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Smartphone-Based Fluorescent Diagnostic System for 
Immunochromatographic Chip

Abstract
                         

In order to achieve fast and quantitative detection of fluorescence immunochromatographic chip, a 
rapid detection system based on smartphone has been developed. In this system, fluorescent signal 
from quantum dots (QDs) on lateral flow test strips (LFTSs) can be accurately extracted, and the 
system also can calculate the concentration of the analyte. The method of extraction and recognition 
of fluorescence signal intensity can be applied to different fluorescent chip detection systems. Based 
on the fluorescence tomography chip image, a specific program is used for image acquisition, 
processing and data handling. The Sobel operator algorithm was used in the software, which improved 
greatly the ability of distinguishing between the test area and the background boundary information. 
Extracting the components from the red format of the fluorescent strips, the high-signal intensity and 
sensitivity were achieved. The simulation results show that the proposed method can be applied to the 
detection system of fluorescence immunochromatographic chip. The experimental results show that 
the signal intensity has a good correlation with the concentration of immunoassay, which indicates the 
detection system can extract the intensity of fluorescence signal of the chip.
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Introduction

In  recent  years ,  the  rapid  development  of 
immunochromatographic technology makes it 
occupy an important position in the Point-Of-
Care Test (POCT) industry. POCT is a trend in the 
development of laboratory medicine, which widely 
used in food evaluation, environmental monitoring, 
drug testing, medical testing and other fields [1, 2]. 
With the development of biotechnology and biosensor 

technology [3, 4] and biochip technology [5-7], POCT 
becomes more convenient and fast, which makes it 
more suitable for family medical care and community 
hospitals. Fluorescence immunochromatographic chip 
has the advantages of high sensitivity, strong specificity 
and fast detection speed [8, 9], which is widely used in 
POCT, such as detection of alpha fetoprotein [10] and 
chloramphenicol [11] and so on. 

The detect ion equipment  for  f luorescence 
immunochromatographic chip can be used to 
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quantitatively detect the marker, which has become an 
important trend in the present and the future [12]. At 
present, the detection system is mainly based on table 
computer processing system or embedded technology. 
In the previous study, the blood C-reactive protein 
detection system is based on the embedded technology 
but its overall system coefficient of variation is 
high [13]. The scanning filter system realized by 
the embedded technology has the problem of slow 
detection speed [14]. So the large size, poor portability 
and detection speed need to be improved.

With the popularity of smartphone, it has also been 
applied to different areas of research [15]. To develop 
the rapid quantitative chip detection system based 
on smartphone has great application prospects. In 
this study, smartphone-based fluorescent diagnostic 
system for immunochromatographic chip has been 
developed. In this system, a new method for image 
feature extraction and recognition for fluorescent 
chip is developed, which is used to detect the signal 
area from the fluorescent chip and extract the signal 
intensity. Experiments show that the signal area of the 
fluorescent chip can be accurately identified, the signal 
strength is accurately extracted. In the fluorescence 
immunochromatographic detection system, the 
fluorescence signal is positively correlated with the 
analyte concentration. It indicates that the fluorescence 
signal extraction method is accurate, suitable for 
smartphone based on the fluorescent chip detection 
system.

Method
The structure and detection principle of the 
chip

The chip mainly consists of five parts: a sample 

pad, a conjugate pad, a nitrocellulose membrane 
(NC membrane), an absorbent pad and a polyvinyl 
chloride (PVC) backing plate. The structure is shown 
in Fig. 1. PVC backing plate is used to provide 
structural support; sample pad is used to drop the 
sample to be tested; conjugate pad is used to fixed 
the fluorescent probe, in which the sample and the 
antibody combined with fluorescent probe are fully 
reacted; the role of nitrocellulose membrane is to fix 
antibodies and secondary antibodies, respectively, 
as the Test Line (T line) and Control Line (C line); 
the role of the absorbent pad is to provide the power 
of chromatography, while that can absorb the excess 
liquid sample and reduce the signal interpretation and 
detection of the impact.

Fluorescence chip is a new type of detection 
technology combined wi th  immuno-label ing 
technology and chromatographic technology. By 
fluorescence coloration the qualitative or quantitative 
analysis of the analyte can be achieved. As the NC 
membrane is a microporous structure. Using the 
capillary action and siphon action of the microporous 
membrane guide the liquid to flow. While the sample 
and the antigen or antibody immobilized on the NC 
membrane react to form an immune complex which 
stays on the T and C lines of the detection area. By 
analyzing the fluorescence intensity of the marker the 
quantitative detection results can be obtained. The 
entire chromatographic process takes about 5-10 min.

The hardware of the detection system

The hardware part of the detection system mainly 
includes: smartphone, closed shell, ultraviolet (UV) 
light source and power supply. Smartphone is the 
mainly part of the detection system, for its camera 
sensor is used to obtain the chip image and the software 
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Fig. 1 The structure of the immunochromatographic chip. 
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which processes the image and shows the detection 
result runs in it. A black smooth shell and three-
dimensional (3D) printed test are used to facilitate the 
portability of the detection terminal, which provides a 
closed detection process as well as enhancing the anti-
interference capacity. UV light-emitting diodes (LED) 
are used as light source to emitting 365 nm spectrum. 
The smartphone supplies for the UV source power 
through the USB interface, which reduces the volume 
of the detection system. 

Identification of signal area and extraction of 
signal intensity

As shown in Fig. 1, the signal areas (T Line and C 
Line) are the rectangle, and the first thing should be 
done is to identify the coordinate of rectangle and then 
extracting the signal intensity. The final processing 
steps are included in the study (Fig. 2, image 
processing steps).

Through the camera sensor of smartphone, the 
image of fluorescence immunochromatographic chip 
can be acquired by the detection system. The color 
image is converted into a grayscale image, which 
makes it easy to identify the signal area coordinates. 
And then, the grayscale image is convoluted using 
the Sobel operator, which enhances the boundary of 
the signal region and reduces the interference of the 
background region. After the above step, the research 
selects the appropriate threshold to convert the image 
to a binarized image. As we know, the binarized image 
consists of one and zero, which is helpful to calculate 
the boundary of the signal area. In the binarized image, 
the research calculates the sum of each column of 
pixels, and the sum of each column of pixels forms a 
discrete sequence. The two peak points of the discrete 
sequence correspond to the left and right boundary 
coordinates of the fluorescence signal. At the same 
time, through calculating the sum of each row of pixels 
in the binarized image, the sum of each row of pixels 
also forms a discrete sequence. The four peak points of 
the discrete sequence correspond to upper and lower 

boundary line coordinates of the fluorescence signal. 
After all the above steps, we can accurately obtain the 
boundary coordinates of the fluorescence signal on the 
immunochromatographic chip.

The next step is to extract the signal strength of 
the fluorescence signal region. In the three channels 
(Red, Green and Blue, RGB) of a color fluorescence 
immunochromatographic chip image, the red channel 
has a positive correlation with the intensity of the 
fluorescence signal, but the green and blue channels 
are not correlated with the intensity of the fluorescence 
signal. Because the emission wavelength of the 
fluorescent quantum dots is about 650 nm in this 
research, which can explain the above phenomenon. 

As shown in Fig. 3, the fluorescence immunochro-
matographic chip image is transformed into a binarized 
image in which the signal boundary can be easily 
identified. According to the signal boundary, we can 
read the signal intensity.

Data statistic

All data are presented in this paper as mean ± 
standard deviation. Statistical differences were 
evaluated using the t test and considered significant at 
P < 0.05.

Experiment
Algorithm simulation experiment

Regarding the method of identification of signal 
area of immunochromatographic chip, we use Matlab 
to simulate the image process. During the process, 
we find that the discrete sequence signal has more 
noise, so using the average method reduce the noise. 
From the discrete sequence, the boundaries of signal 
area can be easily identified. As shown in Fig. 4, the 
boundary position of the fluorescence signal area in 
immunochromatographic chip image is marked by red 
star. Through the simulation experiment analysis, this 
signal area identification method more accurate. Hence, 

Fig. 2 Image processing steps. 
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Fig. 4 (a) The left and right boundary of signal area; (b) The upper and lower boundary of the signal area.

the algorithm is applied to the smart phone software. 

Fluorescence immunochromatographic chip 
detection

Regarding the extraction method of the fluorescent 
signal intensity，in the research, the red pixel value 
is selected as the fluorescence signal intensity. The 
method is also implemented in the smart phone 
software. During this research, the carcinoembryonic 
antigen (CEA) is used as analyte and dropped in the 
fluorescent immunochromatographic chip, which is 
used to detect the correlation between the fluorescence 
intensity and the analyte concentration by the detection 
system based on smartphone. After repeated testing, 
the linear relationship between the concentration of 
the analyte and the intensity of the fluorescence signal 
can be obtained, and the quantitative detection of the 

analyte can be achieved.

In this research, the sample concentrations we 
selected were: 1, 2.5, 5, 10, 20, 30, 40, 50 ng/mL. 
In Fig. 5(a), different CEA analyte concentrations 
correspond to different signal intensities, and with 
the increase in concentration, the fluorescence signal 
intensity  also gradually increased. In order to avoid the 
effects of fluorescent immunochromatographic chips. 
The research adopts the ratio of the red channel pixel 
value of the T line to that of the C line as the detection 
signal strength. After repeat experiences, in Fig. 
5(b), we can see that the signal intensity and analyte 
concentration have a high correlation. From Fig. 5(b), 
the correlation coefficient is 98% and the standard 
curve line formula is y = 0.0067x + 0.4158 between 
signal intensity and analyte concentration. According 

Fig. 3 The chip images in different processing statuses. (a) The origin chip image; (b) The binarized image is marked by the signal 
boundary red line; (c) The signal areas are been identified through the red rectangles. 
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to the standard curve line, we are able to achieve rapid 
and convenient quantitative detection of analytes 
through the detection system based on smartphone. 

Conclusions

In this study, a smartphone-based fluorescent 
diagnostic system for immunochromatographic chip 
was realized. The simple hardware components make 
the detection system portable and suitable for POCT 
detection. The methods for identification of signal area 
from immunochromatographic chip and extraction of 
signal intensity can not only be used in smart phone 
detection software but also be suitable for other testing 
equipment applications. The most important point is 
that through the smartphone detection system we can 
calculate the concentration of the analyte such as the 
CEA antigen. What’s more, the smartphone plays an 
important role in this detection system. As we know, 
with rapid development of the internet technology, the 
smart devices have been used in many fields including 
medical field [16]. Even the intelligent medical care 
is a trend of medical development. So this study is of 
great significance in the field of intelligent medical 
care in the near future.

Acknowledgments 

We are grateful for the financial support by the National 
Natural Scientific Foundation of China (Grant No. 81571835, 
61503246, 81672247 and 81671737), National Key Basic 
Research Program (973 Project) (No.2015CB931802), the 863 
High-Tech Project of China (No. 2014AA020700), Shanghai 
Science and Technology Fund (No. 13NM1401500 and 
15DZ2252000).

Competing Interests

The authors declare no competing financial interests.

References

[1]	 J. Bao, Y.J. Yang, and Y.M. Chen, Explore the POCT 
technology present situation and development prospects. 
Medical Innovation of China, 2016.

[2]	 G. Abel, Current status and future prospects of point-of-
care testing around the globe. Expert Review of Molecular 
Diagnostics, 2015, 15(7): 853-855.

[3]	 W. Jung, J. Han, J. W. Choi, et al., Point-of-care testing 
(POCT) diagnostic systems using microfluidic lab-on-a-
chip technologies. Microelectronic Engineering, 2015, 
132(C): 46-57.

[4]	 C. Marquina, J.M.D. Teresa, D. Serrate, et al., GMR 
sensors and magnetic nanoparticles for immuno-
chromatographic assays. Journal of Magnetism & 
Magnetic Materials, 2012, 324(21): 3495–3498.

[5]	 C. Soumet, Evaluation and validation of a biochip multi-
array technology for the screening of 14 sulphonamide 
and trimethoprim residues in honey according to the 
European guideline for the validation of screening 
methods for veterinary medicines. Food & Agricultural 
Immunology, 2015, 26(4): 477-495.

[6]	 M.S. Castaneto, A.J. Barnes, M. Concheiro, et al., 
Biochip array technology immunoassay performance and 
quantitative confirmation of designer piperazines for urine 
workplace drug testing. Analytical and Bioanalytical 
Chemistry, 2015, 407(16): 4639-4648.

[7]	 C. Berrettoni, C. Trono, S. Berneschi, et al., A newly 
designed optical biochip for a TDM-POCT device. 
Proceedings of SPIE - The International Society for 
Optical Engineering, 2014, 8976(2): 197-203.

[8]	 Q.Y. Xie, Y.H. Wu, Q.R. Xiong, et al., Advantages of 
fluorescent microspheres compared with colloidal gold 
as a label in immunochromatographic lateral flow assays. 
Biosensors & Bioelectronics, 2014, 54(12): 262-265.

[9]	 D .  P y o ,  J .  Yo o ,  N e w  t r e n d s  i n  f l u o r e s c e n c e 
immunochromatography. Journal of Immunoassay & 
Immunochemistry, 2012, 33(2): 203.

[10]	 Q. Yang, X. Gong, T. Song, et al., Quantum dot-based 
immunochromatography test strip for rapid, quantitative 
and sensitive detection of alpha fetoprotein. Biosensors & 
Bioelectronics, 2011, 30(1): 145-150.

[11]	 Z. Bai, Y. Luo, W. Xu, et al., Development of a new 

Fig. 5 (a) The signal intensity according different concentration; (b) The standard curve line.

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Si
gn

al
 (T

/C
)

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Si
gn

al
 (T

/C
)

1 5 10 20
Concentration (ng/mIU) Concentration (ng/mIU)

30 40 502.5 Negative 0 10

(a) (b)

20 30 40

y=0.0067x + 0.4158
R2 =0.9801

50



26 Nano Biomed. Eng., 2017, Vol. 9, Iss. 1

http://www.nanobe.org

fluorescence immunochromatography strip for detection 
of chloramphenicol residues in chicken muscles. Journal 
of the Science of Food & Agriculture, 2013, 93(15): 3743-
3747.

[12]	 D.J. You, T.S. PARK, and J.Y. Yoon, Cell-phone-based 
measurement of TSH using Mie scatter optimized lateral 
flow assays. Biosens Bioelectron, 2013,40(1): 180-185.

[13]	 M.Y. Xie, J. Zhang, W. Gu, et al., Research on portable 
Quantitative fluorescence immunoassay analyzer. 
Instrument Technique and Sensor, 2014, 12: 25-28.

[14]	 Z.L. Zhao, Z.W. Yang, H. Wang, et al., Developing a 
scanning-fluorescene reader. Journal of Xiamen University 
(Natural Science), 2016, 55(1): 121-125.

[15]	 V. Oncescu, D. O’Dell, and D. Erickson, Smartphone 
based health accessory for colorimetric detection of 
biomarkers in sweat and saliva. Lab on A Chip, 2013, 

13(16): 3232.
[16]	 E. Agu, P. Pedersen, D. Strong, et al., The smartphone 

as a medical device: Assessing enablers, benefits and 
challenges. Sensor, Mesh and Ad Hoc Communications 
and Networks (SECON), 2013 10th Annual IEEE 
Communications Society Conference on. IEEE, 2013: 76-
80.

Copyright© 2017 Yafei Hou, Kan Wang, Mengdi Yang, Weijian 
Qin, Kun Xiao, and Wenqiang Yan. This is an open-access 
article distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original author 
and source are credited.


