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Abstract—Gold immunochromatographic strip assay is a 
rapid, simple, single-copy and on-site method. Quantitative 
Interpretation of the strip can provide more information 
than the traditional qualitative or semiquantitative strip 
assay. The paper aims to develop an image based assay 
method for quantitative determination of trace 
concentrations by gold immunochromatographic strip. The 
image of gold immunochromatographic strip is taken by 
CCD, and, after the proper filter and window cutting, the 
test line and control line is segmented by the genetic fast 
fuzzy c-means(FCM) clustering algorithm. In order to 
improve the measure property, based on Lambert-beer law, 
the relative reflective integral optical density(RIOD) is 
selected as the feature by which the interference in the test 
and control lines can be canceled out each other. The 
proposed method is applied to the quantitative detection of 
human chorionic gonadotropin (hCG) as a model. Firstly, 
the segmentation performance of the genetic fast FCM 
clustering algorithm is compared with threshold method 
and FCM clustering algorithm in terms of the peak signal-
to-noise ratio (PSNR). Furthermore, the comparison of the 
blind experiment between the proposed method and 
commercial quantitative instrument swp-sc1 is carried out. 
This method is shown to deliver a result comparable and 
even superior to existing techniques. 
 
Index Terms—gold immunochromatographic strip, 
quantitative interpretation, adaptive segmentation, genetic 
fast fuzzy c-means 
 

I.  INTRODUCTION 

An immunoassay is a biochemical test that measures 
the presence or concentration of a substance in solutions 
that frequently contain a complex mixture of substances. 
Analytes in biological liquids such as serum or urine are 

frequently assayed using immunoassay methods. Such 
assays are based on the unique ability of an antibody to 
bind with high specificity to one or a very limited group 
of molecules. In the field of biomedical diagnostics, the 
search for the increased detection sensitivity and the 
possibility of quantitative detection using simple 
inexpensive assays is an ongoing challenge. 

Immunochromatographic assay, also called lateral-
flow (LF) immunoassay or simple strip immunoassay[1], 
with benefits of low-cost, easy-to-use, rapid and sensitive 
detection of various analytes, has been developed for 
many years and mainly been used to detect drugs of 
abuse and for pregnancy testing at the early stage. Now, it 
has been surging in infectious disease diagnostics [2]. 
Gold immunochromatographic assay is a new lateral-flow 
immunoassay technique in which a cellulose membrane is 
used as the carrier and a colloidal gold-labeled antigen or 
antibody is used as the tracer. This technology has several 
advantages over traditional immunoassays, such as 
simple procedure, rapid operation  and immediate results, 
low cost, no requirements for skilled technicians or 
expensive equipments and perhaps most important, well 
suitable for the on-site detection of antibodies or 
antigens[3,4]. It was first introduced to target human 
chorionic gonadotropin (hCG) for the detection of 
pregnancy. This method has been mainly applied to 
human diagnostics so far. It can also be applied to low 
molecular mass analyses, e.g., detection of drug abuse, 
prediction of steroid-based ovulation, and determination 
of progesterone, antibiotic in milk and pesticide residue 
according to competitive immunoassay protocols[1]. It is 
applied increasingly to various fields, such as clinical 
diagnosis, food safety testing and environment 
monitoring application [1,5-6]. 

However, unlike traditional quantitative immunoassay 
methods, most gold immunochromatographic assays can 
only get qualitative or semi-quantitative results observed 
directly with the naked eyes at present[7], which limit the 
applications of these assays. For example, the positive or 
negative result of female human chorionic gonadotropin 
(hCG) can only indicate the pregnancy status, but the 
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Figure 1. The schematic and structure of the gold 

immunochromatographic strip 

quantitative tracking result of serum hCG can provide 
more useful information in screening for fetal trisomy 18 
also known as Edward's syndrome, open neural tube 
defects, and may also detect an increased risk of Turner 
syndrome, triploidy, trisomy 16 mosaicism, fetal death, 
Smith-Lemli-Opitz syndrome, and steroid sulfatase 
deficiency [8]. 

Recently, quantitative interpretation of gold 
immunochromatographic assay has been paid a great deal 
of research attention. This research mainly focuses on 
two directions: one is the material selection and the 
improvement of biochemical property of strip [9-11], and 
the other is the development of quantitative instrument 
[2,7,12-17]. It is obviously that only the progress in these 
two aspects can facilitate the performance of quantitative 
interpretation of gold immunochromatographic strip assay. 

Most of the methods for developing quantitative 
instrument introduce the reflective optical fiber approach 
to acquire gold immunochromatographic strip signal, 
such as in [2,12-16]. It is unfortunate that the reflective 
optical fiber approach is based on mechanical scanning 
device, which causing slow operation and bulky style. 
The worse problem is that, the limited irradiated area of 
optical fiber will largely reduce the measure reliability. 

Obviously, image based instrument, such as the 
scheme adopted in paper[7] and [17], is a good 
alternative, which can effectively avoid the problems 
emerged in the reflective optical fiber approach. For 
immunochromatographic strip image, the suitable image 
process technology is needed for anysis, among which the 
segmentation and feature selection are crucial. 

Paper[7] and [17] provide two similar image based 
schemes, where the commercial optical scanner is used to 
obtain the strip image. The Otsu threshold selection 
method and fuzzy c-means (FCM) clustering algorithm 
were used to segment the control and test lines in 
paper[7] and [17], respectively. Three variables, gray 
intensity average of test and control, and the intensity 
difference between the test line and control line, are 
selected as features, which applied to be analyzed by the 
neural network model in paper [7]. In paper [17], the 
similar three dimensional features as in paper [7], namely, 
the average of RGB at control and test lines and the 
absolute of the difference between these averages, are the 
input features to the support vector regression. 

 The Otsu threshold selection method and FCM 
clustering algorithm are two common image 
segmentation techniques. However, in noisy situation and 
images of low concentration, there was difficult to infer a 
threshold as the range of intensities is very small, and 
perhaps part of the background intensity is larger than the 
signal, which gives rise to the main drawback of the 
threshold method. Although FCM clustering algorithm is 
widely used in the automated image segmentation[18,19], 
it is suffered from local optimum and is time-consuming. 
For the feature selection for measurement, considering 
only the gray intensities in test line and control lline is 
inadequate, because the background will provide some 
noise information of the strip, such as the influence of 

temperature, humidity and non-uniform penetration of 
liquid and colloidal gold. 

In this paper, a novel method for interpretation of gold 
immunochromatographic strip, which is based on the 
image scheme, is investigated. The acquisition of gold 
immunochromatographic strip signal is taken by high 
gray level resolution area array Charge Coupled Device 
(CCD), which gets rid of the bulky mechanical scanning 
device. Then, we apply the averaging-based adaptive 
filter to reduce image noise, the canny edge detection 
operator, mathematical morphology open and close 
operation, and the hole filling algorithm to extract 
detection window, and finally the genetic fast FCM 
clustering algorithm to extract the test and control lines 
in the detection window. In order to improve the 
measure sensitivity and accuracy, then relative detection, 
consider the information in control and test lines and 
background, is chosen as the feature for quantitative 
interpretation of the strip based on Lambert-beer law. The 
property of the developed quantitative method is 
demonstrated by the detection of hCG and compared with 
our previous work. It is shown that the proposed 
technique has good linear response property and accuracy. 

To deliver the proposed method and justify its 
advantages, the remainder of the paper is arranged as 
follows:1) characteristic of gold immunochromatographic 
strip, system architecture and structure of the image 
acquisition system are briefly discussed; 2) filter and 
window cutting, particularly genetic fast FCM clustering 
algorithm to extract test and control lines of gold 
immunochromatographic strip image, are described; 3) 
principle and feature selection of quantitative gold 
immunochromatographic strip based on Lambert-beer 
law are analyzed; and 4) the results from this method are 
validated on hCG immune standard sample and also 
compared with the commercially available quantitative 
instrument swp-sc1, which is our previous achievement. 

II.  SYSTEM DESIGN 

A.  Characteristic of Gold Immunochromatographic Strip 
Gold immunochromatographic strip is based on 

colloidal gold labeled and chromatographic technology 
(Fig. 1). A typical immunochromatographic strip design 
utilizes antibody sandwich to detect antigen in the 
sample. In the design, one antibody is immobilized on the 
nitrocellulose membranes or other solid phase. The other 

JOURNAL OF COMPUTERS, VOL. 6, NO. 3, MARCH 2011 541

© 2011 ACADEMY PUBLISHER



 
Figure 3. Schematic diagram of the image acquisition system 

 
Figure 2. The system block diagram 

antibody is labeled with colloidal gold. The labeled 
antibody is dried on a piece of low protein binding 
material in conjugate pad. When the specimen passes 
through and re-wet the material that is dried with the 
antibody conjugate, it will release the antibody conjugate. 
If the sample contains the antigen to be detected, the 
antigen will react with antibody conjugate and form an 
antigen-antibody conjugate compound. The compound 
continues to move by capillary action to the membrane 
where the capture antibody is embedded. The antibody 
will capture the antigen-antibody conjugate to form a 
sandwich type compound. This sandwich type compound 
will stay on the membrane and form a visible red or 
purple red color band or spot at the test and the control 
lines, otherwise the redundant compound goes forward to 
the absorbent pad.  

After the antigen-antibody reactions, the red or purple 
red color caused by the accumulation of the colloidal gold 
at the test and the control lines will appear on the 
membrane. Monitoring the strength and area of the red 
color band provides the basis for the quantitative 
determination of the target molecule. Therefore, the 
concentration of the measured substance can be 
determined. 

B.  System Architecture 
In the paper, gold immunochromatographic strip, and 

high gray level resolution area array CCD serve as the 
primary and secondary sensor, respectively. After the 
proper filter and window cutting, the test line and control 
line is segmented by the genetic fast fuzzy c-means(FCM) 
clustering algorithm from the CCD image. Finally, 
according to the gray intensities of control line, test line 
and background, the feature for the interpretation is 
calculated. The system block diagram is shown in Fig. 2. 

C.  Structure of image acquisition system 
In the design of image acquisition system, the 

spectrum character of light source should be carefully 
selected according to absorption spectrum curve of the 
color band in order to enhance the sensitivity. The 
accumulation of the colloidal gold appears the red or 
purple red color, with absorption peak range from 510nm 
to 550nm, so the pure green LED with wavelength of 
525nm which is complementary with red color, is 
selected as the light source. 

The schematic diagram of the image acquisition 
system is shown in Fig. 3. In order to improve the light 
intensity and uniformity, sixteen LEDs are arranged in 
two rows, eight LEDs each row, lighting vertically on the 
strip. 

III.  PROCESS OF GOLD IMMUNOCHROMATOGRAPHIC 
STRIP IMAGE 

A.  Filter and Window Cutting 
The image taken from CCD is as Fig.4(a). Noise will 

be introduced to the strip image because of the limitation 
of device and transmission channel, which will degrade 
the measurement. So firstly the averaging-based adaptive 
filter is used[20], which can process the mixed noise 
composed of gauss and impulse noise, and refine the edge 
and detail.  

Then the canny edge detection operator, mathematical 
morphology open and close operation, and the hole filling 
algorithm is applied to extract detection window, which 
includes the nitrocellulose membrane, test and control 
lines accumulated by the sandwich type compound in the 
nitrocellulose membrane, shown is Fig.4(b). 

B.  Genetic Fast Fuzzy C-Means(FCM) Clustering 
Algorithm to Extract Test and Control Lines 

The succeeding task is the segmentation of the test line 
and control line from the detection window, which falls 
within the category of classification, that is, assigning 
pixels into test, control and background classes. However, 
the test line and control line may appear blurred and 
uncertain, mixed with background. According to the 
membership of every image pixel to the clustering 
centers, the FCM clustering algorithm divides the image 
pixels into c clustering classes through iteration [21]. 
Traditional FCM algorithm is an iterative optimization 
algorithm that minimizes the object function[22]: 

2
m

1 1
( , ) ( ) ( )

n c
m

ij ij
j i

J U V u d
= =

= ∑∑                          (1) 

Subjecting to 
1 1

[0,1], 1,0
c n

ij ij ij
i j

u u u n
= =

⎧ ⎫
∈ = < <⎨ ⎬

⎩ ⎭
∑ ∑ , 

where, X={x1, x1,…xn} is the data set, n is the number of 
data points, c is the number of clusters, m�(1,∞) is a 
weighting constant, ij j id x v= −  is the distance, which 
is usually Euclidian distance, between the i th cluster 
centre and the j th data point, uij is the membership of 
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Figure 4. The extraction process of test and control lines from 
CCD sensor obtained GICS image.(a)Original image;(b)The result 
of filter and window cutting;(c)The result of using genetic fast 
FCM algorithm to extract the test and control lines. 

vector xj to i th cluster, U=[ uij]c×n  is the fuzzy c-partition 
matrix, { }iV v=  is the cluster centre matrix. 

The FCM algorithm used in image segmentation focus 
on pixel set, resulting in large computation cost. By 
mapping from pixel space to gray histogram feature 
space, the clustering for pixels is mapped to the clustering 
for gray, reducing remarkably the computation cost and 
forming a fast FCM algorithm[23]. The fast FCM 
algorithm’s formulas of object function, cluster centre 
and membership function are followed: 
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where k={0, 1,…Lmax-1} , Lmax is the number of levels of 
k, h(k ) is the histogram of k. 

Another problem is that, the FCM clustering algorithm 
is sensitive to initial value, easily run into local optimum. 
The genetic algorithm(GA) is a good global optimal tool, 
widely used in all kinds of field[24]. Combining GA with 
fast FCM algorithm, we get a hybrid algorithm which has 
good global search capability[25]. The procedure of 
genetic fast FCM algorithm, used for the gold 
immunochromatographic strip image segmentation in the 
paper, is as following: 

(1)Specify the size of population and initialize the 
population of chromosomes randomly.  

(2)Calculate the fitness for each individual in current 
population with the formula  fm=1/(1+Jm). Jm is the 
formula (2). 

(3)Carry out selection, crossover and mutation 
operations on current population.  

(4)Perform the fast FCM on current generation. Firstly, 
calculate the new partition matrixes U of every 
chromosome with formula (4); Secondly, calculate the 
new chromosomes with the formula (3) using the new 
partition matrixes above.  

(5)If the end condition is satisfied, return the best 
chromosome; otherwise, repeat step (2) through (4) until 
the end condition is satisfied. 

Considering the image characteristic of gold 
immunochromatographic strip, the parameters of the 
segmentation algorithm in this paper are: The number of 
cluster c=3, the weighting constant m=2, the size of 
population is 30, selection operation uses the roulette 
wheel algorithm, crossover probability is 0.6, mutation 
probability is 0.02, evolution generation is 100. An 
example of the segmentation result is shown in Fig.4(c). 

IV.  PRINCIPLE AND FEATURE SELECTION OF 
QUANTITATIVE GOLD IMMUNOCHROMATOGRAPHIC STRIP 

A.  Mathimatical basis of the quantitative system 
For the parallel incident light with a given wavelength 

on the strip, according to Lambert-Beer Law [26]: 

A L Cα= ⋅ ⋅                                       (5) 

where A is the absorbency for the given wavelength, 
revealing the absorption degree of the substance to 
incident light. Coefficient α is the absorption coefficient, 
characteristic of the material. Considering a given 
wavelength light, it is a constant. The measured liquid is 
spread to a thin and semi lustrous surface, so L, thickness 
of absorbent substance, is also a constant. C is the 
concentration of the measured subject. 

Consider the desirable situation, where no light 
transmission and scattering is occurring. Namely, besides 
the absorption, all the incident light is reflected. Then the 
absorbency A is equal to reflective integral optical 
density (IOD). Thus, if the thickness of absorbent 
substance L and the absorption coefficient α are known, 
and the reflective IOD is measured, the concentration of 
the substance can be calculated. The reflective IOD of 
strip image is defined as:   

         ( ) 0
( )

1 1
lg

N N
i

i
i i

IOD OD
φ

φ= =
= =∑ ∑                      (6) 

where OD (i) is the reflective optical density of pixel i. 
When C=0, namely no absorption substance, the 
reflective light intensity is φ0, equaling the intensity of the 
incident light. And φ (i) is the reflective light intensity of 
pixel i after absorption. N is the amount of pixel. When 
no interference is occurring, strip background, the region 
outside the test and control lines, is white, fully reflects 
the incident light. Then the incident light intensity is 
equal to the reflective light intensity of background. 

The output current of its photosensitive unit is direct 
proportional to its incident light intensity as a result of the 
linear photoelectric character of CCD with given 
wavelength. Moreover, gray level is also direct 
proportional to the current under uniform sampling and 
quantification. So the following equation is desired:  

 ( ) 0 0 0
( ) ( ) ( )

1 1 1 1
lg lg lg

N N N N
i

i i i
i i i i

I G
IOD OD

I G
φ

φ= = = =
= = = =∑ ∑ ∑ ∑      (7) 
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Figure 5. Images of gold immunochromatographic strip of different concentration(from the left side:0,10, 35, 75, 100, 150, 200, 300, 400, 500mIU/ml) 

where I (i) and G (i) are output current and gray level of 
pixel i, respectively, and I0 and G0, output current and 
gray level of background.  

From (5)-(7), we can derived: 

0
( )

1
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N

i
i

G
GC
Lα

==
⋅

∑
                               (8) 

It is found that in order to acquire the concentration of 
the measured substance, we only need to measure the 
gray level of every pixel at test line and background. 

B.  Selection of Feature Parameter 
It should note that absolute values of integral optical 

density is depend on the physical properties of test strips 
and the image acquisition system used for detection and 
cannot necessarily be used to compare data from different 
experiments. The variability observed from strip to strip 
at the same concentration attributes to variations in 
membrane properties, humidity effects, batch to batch 
variability of the antibody conjugates, storage conditions, 
and other factors. 

Also, the so-called Lambert-Beer deviation will appear 
in actual measurement. For example, the existence of 
transmission and scattering will decrease the reflective 
light intensity, and the non-uniform penetration of water, 
blood, and colloidal gold will cause the background to 
only partially reflect the incident light. And light path 
inference, unstable output of light source, time and 
temperature drifting of the photoelectric device, and the 
influence of strip temperature and humidity to 
chromatographic action will further disturb the 
measurement. 

It is obviously that all the influence act equally on the 
test line and control line. So the relative integral optical 
density (RIOD) is introduced to cancel out the common 
influence. Supposed the reflective integral optical density 
of test and control lines are denoted by IODx and IODs 
respectively. And the concentration of test and control 
lines is Cx and Cs respectively. Then, according to 
Lambert-Beer Law, 

,x x s s

x x x

s s s

IOD L C IOD L C
IOD L C C

RIOD
IOD L C C

α α
α
α

= ⋅ ⋅ = ⋅ ⋅

⋅ ⋅
= = =

⋅ ⋅

                (9)                             

We can set up the operating curve of RIOD and Cx 
through several standard specimens. Then according to 
measured RIOD, we can get the needed Cx . According to 
(7) and (9), The selected feature, relative integral optical 
density (RIOD), is calculated from the test line, control 
line and background: 
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                        (10)   

where Gx (i)  and Gs (i) are gray level of pixel i at test and 
control lines, respectively, and G0, gray level of 
background, which is calculated as the average value of 
background. N and M are the amount of pixels at the test 
and control lines respectively. 

V.  RESULTS AND DISCUSSION 

A. Experiment design 

In this study, we aim to develop a rapid and precise 
image system to quantitative interpretation of gold 
immunochromatographic strip. In this experiment, the 
quantification of hCG gold immunochromatographic strip 
is used as a model. The quantitative tracking result of 
hCG in serum or urine can provide more useful 
information in ectopic pregnancy differentiation and in 
fetal Down syndrome screening test. 

In our experiment, all hCG specimens are diluted with 
hCG immune standard sample of National Institute for 
the Control of Pharmaceutical and Biological Products 
according to its specification. In every detection, the 
dosage of sample is strictly controlled to 90µl. The 
reaction between antigen and antibody is dynamic, so the 
image in every detection is taken after 6 minutes, when 
the reaction is stable. 

B.  Performance of genetic fast FCM algorithm for image 
segmentation 

Firstly, ten specimens with concentration of 0, 10, 35, 
75, 100, 150, 200, 300, 400, 500 (mIU/ml) are selected. 
The gold immunochromatographic strip images taken 
from the ten specimens are shown in Fig. 5, and the test 
and control lines are extracted from image by the 
algorithms mentioned in Fig. 2. 

In order to quantify the performance of different 
segmentatio methods, a quality measure is required in 
order to evaluate the validity of the test and control lines. 
For this purpose, an image quality measurement, known 
as the peak signal-to-noise ratio (PSNR) [27], is used and 
the rational is justified as follows. 

The Mean Square Error (MSE) and the Peak Signal to 
Noise Ratio (PSNR) are the two error metrics requently 
used to compare image compression quality. The MSE 
represents the cumulative squared error between the 
compressed and the original image. The lower the value 
of MSE, the lower the error. The PSNR represents a 
measure of the peak error. The PSNR is most commonly 
used as a measure of quality of reconstruction of lossy 
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Figure 6.  The PSNR comparison of segmenting images of 10 
concentrations of specimens (from the left side:0,10, 35, 75, 
100, 150, 200, 300, 400, 500mIU/ml) 

compression codes (e.g. for image compression). The 
signal in this case is the original data, and the noise is the 
error introduced by compression. 

To compute the PSNR, the proposed algorithm first 
produces a binary mask that classifies the image pixels as 
belonging to either signal (the test and control lines, 
which is assigned 1) or background (which is assigned 0), 
then the mean-squared error using the following equation 
is calculated: 

 
[ ]2

1 2
,

( , ) ( , )
M N

I m n I m n
MSE

M N

−
=

×

∑
             (11) 

where M and N are the numbers of rows and columns in 
the input images, respectively, I1 is the grayscale 
normalized to [0 1] and I2 is the mask image. Then, we 
obtain the PSNR using the following equation: 

              
2

10log RPSNR
MSE
⎡ ⎤

= ⎢ ⎥
⎣ ⎦

                      (12) 

where R is the maximum fluctuation in the input image 
data type. For example, if the input image has a double-
precision floating-point data type, then R is 1. If it has an 
8-bit unsigned integer data type, R is 255,etc. In our 
situation, it is 1. 

The PSNR returns the ratio between the maximum 
value in the signal and the magnitude of the signal’s 
background noise. The output of the PSNR is decibel 
units (dB). An increase of 20dB corresponds to a ten-fold 
decrease in the MSE difference between two images. The 
higher the PSNR value the more strongly the binary spot 
mask fits with the raw image surface. The PSNR is a 
much better measure of the suitability of a spot mask to 
the raw image area containing the spot as it is more 
resilient against large intensity ranges within the spot area 
compared to the MSE [28,29]. 

Fig. 6 shows the PSNR comparison of segmenting 
images of 10 concentrations of specimens, where the 
three columns represent the peak signal to noise ratio 
(PSNR) for, respectively, the optimal threshold value 
algorithm, FCM algorithm and the genetic fast FCM 
algorithm. In the concentrations of 0,10, 35, 75, 100, 
300mIU/ml, the threshold results are approximately equal 

to the results of segmentation using FCM clustering 
algorithm. In the other four concentrations, the FCM 
clustering algorithm produce a better result than threshold 
method. Clearly, GA fast FCM clustering algorithm gives 
a much better segmentation outcome. 

C.  Construction of standard curve and blind experiment 
Regardless of the method used, interpretation of the 

signal produced in an immunoassay requires reference to 
a calibrator that mimics the characteristics of the sample 
medium. For qualitative assays the calibrators may 
consist of a negative sample with no analyte and a 
positive sample having the lowest concentration of the 
analyte that is considered detectable. Quantitative assays 
require additional calibrators with known analyte 
concentrations. Comparison of the assay response of a 
real sample to the assay responses produced by the 
calibrators makes it possible to interpret the signal 
strength in terms of the presence or concentration of 
analyte in the sample. 

So in our experiment, a total of ten specimens with 
concentration of 0, 10, 35, 75, 100, 150, 200, 300, 400, 
500 (mIU/ml), are used, firstly, to test the linear property 
of the proposed quantitative method. 

The results of RIOD of all the 10 specimens are 
calculated according to (10). The means of the calculated 
RIOD against specimen concentrations are plotted as 
scattered points in Fig. 7. The linearity of the quantitative 
method is examined by a straight line constructed using a 
least square method to all the data points. The line 
equation is: 

           0.00524 0.268RIOD C= +                  (13)   

A linear fit to the data reveals an R2 of 0.98995, 
indicating the good linearity of the response across the 
wide detection range. 

To test the intra-assay variance, a series of 10 tests are 
repeated using the same batch of strips.The coefficient of 
variation(CV) ranged from 6.18% to 11.59% (n = 10) 
except the negative sample. The results in the form of 
mean plus standard deviation are shown in Tab.1 

Then, another seven standard specimens with 
concentration of 50, 100, 200,250, 300, 400,450 
(mIU/ml) are used to test the accuracy by blind 
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Figure 8.  Comparison of hCG concentration of measured against 

standard specimen concentration by the blind experiment 

experiment. The detection operations are the same as 
above. For every specimen, the test and control lines are 
extracted from image, and then corresponding RIOD is 
calculated, which is used to acquire the measured hCG 
concentration by (13).  

At the same time, these experiments are performed in 
parallel by the commercially available quantitative 
instrument swp-sc1 proposed in paper[12-14], which is 
our previous achievement, having acquired the People 
Republic of China Registration Certificate for Medical 
Device. The measured hCG concentrations of these two 
methods against standard hCG specimen concentrations 
are plotted in Fig. 8 with line of equality. 

We can find that these two methods are all performed 
well. The correlation of coefficient of the proposed 
method is 0.98653, higher than that of swp-sc1, which is 
0.97921.  

VI.  CONCLUSION AND FUTURE WORK 

To date, most of the immunochromatographic assays 
are qualitative or semi-quantitative. Although the 
intensity of the color band in test line on 
immunochromatographic strip correlates with 
concentration of the test target in particular range, the 
corresponding concentration level is difficult to be 
quantified directly. The image based quantitative method 
of immunochromatographic assay is a promising 
direction. 

Based on Lambert-beer law, an image method was 
developed that is capable of quantitatively determining 

gold immunochromatographic strip, where the test line 
and control line are segmented from detection window by 
GA fast FCM clustering algorithm, and the relative 
integral optical density (RIOD) is chosen as the measure 
parameter to cancel out the equal influence on test and 
control line by interference. The proposed quantitative 
method possesses linear response property and high 
accuracy. 

The main contribution of this paper is the development 
of an image based method for quantitative interpretation 
of immunochromatographic strip. This method not only 
produces very impressive results that are very 
competitive with the results obtained using commercial 
instrument swp-sc1, but it also needs a more simpler 
structure than previous reflective optical fiber approaches. 
Clearly, this is a valuable addition to the area of 
quantitative interpretation of immunochromatographic 
strip. 

A more detailed examination of the noise characteristic 
and corresponding filter algorithm is currently underway.  
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