered set of pixels (is  a small set for example
4% of the total amount).

With the image that is going to be processed we
obtain  an  array  of  seven  fields,  each  one

representing the percentage of a color in the color
palette class (which is going to be explained in the
subsection 2.2.1.1 Color Packages). For example:

With  the  result  that  we  have  obtained  we  can
assign 1 pixel for each color where the difference is
±3  of  each  real  value  in  the  database  of  flags”
basedatos.ltim”. With this approach we can obtain a
list  of  possible  countries  as  a  result.  This  is    a
numerical probabilistic method. 

Combining  the  Numerical  probabilstic  method
with  the  Monte  Carlo  algorithm the  process  and
result is quite different. The numerical method can
give  errors  in  a  lower  percentage  but  there  is  a
possibility  to  improve  the  effectiveness  of  the
algorithm by executing the numerical algorithm and
always taking the last value that we obtained. The
main idea  is that by reducing the probability error
by getting an error with lower percentage while we
are executing this several times. 

An example would be if we obtain an error value
with a probability of 0.2.  If we would execute this
method more time then the error value would strive
to → 0.  The computational time would be (0.2)n. 
We  can  thus  assume  that  the  flag  that  we  have
captured is Denmark. In the iteration the combined
algorithm would give as the result of 7 countries. In
the second it would reduce it to 5 and then in the
3th iteration it  would be just  2 countries left  and
then in the 4th iteration the algorithm would give us
the final result Denmark.

3.2.1.1.   Color Packages

We have imported the Colors package with
what  we have created in  the instance of the Palette
class. 

The  palette  class  has  a  list  of  colors  as  its
attribute.  Each  color  is  an  object  of  the  class
belonging to that color.

Each  color  class  is  an  extension  of  ColorBase
and  stores  a  series  of  Strings  that  correspond  to
different  colors  of  a  range.  For  example,  the
ColorAzul  class  saves  RGB  corresponding  to
different shades of blue.

It    passes  the  parameter  to  the  AnalyzeColor
method of the Palette class. An identifier (integer)
corresponding to the color of which it belongs and
is  obtained.  This method goes through the list  of
colors and compares the distance between the color
entered and the RGB stored in the Color class of the
iteration.



New RGB colors have been added to improve the
correctness of flag detection.

3.2.2. Design of the application

 The  design  of  a  mobile  app  is  different
from web design.  It is sure that beside color theory,
setting types and maintaining grids is much more to
consider when it comes to changing the devices. So
a lot of things have to be taken into consideration
before designing and implementing an app. 

The name of the prototype was given for the user
to analogically catch the idea and its purpose. “Flag
recognizer  “reflects  immediately  on  its  main
features. The  main  idea  is  that  after  the
user finds a flag that he/she doesn’t know or can’t
remember   which  country  it  belongs  to  with  an
colorimetric randomized algorithm it encounters the
name  of  the  searched  flag.  The  user  uses  the
integrate  camera  on  his/her  device  where  we
assume tha they try to make as clear of a picture as
possible and better picture as possible. 

When launching the prototype the database with
the information of the flags are read and set ready
to  do  the  comparisons(basedatos.ltim).Because  of
the limitation in resources that the mobile devices
have the database was created and then put into the
prototype with all the information that is needed. 

The whole  process  starts  with  the  click  of  the
icon where the users gets a screen that represents
the MainActivity class with the following buttons:  

- “Take picture” 
- “Login and sign up button”

The structure  of  the UI in  the main activity  is
defined in the corresponding xml file where are all
the buttons, imageVIews, size,  fonts, colors, font-
families, positions and layouts in general defined.

 The  first  button  mentioned  starts  the  Image
capture  activity  and  activates  the  camera.  This  is
realized with the Intent () method where it inteneds
to  starts  the  camera  and  its  functions.  After
capturing  the  image  the  startActivityForResult()
method does the processing for example storing the
image, reading the image, granting or denying the
permission  for  reading  and  writing,  compressing
and decompressing  the image and last but not least,
converting the image. Converting, compressing and
decompressing is important within the app. In many
cases it  gives its advantages and one of the main
one is  sending the  data  between activities  and  to
methods. After the image is processed correctly it is
sent to  another  activity where it  is  displayed and
awaits its next procedures.

The purpose of the second button corresponds to
its  name.  The  activity  that  is  started

(LoginActivity.class)  with this  button is  the  login
activity where the  registered user can login where
his  or  her  data  is  stored  in  the  androids  SQLite
database. Non-registered users have the chance to
register  by  signing  up  with  their  email  and  by
putting  in  their  credentials  and  registering  with
Facebook. The two edit fields in the Login activity
are  email  and  password  for  the  user  login.  The
prototype  throws  an  exception  if  the  fields  are
empty or the two fields are incorrect. Under those
two fields there is a text that links the user to the
SignUpActivity class.  In this registration form the
user enters his First Name, Last Name, Email and
Password  and  a  submit  button  “Register”(see
register  picture)  where  if  everything  is  correct
creates the new user  in the SQLite database with
the corresponding properties. 

The second registration option is over Facebook.
Clicking on the blue Facebook button the user  is
redirected  to  the  Facebooks  integrated  activity
where  the  user  gives  permission  to  login  with
Facebook. If the user is not already logged in the
Facebook application within their device then to the
users  are  offered  the  Facebooks  internal  Login
form. 

Also important to mention is that after the Login
Activity, Signup Activity, and Facebook registration



activity the user is directed to the first main activity
of the prototype (picture Login).

 Like  all  activitues  defined  we  have
correspongind xml where the UI is defined .  The
activity  login xml file  contains  the  representation
and  definitions  for  the  two  edit  fields  and  the
background of the screen, the text where the user
enters the registration form and the Facebook login
button.  The  signup  activity  xml  file  contains  the
representation  and  definition  of  for  edit  fields
which was mentioned in the previous paragraph and
the corresponding layout.

The next activity that follows is the heart of the
whole prototype(logic), the Calculation activity. We
will give much more attention to this activity than
the others.  Definitions of its representation lie in
the  file  “activity_calculation.xml”.  This  activity’s
view is represented with a relative layout with its’
properties  to  match  the parent  in,  for  example to
match  the  background  size-wise.   The  following
imageView tag sets the actual background picture
of the screen. All of the other components that are
going to be described seem like they were inside
the previous tag that was just described but they not
they  do  not  depend  on  this   for  the  position  on
screen. The next imageView tag presents the field
to  show  the  captured  image.   Underneath  that

imageView  field  you  can  find  the  following
buttons: 

- “Calculate traditionally”
- “Calculate”
- “Retake”
All of those buttons are in a dependent position

on each other and from the image view tag where
we are presented the captured image. In side all the
tags we set the dependency with the following lines
of the code: 

android:layout_alignStart="@+id/Calculate"
android:layout_below="@+id/Calculate"

This part of the code is in the button tag of the
“Retake” button and that means that it comes after
and aligns with the “Calculate” button.

The “Calculate traditionally “button activates the
colorimetric  randomized  algorithm  and  takes  the
picture and begins to analyze it. It takes pixels from
the  picture  that  is  being  processed  from  random
places but a low number of pictures.  So, the result
can  be  many pictures  with flags  that  are  looking
like the one that is processed.  

The  next  button  “Calculate”  does  almost  the
same thing  but the algorithm takes a much higher
number of pixels that   helps to process the picture.

The alignment of the buttons is better shown in
the next picture below.



Those two button lead as well to a new activity
DisplayResultActivity() where the country name of
the flag appears.  

3.3. Randomized algorithms

 The randomized algorithm (also known as
stochastic  or  probabilistic  algorithm)  attempts  to
arrive at a highly   or approximately correct result
by choosing random intermediate results. In such a
way  that  the  forms  are  the  counterpart  to  the
deterministic  algorithm.  It  is  not  mandatory  that
those  algorithms  always  find  a  correct  solution
efficiently. Randomized algorithms are often more
efficient  than  deterministic  algorithms  in  way  of
understanding, implementation, and efficiency  for
the same problem. An example to show this is the
AKS primality test, which is deterministic but much
inefficient  and  more difficult  to implement  than,
for  example,  the  Solovay  and  Strassen  primality
test.

3.3.1. Las vegas

Randomized algorithms that never give the
wrong result are also called Las Vegas algorithms.
There are two variants of Las Vegas algorithms:

 Algorithms  that  always  deliver  the
correct  result,  but  whose  computing
time  can  become  very  large  (if  the
random bits are chosen unfavorably). In
many cases, the algorithm is fast only in
the  case of expectation, but not in the
worst case. An example is the Quicksort
variant  where  the  pivot  element  is
chosen  randomly.  The  expected
computation time  O(n logn), but if the
random  bits  are  chosen  unfavorably
O(n2) steps are needed.

 Algorithms that can give up (= may give
up) but never deliver the wrong result.
The quality of this kind of algorithm can
be described by an upper bound on the
probability of failure.

3.3.2. Monte Carlo

Randomized algorithms, which are also allowed
to give a wrong result, are also called Monte Carlo

algorithms. The quality of Monte Carlo algorithms
can be described by an upper bound for the error
probability.

One speaks of randomized algorithms only if one
can estimate the expected value of the calculation
time and / or the error or failure probability. On the
other hand, algorithms that are intuitively plausible
in providing good results, or algorithms that have
been proved by experiments on typical inputs, are
called heuristic algorithms.

In  the  analysis  of  expected  computation  time
and /  or error  probability,  it  is  generally assumed
that the random bits are generated independently. In
implementations,  one  usually  uses  pseudorandom
numbers  instead  of  true  random  bits,  which  of
course  are  no  longer  independent.  This  makes  it
possible for implementations to behave worse than
expected in the analysis.

3.3.3. Error types of Monte 
Carlo algorithms for 
decision problems

 Decision problems (problems that  can be
described  by  yes-no  questions)  are  divided  into
one-sided and two-sided errors:

• In  the  case  of  a  two-sided  error,  entries
where  the  correct  answer  is  yes  may  also  be
discarded, and entries where the correct answer is
no  can  also  be  accepted.  In  this  case,  the  error
probability must usefully be less than 1/2, since a
coin  toss  can  achieve  the  error  probability  1/2
independently  of  the  input  (this  approach  is
obviously  not  a  sensible  solution  to  the  problem
considered) ,

• In the case of a one-sided error, entries for
which  the  correct  answer  is  yes  may  also  be
discarded,  whereas  entries  for  which  the  correct
answer is no must be discarded. In this case, error
probabilities less than 1 make sense.

3.3.4. Connections between Las 
Vegas and Monte Carlo 
algorithms

  Las  Vegas  algorithms  can  always  be
transformed  into  Monte  Carlo  algorithms:  the
output  ?  can  simply  be  interpreted  as  the  wrong



output. If  an upper bound p(n) is known only for
the expected value of the calculation time of the Las
Vegas algorithm, then the algorithm can be aborted
after   cp (n) steps and ? output. The probability of
this happening is limited by the Markov inequality
of    1 / c.

Since  Monte  Carlo  algorithms  can  give
inccorect  solutions and  these  false solutions need
not  be  specially  marked,  it  is  more  difficult  to
transform Monte Carlo algorithms into Las Vegas
algorithms.  This  is  possible  if  you  also  have  a
validator for the solution, an algorithm that can test
that for a suggested solution, the proposal is correct.
Obtain a Las Vegas algorithm by running the given
Monte Carlo algorithm, then verify with the verifier
that  the  calculated  solution is  correct,  and  iterate
this  process  until  a  correct  solution is  calculated.
Although the worst-case computation time of this
approach is not limited to the top, one can estimate
the  expected  value  of  the  number  of  iterations
upward.  If  you  do  not  have  a  verifier  at  your
disposal, it is generally not clear how to construct a
Las Vegas algorithm from a Monte Carlo algorithm.

Different Classes of probabilistic algorithms

3.3.5. Complexity clases

 
 The class PP

The  class  PP  (probabilistic  polynomial)  is  all
languages  L,  so  there  is  a  probabilistic  Turing

machine  M that  is  polynomially  time-constrained
and for all w this formula holds.
There  is  a  double-sided  error  in  this  class.  The
probability  that  the  result  obtained  is  correct  is
more than 1/2.

The class BPP

The bounded probabilistic polynomial (BPP) 
classes are all L, so there is a probabilistic Turing 
machine M that is polynomially time constrained, 
and for all w at   e> 0 this formula holds.
There is a double-sided error in this class. The 
probability that the result obtained is correct is 
within a known range.

The class RP

The class RP (random polynomial) is all languages
L, so there is a probabilistic Turing machine M that
is polynomially time constrained and this formula
holds.
There is a one-sided error in this class.

The class ZPP

The class ZPP (zero error probabilistic polynomial)
is all languages L, so there is a probabilistic Turing
machine  M that  is  polynomially  time constrained
and that formula holds.

3.3.6. Derandomization

Derandomization  is  the  reduction  in  the
number of random bits that a randomized algorithm
uses.  This is  useful  for  the following reason:  one
can make each randomized algorithm deterministic
by simulating it for all assignments of the random
bits. However, this means that using   c random bits
increases computation time by a factor of 2c, which
in  most  cases  leads  to  exponential  computation
time.  However,  if  the  algorithm  requires  only
O(nlogn) random bit  for input length n,  this will



only result in a polynomial increase in computation
time.

One  approach  to  derandomization  is  to  more
accurately  analyze  how  the  algorithm  uses  the
random bits. For some randomized algorithms, it is
sufficient  that  the  random  bits  used  are  pairwise
independent.  For  example,  you  can  create  n
pairwise independent random variables from O (n
logn)  fully  independent  random  variables.  In  a
second  step,  the  algorithm  can  be  made
deterministic using the approach described above.

4. Results

For the results, we can not just talk about
the general results what we obtain after the  process
finishes. By that, of course, the country name of the
flag. 

What is importatn to mention is the result what
succeeds in  time.  First  the computational  time of
the algorithms that  are  writing in  the  database  is
O(n2) per  picture.  Executional  time  of  the
Numerical  Monte  Carlo  algorithm  that  combined
with  the  coloristic  features  and  color  packages
which   the  whole  research  paper is  about  has  a
computational time  (p)n where p is the probability
of the error and n the number of the executions. 

The second thing that has to be mentioned is the
pixels that are  retrieved  from the picture and as a
particular result set in a HashMap container for a
continues process. The container is set with integers
which represents  the colors  from the set  of  color
packages.   

Last but not least is the end result.  The end result
could be either a list of countries or a single country
displayed and on the screen. That  depends of  the
number  of  the  iterations  where  we  have  the  two
buttons  that  are  mentioned  in  “Design  of  the
prototype”. In the following picture I present you
the log of  the  iterations and the  end  results.  The
number 50 presents that just 50 pixels of the image
was  taken  for  processing  what  is  not  enough  to
recognize the name of coutry.

 
The second line presents the list that looks alike

with processed image.  And the third line is the time
of the execution from begin till the encountering the
name. 

The next image is the image where we have a
default  (higher)  number  of  pixels  taken  for  the
process. The result is just ca.png cause i  processed

the image of canada and the values as names are
returned in short values.

5. Conclusion
The  results    shown  in  the  previous

paragraph tell us that by the time that it  is executed
and  the  error  probability  that  occurs  during  the
process  is  pretty  good  and  could  be  continually
developed. The colorimetric randomized algorithm
is  something  that  could  be  really  helpful  with
continuous  integration  and  development.  Most
importantly,  in  my personal opinion it  has saved
lives and could do it even more efficiently because
it  has  a  usage  in  medicine  for  the  detection  of
different types of cancers.

It’s  worth  a  deeper  analysis  of  the  same
algorithm and for advancing it to new levels.

What I have learned from and  by developing this
application about the Android studio open and free
development platform that  is  based on Linux and
open source  is a certainly a step ahead of Eclipse.
It offers many features  and has the newest updates
for the development of mobile application. It  can
even replace the built-in components with the one
that that we improved on our own. What  I see from
that is that this is going to unleash a new round of
creativity in the mobile space.  

.
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