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Source code for DNA-CA library bead analysis program 
 
Bead detector script for high throughput screening of 130 micrometer library beads. Written in Python, requires 
Numpy, OpenCV 2.4.11, and Pandas packages. Input file is a 1392 × 1040 image containing non-overlapping 
fluorescent beads against a black background: 

 

 
On running the python script, RGB values are extracted from 15x15 pixel region at the center of each bead: 

 
 
Sample output is a .csv file containing RGB values for each detected bead: 

 



import sys1

import numpy as np2

import cv23

import copy4

import pandas5

import os6

import csv7

8

def writecsv(data):9

 with open('output.csv', 'w') as fp:10

     a = csv.writer(fp, delimiter=',') 11

     a.writerows(data)12

13

def rgbtohsv(r,g,b):14

 # rgb to hue15

 r, g, b = r/255.0, g/255.0, b/255.016

 mx = max(r, g, b)17

 mn = min(r, g, b)18

 df = mx-mn19

 if mx == mn:20

  h = 021

 elif mx == r:22

  h = (60 * ((g-b)/df) + 360) % 36023

 elif mx == g:24

  h = (60 * ((b-r)/df) + 120) % 36025

 elif mx == b:26

  h = (60 * ((r-g)/df) + 240) % 36027

 if mx == 0:28

  s = 029

 else:30

  s = df/mx31

 v = mx32

 return h, s, v33

34

def processImage(imgFilename,data):35

 MIN_BEAD_AREA = 536

 CUT_OFF_AREA = 150037

 DARKNESS_THRESHOLD = 20 #out of 25538

39

 #get image by filename40

 img = cv2.imread(imgFilename)41

 img2 = copy.copy(img)42

43

 # Find size of img44

 sz = img.shape45

46

 #get grayscale img47



 img_gray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)48

 img_gray = img_gray49

50

 #maximum among the 3 color channels51

 img_max = np.amax(img,axis=2)52

 img_blue = img[:,:,0] 53

 img_green = img[:,:,1] 54

 img_red = img[:,:,2] 55

56

 #picks out bead centers for image#57

 ret, thresh = cv2.threshold(img_max,DARKNESS_THRESHOLD,255,cv2.THRESH_BINARY)58

 #ret, thresh = cv2.threshold(img_max,0,255,cv2.THRESH_BINARY+cv2.THRESH_OTSU)59

60

 #noise removal61

 kernel = np.ones((3,3),np.uint8)62

 noiselessimg = cv2.morphologyEx(thresh,cv2.MORPH_OPEN,kernel, iterations = 2)63

64

 # Finding sure foreground area65

 dist_transform = cv2.distanceTransform(noiselessimg,2,5)66

 ret, sure_fg = cv2.threshold(dist_transform,0.65*dist_transform.max(),255,0)67

68

 # Finding unknown region69

 sure_fg = np.uint8(sure_fg)70

 sure_fg_copy = copy.deepcopy(sure_fg)71

72

 #get contours73

 contours, hierarchy = cv2.findContours( sure_fg_copy,cv2.RETR_LIST, \74

       cv2.CHAIN_APPROX_SIMPLE)75

76

 #process individual contours77

 allColors = []78

 hist = []79

 beadcount = 080

 for i, contour in enumerate(contours):81

  if cv2.contourArea(contour) > MIN_BEAD_AREA :82

   area = cv2.contourArea(contour)83

84

   if area > CUT_OFF_AREA:85

    #For overlapping beads86

    x,y,w,h = cv2.boundingRect(contour)87

    cv2.rectangle(img,(x,y),(x+w,y+h),(0,0,255),2)88

    #do nothing elses89

 90

   else:       91

    M = cv2.moments(contour)92

    #calculate centroid93

    cx = int(M['m10']/M['m00'])94



    cy = int(M['m01']/M['m00'])95

96

    PADDING = 30 97

    98

    #check if bead is not at edge of image99

    if cx > PADDING and cx < (img.shape[1]-PADDING) and \100

    cy > PADDING and cy< (img.shape[0]-PADDING):101

     cropsquarecoords = [cx,cy] 102

     cv2.rectangle(img, (cx-7, cy-7), (cx+7, cy+7), (0, 255, 0), 2)103

104

     imgcropsquare = img2[(cy -7 ):(cy + 7),(cx -7 ):(cx + 7) ,:]105

     106

     mean = cv2.mean(imgcropsquare) #[3,]107

    108

     rgb = [mean[2],mean[1],mean[0]]109

     #convert rgb to hue110

     h,s,v = rgbtohsv(mean[2],mean[1],mean[0])111

112

     # HSP Color Model113

     #sqrt( 0.299*R^2 + 0.587*G^2 + 0.114*B^2 )114

     l = np.sqrt(0.299*mean[2]**2 + 0.587*mean[1]**2 \115

     +  0.114*mean[0]**2)116

     allColors.append([h,rgb,l,cropsquarecoords])117

118

     #Hue,Saturation,Value, R, G, B, luminosity, image_name119

     data.append([h,s,v,mean[2],mean[1],mean[0],l,imgFilename])120

  121

     beadcount += 1122

123

 if beadcount == 0:124

  print "beadcount in %s is 0 !" % imgFilename125

126

 else:127

  print "%s bead count = %i " % (imgFilename ,beadcount)128

  colorsDataFrame = pandas.DataFrame(allColors)129

  colorsDataFrame.columns = ['hue','rgb','luminance', 'coords']130

  sortedDF = colorsDataFrame.sort_values(by=['hue'],ascending=[True])131

132

  #show image133

  resizedfgcopy = cv2.resize(dist_transform,(500,400))134

  cv2.imshow('All carbon lib foregrounds',resizedfgcopy)135

136

  cv2.moveWindow('All carbon lib foregrounds',0,400)137

  resizedimg = cv2.resize(sure_fg,(500,400))138

  cv2.imshow('All carbon lib',resizedimg)139

  resizedimg = cv2.resize(img,(500,400))140

  cv2.imshow(imgFilename,resizedimg)141



  cv2.moveWindow(imgFilename,500,0)142

  cv2.waitKey(0)143

  cv2.destroyAllWindows()144

145

print "Place imagefiles in same directory as this file."146

path = "./"147

dirs = os.listdir(path)148

149

data = []150

data.append(["Hue","Saturation","Value", "R", "G", "B", "luminosity",\151

  "image_name"])152

153

for file in dirs:154

 if file.endswith('.TIF'):155

  processImage(file,data)156

157

writecsv(data)158

159

160

161

162

163


