
A new algorithm for band detection and pattern extraction on
pulsed-field gel electrophoresis images
Mohammad Rezaei Corresp., 1, 2 , Naser Zohorian 3 , Nemat Soltani 3 , Parviz Mohajeri 4

1 Department of Biomedical Engineering, School of Medicine, Kermanshah University of Medical Sciences, Kermanshah, Kermanshah, Iran
2 Sleep Disorders Research Center, Kermanshah University of Medical Sciences, Kermanshah, Kermanshah, Iran
3 Students Research Committee, Kermanshah University of Medical Sciences, Kermanshah, Kermanshah, Iran
4 Department of Microbiology, School of Medicine, Kermanshah University of Medical Sciences, Kermanshah, Kermanshah, Iran

Corresponding Author: Mohammad Rezaei
Email address: mohammad.rezaei@kums.ac.ir

This paper presents a new approach for band detection and pattern recognition for
molecule types. Although a few studies have examined band detection, but there is still no
automatic method that can perform well despite the high noise. The band detection
algorithm was designed in two parts, including band location and lane pattern recognition.
In order to improve band detection and remove undesirable bands, the shape and light
intensity of the bands were used as features. One-hundred lane images were selected for
the training stage and 350 lane images for the testing stage to evaluate the proposed
algorithm in a random fashion. All the images were prepared using PFGE BIORAD at the
Microbiology Laboratory of Kermanshah University of Medical Sciences. An adaptive
median filter with a filter size of 5x5 was selected as the optimal filter for removing noise.
The results showed that the proposed algorithm has a 98.45% accuracy and is associated
with less errors compared to other methods. The proposed algorithm has a good accuracy
for band detection in pulsed-field gel electrophoresis images. Considering the shape of the
peaks caused by the bands in the vertical projection profile of the signal, this method can
reduce band detection errors. To improve accuracy, we recommend that the designed
algorithm be examined for other types of molecules as well.
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18 Abstract

19 This paper presents a new approach for band detection and pattern recognition for molecule 

20 types. Although a few studies have examined band detection, but there is still no automatic 

21 method that can perform well despite the high noise. The band detection algorithm was designed 

22 in two parts, including band location and lane pattern recognition. In order to improve band 

23 detection and remove undesirable bands, the shape and light intensity of the bands were used as 

24 features. One-hundred lane images were selected for the training stage and 350 lane images for 

25 the testing stage to evaluate the proposed algorithm in a random fashion. All the images were 

26 prepared using PFGE BIORAD at the Microbiology Laboratory of Kermanshah University of 

27 Medical Sciences. An adaptive median filter with a filter size of 5x5 was selected as the optimal 

28 filter for removing noise. The results showed that the proposed algorithm has a 98.45% accuracy 

29 and is associated with less errors compared to other methods. The proposed algorithm has a good 

30 accuracy for band detection in pulsed-field gel electrophoresis images. Considering the shape of 

31 the peaks caused by the bands in the vertical projection profile of the signal, this method can 

32 reduce band detection errors. To improve accuracy, we recommend that the designed algorithm 

33 be examined for other types of molecules as well. 
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40 Introduction

41 Molecular subtyping is one of the most advanced classification methods that until now has been 

42 an essential part of epidemiological research (Ackers et al. 1998; Holmberg et al. 1984; 

43 Piroonratana et al. 2009; Preisner et al. 2008; Ryser & Marth 2007). Of the several different 

44 types of molecular subtyping techniques, pulsed-field gel electrophoresis provides the best 

45 repeatability and a high resolution as well (Adkins et al. 2016; Barrett 1997; Maslanka et al. 

46 1999; Schill et al. 2016; Swaminathan et al. 2001; Threlfall et al. 1996). Figure 1 shows a 

47 pulsed-field gel electrophoresis image that contains vertical stripes called lanes. Each lane 

48 consists of a group of DNA fragments that appear at a higher light intensity level. Figure 1 

49 consists of 15 lanes and the first and last ones are called markers. In gel electrophoresis image 

50 processing, markers are used for the separation and classification of lanes and locating the bands. 

51 The number and location of the bands used for the classification lanes were determined in two 

52 phases, including lane pattern recognition and comparison of the patterns obtained in the first 

53 phase. To date, various software have been provided for this purpose, such as GelCompar IITM, 

54 TotalLabTM, Phoretix 1D ProTM, Gel-Pro AnalyzerTM and GelQuantTM (Heras et al. 2015b).

55 Band detection may be faced with several problems that could lead to errors during the detection 

56 process. First, the number and location of bands are not previously determined and must be 

57 calculated separately for each lane. Second, due to the noise, the boundary between different 

58 bands in each lane is unknown and may be stuck and lead to a non-accurate diagnosis. Third, the 

59 lane background noise could also blur the bands. Fourth, the band curvature may lead to errors 

60 too (Ryser & Marth 2007). Figure 2 shows an example of a lane with blurred and stuck bands 

61 and non-uniform background noise.

62 The commonly-proposed automatic technique of band detection on the x-axis is presented in the 

63 projection profile (Sousa et al. 2004). A projection profile on the x-axis offers an estimate of the 

64 optimum lane width. It converts 2D to 1D information. Akbari et al. detected bands by spatial 

65 variance, average variance rate and bandwidth. Blurring and noise, however, could lead to more 

66 errors in these techniques (Akbari et al. 2010). Techniques based on boundary detection could 

67 have a poor performance due to the low resolution and high noise of images (Cutler et al. 2003). 

68 Some studies (Bajla et al. 2001; Wang et al. 2001) have offered processes based on calculating 

69 the first and second derivatives followed by local maximum detection in a projection profile 

70 signal. Bajla et al. combined the thresholding technique for a projection profile signal and 

71 techniques based on boundary detection and proposed an algorithm to improve their technique 

72 for band detection in low-resolution images with high noise (Bajla et al. 2001; Bajla et al. 2005a; 

73 Bajla et al. 2005b). Ye et al. detected the band positions by thresholding out the high intensities 

74 (Ye et al. 1999). Although sequencing techniques have shown a good performance in the vertical 

75 profile of lanes, they are only semi-automatic. Din-Chang et al. offered a fully automatic band 

76 detection technique (Tseng & Lee 2015). Although several parameters had to be pre-set in their 

77 technique, automation was a good feature of it. For this purpose, they first obtained the spatial 
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78 distribution of the bands and then reduced the error caused by stuck bands using the first and 

79 second derivatives.

80 The present study seeks to offer a fully automatic technique that not only determines the number 

81 and location of the bands, but also considers their width and light intensity level. Calculating 

82 parameters such as width and light intensity for each band can help remove undesirable bands 

83 and facilitate optimal detection. The rest of this article is divided into four sections. Section 2 

84 describes the proposed band detection technique, which includes lane separation, noise removal 

85 and band location. Sections 3 and 4 report the dataset and results. Section 5 discusses and 

86 concludes the paper.

87

88 Materials and methods

89 The proposed band detection algorithm is composed of two stages, including band location and 

90 pattern recognition. Figure 3 presents the flowchart of the proposed algorithm. First, the lanes 

91 were separated. The method presented in a study (Rezaei et al. 2016a; Rezaei et al. 2016b) was 

92 used for this purpose. Second, the background noise of the lanes was estimated and removed 

93 (Tseng & Lee 2015). Third, the projection profile signal was improved. Fourth, the peak feature 

94 of the projection profile signal was calculated as the band feature. Finally, pattern recognition 

95 was performed using the band feature.

96

97 Fig. 1. A pulsed-field gel electrophoresis (PFGE) image: The image consists of three parts that 

98 are either markers/ladders, lanes and bands.

99

100

101

102 Fig. 2. Images of several lanes with different types of noise: (a) and (b) are examples of the 

103 stuck-band lane; (b), (c) and (d) are examples of the bended-band lane; (e) and (f) are examples 

104 of the blurred-band lane.

105

106

107

108 Fig. 3. The flowchart of the proposed algorithm: Composed of three stages: (1) Lane 

109 separation; (2) Noise reduction and band detection; (3) Pattern recognition

110

111 Lane separation
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112 The first phase of the processing of PFGE images is lane separation. The presented method by 

113 Rezaei et al. (Rezaei et al. 2016a; Rezaei et al. 2016b) was used for this purpose. The next steps 

114 depend on the precision of this step. In this study, after the pre-processing, the average lane 

115 width was calculated based on power spectral density. Daubechies wavelet db7 at decomposition 

116 level 6 was selected for signal smoothing in the pre-processing step. The image was then 

117 partitioned into sub-images with overlap. Considering the computational cost and a good 

118 performance, the optimal parameters for width and sub-image overlap were 100 and 50 pixels, 

119 respectively. Next, the lane centers located in the same vertical position were identified. The lane 

120 path was then also tracked by curve fitting on the located centers. The average lane width was 

121 used to remove false-positive local maxima in the background. The average lane width and curve 

122 fitting and center detection within each lane increased the efficiency of the lane extraction 

123 process. Figure 4 presents the lanes extracted from the PFGE images.

124

125

126 Fig. 4. A pulsed-field gel electrophoresis image with tracked lanes: The red lines and green 

127 stars demonstrate lanes and detected center of the lanes, respectively

128

129

130 Background noise removal

131 Gel electrophoresis images are usually associated with lots of noise. Background noise is one 

132 such type of noise that appears as both uniform and non-uniform. Various methods have been 

133 proposed for removing background noises, but due to their uniformity, some methods have 

134 proven better. Filters have also been provided for noise reduction in 2D Electrophoresis images 

135 (Shamekhi et al. 2015). If the noise is uniform, it can be reduced using adaptive median or mean 

136 filtering (Dhanasekaran et al. 2009; Kaczmarek et al. 2004; Wheelock & Buckpitt 2005). There 

137 are also some other methods related to signals. This study used a combined method in line with 

138 the nature of noises. Uniform background noise was thus reduced using an adaptive median filter 

139 on the lane images. Background noise also appeared in the projection profile signal. Non-

140 uniform noise can be better detected on this signal than uniform noise. Consequently, non-

141 uniform noise was reduced in this step. As shown in Fig. 5-a, background noise increases the 

142 amplitude of a projection profile signal and can be reduced using lower envelope detection and 

143 its subtraction from the signal.

144

145 Fig. 5. Removing background noise: (a) A projection profile signal with background noise. (b) 

146 An example of a separation lane from a PFGE image; (c) A projection profile signal without 

147 background noise where FWHM is full-width at half-maximum and signal amplitude expresses 

148 the light intensity level of the band.
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149

150 Band location

151 Another important step in PFGE image processing is band location (Intarapanich et al. 2015). All 

152 the previous steps are carried out to increase the accuracy of this step. Even the final step, i.e. 

153 comparing and classifying the lanes, depends on the accomplishment of results in this step. In 

154 most analyses, only the number and location of the bands matter, but in this study, the light 

155 intensity level and the width of the band are also calculated. Although the width and light 

156 intensity level of bands in PFGE images are not important for classification purposes, their 

157 calculation was meant to remove the undesirable bands and identify the desirable ones so as to 

158 implement an algorithm that calculates these four parameters, i.e. the number, location, width 

159 and light intensity level of the bands. The first and second derivatives of the projection profile 

160 signal were used, but it was improved by considering a number of fundamental parameters. The 

161 slope threshold, amplitude threshold, width threshold and type of signal peaks were used as the 

162 initial parameters for the band detection algorithm. The implemented algorithm output then 

163 included the location, width and amplitude of all the detected bands. It should be noted that 

164 amplitude demonstrates the light intensity level of the band. Figure 5-c presents an example of a 

165 projection profile signal without noise and with the calculated parameters.

166

167

168 Materials 

169 This research used 450 lanes obtained from 30 PFGE images. All the images were prepared using 

170 PFGE BIORAD at the Microbiology Laboratory of Kermanshah University of Medical Sciences. 

171 The images were provided by three types of bacteria, including Acineto-AF, Staphylococcus 

172 aureus and E. coli. All the images are in .tiff format and 500x500 pixels in size. The lane images 

173 were prepared with blurred and stuck bands and with both uniform and non-uniform noise. One-

174 hundred lanes were used for training the data and 350 for testing the data in a random manner. 

175 All the designed algorithms were implemented and carried out in MATLAB-R2009a on a system 

176 with Intel Core - i5 2430M, quad-core processor overclocked at 3.2 GHz with 8GB of RAM 

177 clocked at 1600 MHz. A trial version of GelCompar II version 6.6.11 was used to evaluate the 

178 algorithms.

179

180 Results

181 The proposed algorithm was applied to the lanes. An adaptive median filter with a filter size of 

182 5x5 was selected as the optimal filter. GelCompar II software was used to evaluate the proposed 

183 algorithm. This software is introduced in epidemiological studies as the gold standard. Figure 6 

184 presents the results using the proposed algorithm and GelCompar for 15 lanes.

185
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186 Fig. 6. The results of band detection in PFGE images for 15 lanes: The green spots indicate 

187 the bands detected: (a) By the proposed algorithm or (b) By GelCompar software

188

189 Overall, 5550 bands were detected in the lanes using GelCompar software. The band detection 

190 process was performed by the three techniques presented by (Akbari et al. 2010), (Ye et al. 1999) 

191 and (Tseng & Lee 2015). Table 1 presents these results. Equation (1) was used to calculate the 

192 performance of the algorithms (Baeza-Yates & Ribeiro-Neto 1999).

193                                                                                               (1)
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measureF

2
1

1

194 where tp, fp and fn are true positive, false positive and false negative, respectively.

195

196 Table 1. The performance of the band detection process with the three algorithms compared to the 

197 proposed algorithm using the F-measure equation

198

199

200 Algorithm evaluation was also separately performed for each lane. The similarity of the patterns 

201 obtained for each lane was calculated against the results obtained by GelCompar II software. The 

202 calculated similarity was then taken as the performance of the algorithms in a lane. The 

203 performance of the algorithm for all the lanes was obtained by averaging the performance of 

204 each lane. Table 2 presents these results. Equations 2 to 5 were also used to calculate the 

205 similarity or performance of the algorithms for each lane (Bratchell 1989; Heras et al. 2015a).
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212                                                                                               (5)
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213

214 where NA and NB denote the number of bands in lanes A and B, respectively, and NAB the number 

215 of common bands between the two lanes.  

216

217

218

219

220 Table 2. The performance of the band detection process with the three algorithms compared to the 

221 proposed algorithm using the common bands 

222

223

224

225 Discussion

226 Pulsed-field gel electrophoresis plays an important role in molecular subtyping because of its 

227 reproducibility and high definition (Adkins et al. 2016; Schill et al. 2016; Swaminathan et al. 

228 2001). The presence of multiple nearby bands complicated the band detection process. Blurred 

229 and stuck bands and noise also caused errors (Guo et al. 2015; Kanekura et al. 2016; Yan & 

230 Fanning 2015). The pattern was also extracted in this stage; its accurate performance is therefore 

231 crucial. 

232 A fully automatic algorithm was designed and tested for band detection and pattern recognition 

233 of types of molecules in this study. The proposed algorithm included three main steps, namely 

234 pre-processing, background noise removal and band locating. Preparing images and separating 

235 lanes for each image were carried out in the pre-processing step. Background noise removal was 

236 also performed in two sub-steps. The uniform and non-uniform noise in the lanes have adversely 

237 affected the performance of some methods. Using an adaptive median filter is one of the 

238 suggested methods (Dhanasekaran et al. 2009; Kaczmarek et al. 2004; Wheelock & Buckpitt 

239 2005). This type of filter has a good performance for uniform noise removal. The method 

240 proposed in one study (Tseng & Lee 2015) also had an excellent performance for non-uniform 

241 noise. This study used a combined method for reducing both uniform and non-uniform noise. For 
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242 this purpose, first, an adaptive median filter was used to reduce uniform noise; then, non-uniform 

243 noise was reduced by subtracting the lower envelope of a projection profile signal. A normal 

244 band width was considered for selecting the filter parameters. Non-uniform noise can also be 

245 reduced by subtracting the lower envelope of an image before applying a projection profile on it. 

246 If this process is properly performed, the next steps of the band detection process will be 

247 performed on the projection profile signal.

248 For the purpose of lane comparison and classification, some studies have considered only the 

249 number and location of bands (Tseng & Lee 2015; Ye et al. 1999). This study utilized the width 

250 and light intensity level of the bands as well, which are good features. Band width and light 

251 intensity level are not important for molecular subtyping in PFGE images, but they suggest that 

252 utilizing these two parameters increases the accuracy of lane comparison and classification. They 

253 can also be used to remove undesirable bands. Stuck bands may also appear in the lanes.  It 

254 makes the peaks related to these bands become wider. Several states can then emerge. Peaks, 

255 which have a rectangular shape, represent two stuck bands. It is also possible for the bands to 

256 become wider despite the peaks being triangular or Gaussian, which indicates a band with noise 

257 caused by the sedimentation of its DNA fragments. Similar DNA fragments often do not 

258 sediment in the same location. In most cases, sedimentation rarely happens before and after a 

259 real location, which creates a wider band, but poorer image. The algorithms proposed by the 

260 discussed researchers (Akbari et al. 2010; Bajla et al. 2001; Cutler et al. 2003; Wang et al. 2001) 

261 do not detect all blurred bands, stuck bands, sharpened bands and low-contrast bands together. 

262 The technique offered by Din-Chang et al. is unable to resolve the problem fully (Tseng & Lee 

263 2015). This study, however, used a technique for detecting peaks of a projection profile signal 

264 that not only considers width and amplitude, but also the shape of the peaks, and thereby enabled 

265 better and more accurate band detection. 

266

267 Conclusion 

268 According to the present findings, the proposed algorithm can be said to have a good accuracy 

269 for band detection in PFGE images. The findings also showed that considering the shape of the 

270 peaks can reduce band detection errors. This technique enables more accurate comparisons of 

271 molecular typing. The proposed algorithm can be improved by considering images with higher 

272 noise. Further studies are required to adapt this algorithm to other types of electrophoresis 

273 images, such as PCR, PAGE and FIGE.

274
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Figure 1(on next page)

Pulsed-field gel electrophoresis (PFGE) image.

overall, the image consists of three parts that are markers or ladders, lane and band.
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Figure 2(on next page)

Images for Several lanes with types of noise.

(a) and (b) the examples of the stucked-band lane. (b), (c) and (d) the examples of the
bended-band lane. (e) and (f) the examples of the blurred-band lane.
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Figure 3(on next page)

The flowchart of the proposed algorithm.

It composed of three stages:1- Lane separation 2- Noise reduction and band detection 3-
Pattern recognition
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Figure 4(on next page)

Pulsed-field gel electrophoresis image with tracked lanes.

Red lines and green stars respectively demonstrate lanes and detected center of lanes.
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Figure 5(on next page)

Removing background noise.

(a) Projection profile signal with background noise. (b) An example of separation lane from
PFGE image. (c) Projection profile signal without background noise that FWHW is full-width at
half-maximum and also signal amplitude express light Intensity level of the band.
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Figure 6(on next page)

Results of band detection in PFGE image for 15 lanes.

Green spot indicate detected bands: (a) By proposed algorithm. (b) By GelCompar software
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Table 1(on next page)

Performance of the band detection among the three algorithms in comparison with
proposed algorithm using F-measure equation
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1Table.1. Performance of the band detection among the three algorithms in comparison with proposed 

2algorithm using F-measure equation

Method tp fp fn F-measure

 Akbari et al. 2010 4223 738 539 86.87%

Tseng & Lee 2015 5002 308 190 95.26%

Ye et al. 1999 4188 616 686 86.55%

Proposed algorithm 5379 121 48 98.45%

3

4
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Table 2(on next page)

Performance of the band detection among the three algorithms in comparison with
proposed algorithm using common bands
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1

2Table.2. Performance of the band detection among the three algorithms in comparison with proposed 

3algorithm using common bands 

Method Jaccard Dice Jeffrey’s-X Ochiai

Akbari et al.[ 14] 79.8% 83.6% 84.5% 86%

Din-Change et al.[ 21] 90.2% 91% 91.9% 92.8%

Ye et al.[ 20] 80.1% 82.4% 84.7% 86.3%

Proposed algorithm 93.3% 95.7% 96.3% 96.5%

4

5
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