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Synopsis (1/2) 
l  Binary segmentation 

w  Otsu’s method 

w  Twice Otsu method 

w  Valley emphasis method 

l  Clustering methods 
w  K-means algorithm (unsupervised) 

w  Choosing the number of clusters 
»  Elbow method 
»  Other approaches 

w  Spatiochromatic feature space 

w  K-nearest neighbors (supervised) 
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Synopsis (2/2) 

l  Edge-based methods 
w  Sobel operator 

w  Color-aware Sobel operator 

l  Adaptive bilateral filter 

l  Connected components 

l  Edge-thinning 

l  Morphological operations 
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The Source 
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2. Program Objectives
q Develop processes for inkjet patterning of nano-functionalized biocompatible and biodegradable 

cellulose test strips;
q Develop image analysis systems for high-speed inspection and process control.
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3. Detection platform

Control line
(biotin/complementary ssDNA)

4

3

Test line
(Carboxyl/Aptamer)

2 Conjugation Pad1 Sample Pad Absorbent Pad

Our approach successfully combines three technologies: 
1. Aptamer-based detection 
2. Reproducible mass production by Inkjet printing 
3. Image analysis with mobile phone camera to quantitatively 

correlate color intensity to pathogen concentration. 
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Fig. 1: Configuration of a lateral flow test strip

Fig. 2: Test Interpretation: (a) positive and (b) negative.

Test line ( 5 µM )
(Carboxyl/Aptamer)

Control line ( 10 µM)
(biotin/complementary ssDNA)

• S. Diaz Amaya, M. Zhao, L.K. Lin, C. Ostos, J.P Allebach, G.T.C. Chiu, A.J. Deering, and L.A. Stanciu. Inkjet Printed Nanopatterned 
Aptamer-Based Sensors for Improved Optical Detection of Foodborne Pathogens. Small, p.1805342. (2019). 



q Thermal Inkjet PicoJet System: (HP TIPS)

Drop volume: 2 - 200 picoliters

4.1 The printing systems

Fig. 1: The components of the TIPS
(TIPS: Thermal Inkjet Picojet System)

Selection of tips

q PipeJet System: (BioFluidiX, Freiburg, Germany)

Drop volume: 1 - 70 nanoliters

Fig. 2: PipeJet system
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Conclusion:
1. All of these three methods can differentiate those images
2. The intensity difference between 5 and 6 from ∆E from background is the largest.

RGB Color 
Space

Binary image
( 8-point connected

component)

Fig. : The grayscale images and binary images of 8 dots

5.1 Image analysis | Pipeline and result

1 2 3

Grayscale images
( ∆𝐸 from

background)
4

Segmentation
(Otsu’s method)

CIE L*a*b* 
Space

5 6 7 8



q Develop an image analysis pipeline that can effectively detect E. coli O157:H7.
q Correlate color change of response area with the concentration of target.
q Determine the limitation of detection of our biosensor.
q Assess the variation among the responses in test lines of test strips by correlating the color intensity 

under a fixed concentration.
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Fig. :Test Interpretation: (a) positive and (b) negative.

Test line ( 5 µM )
(Carboxyl/Aptamer)

Control line ( 10 µM)
(biotin/complementary ssDNA)

5.2 Image analysis | Printed test strips



Goal: Correlate the color intensity with bacteria concentration on the printed test strips. Background 
substracted image analysis.
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5.2 Image analysis | Samples of printed test strips

Fig. 1: Image captured by mobile phone camera
(iPhone 7 plus)

Fig. 2: Optical detection of decreasing bacteria 
concentration (E. coli O157:H7)
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• Bio-inks were printed under the same conditions.
• The grayscale intensity is directly proportional to cell

concentration.
• From low to intermediate concentration (0 to 10j

CFU/mL) an exponential correlation is observed.
• At higher concentrations (10_ to 10k CFU/mL) a plateau

effect is predicted possibly caused by saturation.

RGB Color 
Space

Segmentation
(Otsu’s method)

CIE L*a*b* 
Space

Grayscale images
( ∆𝐸 from

background)

Binary image
( 8-point connected

component)

Sum of ∆𝐸 of
each test line

Fig. 1: Original images and gray level ∆𝐸 images images:

Fig. 2: Original images and binary images:

5.2 Image analysis | Pipeline and result



2.5 CFU/100 𝝁𝒍

25 CFU/100 𝝁𝒍

250 CFU/100 𝝁𝒍

Goal: Detect the limitation of detection and find the correlation between the intensity
and the concentration.

S. Diaz Amaya, M. Zhao, L.K. Lin, C. Ostos, J.P Allebach, G.T.C. Chiu, A.J. Deering, and L.A. Stanciu. Inkjet Printed Nanopatterned Aptamer-
Based Sensors for Improved Optical Detection of Foodborne Pathogens. Small, p.1805342. (2019). 
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5.2 Image analysis | Limitation of detection and the correlation
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Binary Segmentation – Otsu’s 
Method 

l  text 
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Binary Segmentation – Valley 
Emphasis Method 

l  text 
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Binary Segmentation – Twice Otsu Method 

l  text 
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Twice Otsu Method – Example 
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Segmentation – Histogram Thresholding 
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Segmentation – Multilevel 
Thresholding Method 
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