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Algorithm 1 Working of eGN

Step I: For each SN (SN, in active mode do in parallel
Step 1.7: Collect data from SN, and store in its

buffer
Siep 1.2: Send query o eNode to feich value of «
and §
Step 1.3: Predict the next sleep interval T, , of
M, as
i 1 aty + (1 — )Ty

Siep 1.4: Calculate the actual next sleep interval

tny1 = Tneg + At°

Step 1.5; If SN, is periodic sensor
Step 1.5.1: £, =¥ (2R — Dy,)

Step 1.5.2: CoV M 5
where r,"s are the sensed

i V2
(ma—ps)*

T

values and pe

. - (k)£
Step 1.5.3: At TJ,‘_.D:_JV

Step 1.6: Else
Step 1.6.1: £, =Y {(2R — Due)*py)

Step 1.6.2: At EJ;E

Step 2- For each sensor, SN, , in sleap modé do
Siep 2.1: Send a wake-up signal on expiry of sleep
interval
Step 3: Forevery communication request reaching «GN for SN,
Step 3.1: If communication is critical
Step 3.1.1: If sensor status = “sleep™ send
a wake-up signal to SN,
Step 3.1.2: Initiate the communication
Step 3.2: Else
Siep 3.2.1: Buffer the information and
send it when SN, wakes up
Step 4: For every query reaching eGN for SN,
Siep 4.1: I sensor status = “slegp”
Step 4.1.1: Send a wake-up signal to SN,

anaib mlaw aw 4 1) ssile b (55U (55,5 Hlade g .0ls 0 a5 1, €GN o (6L maw &l pss ENOAE «p) pogdle
wGNI @l 5l S 5L olime &5 by o (AF 2) b g AV 2 5 4F- <) Lawgie ((AY+ <) YL :aiS o
"X i b Jee opl AiS co el aze 1y o5lg50 18 sl avass Jele ENOAE o5 Soop 5wl mlaw o
L"X" 5 samass Jele jiSlas b ojlg,0 EGNK T jo a5 (il o cws 4 €GNK 5 €GNi & Juaie SNl slaws

Gl dlee [ 5 6 adaly 5l oolazul

Difference in number of SNs connected to eGN; andeGN}.
r= .
A(k)

(10)
S ge bi> ojlgps slae S ples yo 655l 5l S oy ln ) €GN e L Jols eNOde s ool @
Jid sle jgui Slaws 4 as o Al loj Job 10 Wl e a5 |, (DMAX) aosls jlaie xSTas ENOAE «(p pogdle
sl X sl N 315,85 s Ll Glss Jolgs 51 lgs so 1) Jlad sla K olans 068 oo dulee 098 adgs Al jo
a,laie eNode Dmax=a*n il Sk oy90 o 10 SN 6 Lawgs sas sl ools lawgio @ g Al Jgb jo Jlad
s plais ) ol alie wilsi oo 456 sboay w3 o Sledbl Ll 55,0 4 |, DMax
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TABLE 1
INITIAL SYSTEM STATE

Parameter Value

7 5

CoV 0.6

¢ 0

E 80%

t, 12 min

Ta 6 min

o 0.5

Active time interval 5 min

E, 0.002% of the remaining
battery power

E, (With sleep intervals) 0.4% of the remaining battery
power

E, (Without sleep intervals) 0.3% of the remaining battery
powcr

0dls 0,238 slas b mlaw .oo)fu_n IPL 9 SCL &oldlecws &bs TN 97,0 oo oo Hebody PA eopl b
eNode 5 €GN Luws 655l 550 oD jsbo 2 S oo S Ll il s jor G (Vsb 4 gt
Dl oe s o Ll o il s,leas IPL )0 8RA Ligs s SCL o

6 5 Jalowi g 5.4
o oanlice 098 oo 03ld musl 0,5 S (65, paw dnwle g, Tal cpiacen 1 g ks o g 4o sl 5l L8
aoz 5l il Jalge @) 093 g 4 aS o ls uSe Cad )] Olgs Aol b pieas 50 ol 0,5 (6553 B yan a5 ol
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0,5 yetd o abaly sloslainl b ol oo 1) 0,5 SO (6550 pda alises

Energy consumed =7, * E, + (T — 115) * B, . (11)
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Ll Jad s 50,5 6l yloy Do
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TABLE 11
THEORETICAL RESULTS

, N E E
g’?};ﬂap sed 2‘; ) tuir (min)  (with sleep (without sleep
interval) interval)
0 -- - 80 80
5 9 9.1 78 78.5
14.1 -- - T7.9818 75.77
19.1 9.05 9.159675 759818 74.27
28.25968 -- - 75.96348 71.5221
33.25968 9.104838 9217506  73.96348 70.0221
4247718 -- - 73.94505 67.25685
4747718 9.161172 9277001  71.94505 65.75685
56.75418 -- - 71.92649 62.97375
61.75418 9219086  9.338259 69.92649 61.47375
71.09244 -- - 69.90782 58.67227
76.09244 9278673 9401388 67.90782 57.17227
85.49383 -- - 67.88901 5435185
90.49383 9.34003 9466506  65.88901 52.85185
99.96034 -- - 65.87008 50.0119
104.9603 9403268  9.533741  63.87008 48.5119
114.494] -- - 63.85101 45.65178
119.4941 9468505  9.603237 61.85101 4415178
120 -- - 61.85 44
i2
2% 5 | Amazon £C212.xlarge instance of Amazon Flastic MapReduce (EMR)
E § E datacenter
297
L£a
A eNode:
: =| Server located
s 0 at university
= o
3 e PRER —
2 cGN1 eGN2 eGNS
o
g » »
‘890 €90 990
~4 - -
BP RR HR Bp RR HR Bp RR HR

BP: Blood Pressure monitor RR: Respiratory Rate monitor
HR: Heart Rate monitor

Fig. 4. Experimental setup for the PA.
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Omron 10 upper arm BP monitor Model BP785 (V :jl uxs,le ol 3l (pl RR g «cdd o\byo o095 jLid
50F OLED wrist RR lgzxe Cu pow pieew (Y 5 [46] HR monitor x RS 300 polar 2 .BP785 [45]
S oo o 1y g g 013l & by e L3> F 5 ¥ Jgla [£Y] monitor

TABLE III

DETAILS OF FIVE VOLUNTARY INDIVIDUALS FROM
UNIVERSITY CAMPUS

S.No. Age Height Weight Medical

(yrs) (cm) (kg) history
1 19 168 68 None
2 26 176 75 Hypertension
3 34 165 72 Asthma
4 47 172 89 None
5 62 170 83 Heart Patient
TABLE IV
AMOUNT OF DATA GENERATED BY EACH SENSOR
Sensor Data
generated
Omron 10 upper arm BP monitor 52KB perl0 sec
Polar RS 300x HR monitor 108 KB per 10sec
CMS 50F OLED wrist RR monitor 143 KB per trigger

oS olin 4 a5 el THIQYRT 5 (e jpmins o (gt 4 poms jmains 5 5layd 0)33 jgmabw (lgicds Sl jgminn 50
ol el o g o olas Jele aS ol sl 5,8 0sdce st wrge wib e il ol lde G5 HR
S o Jos PAGIEON glsicas olron iy wigdigo Jate sg,oil 5 (e slahlise & Sgish Go)b 5l oyt
297 03 g0 oai EGN (slyy 0al5" 55,1 02,80l sl sl ol o il 1o (g5, 5 oo Sl lglor 2 (e 1500 5
SVl s clil ools S 0 4y |y S slaosls eNode WS oo Jos PA eNode Olgrea olliils ;o #dlg
A 3 oo o s 1, V1.0.3 Hadoop asgs by 45 [FAI EMR (550 y55k]

oS ab g pSejlail Olgs Jolsd g3y 5 b @NOde 5 €GN Jlio lsices doyguis o Shos (glaiBo VY- iolojl S5 )
O U cwl sad ools i (@) & UK jo 0 Ol i b Clgs alold (o s .canl ol ools (yLis (o) - (SO) O S o
alols Siwly oo o s COV polieg calice mobaw slp (5L B ran oylime (2als b1, At Jle g45 () 5 (@)
el 00 00ls Las (1) O S5 10 (6 5L prban ;0 Slss L AL g oo s in Olgs alols jo Ly adly

2l daxo 4 00ls JLs! B

Cewd d slaosls .l sas oolizul [Fa] 5laslolj0g5 slabe, sl o5 b K> lawgs oo adgs ledbl 4" bl
Oliwadsl alold 720 sl 00 il oly g5 lgie 4 (Sar oo skl b )5 B0 Gl )5 & 3l odwl
wlio oo g [ AYFA - F0YP] Slisl ol 5 oo o 45 el [+ QFYY < ¥VVA] BP 5 o (o Scod <o 0o sl
EC2 g5kl (oilotige (silwo pusd 050 oo 00liw b ol 4y 0as (sjluslel, (gools .l [-.afrs - 079Y] RR el
IS 50 g 00l (6503l ol mlie 51 (6 s 0 00 g Frmly (yloj el oo ool PA & Shase s sl [6- ] 12.X1arge
O .S Cawl 0o )15 aliste slae,S slaws b iolej] PA (6 pds wliie (owyp (sl ol sa s0lo Lz (K) 5 () 0

Qe e plis |y s (L)

40



V- F u‘."..wali AR o)Lo..f.v AR 0,99 (_g)).:‘ 6L® (ot 5).:9_\..4)[5 @GP 0 (50).3)6 Ul.@.\.ﬂ?b“ i 44).w

Sy gl C

o a8 sl 0o odnlie amd o Hlis 5L Bpas e 4 a4z L1 EGN g jguis an o Shee - @ o gL
b 4 8GN 5 gt (2sni b 535l s o)l 9529 Dlss Lolsd 51 ooliisl L 5 5L (6551 (6l aal,5" (6551 B e
oalS RR 5 gt 0550 50 09d 00 0233wl Gl pyw 5w )0 a5 jshailen alisee Julge (wloly ol 55
A oo slad eNode 30 &5l (6900 (€) O S el ouis ooly lis o o IS5 30 65k Bras (e yo SWSL
5,18 8g>g lazl ,o eNode Lawg 65, SSL Gras S olsr alold zd b piacews 3590 50 @S 5,5 csaline (g3 o0
polae by oS plai ool 51 g el £5,5 slpy JUd sloo S plad (oS sl 0ad B pae (651 0590 cnl Jdo
e oy S 5o 1 65l e les Lyyas BNOAR o5, ol 5 S o Jlo)) Gls Cl 4y gmses ao |, ool
a1y baols 5 6585 L Jlaie BNOUR S o g Slom Sl & 0,5 a5 Sloj 50 Gom 5l S o e
s Jbs cdls 4 Dlgs s i1 055 Sl e K 45 alin S e Sl a8 (65, B pan S L
Lags ool Byae Lol (65,00 51 i PA lasgs oo 0,033 (65,0 (J (0l b ogis oo B pan S| (5550 oo caiS o
S oo Slatiy 9)lge cpl 51(E@) - @) O S jo b bl oo b Jll 4 a8 b s 0

alols O 51 5emml polie a5 amo co lid Hloges Wigy amd co (L |y oo o sian Olym alols o 0 56 () 6 S
2 St g 4 O 38,5 polie K08 gl amd o Gl ) gl (gzvie Ko gy nl Sl El 3 laclss
o oo lid 1) ool ools glayie 4 axgi b Llgs alold

e Sy 0 COV = 0.5 L 4 e wcilizee pohaw 5 5,5k ghaw 2005 L AL 555 a8 ams oo oLii (@) & JSo
ML by Cenl o Ly 5 Dlgs alold sl o8 Jlony oMl S 45 o) 958 oo suplie Cewl o0ya,5 Culi
5 Sl CoiS aal33l b Olys alols ls olgsse ) Sledbl CudsS g ol 51 el s Ban Lasme 51 olgcn |y (6 i
25 E55 03 3 Sse psbas Sy alold il VL SADML SukS ST g whige I3 5L Spae olis ol
il oo il s Sl oiS

SalS b e a0 At a5 amo o (yLis bt amo oo oLz COV jo Al dilisee polie 4 4z L 1, aig, () 0 JSo
SN S Gl alols Jralil czge g5k )08 (2als L AL jo (0l53 cnl alpls oo Gialidl 5L B pas Gl
oS 1z 2l b COV 5l 5 ol polie sl Gl el g2 opdle ol ogllas (5551 50 (s adye sl o5 20,5 o0
At g5 () 0 JSs Sall 5 ol ey 4 Gligad 1) Doz alols (T 5l a5 e JI5 50 g0k g55 S
alold o5 wwd oo plits @bl s oo LS ) jomiw 5L ghaw el L (8ly Cls alols 5 Olg Aol i Ay
929 (s 65k Dpu8 p olile (g)lude 1) WIS (oo (S ond (S Sy alols Wy, Il jo (Al lg
o a5 |z S o AL ) (555 & £9,8 a8y lss alols wanw; 70+ 55 4 6 3b plie o5 (alin (Jlo cll 0l
Ky s ()0 JSo 15 il bams ,5PA 5 Shae il oo (il Slodbl coaS fals b Gl alols 5wl o 228 ik
Ol o)l 92y ol molie 1 g 1o o s g b leg 50 ez ed BB Sgup a5 el ctaline LB Ll oa ooly lis
LS o yeesd DMAX e Lolul il 0 by Clss s ay ) sl

41



V- F UL‘L...JU AR a)Lo..‘:l AR 0,99 6)).’| (SLQWBJ:"WK @G 0 ‘_go).g)lf Q@;ﬁ 4.3‘).».\.’

~+—HR (with sleep interval) 0 ——RR (with sleep Interval) 00
100 ~—a— HR (without sleep interval) o —&— RR (without sleep interval) 1
920

80

60

——BP (with sleep interval)
—=—BP (without sleep Interval)| | 1

e eGN(with sleep interval)
—w=eGN(without sleep interval)

=]
s

%)
™3
-4

g g g £,
3 3 3 ]
5;, 70 _iso !)xo gém
g 70 £70 £ 70
£ b = -4
i 3, |2 3

@
=}

@

=}

0 15 30 45 60 75 90 105 120 0 15 30 45 60 75 90 105 120 0 15 30 45 60 75 S50 105 120 0 15 30 45 60 75 90 105 120
Time (minutes) Time (minutes) | Time (minutes) Time

(a) (b) (c) (d)

eNode{with sleep interval) gg—e—a=025 ——a=05 =075 | [ ——Fikj=5 —m=F(kj=d —e—plk})=3 —+—CoV=02 —=—CoV=04
36 X10° eNode{without sleep interval) & e —— k)2 (k)= 1 ~4—CoV=06  =—=—CoV=038
‘g %oo

4
g Es0
g1 3. %
€32 -

i+ &

o

°g2883888e¢8zs8

LI 838 0 10 20 30 40 50 §0 70 80 90 100 90 80 70 60 50 40 30 20 10 8 RBRSAR
Time (minutes) Time (sec) Battery level (%) = Battery Level (%)
(e) () (2 (h)
200 ——0t / without sleep interval ——withsleep interval | w—swthoutsieap ntevat = . X10 Wit Hecp intatval
——Predicted sleep interval / 5 100 ——withsleep interval 230 ® Without Sleep Interval
150 ~e—Actual sleep interval = &
T s g 80 l'E"zo
2100 Z 60 &
@ 35 = M
E g 40 g i
= 50 ] 5 I I
g0 gol—m Ju K
9.7 € 0 S
100 90 80 70 60 SO 40 30 20 10 0 15 30_45 60 75 90 105 1zo 0 30 60 90 120 °&°§°§°§&°@§«°§ “bQoPeee@Q
Battery level (%) | Time (min) ﬁmg(mm] Number of nodes
(i) U] (k) (0}

Fig. 5. (a)—(l) Experimental results: (a)-(c) variation of the battery levels of HR, RR, and BP monitors, respectively, when they sense data with and without sleep
intervals; (d) variation of the battery levels of the eGN, both with and without sleep intervals; (e) energy consumed by the eNode with and without sleep intervals;
(f) variation of predicted sleep intervals with the variation of ; (g) and (h) variation of At with quality of information and CoV, respectively; (i) dependence
of actual sleep interval on predicted sleep interval and At with the variation of battery levels; (j) and (k) variation of response time and resource utilization,
respectively, of cloud resources, both with and without sleep intervals; (1) variation of energy consumed with respect to the number of nodes.
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Fig. 6. (a)~(c) Comparative results: (a) performance comparison of the PA with SoT, EGF-tree, ECH-tree, and OGL; (b) and (c) amount of energy consumed by
the system with 4500 nodes with various levels of traffic rate and node density, respectively.
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Abstract_ Smart energy management based on the Internet of Things (1oT) is a key approach
to optimizing energy consumption, production and distribution in buildings, industries and
smart networks. By connecting sensors, smart meters and equipment, this technology enables
real-time monitoring, data analysis and automatic control, and helps to significantly reduce
energy consumption and costs. However, the nature of the Internet of Things requires energy
consumption in various sources; therefore, energy efficiency of loT sources has been raised as
one of the important research challenges.

In this paper, while examining the applications of smart energy management, an energy-
efficient architecture for the Internet of Things is proposed, which consists of three layers:
sensing and control, information processing and presentation. The design of this architecture
allows the system to predict the sleep interval of sensors based on the remaining battery level,
previous usage history, and the quality of information required for each specific application.
The predicted value can be used to increase the utilization of cloud resources by reallocating
resources during the sleep time of the corresponding sensor node. This mechanism leads to
efficient energy use across all 10T resources and at the same time allows for consumption
optimization in building energy management systems and smart grids.

Experimental results show that significant savings in sensor node energy consumption are
achieved, cloud resource utilization is improved, and overall, the efficiency of loT-based
smart energy management systems is enhanced.

Keywords: Cloud Computing, Energy Efficiency, Internet of Things, Sensors
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