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ABSTRACT.  The removal of suspended solids (SS) and color is critically important for textile wastewater treatment processes. 
Typically, chemical coagulation and sedimentation have been used as pretreatment processes to remove SS and color from textile 
wastewater. The effective removal of SS depends significantly on the particle size distribution, density, and fractal dimension. In 
practice, a batch settling test is used in the laboratory to evaluate the performance of chemical coagulation for the removal of SS. In 
this paper, we present the application of digital image analysis (DIA) for on-line and simultaneous measurement of the variations of the 
characteristics of particles in textile wastewater. This technology was used during a batch settling test to measure the characteristics of 
particles, including the mean gray value (MGV) of the captured images, particle size (i.e., equivalent diameter (ED)), total area, total 
volume, the fractal dimension, and the mean red/green/blue (R/G/B) values of the captured images. The on-line DIA data were used as 
input to regression and artificial neural network (ANN) models that predicted the efficiencies of SS removal and color removal in real 
textile wastewater after chemical coagulation and sedimentation. The experimental results indicated that the ANN models predicted 
both the SS and color removal efficiencies precisely, with correlation coefficients (R2) of 0.93 to 0.96. Thus, digital image analysis and 
ANN models can be used to simultaneously evaluate the removal of SS and color from textile wastewater by chemical coagulation. 
 
Keywords: artificial neural networks, chemical coagulation, sedimentation, color removal, fractal dimension, image analysis, particle 
size, suspended solids

 
 

 

1. Introduction 

Chemical coagulation/flocculation and sedimentation are 
among the most commonly used and cost-effective processes 
for removing suspended solids (SS), organic contaminants, 
color, and toxic materials for textile wastewater (Papic et al., 
2004; Kumar et al., 2008; Merzouk et al., 2011; Verma et al., 
2012). In Taiwan, chemical coagulation/flocculation is the 
most important pretreatment process to remove SS and color 
from textile wastewaters (Kao et al., 2001). The removals of 
SS and color by chemical coagulation/flocculation depend on 
the particle size distribution and the morphology of the flo- 
cculated particles (Aguilar et al., 2003; Sophonsiri and Mor- 
genroth, 2004; Yu et al., 2006; Ofir et al., 2007; Zheng et al., 
2011; Wu et al., 2012). Typically, a batch jar test is used to de- 
termine the optimal pH and dosage required for the effective 
removal of SS and color from textile wastewater (Metcalf and 
Eddy, 2002). Laser particle-size analyzers and the photometric 
dispersion analyzer (PDA) were developed to measure parti- 
cle size and to monitor coagulation (Gregory, 1985; Huang 
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and Liu, 1996; Williams et al., 2007). In addition, the optical 
meter and turbidmeter also have been used to measure the 
sizes of particles in water treatment processes (Ebie et al., 
2006; Cheng et al., 2008). However, these methods typically 
are used to measure only one of the particles’ characteristics. 
In addition, the reliability of the signals and the on-line appli- 
cation of such methods are still in question, and most of these 
methods are still expensive and difficult to maintain (Jarvis et 
al., 2005; Gregory, 2009). 

Digital image analysis (DIA) is an economical method, 
and it easily can be used for on-line monitoring of many indu- 
strial processes (Prats-Montalban et al., 2011). Various DIA 
methods have been used for the monitoring and control of 
processes in water and wastewater treatment applications. DIA 
has been used for the on-line monitoring of the true color of 
textile wastewater (Yu et al., 2005) and to characterize the 
size distribution of the floc in wastewaters (Govoreanu et al., 
2004; He et al., 2012). The DIA method also has been used to 
identify the structure and characteristics of flocs and to eva- 
luate their settling efficiency (Grijspeerdt and Verstraete, 1997; 
Chakraborti et al., 2000, 2003; Wang et al., 2009; Verma et al., 
2010; Zheng et al., 2011). DIA methods also have been used 
to identify the protozoa and metazoa in typical activated slu- 
dge as well as the filamentous and non-filamentous bacteria in 
water and wastewater effluents after treatment (Contreras et 
al., 2004; Ginoris et al., 2007). In our previous study, an on- 
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line DIA system was set up to measure particle size distribu- 
tion and the morphology of particles in wastewater simul- 
taneously (Yu et al., 2009a). 

Artificial neural network (ANN) models, especially the 
back-propagation neural network (BPN) model, are very effe- 
ctive in representing the relationships between input and out- 
put variables in non-linear and complex systems. ANN mo- 
dels have been used to address the prediction and control 
problems of many water and wastewater processes, including 
biological nutrient removal, Fenton oxidation, chlorination, 
UV disinfection, and sludge treatment (Yu et al., 2005, 2009b, 
2013; Elemen et al., 2012; Kim et al., 2012; Kumar and 
Venkateswarlu, 2012). The removal of SS and color by che- 
mical coagulation depends on several complex physical and 
chemical phenomena that are affected by multiple parameters, 
such as coagulant dosage, particle size distribution, density, 
and fractal dimension. Therefore, the process may be difficult 
to evaluate by traditional mathematical models, so an ANN 
model was used in this study because it was very effective in 
representing the relationships between input and output varia- 
bles in complex, non-linear systems (Choi and Park, 2001; 
Senthilkumar, 2007). 

In this study, the DIA was used for the on-line and simul- 
taneous measurement of the variations of particles and to log 
the MGV/R/G/B data of the captured images during the batch 
settling of chemical coagulation. Then, these on-line DIA data 
were used in regression and artificial neural network (ANN) 
models to predict the SS and color removal efficiencies for 
real textile wastewater after chemical coagulation and sedi- 
mentation. This combination of DIA monitoring and the ANN 
model has the potential to provide an automatic, rapid, and 
more effective evaluation of both SS and color removals of 
chemical coagulation than the traditional jar test and the par- 
ticle measurements by laser particle-size analyzers or the 
PDA. 

 

2. Materials and Methods 

2.1. Reactor and DIA System 

Figure 1 shows the details of the setting reactor and the 
DIA system used in this study. A batch-type, laboratory-scale 
settling tank with an effective volume of 3.6 L (60 cm high, 
10 cm long, 6 cm wide) was used. The width of 6.0 cm was 
designed to ensure that the DIA system easily could identify 
the image of each particle in the wastewater samples during 
settling. The DIA device had a high-magnification micro-lens 
with a high-resolution charge coupled device (CCD) (480 TV 
lines; Marlin F-080C) that was used to capture images of the 
particles in the sample. A halogen illuminator (LSH-150F) 
with an intensity of 25 W/120 V was used as the light source. 
The detected images were analyzed following the image ana- 
lysis processes, including image pretreatment (remove lumi- 
nance), image enhancement (lookup table/convolution/filter), 
image segmentation (entropy, binarization), feature extraction, 
and image representation. Using this high-resolution CCD, 
one pixel on the detected image would occupy an area of 
approximately 2.25 µm2; therefore, particles with EDs greater  
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Figure 1. Schematic diagram of the settling tank and the 
digital image analysis (DIA) device. 
 

than 10 µm could be identified easily. The images that were 
detected on-line were analyzed using the software progra- 
mmed by the NI Vision Assistant (National Instruments, USA) 
for the simultaneous identification of particles and the mea- 
surement of their characteristics. After these processes, vari- 
ous parameters associated with the captured images of the 
particles were acquired, including the MGV (Mean Gray Va- 
lue) and RGB (Red, Green and Blue) values, particle size 
(ED), total area, total volume, and the fractal dimension of the 
particles using the methods proposed by Yu et al. (2005, 2009 
a). The ED of each particle in the captured images was cal- 
culated based on the “Projected Area Diameter” method, whi- 
ch means the diameter of a theoretical circle that contains the 
same projected area as the irregular particle.  

 

2.2. Batch Settling Experiments 

Typically, textile wastewaters contain large amounts of 
SS and color, and chemical coagulation is one of the effective 
processes used to remove SS and color. Therefore, samples of 
real textile wastewater were used in this study. The samples 
were acquired from the influent of a full-scale, textile waste- 
water treatment plant in Miao-Li City, Taiwan. The samples 
contained 144 ~ 290 mg/L of SS, 854 ~ 1,837 ADMI 31 WL 
units of color, and 241 ~ 453 mg/L of chemical oxygen de- 
mand (COD). True color based on AMDI units of samples 
was measured due to the color discharge limit in Taiwan. The 
raw wastewater that was collected was placed in a 20 L sto- 
rage tank for 30 min to remove the settleable particles; the 
supernatant was moved into a coagulation system. Poly alu- 
minum chloride (PAC) coagulant (Panreac, Spain), with doses 
ranging from 80 to 210 mg/L, was added into the coagulation 
system to conduct a typical chemical coagulation process 
(rapid mixing at 100 RPM for 5 min and slow mixing at 30 
RPM for 20 min). Subsequently, the wastewater sample was 
removed and placed in a batch settling tank (Figure 1) for 
solid-liquid separation. The CCD was set at 10 cm below the 
surface of the liquid to capture the images of the particles as 
they passed through. The images were captured every 10 s by 
the CCD, so about 180 images were obtained in the batch  
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Figure 2. Architecture of the BPN model used in this study. 
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Figure 3. Series of captured images for different settling time. 
 
settling test. Particles in the images were identified by the NI 
Vision Assistant, and the various parameters for captured ima- 
ges and the identified particles were measured simultaneously. 
Sixty runs of the chemical coagulation/flocculation and se- 
ttling experiments were conducted in this study. For each run, 
the concentration of SS and the true color of the sample 
before coagulation/flocculation and after settling were mea- 
sured using methods 2540D (SS) and 2120E (ADMI true 
color) in Standard Methods (APHA et al., 2005). 

 

2.3. ANN and Regression Models 

A typical back-propagation neural network (BPN) model 
consists of three layers, i.e., input, hidden, and output layers. 
The model was developed using Super PCNeuron 5.0 soft- 
ware (Yeh, 2009), and it was used to build the ANN predic- 
tion models in this study. Figure 2 shows the architecture of 
the BPN model that was used. The correlations of input vector 
(Xi), hidden vector (Zj), and output vector (Yk) are defined as 
shown in the following equations. 

 

Hidden layer: 
1

( )
I

j iji
Z f w Xi

     (1)      

 

Output layer: 
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Figure 4.Variations of mean gray value (MGV) of captured 
images for different PAC doses during the particles settling. 
 
where Xi,, Zk, and Yj are the input, hidden, and output vectors, 
respectively; Wij and Wjk are connecting weights from Xi to Zj 
and Zj to Yk, respectively. The sigmoid function was used as 
the activation function. This BPN model used the generalized 
delta-learning rule as its training algorithm, the gradient de- 
scent method to minimize error, and Root Mean Square (RMS) 
to evaluate the performance of the training and test procedures. 
Also, a traditional linear regression was used based on Micro- 
soft Excel 2010 software. 

 

3. Results and Discussion 

3.1. Variations of MGV of the Captured Images in Settling 

Figure 3 shows a series of typical images that were cap- 
tured at different settling times. In the initial settling period, 
large, aggregated particles occupied the entire image. Thus, 
separate particles could not be identified, and particle sizes 
and morphologies could not be measured. After 240 s of se- 
ttling, fewer and smaller particles were found in the captured 
image because most of the larger particles had settled. The 
particles were identified easily after about 900 s of settling, 
because only a few small particles were observed in the ima- 
ge.  
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Figure 5. Variations of particle size (ED) during the settling 
for different PAC doses. 
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Figure 6. Typical variations of total area of particles in 
detected images during the settling period for different PAC 
doses. 
 

The gray value of a pixel of an image uses binary re- 
presentation with the resolution of 8 bpp (bits per pixel), mea- 
ning that 0 is black and that the maximum value of 255 is 
white. According to the resolution of CCD, a total of 786,432 
(1024 × 768) pixels were located in each captured image in 
this study. NI Vision Assistant software was used to measure 
the gray value of each pixel, and the mean gray value (MGV) 
of the captured image represents the average gray value of the 
786,432 pixels in the image. The pixels in the images that inc- 
luded SS always had low gray values. Thus, the images cap- 
tured from the samples of textile wastewater that contained 
high SS or color typically tended to have reduced MGVs, so 
MGV could be a potential indicator of the level of SS or color 
in textile wastewater.  

Figure 4 shows the typical variations of the MGVs of the 
images obtained while the particles were settling for different 
doses of PAC. Very low MGVs, near zero, were found at the 
beginning of the settling process because the coagulated par- 
ticles were dominant and occupied the images that were ob- 
tained during this period. The MGVs increased significantly 
after 200 ~ 300 seconds of settling, and they became stable 

after 1,000 ~ 1,200 seconds of continuous settling. By this 
time, most of the particles had settled, and part of the color 
also had been removed. The MGVs increased to around 150 
units when the doses of PAC were greater than 170 ~ 180 
mg/L; however, further increases in the doses of PAC did not 
result in significant increases in the MGVs of the images. 
Theoretically, the small and suspended particles will be aggre- 
gated by the added PAC to form larger particles. The aggre- 
gated and larger particles occupy less area on the detected 
image, resulting in an increase of MGV. Therefore, increases 
of the MGV of the images caused by the higher PAC doses 
were observed. Therefore, a large MGV of an image tends to 
indicate the effective removal of SS from the sample by che- 
mical coagulation. However, further increases of PAC doses 
did not significantly increase the MGVs because overdosing 
with PAC did not contribute to the aggregation of the particles. 
Similar results also were presented by Chakraborti et al. (2000) 
using a different indicator of elongation ratio.  

 

3.2. Variations of Particle Size during the Settling of Par- 
ticles  

In chemical coagulation, the addition of chemical coagu- 
lants and proper mixing enlarge the sizes of the particles, 
which, in turn, increases the efficiency of the settling of the 
particles. Thus, variations of particle size in chemical coagu- 
lation are critical for attaining the desired SS removal effi- 
ciencies, which were monitored on-line by the DIA system in 
this study. Figure 5 shows typical variations of the particle 
sizes in the images that were obtained during the settling pro- 
cess. When the particles were just beginning to settle, many 
aggregated particles occupied the entire detection range, and 
the separated particles were difficult to identify. After about 
500 s of settling, the particles in the images could be iden- 
tified easily, and the ED of every particle could be calculated.  

The EDs of the particles in the images decreased from 
around 200 ~ 240 to 160 ~ 200 µm as the settling time inc- 
reased because particles with large EDs settled more easily 
and more rapidly than particles with small EDs. Variations of 
the EDs of the particles became very low after a settling time 
of about 1,000 ~ 1,200 s, indicating that the required settling 
time for these cases was around 20 min for the observed par- 
ticle sizes. The EDs of the suspended particles were about 150 
~ 200 µm, and suspended particles with small EDs typically 
were found in the experiments in which high doses of PAC 
were administered, resulting in higher SS removal efficiencies 
(Figure 5).  

 

3.3. Variations of Total Area and Total Volume of the  
Settled Particles  

Solids flux is defined as the total mass of solids or sludge 
passing through a given unit area of the clarifier. A solids flux 
curve, which can be derived from the results of the batch 
sludge settling test, usually is used to design the secondary 
clarifier of an activated sludge system. However, the solids 
flux curve must be developed in the laboratory, and many ex- 
periments involving a large number of SS measurements are 
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required. In this study, the on-line monitoring of particles 
using the DIA system can calculate the total area and the total 
volume of the particles that pass a defined area, and this 
information is representative of the “solids flux.” The total 
area and total volume of particles also can indicate the total 
mass or number of particles passing through a given area in 
this study. For two wastewater samples in which the particles 
had similar EDs but different total areas, the sample that had 
the larger total area of particles may present better SS removal 
efficiency.  
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Figure 7. Typical variations of total volume of particles in 
detected images during the settling period for different PAC 
doses. 
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Figure 8. Typical variations of mean Df of particles in detec- 
ted images during the settling for different PAC doses. 

Figures 6 and 7 show the variations of the total area and 
the total volume of particles in the images that were obtained 
during the settling period for different doses of PAC. The total 
area of the particles is the summation of the areas of all of the 
particles identified in the image that was obtained, and this 
area can be calculated using NI Vision software. The volume 
of each particle was calculated based on the assumption that 
all the particles were spherical, thus, the volume of each parti- 
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Figure 9. Prediction results of regression models for measur- 
ed and predicted SS removal efficiencies and remaining SS 
concentrations. 

cle also can be calculated based on its ED, and the total volu- 
me is the summation of the volumes of all of the particles 
identified in the image that was obtained.  

In the initial settling period, the measured total area and 
total volume can only be used as reference data, because the 
separated particles cannot be identified clearly. However, rela- 
tively large total area and large total volume of particles in the 
initial settling period are reasonable. The total area of parti- 
cles decreased from the initial 5.0 × 108 to 0.3 ~ 2.0 × 108 μm2 
after about 1,000 ~ 1,200 s of settling. Typically, higher doses 
of PAC resulted in lower total areas of particles (Figure 6). 

The measured total volume of particles decreased from 
around 8.0 × 1012 to 2.0 × 109 ~ 1.8 × 1011 μm3 after around 
800 ~ 900 s of settling. Typically, higher doses of PAC caused 
lower final total areas of particles (Figure 7), indicating that 
more particles were aggregated due to the higher dosages of 
PAC. This decrease in the total areas of the particles also 
resulted in the increase of MGV of the detected image, as 
presented in Figure 4. It also was noted that the decreased 
profiles for measured total area and total volume were similar 
to a typical solids flux curve (Metcalf and Eddy, 2002). More 
significant decreases of total area and total volume of parti- 
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cles were typically found to be caused by higher doses of PAC, 
which resulted in higher SS removal efficiencies. Therefore, 
the slopes of the decreasing curves of total area and total 
volume of particles from the initial point to the stable values 
were used as indicators to evaluate the SS removals. Accor- 
ding to the experimental data from the DIA analysis in this 
study, the stable values were defined when the changes of to- 
tal area and total volume were less than of 1.0% in 10 s.  

 
Table 1. Details of the Identifications of Input Parameters of 
the SS and Color Removals in Regression and BPN Predicti- 
on Models 

Input 
parameter 

Parameter identification Correlation 
(R2) 

For SS removal efficiency and remaining SS predictions 

MGV Average MGV of each image after setting 
time of 1,200 seconds 

0.76 

S-MGV Slope of the MGV curve from setting 
time 0 to a stable value 

0.68 

ED Average ED of particles in each image 
after setting time of 1,200 seconds 

0.62 

Df Average Df of particles in each image 
after setting time of 1,200 seconds 

0.65 

TV Average total volume of particles in each 
image after setting time of 1,200 seconds 

0.71 

S-TV Slope of the total volume curve from 
setting time 0 to a stable value 

0.55 

TA Average total area of particles in each 
image after setting time of 1,200 seconds 

0.59 

S-TA Slope of the total area curve from setting 
time 0 to a stable value 

0.51 

For Color removal efficiency and remaining color predictions 

MGV Average MGV of each images after 
setting time of 1,200 seconds 

0.72 

S-MGV Slope of the MGV curve from setting 
time 0 to a stable value 

0.61 

Ri, Gi, Bi The average R, G, B values of each image 
at the initial setting time of 150 seconds 

0.36, 0.16, 
0.23 

Rs, Gs, Bs The average R, G, B values of each image 
after setting time of 1,200 seconds 

0.66, 0.74, 
0.70 

 
3.4. Variations of Mean Fractal Dimension in Particle Se- 
ttling 

Fractal dimension (Df) is an important factor of particle 
morphology, and it has been regarded as a key factor that 
affects SS removal efficiency in wastewater treatment (Cha- 
kraborti et al., 2000; Zhong et al., 2011). Typically, a large, 
compact particle has a lower Df than a small, non-compact 
particle, resulting in a higher settling velocity, making it easy 
to remove by sedimentation (Chakraborti et al., 2003; Bushell 
et al., 2005). The DIA method that we used easily can mea- 
sure the area and perimeter of each particle in the images that 
are obtained, thus, the mean fractal dimension of particles in 
the image can be calculated simultaneously based on the area- 
perimeter method (Chakraborti et al., 2003; Yu et al., 2009a).  

Figure 8 shows typical variations of the mean Df of an 
image during settling. At the beginning of settling, the mean 
Df cannot be calculated because the particles cannot be iden- 

tified. The Df was around 1.40 ~ 1.60 after 900 s of settling 
time. In this study, lower mean Df of particles typically was 
found for the higher doses of PAC added during the coagu- 
lation phase, because fewer small particles remained in the 
solution due to effective coagulation, which also resulted in 
better SS removals. 
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Figure 10. Precise prediction results of BPN models for 
measured and predicted SS removal efficiencies and 
remaining SS concentrations. 
 

3.5. Evaluations of the Removal of SS and Color by the 
ANN Model and DIA Monitoring 

Typically, the batch settling test is used for the design of 
the sedimentation tank in wastewater treatment systems. Also, 
the measurement of suspended solids is based on the total 
mass of particles in a sample determined by gravimetric ana- 
lysis, which cannot be conducted on-line. It was noted that the 
DIA system used in this study can monitor the settling process 
on-line and simultaneously calculate various parameters of 
interest during the settling of the particles, including MGV, 
ED, total area of particles, total volume of particles, and mean 
fractal dimension of particles (Df). The slopes of the curves of 
MGV, total area, and total volume of particles also presented 
some correlations with the SS removal efficiencies. These  
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Figure 11. Prediction results of regression models for measu- 
red and predicted color removal efficiencies and remaining 
color values. 
 
on-line monitoring data are helpful for evaluating the SS re- 
moval in the batch settling of particles and can provide more 
effective approaches for the design and control of chemical 
coagulation. For these purposes, both the regression and ANN 
models were used to evaluate the removal of SS and color 
using the DIA monitoring data in this study.  

A correlation analysis was conducted to evaluate the co- 
rrelation coefficients between these parameters and SS remo-  
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Figure 12. Precise prediction results of BPN models for mea- 
sureed and predicted color removal efficiencies and remaining 
color values. 
 
val efficiency and the remaining concentration of SS. The 
dosage of PAC may be an important parameter for the remo- 
val of both SS and color from textile wastewater by chemical 
coagulation. However, the dosage of PAC was excluded, and 
only the on-line DIA monitoring parameters were used in the 
prediction models, because the main aim of this study was to 
evaluate the feasibility of on-line DIA monitoring for predict- 
ting the removal efficiencies for SS and color. In addition, the  

Table 2. Details of the Prediction Results of the BPN and Regression Models in this Study 

BPN  Input parameter Output R2 
Network 
architecture 

Optimization algorithm               RMSE      E 

Train Cycle Random Seed Learn Rate Train Test  

BPN1 MGV, S-MGV, ED, Df, TV, S-TV, 
TA, S-TA 

SSR 0.96 8-6-1 25,000 0.45 1.0 0.041 0.051 
BPN2 SSE 0.94 8-5-1 30,000 5.0 1.0 0.089 0.091 
BPN3 MGV, S-MGV, Ri, Gi, Bi, Rs, Gs, 

Bs 
ColorR 0.93 8-5-1 25,000 0.5 .04 0.110 0.102 

BPN4 ColorE 0.95 8-6-1 20,000 1.0 0.95 0.087 0.084 

Regression Equation  R2 
R1        SSR=85.10+9.51×10-2MGV+0.87S-MGV+2.93×10-5ED-0.11Df -3.95×10-4TV-4.37×10-2S-TV+3.33×10-2TA-7.55S-TA 0.88 
R2        SSE= 39.74+0.17MGV -1.56S-MGV-2.86×10-5ED-5.4×10-2Df -8.22×10-2TV-0.12S-TV-8.22×10-2TA+0.12S-TA 0.85 
R3        ColorR= 1.03×102-2.60×10-4MGV+1.99×10-2S-MGV+5.97×103Ri+67.60Gi-6.17×103Bi-0.33Rs +0.13Gs+0.48Bs 0.91 
R4        ColorE= 7.17×103-4.03MGV+-1.20×104S-MGV+-1.10Ri-4.40×103Gi-7.00×103Bi+5.22Rs -3.56Gs+1.20×10-2Bs 0.86 
*Where SSR(SS removal efficiency), SSE(remaining SS concentration), ColorR(color removal efficiency), and ColorE (remaining color value). 



R. F. Yu et al. / Journal of Environmental Informatics 29(1) 29-38 (2017) 

 

36 

coagulation experiments with textile wastewater at the same 
dosages of PAC may result in different removal efficiencies 
for SS and color when the experiments are conducted with 
different initial SS and color concentrations.  

Eight input parameters were used in the regression and 
BPN models to predict the removal efficiencies for SS and co- 
lor and to predict the remaining concentrations of SS and co- 
lor in the effluent. Table 1 shows the detailed identifications 
of the input parameters for the regression and BPN models. 
The correlation coefficients (R2) of each input parameter with 
the removal efficiency of SS or color also are presented. Sixty 
runs of settling experiments were conducted, and datasets 
consisting of 33 runs and 27 runs were selected randomly for 
use as training samples and test samples, respectively, in the 
BPN models.  

Table 2 presents the details of the prediction results of the 
BPN and regression models in this study. For SS removal pre- 
dictions, Figure 9 shows the prediction results of the regre- 
ssion model in which only acceptable linear correlations with 
an R2 of 0.88 was obtained for the measured and predicted SS 
removal efficiencies and an R2 of 0.85 for the measured and 
predicted remaining SS concentrations, respectively. However, 
as Figure 10 shows, the BPN models produced very precise 
predicted results with an R2 of 0.96 for measured and BPN- 
predicted SS removal efficiencies and an R2 of 0.94 for the 
measured and predicted effluent SS concentrations. The BPN 
models presented more precise prediction results for SS remo- 
val efficiency and remaining SS concentration than traditional 
regression models.  

The application of chemical coagulation for textile was- 
tewater treatments can remove SS and color, both of which 
are critically important in the treatment of textile wastewater. 
The R/G/B color space is defined by the three chromaticities 
of the red, green, and blue additive primaries, which can 
produce any chromaticity that is the triangle defined by those 
primary colors (Hunt, 2004). The DIA system was used to 
measure the mean R/G/B value of an image that was obtained, 
which can assist in identifying the true color value of the tex- 
tile wastewater if proper calibration has been done (Yu et al., 
2005). The measurement of R/G/B values also may assist in 
evaluating color removal from textile wastewater by chemical 
coagulation. Therefore, another set of BPN models also was 
developed using the DIA monitoring data to predict simul- 
taneously color removals by the chemical coagulation. The 
on-line MGV and R/G/B values were used as input parame- 
ters, as presented in Table 1.  

The initial and remaining true color values after coagu- 
lation also were measured for 37 runs of the previous 60 
experimental runs. Therefore, 37 runs of datasets were used 
for the regression model; datasets of 22 and 15 runs were se- 
lected randomly as the training samples and test samples, res- 
pectively, in the BPN models. Figure 11 shows the prediction 
results of the regression model, in which acceptable linear 
correlations, with R2 values of 0.91 and 0.86, were obtained 
for the measured and predicted color removal efficiencies and 
remaining color values, respectively. However, it also was 

found that very precise, predicted results were provided by the 
BPN models, with R2 values of 0.93 and 0.95 for color remo- 
val efficiencies and remaining color values, as presented in 
Figure 12.  

As a result, both the removal of SS and color from textile 
wastewater can be evaluated on-line by the BPN models using 
DIA monitoring data, thereby providing significant advan- 
tages in the control of the use of chemical coagulation for 
treating textile wastewater.  

 

4. Conclusions 

An on-line DIA system with a high-resolution CCD was 
built to monitor the particles in textile wastewater as the 
particles settled after the addition of a chemical coagulant. 
DIA monitoring can provide multiple parameters simultan- 
eously, including the MGV and R/G/B values of the images 
that are obtained, particle size (ED), total area, total volume, 
and the fractal dimension of particles. These monitoring para- 
meters were correlated with the removal efficiencies of SS 
and color, and they were used as the input parameters to the 
regression and BPN models for evaluating the removal of SS 
and color by chemical coagulation. The BPN models presen- 
ted very precise prediction results for the removal efficiencies 
of SS and color, as well as the remaining SS and color of 
textile wastewater, with correlation coefficients (R2) of 0.96, 
0.94, 0.93, and 0.95, respectively, which were much higher 
than those provided by the regression models. As a result, the 
proposed BPN models, used in conjunction with DIA moni- 
toring, provided significant information that can be used for 
the simultaneous, on-line evaluation of the removal of SS and 
color. Also, the models can be used beneficially for the con- 
trol of the treatment of textile wastewater by chemical coagu- 
lation. 
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