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ABSTRACT

Local intelligent services aim at controlling local services such as cooling or lightening services in a certain
local area, using Internet-of-Things (IoT) sensor data in the area. As the IoT paradigm has evolved, local
intelligent services have gained increasing attention. However, most of the local intelligent service mechanism
proposed so far do not directly take the users’ presence and service preference information into account for
controlling local services. This study proposes an individual presence-and-preference-based local service system
(IPP-LISS). We present a intelligent service control algorithm and implement a prototype system of IPP-LISS.
Typically, the intelligence part of IPP-LISS including the prediction models, is generated on remote server in the
cloud because of their compute-intense aspect. However, this can cause huge data traffic between IoT devices
and servers in the cloud. The emerging mobile edge computing technology will be a promising solution of this
challenge of IPP-LISS. In this paper, we implement IPP-LISS in the cloud, and then, based on the
implementation result, we discuss applying the mobile edge computing technology to the IPP-LISS application.
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[
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Fig. B. Architecture of the IPP-LISS server

« EANF BF 2 37w
c A ZelsE BR wa 67w
e =

Zt dlo]E] wie|d 7Hell gt A"-> Kuhn and
Johnson??-&- #x3)2}.

T B2 A d3Ael g ARl Ase
= cold, neutral, hot 3 7}*] -2 o] W3 3
A& o, 3|9 me AMERRe] A A
3% FAE oS53he Byolrk & AFeli= o] F
7R WA B o5 nEs st R =
o] Ao vhir 37HA] A EE o]83te] Hrlskdck
(1) 28578 AA Fo2s) tE FHaR 53k

H|E.

) A4 Agx: 55 23o] hot = coldS FAE

Every T minutes

| 1. Get the thermal environment condition data TC(u), ] <u=<t-1.

2. Generate an initial control sequence.

Repeat for s = t, ., trm-1

2.1 Choose an initial AC control decision d(s) at time s, given the thermal
condition TC(s)

Repeat for d=Tium Tiow* 1, v s Thigh

2.1.1 Using hs(*), predict the power consumption P(sid), given d(s) = d.
2.1.2 Using fre(*), predict the thermal condition TC(s;d), given d(s) =d.
2.13 Using gaw{®), Predict the thermal comfort PMV(s;d), given d(s) =d
2.1.4 Caleulate the cost C(s;d) during time period (s, s+1]. given d(s)=d
2.1.5 Repeat until d < Tyg,

2.2 Choose d(s)=d* such that minimizes C(s;d).
2.3 Set TC(s)=TC(s;d*) and C(s) = C(s,d¥)
24 Repeat until s <t + m

2.5 Calculate the cost Ce(tm) for the current control sequence {d(s), s=t, t+1, ...
trm-1) .

3. Improve the control sequence through simulated annealing
3.1 Setting the schedule for simulated annealing:
3.2 Performing iterations for each A,

4, =02C,(t,m), 4,, =054, n=1_ N

Repeat for k=1, 2,....

3.2.1 Generate a new control sequence {d,(s), s=t, t+1, ..., t+m-1} close to the current
control sequence {d(s), s=t, t+1, ..., t+m-1} (set dn(s)=d(s)+1, d(s) or d(s)-1 on a random
basis).

3.2.2 Predict {(P(s), TC(s). PMV(s), s=t, t+1, ..., t+m-1}, given the new control sequence.
3.2.3 Calculate the cost Cy(t,m) for the new control sequence.

3.2.4If Cy(t,m) = C(t,m), the new control sequence is accepted to be the current
control sequence. If C,(t,m) » Cc(t,m), accept the new control sequence with the
probability

Probacceptan ce] = Exp‘ w |
/

3.2.5If a certain number of new control sequences have been rejected, the 3.2 iteration
is terminated.

3.3 Accept the best control sequence found at any iteration as the final control
sequence.

Fig. 6. Optimal service control algorithm
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Fig. 7. IoT gateway
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= BolErt IoT Alo]Edol= k=ne] o]z 74

513 FAAR) WAl thes) R,

+ Xeltd: Raspberry Pi 3 Model B.

* CPU: ARMVE(BCM2837) 64bit Quad Core
1.2GHz.
* RAM: 1GB.

o o17Zu}Al: 802.11n  Wireless LAN, Ethernet,
Bluetooth 4.1, 4 USB ports, 40 GPIO pins, Full
HDMI port.

w3k [T Alo|Ego]ell= the A7} zke]glc),

« 2555 AlA: Grove - Temperature & Humidity
Sensor (THO02)
« IR $%17]: Grove - Infrared Emitter.

£ 12 AolEslol-dd Helet 449 w3l
o & 15 78] Ael=slelslA dlelelrl FE%w,
FolA] mo] Aol Eslol iz AAZ0] AT 50%
gree] dlolel} 9o 4519l 843t 1090e) o
25% 4we] delel7k Sas sk

2% 7} Aol =slelolq SAE AHgAe] s
7 Rie] W nolFe,
F 3L AN, AE] ZH|AE) QlEAIA

Table 1. Sensor data collecting frequency for each
gateway-month combinations

gateway Aug. Sep. Oct.
11c85b 109523 171395 38610
1£1bf9 114211 172365 105611
276bac 36574 117583 0
2c8488 50696 0 0
311620 7676 54881 0
3cd48b 7553 82029 33758
62f77a 76165 87874 113565
75d9de 12 0 0
7£d007 77369 171115 29424
9a7cdl 34 0 0
a54379 77561 79779 116313
bacef8 35685 171296 105439
c4fcOb 6100 263 0
d2eSfc 70 0 0
focofe 110331 172680 117270
SUM 709560 1281260 659990
Prop.(%) 27 48 25
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Table 2. Summary statistics of thermal comfort votes for
each gateway

number | number | min of | max of mean
of of |votes per|votes per| of votes

voters votes voter voter |per voter
1f1b£9 6 1413 51 391 236
a54379 5 351 4 166 70
62f77a 5 294 2 194 59
11c¢85b 2 123 1 122 62
c4fcOb 3 103 16 49 34
bacef8 2 92 2 90 46
focofe 2 77 25 52 38
276bac 1 67 67 67 67
2c8488 4 26 3 10 6
7£d007 3 23 4 14 8
3cd48b 1 14 14 14 14
311620 2 9 2 7 4

Table 3. Error rate, precision and recall for each data
mining techniques

error rate precision recall
tree-clas 0.346 0.647 0.566
tree.reg 0.424 0.618 0.360
RF.cls 0.333 0.679 0.588
RF.reg 0.338 0.695 0.566
NN.clas 0.355 0.654 0.566
NN.reg 0.368 0.641 0.564
5w 37 wae] LuRE 24 AE 4 A
F=E wolFel AW 39 VS Alelstae bl
HIS3E Aes Bol5s of & sltk 278 S
A Ay 2HlaEl] B 2¥e], A Aite 59
A= g EHAES] 3]7] mye], AHEs A
Fe|l Bl B myo] ZAgk Apo]® o Fohrh

Wubr|e] 24 24 ARAE Feb] dsiMe &
2 S F el Fels AA o gl vg
5 AA] $leiMe A ARkl dlgk ke Bl
43} ARgte] QA ksl oigh g AlsE A
o} g AlA| o] grel A2 AlA| EAlelA He
2p7F AlEde)S Sl AA o} gl of7]A=
AY AMgERe] W] WlE- ¢, =12 3lal, S AE
o thgh W 3 AlG A =200, B9 Ak o
g 2Rl p=252 Al A Yok AFDAE 2=

Azl e S,

cost during the next time slot
36 38 40 42 44 46

T T T T
23 24 25 26

set temperature

Fig. 8. Simulation result of the cost function at various
set temperatures

=

fr

a3 8= A &xrb 26°C, AW A 4%t
60%, Ae] 257} 29°C, A9 A 5571 68% < o,
oleizl A4 2&E uptel7b Blg- o] Al
ol A¥s MeiErh A2} verpd A A}
2] Bl ulstel] A v]go] A3t A 2%
7} S A7t uhe g 3wt v
o] 2e}zlt}. o] elellA= 24°C, Tl 3 A7k &
Fo] H]go] vl e 2 5 9t

3 4% Y] duElEs o83l Wk 24
gt 7] A|-AE 3S the; simulated annealing
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A3k S o] 2 2 2= ZloE ®elrk

T

Table 4. An example of improving a service control
sequence with the simulated annealing method

decision | decision | decision | decision
slot1 slot2 slot3 slot4 cost
1 24 24.0 24.0 24.0 150.45
2 24 22.5 225 25.5 148.54
3 24 22.5 22.5 25.5 148.54
4 24 22.5 22.5 25.5 148.54
5 24 22.5 22.5 255 148.54
6 24 225 22.5 255 148.54
7 24 225 22.5 255 148.54
8 24 225 22.5 255 148.54
9 24 22.5 225 255 148.54
10 24 22.5 225 25.5 148.54
11 24 22.5 22.5 25.5 148.54
12 24 22.5 22.5 25.5 148.54
13 24 225 225 255 148.54
14 24 225 225 255 148.54
531
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Table 5. Storage and computing requirements of each job
for IPP-LISS

output
storage |processing| fre- latency
Job require- tim o require-
quire e quency |
ment
Data collecting| 1,455KB - eYery < lsec
minute
Data 38KB 55
prepocessing
tree-clas| 572KB 0.7s
tree.reg | 626KB 0.3s every <2
Model day
RF.cls | 20,790KB | 800.71s hours
genera
tion RF.reg | 38,429KB | 239.45s
NN.clas| 12,133KB | 2784.08s
NN.reg | 6,865KB | 2716.09s
Optimal IKB 20| OV | <3
decision 15 min. | min
7(-]]—15—},1;]_
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