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Abstract 

The management of the domestic water consumption of the current 

water utlity was the way of applying the time of manual meter-reading 

to record the abnormal conditions and notify users about that, and then 

assign personnel to re-check on site. Considering that bulk consumers 

were the key sources of water consumption for the water utility, in 

order to ensure correct manual metering and reduce water apparent 

loss, this research developed the management mechanism of bulk 

water consumer by the following practices, which was the leader in 

national water industry. 

1. Use the man-installed data logger to get the continuous logging 

consumption data, to build up the databank of type of water meter and 

to improve the meters and types of water meter based on the result of 

analysis. 

2. Designate 100 AMR (Automatic Meter Reading) systems for bulk 

consumers instead of the man-installed data loggers to have much 

wider time span of recorded data of water consumption, to view the 

appearance of characteristic of water meter operation and to find out 

the controlling elements which could probably reduce the zone of 

inaccurate registration by data mining. 

3. Build a smart system and combine the data of domestic water 

consuming models with billing system of water charge and water 

meter to judge the appropriate meters and types of water meter. Try 

out AMR systems from different factories to know the advantage and 

disadvantage of software and hardware interface of different systems 

and the development requirements of water utilities and to work out 

purchasing strategies for the future. 

4. Build pressure sensors combining with AMR systems of bulk 

consumers to discuss the feasibility and concrete operating methods of 

improving the density monitoring of water pressure in a more benefit 

way. 

It was discovered from the above research that if an over sized water 

meter was re-sized to smaller one, the benefit rate of revenue would be 

increased by 4.22%; if the class-B meter was changed into class C 

meter and matching with smaller water meter re-sized from over sized 

one, the benefit rate of revenue would be increased by 7.11%; if the 

class-B meter was changed into class C meter only, the benefit rate of 

revenue would be increased by 0.21%, whose effect was not obvious. 

Besides, through the correlation analysis of water supply, there was a 

positive correlation between the height of zone of inaccurate 

registration and caliber of water meter, and a negative correlation 
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between the height of zone of insensitive interval and the elements 

such as pressure sustain valve, intake pressure, the depth of elevation 

of water tank position and control valve of intake etc.. The consumers 

would not improve the problem that the volume of water supply 

mismatching with meter of water meter due to the change of 

consumers, water use habits and equipments. Therefore, the 

management modes of the caliber and types of water meter which 

were developed through this research could contribute to the 

long-term development of consumers and water utilities.  

Besides, this study tried out different AMR systems from different 

factories on site and then made comparison and analysis; provided 

concrete operating methods for combining expanding pressure and 

water quality monitoring to feed back to the manufacturer to refer to 

and improve systems, which was benefit to the localization 

development relevant software and hardware; and built up wide 

distributed sensors for smart management with IOT & ICT to improve 

flexibility and efficiency in management, to increase the integration 

and additional functions and to extend the water supply management 

to client, which was the last step of overall process management of 

water supply.   
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 ( X -X)(Y -Y)

(n-1)S S

i

i=1

n

i

x y  

r   

0.8   

0.6 - 0.8  

0.4 - 0.6  

0.2 - 0.4  

0.2   
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SPSS Clementine 12.0

( Qp/3

50% 2.3.1 ) 60%

40% (

60 40 70 30 )
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   3-51
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3-10( Y N

Qp/3 50% Y <50% N

>50%) 

   

1  in [ "50" ] &  in [ 1 ] => N N(50~100%) 

2 
 in [ "50" ] &  in [ 2 ] &  in 

[ 0 ]&   in [1  2] => Y 
Y(0~50%) 

3 
 in [ "50" ]]&  in [ 2 ] &  in 

[ 0 ]&  in [ 3]=> N 
N(50~100%) 

4 
 in [ "50" ] &  in [ 2 ] &  in 

[ 1 ]=> Y 
Y(0~50%) 

5  in [ "50" ]  in [ 3 ]  => Y Y(0~50%) 

6 
 in ["75""100" "150" "200" "250" "300"  ]&

 in [ 1  2 ]&  in [ 1  2 ] => N 
N(50~100%) 

7 
 in ["75""100" "150" "200" "250" "300"  ]&

 in [ 1  2 ]& in [ 3 ] => Y 
Y(0~50%) 

8 

 in ["75""100" "150" "200" "250" "300"  ]&

 in [ 3 ] &  in [ "100" "150" "200" 

"250" "300" ]&  in [ 1 ] &  <= 2.500 

[ Mode: Y ] => Y 

Y(0~50%) 

9 

 in ["75""100" "150" "200" "250" "300"  ]&

 in [ 3 ] &  in [ "100" "150" "200" 

"250" "300" ]&  in [ 1 ] &  > 2.500 

[ Mode: N ] => N 

N(50~100%) 

10 

 in ["75""100" "150" "200" "250" "300"  ]&

 in [ 3 ] &  in [ "100" "150" "200" 

"250" "300" ]&  in [ 2  3 ]  => N 

N(50~100%) 

11 

 in ["75" "100" "150" "200" "250" "300"  ]&

 in [ 3 ] &  in [ "75" ]&  in 

[ 1  2 ] [ Mode: Y ] 

Y(0~50%) 

12 

 in ["75""100" "150" "200" "250" "300"  ]&

 in [ 3 ] &  in [ "75" ]&  in 

[ 1  2 ]& in [3 ]  => Y 

Y(0~50%) 

13 
 in ["75" "100" "150" "200" "250" "300"  ]&

 in [ 3 ] &  in [ "75" ]&  in 
N(50~100%) 
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[ 1  2 ]& in [ 1 2 ] => N 

14 

 in ["75""100" "150" "200" "250" "300"  ]&

 in [ 3 ] &  in [ "75" ]&  in 

[ 3 ]=> Y 

Y(0~50%) 
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C&R 77.48%

78.23% 80%

Qp/3   

Partition     Training        Testing        

Correct  77.48% 78.23% 

Wrong 22.52% 21.77% 

Total              100.00% 100.00% 
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1. Y(t) X1

1 2 2

3 r=-0.907 Y(t) X1

X1  

2. X2 1 B1F 2

B2F 3 B3F r=-0.907 Y(t) X2

 

3. X3 1

0~0.7kg/cm2 2 0.7~1.5kg/cm2 2 1.5kg/cm2

r=-0.845 Y(t) X3  

4. X4 0 1 r=-0.626

Y(t) X4 X4  

5. X5 0 1 r=-0.907

Y(t) X5 X5  

6. X6 0 1

r=-0.717 Y(t) X5 X6

 

7. X7 50 75 100 150 200 250

300mm  r=0.947 Y(t) X7 X6

 

8. X8 0~9 Y(t) X6

r=0.947 X8  

9. X9 1 0~10m3 2 10~m3

r=0.096 Y(t) X9  

 

 

50% 50% N 50%
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Y  

1. 2 3 1 2 3

50%  

2. 3 4

50%

 

3. 6 7 1.5kg/cm2

50%

 

4. 8 9 100mm 3

50%

 

5. 2 3 50mm

B1F 50%

 

B C

(

B C 6 )

C Qt B C

CNS14866(101 ) Qmin Qmax

C

C

C  
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C&R

80% 3-36
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4.  

100

1

 

4.1  

Lump Sum Value 1

Data Mining …

 

1

AMR

AMR  

50mm( ) 1,000

4 0.19%

25%

AMR

AMR AMR



100 

 

1,000

AMR  

 

 

AMR 1000

AMR

100 4-2

AMR
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AMR

AMR

4-3

 

 

GPRS(3G)

SIM
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IP PC

 

AMR

4-4  

 

 

1. 3G :

( / /

/ )  

2. IP68

RTU

 

3. 

100
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4. 

 

5. 

 

6.  

7. 50

 

8. 8

5,000 157,680 /262,800

 

9. 

4-5  

 

4 5

AMR

AMR
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100
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100

 

( )  

2015 12 8 AMR 4-8

C

 

1680

22

14 23500

  

 

 

 

 

( )  

2015 11 20 12 1

AMR 2015 12 13 AMR 3-20 

4421 11 20 626 12 14

3795 2800
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( )  

2015 12 9 4-10

12 11
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AMR

1

 

AMR

 

AMR

4-11~ 4-15  
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 4-14  
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 4-15  

4.2  

 

: 

1. :

50mm 18846 75mm 12536 100mm 14887

150mm 43193 200mm 63887 250mm 58895

300mm 103960 ; 8  
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2. : 100

60  

3. : 12000

8  

4. :

250 8  

5. 

 

4-1 20

383 1270
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 20  

  

 

  

 

  

48
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2

7

;

 

900 1,800

75

7  
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6

104 4,400

1

 

  

1

 

100

14CMH 24

4-16
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25

3 5

1 2 23 8

200 4,760 8

1,800 275  

 50mm~100mm  

3.6.1 50mm~300mm

383 1270 20

317 1270  

  

(1) 20  

(2) 75  

(3) 275  

350 50mm(

383 ) 75mm( 317 ) 100mm( 342 )  

 3.6.2
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4.3  

(

)

171 ( 134

37 )

1 25
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4-17 4-18 2

(

)

DIP  

4-19 A
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( 4-20 4-21)

  

 

 

AMR 4-22
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( )

4-23  
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25 ( )

3 5 85%

 

AMR

 

( )  

1

24 1

( 0 )

1

2  

 

( )  

4-24 0.1~0.2kgw/cm2

( )

(

)
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(pL,Q, d/D ,1/C ……)( p 

L Q d/D

C ) 1

Q p=kQ
2
(k

) 1 k 4-24

( )

2 ( 4-2 9 14:15

) ( 0.22~0.23CMH)

k

9.79*10
-5

p=9.79*10
-5

Q
2
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 8:42AM 9:00M 9:12AM 14:01PM 14:15PM 14:35PM 

(Kgw/cm2) 

1.13 0.96 1.14 1.11 0.92 1.12 

 

(Kgw/cm2) 

0.175 0.195 

(CMH) 

0.23 

 

43.93 0.23 0.22 43.15 0.23 

k 9.07*10
-5 

1.05*10
-4 

k 9.79*10
-5 

1
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5.  

 

99.5%

40mm

 

5.1  

(

15 1 )

(

) ( )

 

2 1

1

5-1  
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(mm) 

   

 

A 

 

75 

 

 1,400M
3
  

B 150 

 

 

10,000M
3
~ 

13,000M
3
 

 

 

( )

5-1
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IP67

 



127 

 

 

(pulse)

( 0.01 m3)

(

) 

(

5 15

)

( 0 )  

( 10 )

 

( jump)  

( )
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( 5-2)

(

5-3) (

( 5-4) ( 5-5) (

5-3)

24

1

1 (

20%)

 



129 

 

5-5 F103-130125 ( 5-6)

4

(Metering point) (Information)

(Alarms) (Consumption analysis)  

 

( ) (Metering point) 

5 -

- - -

5 Metering Point( )(5

)
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15 2

5 ( )

( )

( )

1  

5-7

5-8

( 5-9)

5 (

675 4 )

3 ( 5-10)
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5-11

5-12

( ) 5

5-13

( 5-14)

txt  
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3

5

( )

( - )

( )

( )

Q2

Q1 Q3 Q3

5-15  
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( ) (Information) 

4

 

1. 5-16 ( )

( 1 0 )  

2. 5-17

 

3. 5-18

( 10

)  15

 

4. 5-19
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( )  

  

  

( ) (Alarm) 

20%  

( 5-20)
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( )

( 5-21)  

 

 

( ) (Consumption analysis)  

( 5-22)

( 5-23)  
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5-24

 

 

5-25

15

15

15  
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5-27

 

5-27

( 2.4.1 )
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5-28  
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WEB

2 ( )

( )  

5.2  

1,000 (

13mm~40mm) 1,500 ( 360 )

( )

 

( 360 )

 

(1 2 )

 

 

( 5-29)

( 5-30) ( 5-31)

40mm (

) 11 ( 5-32)
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( )  

3G 4G Wifi 1 100

2

1

12
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5-33 5-34

5-34 4

(

) 5-35

Reading 14348-095 5-36

5-36 4

80  

  

  

 

( )  

1 15 ( 360 )
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(1M
3

)

(

5-37) (

1 )
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( ) 5-38

 

 

5-39  

 

0.218M3( 218 )

1

4

2

3 (
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) ( )

3

24 0.2%

0.001M3/(0.218M3*3)=0.153% 14

2 (1 1 )  

2

1 300 73

300  

300  

 

 

 73*300=21,900  0 

 30(

)*2000( / -

)/8( / ) 

=7,500  

20( ) *2000( /

- )/8( / )=5,000  

 

1,000  1,000  

 2  14 ( 1 2

) 

 30,400  6,000  

2

 

5.3  

 



146 

 

5-3 

 

  (

) 

 (

) 

 1. 

50mm

 

2. 

 

 

1. 

50mm

 

2. 

 

 

 (pulse)

 

 

 

 

 

  

(

) 

(pulse 

weight)

1

(

) 

10 1

1  

12

1

1

 

 web
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  (

) 

 (

) 

 

(

)

 

 

 

 

(

15

) 

(

10 ) 

 

 

   

 

   

 3G(

GPRS)

 

3G 4G

 3G 4G

 

 

   

 4

 

2

5  

2  

 

 



148 

 

 

( )  

( )

24

 

( )  

4 ( )

2 5

 

( )  

15  
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2

 

( )  

24 1

( 0 )

24 1

2

 

(

) 1 (pulse weight)

75mm 0.01

( 1 ) 5-15

30CMH 1.2 ( 0.01/30 )

( 10 )

real time 0.18CMH

200 ( 0.01/0.18 )

1

( pulse weight 0.001M3 Qmin

20 Qn 0.12 75mm

)  

( )  
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(Pulse loss)

(Pulse loss)

 

75mm 150mm

1 75mm 0.01M3

5+2 ( 5 2 ) 2015 12 22

15 15 25325.68 ( ) 2016

3 3 15 12 28235.03 (

28235.05 ) 0.02 2016 3 29 14

58 29278.17 (

29278.195 ) 0.025 ( 5-42 5-43)

( 2016 6 15 0.04)

150mm 0.1M3

6+2 ( 6 2 ) 0.1M3

2 0 2016

1 12 0.1M3
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5-44 150mm

105 3 9 523.60CMH

42~44CMH  
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IP68

3G 4G  
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100% (

)

 

( )  
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10 1
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( )  

1
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3 3  

1. (

) ( )

( )

( 1
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1 ) 8

 

2. ( )

(

)

2  

3. (

5 )  

( )  

 

 

1. 

 

2. 

 

3. IP68

 

4. 15 1 8 (28

)( 1 2 7 1

)  

5. 3G 4G 3G

4G  

6. 1

1 1 1  
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7. 24

24  

8. 
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9. 1500  

 

1. (
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( 1~3 )  

2. ( ) (

)

 

3. (

)

 

4. (

)  

5. ( )

 

6. 

 

7.  
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6.  

6.1  

 

 

( )

58% 4.22% B C

7.11% B

C 0.21%
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( )  
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