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ABSTRACT

The Microgrid is a distributed power system that can utilize independent distributed power sources to provide
power self-sufficiency. Communication methods used for power data management in Microgrid are PLC, Ethernet,
WiFi, ZigBee, Bluetooth, and 6LoWPAN. ZigBee is one of the best technologies for monitoring equipment that
is tightly crowded in a small area with short-range, low-power wireless technology. ZigBee is being studied as a
technology applicable to various indoor and outdoor Microgrid environments such as photovoltaic/wind power
facilities, and home networks. ZigBee should be considered to a method for effectively configuring a network
since the management area and distribution are different for each facility. In this paper, we propose a scalable
topology organization algorithm based on ZigBee tree applicable to various Microgrid environments. Since the
proposed topology organization algorithm constructs the topology considering the scalability of the network, it is
an advantageous technique when the managed facilities are widely distributed compared to the ZigBee standard
topology configuration method. Through the OMNeT++ simulation, the performance of the proposed algorithm is
analyzed in terms of the number of nodes participating in the tree and reliability of the link.
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Table 1. Comparisons of wireless communication technologies applicable for Microgrid environment [9]
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Algorithm 1. ZigBee Tree Topology - Parent selection

function Parent_selection;
parameters in neighbor table: PAN ID, Device Type, Link cost, Potential parent, Depth, RSSI
MinDepth: minimum depth, MaxRSSI: maximum RSSI

while PAN ID != NULL
if Device Type is coordinator or router then
if Link cost <= 3 and Potential parent == 1 then //Candidate of Parent node
if Depth < MinDepth then
MinDepth = Depth
This node is selected with parent node.
else if Depth == MinDepth then
if RSSI > MaxRSSI then
MaxRSSI = RSSI
This node is selected with parent node.
end if
end if
end if
end if
Searching the next PAN ID in neighbor table
end while

% 2. ZigBee E] EEZA|oA ] Y A€ dye|E
Fig. 2. Parent Selection algorithm for tree topology of ZigBee
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Fig. 3. Problem of ZigBee tree topology. (a)Network minimization due to larger RSSI selection, (b)Links of first come first

served, (c)Size difference between two networks with the same PRR
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Fig. 4. ZigBee network formation process applying STO algorithm. (a)Initial network, (b)Generate seed nodes using STO
algorithm, (c)Complete network formation using the seed nodes
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oA AR VEY A T4 ARE EZ3gE BB Asle] UELFol| edt 3 Hu oA HFH
=7} Network Discovery Responses X uw], =} © 2 Joining Complete WAA|E A3k} o] uf
Ao g AuE] repl ope) FHe BE kTE Joining Complete H|A|A| &= -2 wc & F3lgk 34
o] S Al S Al Y k=5 REE o] krFo] fAlgt) o] k= F FollA o]
S5 el 9= AdE x=9] k= W E AAeh. Aol -5 =2 HE] Network Discovery Response
o] ARz FFol A= k= Al ARSI 5 5o 2= HSE AN r=5S A s
A FEhlelE 002 Al o] o] HR Lk
4.1.3 Joining Complete _}?LH Z]-/&L"i /ﬂ%% BN %j\% L‘.‘:_7]' %l‘:]' o] =

2R xeg AdEe]  Network Discovery

E 2. STO®| Network Discovery Requestell £33 slejv|elE
Table 2. Parameters included in the Network Discovery Request of STO

Parameter Range Description
Node number 0x0000~0xfffe Node sequence number
0: Coordinator
Device Type 0x00~0x02 1: Router
2: End device
Depth 0x00~0x0f The tree depth of the neighbor device
Potential Child 0x00~0x01 0: th@ dev%ce ?s not a pc?tentlall child
1: this device is a potential child
Potential Parent 0x00~0x01 0: thTS deVTCC %S not a p(?tennal parent
1: this device is a potential parent
Association 0x00~0x01 0: thJ.S deVTce ?s assoc1ated. in nf:twork
1: this device is not associated in network
MaxChild 0x00~0xff Number of maximum children each node
MaxDepth 0x00~0xff Limited maximum depth of tree

Algorithm 2. Scalable Topology Organization - Child selection (Generate of seed node)
function Child_selection;

parameters in neighbor table: Node number, Potential child, Assoication, RSSI
MinRSSI: minimum RSSI

while Node number != 0
if Potential child == 1 and Association == O then
if RSSI >= -88dBm then //Threshold RSSI of PRR 100%
if RSSI < MinRSSI then
MinRSSI = RSSI
This node is selected with child node.
end if
end if
end if
Searching the next Node number of neighbor table
end while

J% 5. STO #M] A9 okwels
Fig. B. Scalable Topology Organization child selection algorithm

1454

www.dbpia.co.kr



i/ mtelaz gz = Aul kel E 913 ZigBee Ee| 7 Y EERA A daEls

S R ese) AR e Al wAlEE #glel ol P = w3 HEH R v EG e dAE ook
= =5, v F7]ell Network Discovery 317] wliol vIEN=Z W el dolkle R=Eol
RequestE A5 wff 1 -soflA] 22 7hgAdo] i dAd < QlES ke 2Aolrh F 24 Fel
H2-S deiFErh 2] =24 Joining Complete A ShElE ks B A Al k=
PIAAE WS HR s o] Ho]HellA] A = TR AL A= m=F o]88te] vpA| v
=5 AW FH BlxEllA] AlQlstaL Fr-ab A Ef= YA IS FAdh o] A2 A= k=
o] AZAE vRAlek FR ot s ARS AYE S s AS Ad"sks Aol ozt 7]l
ufi= #pAle] o] % Eﬂ"] Eollx] AR 7hsAdo] sl ol ZigBee W3t UM E=2 RSSIE 7Hl k=5
X EEES 3 ymA] mEE el A e WA A ke el
= FHE AEste] 9 S Ak STO <ae]&Fs AHgshd A vES=E 3
STO &are|&e i m=o] FAl HelE P, n A otk BEEEA] A Znbells 2 RSSIE
A g 2 we N 9] B4 H99E C e 7RI AE 2B A S3le] wl a2 e 5
Be ul, N, AS A PN Crol 18 mE wes S PR A s elgsle] Wl s

=
o191 g Fgsiel Plold s 52 m ¥ @

= °‘“€F‘°4 A e el AR Mo g g e yegme) g - ot
gl M —a= = .

— (PN )l IR =5 Fold) A1 9 A

ol 9= k=2 Ay & N, I N+ A V. M5 T}
FoHME e fFRE delE Ve
Pi ((Pm Cyl)_i_ (Pm 02))01] ‘?’]ilé‘_ .I_T—E‘;; 3 %_ “\% %T"i"oﬂ/q% ]&0] ZlgBeeQ} X‘ﬂo}al' STO E]_

=S nfo|m 28| = 3ol 283}e] vaL BAE
71 913 OMNeT++™! AEeo]ef& AMgsloict.

<t %“‘J%‘ ? S 7M°" AR Sl e R OMNeT++% 53| AA] vlo]zz el =e} AR 5
e R A e et 74 ZigBee E2] EE2A), ZIC, STO FuelZ
Al AE #FARE BE N, 5 Pyl iZH?fW

Uk A2 EAIE 4= 918 gk Wolxig)y] wlie) - E 3. OMNeT++9] AlgeolAd vES = 4A
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g e chygel Sk ol vl i

UEE F= Parameters Configuration

Communication Protocol | ZigBee standard

42 N EE

o3t HEYT HA 2z
STO dwe]Zg A

ZigBee Tree Topology,

g vlES= AL 919 A Topology ZTC, STO
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Network Discovery 4 s
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