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Abstract

A key component in the micro grid is the distributed
intelligent agents, which are executed on the intelligent
electronic devices (IEDs) deployed throughout the Micro-grid. To
maintain proper and robust operations of the power system, the
data acquired by the distributed intelligent agents and their
coordinated operations must be accurate under a common time
reference. This in turn demands that the clocks of the underlying
IEDs be synchronized to the required precision. A cost-effective
approach is to equip some IEDs with the Global Positioning
System (GPS) as the time references, and leverage the
communication links already existing between the IEDs to
synchronize the clocks of those without GPS. The question is,
given a set of such reference nodes, how to decide whether the
clocks of all the IEDs can be synchronized to the required
precision. If not, how can one add fewest reference nodes to
meet the requirements? This report addresses these issues and

proposes efficient algorithms to solve the problems.
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Deviation(e;)

1)
= max(|LMax(ey)-LPre(e;)

, |[LMin(ey)-LPre(ey)|)
i » SESE v EARER RS RS B~ Tk

Wk 2 %8 i ¢ DMax(v;) ~ DMin(v) ~ % DPre(v,) » @ 5 &
BEv, ¥ oA B R A G

Deviation(v;)
= max(|LMax(v;)-LPre(v;)|, |LMin(v;)-LPre(v;)|) @
B RE B ST BRI R R L AL A
T 2 R A S NN BV A ST IV S gR T e T N I ) §2-2

B2 S8z Bl S - 7 g ek X 3R E B o F) P o

S Bh 1 B - A& B, T8 pathy A TR R L @
Deviation(Path(ri—v;))

=max(|TLMax(Pathy(ri—v;)) TLPre(Pathiy(ri—v;)|

+ | TDMax(Pathy(ri—vy) TDPre(Pathi(r—v,))|, (3)
| TLMin(Pathy(ri—v;)) TLPre(Pathy(r/—v,))|
+|TDMin(Pathy(r—v;)) TDPre(Path(ri—vy)|)

where

TLMax(Pathk(rj—vi))= 2 (LMax(eab))
TLPre(Pathk(rj—vi))= JX'(LPre(eab))
TLMin(Pathk(rj—vi))= X(LMin(eab)) Wey, € E,,
TDMax(Pathk(rj—vi))= 2 (DMax(va))
TDPre(Pathk(rj—vi))= 2 (DPre(va))
TDMin(Pathk(rj—vi)) = 2 (DMin(v,))
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SPT-Threshold

=

R = the set of reference nodes in G
Deviation(Path(ri—v,)) = the accumulative deviation of the shortest path
from r; to v,
O;=the set of nodes in the shortest path tree rooted at r;
T,= the allowable deviation at node v,
TM = max{T,} for all normal nodes v, in G
. flag,= whether node v, can be synchronized to the required precision
Net Not Sync=whether G can be synchronized to the require precision
for each reference node r; in R
Qi =A{ri}
10. do
12. for each neighbor v, of each node in Q;

no

©CONOUEW

13. if (v, is not in R and not in Q)

14. if (Deviation(Path(ri—v,))<Min)
15. Min = Deviation(Path(ri—v,))
16. Candid = v,

17. end if

18. end if

19. end for

20. if (Deviation(Path(ri— Candid))<TM)
21. insert Candid into Q;

22.  endif

23.  while (Deviation(Path(ri— Candid))<TM)
24, end for

25. return net_unsynched();

26.

27. net_unsynched()
28.  Net Not Sync = false

29. for each node v, not in R
30.




31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

for each Q;
if (v, € O: && Deviation (Path(r; —v, ))<T,)
flag,=true
break
end if
end for

if (flag,==false)
Net Not Sync = true
end if
end for

return Net Not Sync

(=
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SPT-Connection

RN = the set of reference nodes in G that the corresponding shortest path
tree is not yet built
V' = the set of normal nodes in G
Deviation (Path(r; — v, )) = the accumulated deviation of the shortest
path from r; to v,
QO,;=the set of nodes in the shortest path tree rooted at 7;
TM = the maximum allowable deviation
Out;= the degree of reference node r; in G
do
find a node r; in RN that has the maximum Out;
remove r; from RN
Q;=A{ri}
do
Min = oo
for each neighbor v, in V of each node in O;
if (v, isnotin Q)
if (Deviation(Path(ri—v,))<Min)
Min = Deviation(Path(ri—v,))
Candid = v,
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19.
20.
21.
22.
23.
24.
25.
26.

end if
end if
end for
if (Deviation(Path(ri— Candid))<TM)
insert Candid into Q;
end if
while (Deviation(Path(ri— Candid))<TM)
while(net_unsynched() == true && RN is not empty)

return net_unsynched();
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CP and Cost Deployment &2 CP Deployment 5 i & < ik

-Degree Deployment -

CP Deployment

R = the set of reference nodes in G
V' = the set of normal nodes in G
CP;= the amount of reduction in total time deviation when node i becomes a
reference node
Cand_ref=the candidate of reference node
for each reference node j in R
build the shortest path tree Q;
end for

while (net_unsynched() ==true)

10.
11.
12.
13.
14.
15.
16.
17.
18.

© ©® N o g &

Max =0
for each node i in
calculate CP;
if (CP; >Max)
Max= CP;
Cand ref=1i
end if
end for
remove Cand ref fromV

add Cand ref tOR

11



19.
20.
21.
22.

for each reference nodej in R
build the shortest path tree Q;

end for

end while

Bl = ~ CP Deployment z_ ;% & i
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Degree Deployment

10.
11.
12.
13.
14.
15.
16.
17.

© © N o g &

R = the set of reference nodes in G

V' = the set of normal nodes in G

degree; = the number of unsynchronized nodes to which a unsynchronized node ;

in V'is connected
Cand_ref=the candidate of reference node
run SPT-Threshold or SPT-Connection
while (net_unsynched() == true)
Max =0
for each unsynchronized node j in V'
if (degree; > Max)
Max = degree;
Cand ref=j
end if
end for
remove Cand_ref from V'
add Cand _refto R
run SPT-Threshold or SPT-Connection

end while

Bz ~ Degree Deployment z_ /7 & /2
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