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Abstract. The Bili-Bili Reservoir is located in the middle of the Jeneberang watershed in South
Sulawesi Province, which was built for flood control, irrigation, raw water supply, and
hydroelectric power plants. However, in the latest development, there has been a decline in
utilization of the reservoir service function due to changes in the catchment area condition
because of sediment. Estimation of sediment concentration in the Bili-bili reservoir was
analyzed using spectrometer data. Estimation of Total Suspended Sediment (TSS) using a
spectrometer by reflectance testing of the ratio between bands with various regression
equations. Algorithm estimation of TSS concentration based on spectrometer measurements
provides a coefficient of determination (R?) of 0.800 and an RMS error of 0.088, with a 3rd

order polynomial equation for the green/red bands ratio: y = 62.667x7 — 154.328x% + 121.27x

—29.902.

@ Introduction
Bili-Bili reservoir is located in the middle it of the Jeneberang Watershed, between 5°11'8’"
5°20'41"LS and 119"34'30"- 119"56'54"BT, and [ one of the largest reservoirs in South Sulawesi. This
reservoir was inaugurated in 1999, which was built with the aim of flood control, meeting irrigation
water needs, raw water supply, and hydroelectric power. Bili-Bili reservoir has a caf3hment arca of
384.4 km? with a planned operating life of 50 years [1]. However, in its development, there has been a
decline in the use of reservoir service function due to changes in conditions of reservoir catchment
area due to erosion, which is caused by changes in land use and also an avalanche of caldera wall of
Mount Bawakaraeng in 2004 which is located upstream of Jeneberang watershed. Potential for
sediment due to landslides flowing downstream when high rainfall intensity results in silting the
reservoir, which in turn reduces the operating life of the reservoir and threatens the sustainability of
reservoir function [2].

Observations of suspended sediments were carried out to determine water quality in waters because
a high Total Suspended Sediment (TSS) value indicates a high level of pollution and can inhibit light
penetration into the water [3]. The TSS concentration can be analyzed using a spectrometer. A
spectrometer is an optical instrument for observing spectral lines of light and measuring the
wavelength and intensity of an object. The spectrometer can be used to find out the content of a
sample by passing light on the test medium, then analyzing the composition of wavelength light after
passing through the medium [4].
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2. Methods

This study used water samples at 54 points of the Bili-bili reservoir and analyzed them using a
spectrometer. The concentration of total suspended sediment (TSS) of water samples was calculated by
the evaporation method. Model of relationship between TSS concentration in situ and the best
reflectance value of spectrometer data was obtained from regression analysis results. The development
of a model to estimate TSS concentrations was carried offf at the bands' ratio reflectance. The band ratio
used adapt wavelength of band ratio in the study of [5], namely band 2 (blue), band 3 (green), and band
4 (red).

Table 1. The regression equation for the relationship model.

No Relationship model Equation model

1 Linear v=a+bhx

2 &(ponential y= a*exp(bx)

3. Polynomial orde 2 y=a+ b*x2 +b1*x

4 Polynomial orde 3 y=a+ b*x3 + b]*x2 + b2*x
5. Logarithmic y=a*In(x)+b

6. Power Y = gyb

Source: [6].

The relationship model developed is an empirical model using a regression equation between TSS
concentration in situ and reflectance value of band ratio in the blue, green, or red band. Further
analysis was carried out on the model with the highest coefficient of determination and smallest RMS
error. Coefficient determination is criteria of moddffppropriate with a value of 0 to 1, the value of R
as a measure of closeness relationship between the y variable as a dependent variable and the x
variable as an independent variable (table 1). While the RMS error value is close to zero, indicating
that the estimation model is getting better.

Il'(f,situ value—estimated value |* )

RMSerror= \| >
n—

where:

In situ value: TSS concentration that measured;

Estimated value: TSS concentration from model development;
n: the amount of data.

Data validation was carried out using a two-way mean difference test or t-test [7].

Hy:py=p, dan Hyp#7p,

where:

H;: if mean TSS concentration in situ is the same as mean TSS concentration of estimation;
H,: if mean TSS concentration in situ is not the same as mean TSS concentration of estimation;
W mean in situ TSS concentration;

1: mean TSS concentration of estimation.
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3. Results and discussion

3.1. Algorithm of estimation TSS concentration

The average TSS concentration in situ was obtained at 0.2582 g/l, with the lowest concentration of
0.0360 g/l at 119°35°342” EL and 5°15°956” SL, and the highest concentration was 1.2280 g/l at
119°36°134” EL and 5°15’507" SL. Based on the analysis of spectrometer measurement data, the
reflectance valugfghat has the best correlation coefficient with TSS concentration value in situ is
selected, namely the blue band (A = 478 nm), the green band (A = 555 nm), and the red band (A = 648
nm). The relationship between TSS concentrations in situ using bands ratio, namely blue/green,
blue/red, and green/red, obtained results as shown in table 2.

Table 2. The TSS concentration estimation algorithm uses a bands ratio spectrometer on various

regression equations.

Bands Relationship Equations R RMS
ratio model error
Exponential TSS = 4.973¢-3-48(b/g) 0.139  0.183
Linear TSS=-1.611(b/g) + 1.759 0.381 0.173
garithmic TSS = -1.49In(b/g) + 0.145 0433  0.166
Polynomial orde Q= 2
Bluc/green 5 y TSS = 6.515(b/g)? - 13.23(b/g) + 6.89 0.559  0.146
g"ly“"m‘al orde 1oq - 12.86(b/g)3 + 39.72(b/)2 - 41.3(blg) 0565 0145
+14.62
Power TSS = 0.151(b/g)3-22 0.156  0.173
Eksponensial TSS = 2.179¢-2-63(b/1) 0.128  0.174
Linear TSS = -1.386(b/r) + 1.534 0457  0.162
garithmic TSS = -1.05In(b/r) + 0.160 0.508  0.155
Blue/red g‘alymmml orde 195 = 2 809(b/r)2 - 5.724(b/r) + 3.114 0.546  0.148
g”ly“"m‘al orde g5 = 2 357(b/r)3 + 8.239(b/r)? - 9.700(b/r) 0.548  0.148
+4.017
Power TSS = 0.159(b/r)-2-05 0.149  0.163
Eksponensial TSS = 3.186e-2-84(g/1) 0.05 0.203
3
Linear TSS = -1.867(g/r) +2.099 029  0.185
5
Logarithmic TSS = -1.76In(g/r) + 0.228 033 0179
8
Green/red z
g"ly“"m‘al orde  qg — 12.05(2/r)2 - 23.51(e/r) + 11.67 2-54 0.148
g"ly“"m‘al orde  1og = 53.52(gr)? - 1311(g)2 + 102.5(gh) 058 0197
-24.67 1
— TSS = 0.183(g/r)285 gAUf’ 2A19
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The relationship between TSS concentration in situ and bands ratio, which has the best
correlation, is the polynomial equation of order 3, green/red bands ratio. The value of coefficient
determination (R?) is 0.581, and the RMS error is 0.197 as shown in figure 1. The value of R? is close
to 1, meaning that the closer the observation point is to the regression line and the model is getting
better [8]. Green/red bands ratio polynomial algorithm model equation:

TSS = 53.52(g/r)3 - 131.1(g/r)2 + 102.5(g/r) - 24.67 2)
120 e
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Figure 1. Relation of spectrometer's green/red band ratio and TSS concentration in situ.

In general, the TSS concentration estimated tends to be almost the same as the TSS concentration in
situ, with a concentration value of relatively higher in TSS of estimated (figure 2).
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Figure 2. Relationship between TSS in situ and TSS estimation algorithm.

3.2. Testing and validation of TSS concentration data

To identify the best parameter model, outlier data must be detected by removing the outlier data [9].
Outlier analysis using t-test residual data. Figure 3 shows that of the 54 data, there are two outlier data,
namely the 14 and 21 data, which causes the resulting coefficient of determination to below (0.581).
The two data are excluded. The new relationship obtained from the regression results, R? of 0.800 and
the RMS error of 0.088, as shown in figure 4 and the resulting equation is:

TSS = 62,667(g/r)> — 154,328(2/n)2 + 121.27(g/r) — 29,902 ()
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Figure 4. Relation of spectrometer’s green /red bands ratio and TSS concentration in situ.

1.4

1.2

0.8

Ratiol:1

TSS estimated (a/LO
o
o

R%= 0,800
0.2 RMSE = 0,088
0]
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

TSS in situ (g/l)

Figure 5. Relationship between TSS concentrations in situ and estimated TSS.
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The t-test is carried out on variables that have no relationship to influence each other. Still, the
relationship between the middle value of a variable is significantly different from the mean value of
other variables. A two-way t-test was cafied out to determine the median value of one variable against
the median value of the other variables. The results of the t-test are presented in table 3.

Table 3. The results of the t-test of the spectrometer processing data.

Variable t-count t-table information

TSS in situ and TSS estimated  0.385196991 2.008559072 cecept H,

The results of the t-test show that t-count is in the intffval between =+ t-table [(-) t-table <t-count
<(+) t-table], so it can be said to accept Ho. Accepted HO means that there is no significant difference
between the middle-value TSS concentration in situ and estimated TSS so that the algofffim resulting
from the development of the model from the green/red bands ratio of spectrometer data can be used to
estimate TSS concentration in the water bodies of the Bili-Bili reservoir.

4. Conclusion
The algorithm for estimating TSS concentration of water bodies in the bili bili reservoir is obtained
from results of the 3rd order polynomial regression between TSS in situ and green/red band ratio

with a coefficient determination (R*) 0.800 and RMSE 0.088, has the equation: y = 62,667}(3 -
154,328x% + 121,27x — 29.902
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