1.

4

QL0 [T o] 1A 1

1.1.  Pollution incidents and overflows in SEWEIage. ..........ccervrveierienieeseseee e eeene e 3
I A g 1Y E - g T o IS 0o S 5
1.3 WALEE SCAICITY....veeireieieeiiee sttt b e ne e 6
1.4, SIMAIT CILIES. .ottt 6
1.5.  Objectives and NYPOLNESIS. ........cciiiiirieieieecs e 8
1.5.1. HYPOTNESIS. ...t 8
15.2. RESEAICH GOAIS.......icvieie e s 9
1.5.3. Requirements OF SYSTEIM. .....cciiiiiie e 9
1.6, PIECRABNTS. ..oeitiieieeeee ettt bbb e 11
L7, SHUCIUIE. oot nr e s 11
REIALEA WOTK. ...t 13
2.1 WaASTEWALEE CYCIE.....cviiii ettt sttt ae e e pe e ras 14
2.2 POIULION OF WASTEWALE ........civiieiiieieieiiee ettt 16
2.3 Monitoring in sewerage and water DOIES.........c.ccovvvveiiiieiic i 18
2.3.1 Current SyStemMS fOr SEBWETAQE. ........civiiiiiiie et s 18
2.3.2 Related work on water [eVel SENSOTS. ........ccooiiiiiiiieicieee e 21
2.3.3 Related Work on temMperature SENSOIS. .......ueievverierieiierieseeseseeraeseeseeseeseesseesees 22
234 Related work on condUCTIVILY METETS. .......ccoviiiiiirieieiee e 23
235 Related work on sensors to measure total solids in water. ............c.cccveeiernnne. 24
2.3.6 Related WOrk 0N Ol SENSOT. ......c.eiiiiiiiiiiiesee s 27
2.3.7 Related work on Nutrients, organic matter, acidity and heavy metals. ............... 29
2.4 Discussion and future challenges 0N SENSOIS. .......cccveieieeiieie et 34
Coil INdUCLIVItY DASEA SENSOIS. ......ecuieiiiiiiiiite et 38
3.1 General teSEDENCN. ....c..oiiiecc e 39
3.2 Effect of solidS iN INAUCTIVE SENSOIS. ......cviiiiiiiiiiiiiie sttt 40
3.21 Material and MEthOUS. ........cooiiiiii e 40
3.2.2 RESUILS. ..ottt ettt re e nnas 41
3.3 Effect of Water IVEL. ..o 44
3.3.1 Difference between Water and Air...........ccoovvirinirinerceees e 44
3.3.2 Difference between different water [eVelS. ... 46
34 CONCIUSTONS. ...ttt n e 50
TUDIAILY SENSO. .. .eiiiieeeceee e et e st e steeaesreeneenre s 51

viii



4.1  Turbidimeter to Eutrophication in water DOdIies..........cccccvveveiiiie i 52

4.1.1 SYSEEM DESCIIPLION. ..oiviiviiiiiiie et sre s 52
4.1.2 TESEBENCN. ... e 54
4.1.3 RESUILS. ...ttt et et re et e e nan 54

4.2  Determine solid. Effect on algae and sediment concentrations in mg/l in the turbidity
(NTU).65

42.1 TSt BENCN. ..o 65
4272 RESUIES. .t 65
O R N 1 o] o 11 Y =Y = LSS 69
4.3.1 PIOPOSAL ..cvveiictie et et e r e et re e nas 69
432 TSt BENCN. .. 73
433 RESUILS. ..ottt ettt et e e 75
4.4  Improve the iNfrared SENSO........cccii i s 86
4.4.1 TSt BENCN. ..o 86
4.4.2 RESUIES. ... s 87
A5 CONCIUSIONS ...ttt bbbttt 93
Ol SBNSOL. ..t bbb bbbt b bbb r e n et b s 95
LTS o (0T o0 | RSP R 96
51.1 Description of the Optical SYStEM........cccciiiiiiiiiiicee e 96
5.1.2 Operational AIGOrTNM. ........coci i 97
5.2 TESEBENCN. ...ttt e 97
521 Electronic OPEration. .........ccooviiiiieieieeeis e 97
5.2.2 SOUICES OF Ol ... 98
5.2.3 Samples for Calibration and Verification............ccccooceviiiiiiiieciccc e 98
5.3 RESUITS. .ttt et e et et e b e e et e e e te et e nre et e e eenre e e 99
5.3.1 Industrial Oil of DieSel ENQINe.........ccoviiiiiiiiieeeee s 99
5.3.2 Industrial Oil of Gasoling ENQINe.........ccooiiiiieiiiiie e 103
533 VEITICALION. ...ttt 107
534 DISCUSSTON. ..ttt 108
5.4 CONCIUSTONS. ...ttt 111
Practical deployment @nalySIS. ........ccoeiiiiiiieiiiiii e 112
6.1  SCENArios iN SEOMM SEWEIAJE. .....ueeueeeerieeieerierieeseesteaeeseeateesaeseeeseeseesseeseesseeeeseeeseeneeas 113
6.1.1 N [ o1 11 o USSR 113
6.1.2 RESUIES. ..o 113
6.2  Water level, conductivity and 0il SENSOF. .........coviviiieiiiieie e 115

iX



6.2.1 B =TS A o<1 1o TR TPRR 116

6.2.2 RESUIES. .. 119
6.2.3 CONCIUSIONS. ... 129

7 APPLICAION TN SEWETAGE. .. vevvieeereeiieieeiesie sttt nne 131
7.1  Selection and Definition of Communication Technology.........c.cccoeeviniviiniieciiennene 132
7.2 TOPOIOGY. ettt 132
4 T AN [ To] 11143 S PSRRI 133
7.4 COSt OF SENSON NOUE. .....viiiiirietee e 135

8  Application to Other ENVIFONMENTS. .......c.coiiiiiiiiiiiie e sre e 137
8.1  Design and Calibration of Moisture Sensor-based on Electro-magnetic Field
Measurement for 1rrigation MONITOIING. .......cceiviieiriiiiriie e 138
8.1.1 TESEDENCH ..o 138
8.1.2 RESUIES. ... s 140
8.1.3 VEITICALION. ... 145
8.1.4 Overview and general diSCUSSION. .......c.cc.civieeiieiiecicie e sre e 146

8.2 10T Sensor to Detect Fraudulent use of Dyed Fuels in Smart Cities..........ccccceevennene 147
8.2.1 SYSEEM AESCIIPLION. ..viivieiiiiecie et be e 147
8.2.2 Measurement and RESUILS. ........ccooiiiiiiiie e 150

8.3.  Sensors and Biosorption for Better Reuse of Wastewater............c.ccocevvvviverernsnenne. 154
8.4. Development of Optical Sensor to detect Industrial Oil in Agricultural Irrigation
)Y (<] 1 T TP P PP P TP UROPR PR 155
8.4.1. PPOPOSAL ..ottt 156
8.4.2.  TESEBENCN. ... 157
B.4.3.  RESUILS. .ot s 158

TR T oo Tod 1115 o] T USSR 160

O CONCIUSIONS. ...ttt bbbt 162
TR A o o Tod 103 o] oSSR 163
9.2 FULUIE WOTK. ..o 163
9.3 Problems Faced and Personal Contributions. ............ccoceoeiiiiiininenine e 164
9.4  Publications derived from the PhD. ... 164
=] =] - TSR 167



