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Context-aware Recommendation System for Water Resources Distribution
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ABSTRACT

In this paper, we conceive a context-aware recommendations system for water distribution in future smart water grids, with
taking the end users’ profiles, water types, network conditions into account. A spectral clustering approach is developed to cluster
end users into different communities, based on the end users’ common interests in water resources. A back-propagation (BP)
neural network is designed to obtain the rating list of the end users’ preferences on water resources and the water resource with
the highest prediction rating is recommended to the end users. Simulation results demonstrate that the proposed scheme achieves

the improved accuracy of recommendation within 2.5% errors notably together with a better user experience in contrast to
traditional recommendations approaches.

Key words : smart water grid, context-aware, neural network, back propagation(BP), spectral clustering
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(Fig. 1> Concept diagram of smart water grid.

219 294 25 et ol F 35A e A3
ASANA $ALE A7) Jaiel B 4
A == /\]%E“ ) %ﬂ% wA AAs, 2y

XY

TXH Hﬂi ‘I‘Z-] °U1 2 FEAE T A

Ao wEom FHDA,

o 3TH 2=

AgAEe) Qe we, Az

28 o
e} T
A ASAE 5U8 289 44

T A8 AR B 4] A
}0:1 7] g2 F5AE THSEHY, o
ALEALY] Ao gk a5 A Est
Feto 2 Hriet

o
ol

)
© g
ro S

L

N
[e>

[
oh
2
2
™
H
N

A-g2Le & 4] e E
ALdE FEA Y HF ALA
FoAAe M FFY AL
ZE )l A AHd AHA =]
AEATE FEA Hel ZxEH ot
AR e B AH] o] o
tol AFRAE 93l FAYS Addith A4
tad 48 9 oxd 29 RdE, A4

, A 2E », AR ZERY » B
-°r4E1 aZ =] ZAH o, 7F 48 EI, A

O

=
=2

L
2
e,
L
td
1
rlo

o}

°

i
Y
&

B
o 2
o

z !
ofL
o

kY
rol
> 0 Lo

—|—' i

B
N

o

a7}

]_

{e

of

A

s
rir

it
o

l>£Hﬂrl~1H§2rz~.§ﬂ
N

Tﬁ

Q o, FAY o, W 230] o 7} SEHH, o] 5]
Qzd WAE e 2ol Ao

O(OS,Om,OSC):f(T‘m,T‘C, ru,rt) (1)
o X Mbq

o) RENAH, M EF #4U0l AU A
W, o5& WEYLY A
e 98 aeseAe £49

97
£ o
1>

EE=E. /]
Information
‘Water Resources
T =

End
Users’ Profils

farmland factory Residential areas

(38 2) HHAE oIX| FHA|AH] =Zpf2le3
(Fig.2) Framework of context-aware recommen-
dation system

82 YIRS

rr

=N

137, T22(20144 44)



AOLE 9E{ J2[=(Smart Water Grid) A =28f

i
B
ror
N
Il
|>
Im
o
A
i
3
>
[>
i

2 E 93te] F e Wetez UE S Qg 1 HEY g = oL o] &3t 2HEYH FH3}
T shie, AF AEAT A AHE 8HE B dugEFS T, olv 71E9 LI g
Wi, s Ade . 3" FAYSs AHEAA ol Histq Aol e AE FelA =3
AL, g stve 7 Azl HF AEAE £ ot Aol o A97 HAsjzo FHol
A FALE FH8tA, o|Z Qlste] Fak AW S8tk (1] [13]. FEAE BAs7] f& o] Al
= AR 8ol Qlox FAdS AHEAA 2 2HEY 7R3 YRS AP L o] 59
LA FE AFTh B =FodAe 53 F HA < TEFoEAN FAEY AA, 2FE YH 13
Heks 1 gt = ol N AHATE e Ae® JHHSta, N
ol AgAE KNS sFAz st 8] 98t
. AdXAE Qz] FAY F3 A 2¥ of o]5 g 7|Hte ~AEY A3} eSS
Aot 1 AT HAE drlel At

&

29 AR=7h =1 AR Ado] B A
Nzde WEetr] fjste] 2rtE ¥ g
AA B FEsglen, o= st FEAll
= *P%XPoﬂﬂl A FAHE Al

o xo gb (i A
£ rﬁl‘ Nlﬂl rzt'
2 Ay

. r}m
S
M

Hf to
1%
>
Jkﬂ
=1
lr
rie r
Ao
_>|JJ
.
>
2

o2

ofN it > oH
o

l‘l’E i
i
Hd
=2
>
rr
at ju > ot

N
o

_>‘i
fo
rfu ol ok I

>
ro
=2
=
e
N

ot &

2
ro,
r o)
o>
>
il
oy
)

N
ot
oL
it
N o
=)4=|
)
=
=
.}
_Ui
_\ﬂ
o\-}l
>
01:0
>
{o
_1
AN

o ii—EJz ZlHro g 33k
A

. g 2 L)
L 7%y Y5l LEZA HITWHS AF&d
T A 5]

o AgAY PYF HH2E: A A, F T

>

o
o AgA B v AHYXE: B9 FFH, £
& AT 53
HE 18 Y 2
AH, AWEA, &%, 14 T

B. & ZtalAtol 7|gtet

HEHZ SSH

AAPH: MENA Yol NH HF A-EAT}
Aoz AT, AZ UEYZ WY AHY
gk Aotk AR i) j Abeld Aol 9l
ot +% BAAE YEhlH, Ap=10] H
go] flttH A=00] ¥t} F5dE AY G
171 flste] #E GO dav ted 2ol

=

>

o & oo o

=< I

ol

= R < A = r{r
>

rel
&

=3 Ay @

A7 M, Aadt Aye ARG E AY Yiolx
AEAE 1 R AREAL j RFE AFEA kobe AAW
(connection side)®] JTHH AgA=1°] I, o]= A
&7 1%k AHEAL j Abole] FE ol (FF BAA
o] #& YEehdTh

ol 5P H: g gE AHEA ik AHEAL j Abolg]

FROE AL, o] FFE USAL oA 4
8749 G2 AEAE Aolo AR £E Ug

dth ol A8A AN BE o2 fi
| &

g9/n 2, OISFEE T3} o] mHHL,
99,
" E R ©)

A7lelH, A e FEA A FAFS

(membership function)Z A 2| T} ALEA} i9} ALE

Vol.13 No.2(2014. 4)

The Journal of The Korea Institute of Intelligent Transport Systems 83



ADIE £

A7k B9 FEA ol dod A =10 Hi, of 7|9 YIEQAE F N SR +H5
284 god A =00 Bk ot 3% aaAd 27 ZEAL AZe 2958 249 1
7193 FE ol e doe #AA 7]k o 93ty A e FFAZ EYdE
& FF ol Mo Aol2 Hodnt. FFA
o Y WEHES=(55,) 2 T AR § C. A Azl
7b Al FEA LA™ s = +10] ¥, 1™ ) FAYY g gAY e FHz 7Y
2 ebd s, =—10] HT}, FH AN2"E E AE o]gd oA sl o
gt A BAS THAE HF AHEAA A
Ay = (s8,41)/2 @ A& FHAG. AEAE 71EsE e E L o)
ATk 7HsHE, 271 B4 tid A-EAk io] A
qszéE(Gij 95) (5,5,4+1) ®) = 7}%2_1%7w:(w“ o) AL, T
- n - Aol e z7] EAQ Aole A@BAE W
c=(c,....c,) & ZHAY. AR AFHR F4
sl dstel QI FRT AAAR A7 g =y oo page Zaz swe gy
< Foto] A" FA B L g 2ol
T e IO B
T
o598 ct B ol 4oid 4 v Sim = (o) = o T ®
dd,
C*(Cu)mf(k;/lzk/lm o Jnxn M SAY TgHE 27 S=(s....5) 2 AL
& 93, o) A i MA AR Akl o] fA
Bojd AFAE A% o] 53 E Col ZAB 1 e Jehig
3 394 B nke o] B Y EHAES F )
o TEAZ FHFeE HHL TSI gk AA, 2) TR HI} S AY2E HRE= Ho] Ak
o5 d Co Ao A % FolA F(principal) I Ul E $] J(Bayesian network)oll 2l8] EFETH A
FHEHE A, 159 E W FEH 849 B35 o] B E d3str] Slste] GAg AR ot
o et S, A9 AATE AAGRA
o Holz WEY A FH ofojtjole EFEA
e FEo tigt @A WEY T FeeA 7t 7t
g LASES Adste Aola, o] 7}
B we gEo] T FHEH L &3t AoE &
4
o] Xt YEY T= 19 494 H= ule} o)
AY2E Q1A ARE BFster] AHEET w9
Community A Community B A¢ ESLIE 7Nto 2 AY2E Q1A %EE k
(12 3) 2=H WEYF 7=, Ao FHEl e 2 EF8AL, ol E (N, Ao,
(Fig.3) Structure of community network. 1, 2,.n8 AoHT AH2E A3 N\olA A}ﬁx}
84 DIZTSTIB|=2T| 137, M22(20144 48))



AOLE 9IE| J2|=(Smart Water Grid) =AM 2 E ¢St HEIAE OIX] FHA|AH

I.1'II I -
— | morning

W,
W i — afternoon
—{ time }—I W

evening
",

21 resident

W,

W gs] -
—3 location }—

W

Bor
outdoors

W, ——

- rainwater

W Wy
—4 acvivity }— seawater

Wy

—| reclaimed

W,

water resource
context information

+| good |
W
W Qo
4 haetwork | F—— general
state Wi
—  poor

(O 4) AHMAE 2lX| YHo| 2F.

(Fig.4) Classification of context-aware information.

7 FAY B LT FBE ASAY o)Fo] 2
Ashe] g3t ol A

pOlz)) = plz ]2, PO/ Pla,) ©

plz \) =1p(t,\,), pO\)=r(\\,)/T (10)
K
Pla)) = Z] Pla I\ ) PO, p(t,IN) = Tt,)/ T(\,) (11)

A7) A, ()= FAY x2 NS B4, rwE
Ay e W 249 £, T & FAE 24"+
Ao F, ToE 54 18 HE #4498 a4
& 35 ToE AUl Mol 28 a8 3145
E Yehdth ymAE o9} $YF o2 U
2 3lem, (pulx), pAalx), -, pludx)} 2 EF
& K249 Ad2E WEE 42 4 Utk 1Y
5= A YEYIY st dE RoFET

At AARe A A A%, & 483,

Input layer Hidden layer Output layer

|0

(a8l 5) ™o MAEY
(Fig.5) Structur

| #=.
of BP neural network.

(0]

A9 a4 Fof BYA, AR OGE AY2E 4
& | %

FolAel 38 & pouge EFA dE e

2 AgET. 293 A AFAEY FE 45

ol ohv % Aste] WF AF 2AH(Mean
&

Squared Error: MSE)ell whgh 22}ty dds 417

B 24 £ HtE g55te

#g3E AdME U == e AASA .

ENYM FFZ AR E (sigmoid) F4E

AT st AFAME o2 e Yol
& xel 7HeA Fe

< O HHAE F

RN
A
b
(r
o
i
iy
)
o

2
oX
S
o
rl

[ o
o
)

g
2 o
> @
e e
i fo

N
ol)lv -
1o o

2 g
s

to
=il
o
+
v}
lud
o
U for
Lo
dlo
Lo
~N
o
A

N
-

o
il
¥ ol
i,
L

o ol

1©

wE jo A 2Hozel 7}
o4 w2 7HEshE, ol

rlr OLN oL &L A ol
do

ox

rlo
o> &

r\(

s

_\i_l
o
=

ko)

r U
ok
&
30,
i)

w,; (t)= =[0"(t)-o®)]o®)[1—Ot)ly; () (13)

Aq71A, B &F Fola, 0 e 9 O

Vol.13 No.2(2014. 4)

The Journal of The Korea Institute of Intelligent Transport Systems 85



AOLE 9B J2|=(Smart Water Grid) A ZHIE I3

rok

FAHEAE OIX| FHA|AH

=

Hzo®g

o 7l Egolth. &Y ZF yi) oA & T
A 7tEAE e 2ol ALE F Ath
w;(t+1) = w,(t) = mo,(t) (14)
of71o) A, ne S BAEoIth o|gk FAFSHA,
qY k& JollA 29 »E j2o g w,@ =
2E 7 AL, ol B 2ol AN + ot
%mfﬁﬁrwmmmlwmw> (15)
h(t)=[0'(t) = O®)] Ot)[1— O)] (16)
w,j(tJrl) w,; (t)— nAw,(t (t) )

Ao R, A xoll i@ 9% Brke the
3 o] Atdn

0= w,Sim~+ w N |z + w, (18)

A71NA, woe FAFEY 7SR 0L, ws UHE
2E 93 &5 7tEA0l1L, wp LﬂE E JH
Wp twe +wy = DO 7FEA ot} JTheAls 1A E
Aol ohH, 27 B aFA YEND 4
2 welsel 298 + Aot

Azdoz o9 ge FAUHL AL M
Al A48 E SEdi A2 + gow, el
WA ool AgAd A AL 2 FEE 1}
ST 43 ) D) 55 248 ¢ 5, =

M we A% B e $AUE 48R

OHHI Aok Aol bz,

IV. A% 37} 23

A. m2tolE 24

54‘ EF ZYEH E 3E5A WEYIY

B AEFo|HoHE ~uE Y gz 2E
Ay dolHE 47 f3td AZ FHE AT
A B4, AE2E AA AR A, F&, )

£59 AYrE ANE ¥
= 55 49 Wold, T34 1 099 487, 1
A3 10714 FFe) $AQ0] Aol sHev
B2 Zojdth AgAE Agdoldel A4
Adol FRIAT ARA)A FE Aol Axd

fﬂL}E} oj¢t &2 detvlEE e, 574 <

U= vt u 17Hg] i\‘:‘:]%. -

i ofy

51T o Y

Lo

4= p 3 Q (recal) RE X33l FHEY
of 2 Ugur] flstd FH ALY
:! FAYY F NE AL, o
g oj 3t}

71 1 AEE @ FHEHE A9y ol tig
AHEAZE A THA old wEt FHEE FA
do] ol Hgoln, tE3 o] FolTh

_rL

NN
=0 (19
N% 2 H5EE U8 BAUY AL P

3 FHEs AN FAd Fof weolH,

et 2ol Foldt

Ny,

71 30 AHEAS REE Fh(score )& FAE Y
44 @, FAYY ANEQ,, FAL F4 o,
57k A s oty AEe

o A, g
3} o] FolAin,

score =S5, Qsp +5, Qm, +5, Q,”) 21

M137, M22(2014'H 44)



AOLE 9B J2[=(Smart Water Grid) A+

AUEE 3 A2de] AEEE Yehln, 3
FEE AAYE FAYe =4 H) g% Uehg 3,
28T score e EA| HE ALAe] nELE
e T

w
&
N
N
i)

z )
Nre= L b e 22)

L /= maxscore

7oA, L& & o8 254 U9 HE ALz
9] Zoln, L = 500t} AlQkE = AxEH A%

S NRC® MSEO| thgt A Edolde Fsta] H7}
St & 12 = FF9 Fo & NRCY #H=
ARkeE W2 Qle] WS WGl on, Akt
Halo] BE FRY E dste] AMHASTE B
o Z1}.

(2 1) 2 379 ol & NRC %
(Table 1> NRC vs. No. of tvpes

No. of Types 2 4 6 8 10
Context-aware
Method
Random Method | 090 | 0.86 | 0.86 | 0.83 | 0.82

091 | 0.88 | 087 | 0.85 | 0.84

gl o

igo,d_oil_

|

AQtE A|2Ele] NRCE F
NRCET £t 18 62 A
(scalability)¥} 4*#HE (convergence)& HFH, ©
v B =29 34 A2"o] AR s A%
of tate] WME FHESG £ AL THALD

e AL AN,

~NE
— 1
9o 33

3
o
A

Mean Squared Error (mse)

0T

10"k . . . I . . n n . B
0 100 200 300 400 500 600 700 800 900 1000
1000 Epochs

(2e) MAIE T AFYel By M5 (SEA):
100070 ++2F vs. JEHIJ—C’KF

(Fig.6) Training performance of designed BP
neural network.

1000

—#— prediction score
O true score

900

800

700

Score*1000

600

500[

w00 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 2 4 6 10 12 14 16 18 20
The times Of Prediciton
(ad 7) FHAIA-—S] o|F M5! o535 of Score.
(Fig.7) Prediction rating of recommendation
system.

a9 78 FAPAY AF 45E BolET A
e o] FAAS FAG oA FAY B
7}zl dstel FEF AL AHITE A U
Ehilch

Iv. 48

B ERAAE HE A4 BEES BOUE
93 ¢89 BLHS ¥Vl 9B 2FE 9H 1
dEo) AY2E AX Auo| A £AU B
FAPAS AASYT AY2E Hug § A
F AgAe] Zende nesel AgAE At

Vol.13 No.2(2014. 4)

The Journal of The Korea Institute of Intelligent Transport Systems 87



AOLE 9B J2|=(Smart Water Grid) A ZHIE I3

A

= —

rok

BIAE QIX| FHA|AH

A8 39= 0 & A48 FFAZ 2AR) 9
# N2E 29EY :—w e A,

REFERENCES

[1] B. David, C.T. Yin, Y. Zhou, T. Xu, B. Zhang, H
Jin and R. Chalon, “SMART-CITY: Problematics,
techniques and case studies,” In Proc. of &th
International Conférence on Computing Technology
and Information Management (ICCM), pp.168-174,
Aug. 2012.

[2] Y. He, YH. Liu, XF. Shen and LF. Mo,
“Noninteractive localization of wireless camera
sensors with mobile beacon,” IEEE Transactions
on Mobile Computing, vol. 12 jno. 2, pp.333-345,
Feb. 2013.

[3] M.I. Mohamed, W.Y. Wu and M. Moniri, “Power
harvesting for smart Sensor networks in monitor-
ing water distribution system,” In Proc. Of IEEE
Conféerence on Networking, Sensing and Control,
pp-393-398, April 2011.

[4] J. Hayes, K. Tong, D. Diamond, “A wireless sen-
sor network for monitoring water treatment,” In
Proc. Of IEEE Conférence on Sensor Technologies
And Applications, pp.514-519, Aug. 2007.

[5] P.Lungaro, Z. Segall and J. Zander, “Predictive
and context-based Multimedia content delivery in
future cellular networks,” In Proc. of IEEE The

Vehicular Technology Conference (VICI10), May
2010.

[6] G. Adomavicius and A. Tuzhilin, “Toward the
next generation of recommender systems: a survey
of the stateofthe-art and possible extensions,”

IEEE Trans. Knowledge and Data Engineering,

vol. 17, no. 6, pp.739-749, Jan. 2005.

[71 M. Xiao and B. Yan, “Collaborative filtering rec-
ommendation algorithm based on shift of users’
preferences,” In Proc. Of IEEE Business
Management and Electronic Information (BMEI),
pp.520-523, March 2011.

[8] M. Bijelica, “Towards TV recommender system:
experiments with user modeling,” IEEE Trans.
Consumer Electronics, vol. 56, no. 3, Aug. 2010.

[9] YJ. Zhang and L.C. Wang, “Some challenges for
context-awarere commender systems,” In Proc. of
IEEE Computer Science and Education(ICCSE),
pp.-362-365, Aug .2010.

[10] D. Bouneffouf, A. Bouzeghoub and A.L. Gancar-
ski, “Following the user’s interests in mobile con-
text-aware recommender systems: the hybrid-e-
greedy algorithm,” In Proc. of IEEE Advanced
Information Networking and Applications Work-
shops (WAINA), pp.657-662, Aug. 2010.

[11] LJ.Li and J. Can, “Complex network community
structure of user Behaviors and its’ statistical
Characteristics,” In Proc. Of IEEE Multimedia
Information Networking and Security (MINES),
pp.366-370, Nov.2010.

[12] M.Y. Wu, “Wi-Fi community area networks en-
able a connected community, ”In Proc of IEEE
Frontiers of Mobile and Wireless Communication,
pp.671-674, Feb. 2004.

[13] S.Z. Niu, D.L. Wang, S. Feng, and G. Yu, “An
improved spectral clustering algorithm for com-
munity discovery,” In Proc of IEEE Hybrid
Intelligent Systems, pp.262-267, Aug. 2009.

[14] D.E. Chen, “The collaborative fltering recom-
mendation algorithm based on BP neural net-
works,” In Proc of IEEE Intelligent Ubiquitous
Computing and Education, pp.234236, May
2009.

[15] Jacques Boudon, “Did you say “Smart Water

Grid“?,” In Proc. of Smart Water Grid

88 I=ITSYUR=EN

M137, M22(2014'H 44)



AOLE 9| J2[=(Smart Water Grid) T=XH 2HIE 2|t AHAE OIX| FHA|IAH

International Conféerence, TS-15-01, Incheon, Sensor Network,” 20th Water Management
12-14 Nov. 2013. Symposium and Exhibition, Session C-5, Jeju,
[16] Kyung Sup Kwak, “Energy Efficient Critical 27-28 Feb. 2012.

Infrastructure Monitoring System for Wide-area

% A 3 (Yang, Qinghai)

20118 69 ~ AAl: T3 MGAAF | Bug, w4
2008 d 2€ ~ 20119 6¥ : F= A¢AAHIUEY Fus
2007'd 3¥€ ~ 2008 2¢¥ : 2FNIFHFAATAE Post-Doc.
2007'd 24€ : A3 HHFAWNTY IAESA

2001 39 : T MAAHAZ U HRFAIGT A EY
1998\ 7€ : T AEUidtn FAEH g4 £

e-mail : ghyang@xidian.edu.cn

Z A A (Kwak, Kyung-Sup)

1990 3¢9 ~ @A : Qsuisty FRFAFE wa@A A5 FH a4 (IFP))
20039 8¥Y ~ A : AT 2FHFXHFAATAE (UWBITRC) HME %
20099 1€ ~ 20099 129 . I=ITS% 3 3|

2006 1€ ~ 2006 129 : =BG 3%

20009 3€ ~ 2002 29 : QST m FRFAGEE YA

1989 29 ~ 19901 249 : M= IBM Network Analysis Center 7€

1988 2¢¥ ~ 1989 249 : ¥]= Hughes Network System 17

1988 29€ : v UCSD A7|HFE e FAlol& P A 2xw(FEHubAh
1981 12€ : w2 USC A7 Z8I(Z84Ah

19779 29 : AsFU A7 FSH(F A

e-mail : kskwak@inha.ac.kr

A 032) 860-7416

Vol.13 No.2(2014. 4) The Journal of The Korea Institute of Intelligent Transport Systems 89



