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Drinking Water Quality and Public Health
Peiyue Li& Jianhua Wu

Springer, Drinking Water Quality and Ralic HealthJournal, 04 February 2019
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Application of automated QUAL2Kw for water quality modeling and management
in the Bagmati River, Nepal
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Types Stations (abbreviations) krn Locations
Main river Gokarna (R1) 0.000 Mear Gokarma temple
Downstream Gokarna bridge (R2) 3.000 About 200m downstream of the Gokarna bridge
Pashupati dam [F3) 10.400 Just downstream of Pashupati dam
Minbhawan (R4) 14.000 About 500m south of Bagmati bridge at Minbhawan
Sundarighat (R5) 15.000 Just downstream of BEagmati-Bishnumati confluence
Khokana (R&) Z5.000 Mear the Leproay hospital ([downstream of Makkhu khola]
Tributaries Hanumante khola (T1) 15.140 Just upstream of its confluence with Manahara khola
Manahara khola (T2) 14.140 Just upstream of its confluence with Hanumante khola
Dhobi khola (T3) 16.863 Just upstream of its confluence with Bagmati River
‘Tukucha khola (T4) 17 58E Just upstream of its confluence with Eagmati River
Bishnumati khola (TS) 18 B8R Just upstream of Bishnumati bridge at Kalimati
Balkhu khola [Té) 19.500 Just upstream of its confluence with Bagmati River
Makkhu khola (T7T) F2T7EB Just upstream of its confluence with Eagmati River
Wastewaters Jorpati (W1) 2 800 Upstream of Jorpati bridge
Pashupati (W2) 9000 Mear Pashupatinath temple
Minbhawan (W3] 13.500 Upstream of Minbhawan bridge
Sankhamul (W4) 15.400 Downstream of Bagmati-Manahara junction
‘Thapathali (W%5) 17.300 Downstream of Thapathali bridge above Tukucha khola
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Location (km) Reach Velocity Depth Flow
Coefficient Exponent Coefficient Exponent Winter Post-monsoon

0.00 0-2 0.460 0.350 0.287 0.650 0.207 0.202
3.00 3-10 0.509 0.432 0.235 0.568 0.349 0.293
10.40 11-13 0.544 0.658 0.208 0.342 0.461 0.466
14.00 14-18 0.462 0.439 0.195 0.561 0.663 0.617
19.00 19-24 0.244 0.408 0.126 0.592 3.450 2.818
25.00 25 0.219 0.458 0.215 0.542 4.060 3.096
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Parameters Values Units Auto-calibration Min. value Max. value
Carbon 40 EC Mo 30 50
Mitrogen 12 EM Mo 3 9
Phosphoms 1 EF No 0.4 2
Dry weight 100 gD No 100 100
Chlorophyll 1 EA Mo 0.4 2
155 settling welocity 0.01 myday Yes [} 2
0 reaeration model Crwrens-Gibbs No
Sloar CBOD hydrolysis rate 0.1 day! Yes 0.04 43
Slow CBOD oxidation rate 36 day—1! Yes 0.04 432
Fast CEOD oxidation rate 38 day-! Yes 0.02 42
Organic N hydrolysis 0.10 day-! Yes 0.02 0.4
Organic N settling velocity 0.06 myday Yes 0.001 0.1
Ammonium nitrification 52 day—?! Yes i} 10
Mitrate denitrification 153 day-! Yes [} 2
Sed. denitrification transfer coeff. 056 myday Yes [} 1
Organic P hydrolysis 0.35 day! Yes 0.01 0.7
COrganic P settling welocity 0.01 myday Yes 0.001 0.1
Inorganic P settling velocity 0.85 myday Yes [} 2
Sed. P oxygen attenuation half sat constant 156 mg0a/L Yes [} 2
Detritus dissolution rate 0.39 day-! Yes [} 5
Detritus settling velocity 4.80 myday Yes i} 5
COD decay rate 058 day~! Yos i} 0a
COD settling welocity 0.79 myday Yes [} 1
Bottom algae
Growth model zerg-order
Max Growth rate 475 mgA/m* day Yes ] 500
First-order model carrying capacity 1000 megA‘m2 Mo 1000 1000
BRespiration rate 0.07 day! Yes 0.05 05
Excretion rate 0.12 day-! Yes 4] 05
Death rate 0.16 day—?! Yoz 4] 05
External nitrogen half sat constant 3407 rEM/L Yes 10 300
External phosphorus half sat constant 291 rePL Yes 1 50
Inorganic carbon half sat constant 1.06E-05 maoles/L Yes 1.30E-D6 1.30E—-04
Light model half saturation
Light constant 67.92 langleys/day Yes 1 100
Ammonia preference 67.23 rEM/L Yes 1 100
Subsistence quota for nitrogen 145 mgN/mgA Yes 0.0072 7.2
Subsistence quota for phosphorus 034 mgP/'mgA Yes 0.001 1
Maximum uptake rate for nitrogen 2261 mgN/mgAS/day Yes 1 500
Maximum uptake rate for phosphorus 519 mgP/mgA/day Yes 1 500
Internal nitrogen half sat ratio 4.06 - Yes 1.05 5
Internal phosphorus half sat ratio 4.06 - Yes 1.05 5
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Table 4 - Water quality measurement at meonitoring station along Bagmati River, tributaries and wastewaters on 2-6 January 2000

Station Chain Flow Water PH  EC(us/cm) DO TSS Total Inorganic TP (mg/L) NH;N NO;N =20rganic TN BOD coD
(km) (m3s) temperature (mg/L) (mg/l) alkalinity phosphorus (mg/l) (mgl) nitrogen (mgl) (mg/l) (mgl)
(mgl)  (mg) (mg/t)
k1 0.000 0.207 171 70 43 2.0 06 9 0.07 011 030 026 0.30 0.86 05 05
R2 3.000 0.340 183 &5 152 660 0e 33 0.24 0.32 145 0.36 0.97 278 100 110
R3 10400 0.461 195 67 n 0.50 043 a5 0.82 089 926 052 5327 15.05 220 270
R4 14.000 0.663 187 67 415 0.25 570 13 173 178 17.07 055 o097 2840 330 300
RS 10,000 3.450 172 T4 486 0.87 4000 180 238 247 19.35 103 047 I7.05 162 107
R6 25.000 4.060 166 75 384 0.96 03 141 135 149 1249 058 548 15.65 129 206
T1 15.138 0.422 175 73 405 0.50 26 184 0.91 102 9.89 0.51 5.60 16.00 150 180
T2 15138 1.000 175 71 104 5.30 200 33 0.22 028 102 0.81 090 282 6.0 80
T3 16863 0.400 159 69 641 0.50 716 185 340 352 2908 053 16.43 46.04 700 830
T4 17588 0.279 150 72 811 0.50 3715 262 5.72 6.08 6258 0.13 37T 0648 520 55.0
TS 1B.883 0.674 163 73 579 0.50 708 193 2.18 234 17.54 061 977 2792 260 280
TS 10900  0.100 120 74 232 5.40 407 58 0.10 0.10 2.60 350 3.20 9.39 60 1484
7 22788 0.503 157 78 206 650 34 103 0.12 016 0.87 063 0.81 231 10 0

? Drganic nitrogen was assumed 35% after some trials to fit the modeled and measured data.

-+ B Ol BIK x wilBKA- WIESHAL A wz  Eoviarw® § BEELERD D Y Y «

Station Chain Flow (m*/s) Water pH EC(psfcm) DO TS5 Total Inorganic TP (mgl) NH,;N NO;N *®Organic  Total BOD COD

(k) temperature (mg/l) (mgl) alkalinity phosphorus (mg/L) (mglL) nitrogen nitrogen (mgl) (mgl)
Q) (mg/L) (mg/L) (mgl)  (mgl)
Rl 0.000 0.202 127 9.1 50 82 1o 26 0.55 057 250 276 .25 751 13 15
R2 3.000 0.203 134 81 145 74 04 77 0.37 043 750 279 441 147 24 36
k3 10.400 0.466 15.2 74 300 26 183 142 254 311 19.00 aos 1161 3360 e 06
R4 14.000 0.617 122 17 420 18 73 154 230 297 132 6.67 1199 3909 79 102
RS 19.000 2818 86 8.0 430 20 60 167 231 244 14.57 469 8.25 27.51 66 92
RE 25.000 1.006 104 82 460 16 39 103 188 196 1650 347 856 28.53 74 08
T1 15138 0.089 126 79 670 22 B4 57 253 259 2475 1097 15.31 5103 118 145
T2 15138 0.704 158 B3 110 76 761 51 051 062 400 308 342 114 20 36
T3 16.863 0.408 134 75 660 11 19 244 4.14 4327 24.00 972 14.45 4317 123 156
T4 17.588 0.208 148 76 990 33 %3 334 390 412 35.42 13.05 22.92 76.39 148 172
TS 18.888 0.432 145 78 745 20 187 206 358 167 7131 1053 1365 4549 70 118
T 19.000 0.100 120 74 212 54 407 583 0.08 0.10 258 345 2,61 260 & 15
7 22.788 0.177 7.2 87 100 84 00 103 0.73 084 225 184 175 584 3 8

8 (Organic nitrogen was assumed 30% in post-monsoon after some trials to fit the modeled and measured data.
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Table & - Wastewater quality measurement at monitoring station along Bagmati River

Months Water pH EC(pusfcm) DO (mgl) TP(mgl) Ammonia  Organic BOD CoD TS5
temperature nitrogen  nitrogen (mg/l) (mgl) (mglL)
(=C) (mg/L) (mgfL)
Winter 125 72 1034 0.00 756 5972 12.74 180 s 640.7
Post-monsoon 13.4 17 1090 0.00 441 6525 4327 185 284 2226
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5N. Parameters Root mean squared error (RSME) %
Calibration Confirmation
1 Flow 4 36
2 Velocity 318 285
4 River width 314 79
5 Do 15 192
& PH 7 17
7 Temperature g 215
8 CEOD 52 D8
9 CoD 442 11
10 ™ 20.3 253
1 P 31 42
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Parameters Description %D0 change
+20% parameter —20% parameter
¥ Diepth coefficient 9.73 1646
Q Point sources flowr 460 695
TN Point sources TN 3.21 3.89
CEOD Point sources CBOD 292 3.59
kn Mitrification rate 209 265
Temperature Point sources temperature 167 191
Res Slow CEOD oxidation rate 113 1.34
kg Fast CBOD oxidation rate 1.05 123
Velocity coefficient 1.79 176
kgs Bottom algae growth rate 143 160
i Depth exponent 141 115
q Headwater flow 051 0.56
Velocity exponent 019 011
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Machine learning methods for better water quality prediction

Ali Najah Ahmeda, Faridah Binti Othmaat al.

Elsevier, Journal of HydrologyVolume 578, November 2019
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Author(s) and year Input variable Location(s)

Rabia (F z )] BOD, Temp, Water discharge, NO2-N, NO3-N N/A

Kuo et al. (F , 2 7} pH, Chl-a, NH4N, No3N, temp, month Te-Chi Reservoir, Taiwan

Ying et al. (Z1 t 2007) Turbidity, Temp, pH, Hardness, Alkalinity, Chloride, NH4+-N, NOz:-N Yugiao reservoir, China

Palani et al. (T ni et 2 2} DO, Chl-a, temp Singapore coastal, Singapore

Zagoot et al. (i t , 2 ] Conductivity, Turbidity, Temp, PH, Wind speed Mediterranean Sea along Gaza, Palestine
Singh et al. (Singh et 2 ) pH, TS, T-AIK, T-Hard, CL, PO4, K, Na, NH4N, NogN, COD Gomti, India
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Tempy
conny
TUR,

WOT-ANFIS
prediction model for WQiIP

o
Na, Tempy o1 g
Mg, oDy, 2 =:
?._8 '(l?’”.'
12inputs TUR,,,, g E s
§ Tepy,y S
ks 3
Na,m 3 5 13inputs
: conny,; £3 oo
M&nu ; g a2
TURNOZ s § -
13inputs < Tempyyy 9
N 3 <
Ay 4 3
= cony,; 3
Mgy, i E m’n.)
TURM! g §
13inputs T
Nay,, 3
o
Mgy

) Station 1 I ) Station 2 $mmm ) Station 3 (EEE ) Station 4
- sty Bizw & b Bsiw@E w, BT E

WQIPy 4
= fWDT—AJ'\rFfS(TemP:\r + CDhTDJ'\r + SIAL_N + TURJ'\T + NDLNF + Cljl;l\r
+ POy + Feny + Ky + f'rfg‘.\r + Nay + E — coliy + WQIPP\.] (10)
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Gt JOua i IRTHMD WP J © «

Uit Mean Migimum  Maximum S0 oV
ShoT

TEMF of 7,03 24,08 30,33 LT 108
COND s 55.42 3200 G200 13.82 24.53
SAl, Pt Tl ool 293 VR 56,00
TUR NTU 003 ool 020 oS 15238
NO3 mgA 16350 15.50 FTE.00 130,61 79,88
€L mgA 527 1.00 18.00 Z49 47,18
POH mgA i ool 1.08 oz 6332
FE mg bl (] V.30 174 7,63

[ mgA 0BT oo 240 44 50,59
MG mgA 313 1.22 11.54 1.42 45.18
HA g AT LA 233 et 51.30
ECOLL  cfwioiml 3844498 40,00 ABMMO00  BETT.04 16587
M2

TEMF oC 7.8 408 29,82 111 .10
COND S B2.64 3800 3000, 00} 38 TE 61.91
Al et 0.0z L] o7 00 54,18
TUR NTU 127.79 0,70 370,00 T4 B0, 76
NO3 mgA [k oz 555 L G353
€L mg1 566 100 2400 EET 57,60
POH mgA 0oF nal 0 oz 159.91
FE mgA A2 L Lo LELY 58,85

[ mg.A 463 S 7.80 1.56 337
MG mgA LAD VT 1.40 033 0,649
MA mg 327 140 206,70 333 10177
EC0L ofuslodml 256482 30000 00000 3S0Z25 148,25
SN

TEMF oG 20.14 23 3.5 1.34 s.07
COND S 54,16 26,07 373.00 45,62 B4
SAL et .56 .01 60,00 20,43 21364
TUR NTU 11333 0.0l B20.00 139.73 123.29
MOa mgA 11.58 .00 13300 726 236,03
cL gl 543 0,08 201,081 2.78 51.13
PO mgA 0.0% 0.00 102 022 23334
FE mgA L21 015 S50 1.35 11153
K mgA AET .40 F00 166 AZBA
MG mgsA Lo3 0.20 520 082 TRA40
MA mgA 323 100 301,80 269 8317
E-COLl cfw/l00ml 349807  0.00 BEAOHE, D 1140245 32596
Shog

TEMF oG 2743 24.58 9,78 L10 4.02
COND us 6. 54 AT RO 1 et DHD ZB.93 44 K2
SAL ppt 0.02 0.0l [ X 0.0l o409
TUR NTU 104,31 .00 300 TRO09 TR.50
NOa mgA 0.5 .06 a2z 040 81.13
cL mgA 732 200 28,00 S04 7,50
PO mgA 0.08 0.0l 099 0.21 4018
FE mgA L .03 202 0.48 FL03
K mg 4,03 0,40 640 .22 30,30
MG mgA 0.94 0.20 190 0.54 57.06
A mgs1 415 1.6y 24,00 am R B ]
E-COL  cfw/100ml  4950.04  0.00 AU000.00  TAI9.30 149,88
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Basic statistical analysis for three water quality parameters.

Unit Mean Minimum Maximum sD cV

SNO1

PH . 6.39 5.49 7.83 0.45 7.07

55 mg_.-"l 91.01 11.00 372.00 56.26 61.81

NH3-NL mg_."l 0.14 0.01 1.07 0.18 129.30

SNO2

PH = 6.22 5.43 7.28 0.36 5.77

55 mg_.-"l 73.44 7.00 274.00 50.16 68.30

NH3-NL mg_.-"l 0.10 0.01 0.45 0.11 103.81

SENO3

PH b 6.36 5.67 8.41 0.48 7.59

58 mg_."l 7261 1.00 574.00 B3.44 114.91

NH3-NL mg.-"l 0.15 0.01 2.40 0.38 254.94

SNO4

PH = 6.29 5.59 B.09 0.41 6.56

S5 mg_.-"l 47.98 1.00 146.00 32.05 66.80

NH3-NL mg_.-’l 0.15 0.01 0.83 0.20 131.79

Cl yca 3, sNQPEeWo~0 BfEdMb- 0 Y ° «
Correlation coefficient between WQP and the input parameters.
PH ss NH3-NL PH 58 NH3-NL PH 58 NH3-NL PH 58 NH3-NL
SNO1 SNO2 SNO03 SND4

TEMP 0.316 —0.171 —0.137 —0.425 0.361 0.014 —-0.022 0.090 0.083 —0.295 0.154 —0.076
COND —0.029 0.301 0.208 -0.113 0.061 0.144 0.216 0.002 —0.069 —0.290 0.083 0.094
NO3 0.228 0.131 0.383 —0.364 —0.101 0.067 —-0.183 —0.279 0.201 —0.264 —0.196 0.054
SAL 0.202 —0.043 0.393 0.835 —0.118 —0.115 0.844 —0.071 —0.028 0.757 —0.147 —0.073
TURB —0.167 0.766 0.137 0.071 0.061 0.000 -0.079 —0.200 0.191 —0.008 0.131 0.221
cl —0.114 0.354 0.411 —0.063 0.287 0.084 0.146 —0.076 —0.316 —0.302 0.067 0.245
PO4 0.181 —0.148 0.065 0.025 0.121 —0.083 0.077 —0.114 0.454 0.088 0.052 0.569
K —0.306 0.184 0.253 —0.005 0.014 —0.108 -0.012 0.039 0.018 0.325 0.013 —0.248
MG 0.038 0.191 0.376 0.247 —0.023 0.152 0.115 —0.104 —0.192 0.020 —0.074 0.142
NA 0.127 0.088 0.400 0.106 0.283 0.077 —-0.027 0.104 0.269 —0.268 0.176 0.025
FE 0.023 —0.080 —0.038 —0.165 0.143 —0.001 0.152 —0.045 0.017 —0.345 —0.024 0.106
E-coli —0.085 0.315 0.007 0.142 0.024 0.014 0.223 —0.095 0.036 —0.042 0.143 0.367
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%o 0 EWARN 1840, - omiae «

Parameter No. of neuron BMSE  Maximum error (%) TFHL TFOL TA

pH 18 0.15 322 TS PL LMA
55 17 0.30 346 LS PL LMA
AN 17 0.26 3.12 TS PL LMA

TFHL: Transfer function between input layer and hidden layer; TFOL: Transfer
function between hidden layer and output layer; TA: Training algorithm; LS:
Log sigmoid; TS: Tan sigmoid; PL: Pure-line; LMA: Levenberg-Marquardt al-
gorithm.
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Relative Importace (%)

'COND | TEMP | NO3 | SAL | TURB |

mpH | 9.6992 | 11.638 | 6.6094 | 6.4990 | 8.1682 | 8.3608 | 9.1518 | 6.6285 | 5.9566 | 9.2899 | 8.1155 .9.38175
SS | 83322 | 7.6819 | 9.1824 | 74634 | 7.1992 | 9.9799 | 9.0220 | 84105 | 10.311 | 7.9916 | 8.4116 | 6.0133

\-.J.N 8.0057 | 8.0942 | 91360 | 6.0392 | 6.7516 | 9.5393 | 6.3340 | 10.361 11928 | 5.667 | 9.8666 | 82763
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Parameter AFNIS Module
MFs (Type) MFs (Number)
PH ghellmf 34
58 ghellmf 4
NH3-NL ghellmf 344
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Fig. 12. WDT-ANFIS model verification for each water quality parameter at each station.
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COVID -19 and surfacewater quality: Improved lake water quality during the
lockdown

Yunus, A.P., Masago, Y. and Hijioka, Y.
Science of The Total Environment Volume 731, 20 August 2020, 139012
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Date of image Product ID Remarks
acquisition

2013-04-13 LCO8_L1TP_144053 20130413_20170505_01_T1 -

2014-04-16 LCO08_L1TP_144053 20140416_20170423 01.T1 -

2015-04-19 LCO8_L1TP_144053 20150419 20170409 01.T1 -

2016-04-05 LCO8_L1TP_144053_20160405_20170327_01_.T1 -

2017-04-08 LCO8_L1TP_144053 20170408_20170414 01.T1 -

2018-04-27 LC08_L1TP_144053 20180427_20180502 01.T1 -

2019-04-14 LC08_L1TP_144053 20190414 20190422 01.T1 -

2020-02-28 LCO8_L1TP_144053 20200228 20200313 01.T1 -

2020-03-15 LC08_L1TP_144053 20200315_20200325 01.T1 -

2020-03-31 LCO8_L1TP_144053 20200331_20200410_01.T1  Lockdown period
2020-04-16 LCOE_L1TP_ 144053 20200416_20200416_ 01 RT Lockdown period
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Zone Mean SPM ( mg/1)

o
&

Pre-lockdown During lockdown Decrease
(pre- and
28th 15th Average  31st 16th  Average  during
February ~ March March  April lockdown)
2020 2020 2020 2020
A 202 189 195 17.2 23.0 201 —3.0
B 204 204 204 144 189 16.7 183
C 196 159 17.8 115 174 144 18.8
D 174 134 154 10.6 16.9 13.7 11.0
E 200 155 17.8 105 121 113 36.4
F 162 11.7 139 104 119 111 201
G 152 11.7 134 115 120 11.8 124
H 164 1.3 139 10.2 100 101 274
| 168 1.8 143 11.6 11.6 11.6 189
1 164 138 151 115 9.4 104 30.8
K 16.1 107 134 115 10.6 11.0 17.6
L 168 140 154 14.2 143 14.2 7.5
M 156 150 153 159 9.8 12.8 16.1
N 167 116 141 131 9.3 11.2 209
0 170 142 156 16.2 123 14.3 8.4
P 130 140 135 14.1 8.4 11.2 16.8
Q 135 123 129 14.0 8.6 113 125
R 137 129 133 14.5 11.6 131 1.9
S 122 159 140 159 9.9 129 8.2
T 120 151 135 181 11.6 149 —10.3
All 158 131 14.4 127 11.6 121 159
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Zone April April April April April April April April Min.& (Avg) of 2013-2019 % decrease (Min. & (Avg.))
2013 2014 2015 2016 2017 2018 2019 2020

A 227 3547 2131 1528 237 19.46 26.78 23.03 15.2 (23.5) 50.7 (2.1)

B 2063 363 19.09 1417 22.56 20.43 21.88 18.94 14.1 (22.2) 33.6 (14.5)

C 2394 2633 17.57 13.11 19.44 18.81 18.61 17.35 13.1 (19.7) 323 (11.9)

D 19.15 22,07 16.08 13.21 16.35 14.59 16.25 16.91 13.2 (16.8) 28.0 (—-086)

E 2846 3425 19.93 1022 2276 16.57 20.26 12.13 10.2 (21.8) 18.7 (44.3)

F 18.75 2365 15.19 12,02 18.54 14.47 16.25 11.91 12.0 (17.0) 0.9 (299)

G 15.64 17.97 1391 13.21 1322 13.51 14.01 11.98 13.2 (14.5) 9.3 (17.4)

H 186 2414 1391 16.11 17.57 14.56 16.88 9.99 139 (17.4) 281 (42.8)

| 159 19.89 1224 1252 11.78 13.53 15.15 11.58 11.7 (144) 1.7 (19.8)

] 17.1 29.64 15.67 1264 1717 17.64 14.93 9.42 12,6 (17.8) 25.5 (47.2)

K 13.79 21.67 1294 11.94 119 12.7 12.98 10.61 11.9 (14.0) 109 (24.2)

L 14.79 18.11 1523 14.08 15.68 13.42 16.52 1425 13.4 (154) 62 (75)

M 30.25 42.56 309 11.02 3593 133 13.98 9.79 11.0 (254) 11.2 (61.5)

N 15.34 3058 1453 1258 15.67 11.62 1213 926 11.6 (16.1) 2027 (424)

0 1331 19.69 10.81 1263 10.19 12.28 13.14 123 10.1 (13.2) 20.7 (6.5)

P 2189 34.14 21.63 11.53 2774 12.86 11.97 8.4 11.5 (20.3) 27.14 (585)

Q 15.14 2191 1163 1.7 14.96 10.28 9.9 8.6 9.9 (13.6) 13.2 (37.0)

R 1522 17.04 10.14 14.31 10.1 10.12 11.93 11.62 10.1 (12.7) 15.0 (8.5)

S 2726 34.67 20.86 17.35 2519 14.97 1793 9.87 14.9 (22.6) 34.0(56.3)

T 2117 3058 1098 17.81 16.72 1291 12.84 11.62 10.9 (17.6) 5.8 (33.9)

All zones 17.85 2518 14.98 13 16.73 13.72 14.44 11.66 13.0 (16.6) 103 (29.6)
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Water quality monitoring in smart city: A pilot project
Yiheng Chen, Dawei Han

SciencediregtAutomation in Constructionolume 89, May 2018, Pages 30616
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