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Abstract: This paper proposes a relay-connecting coverage problem in heterogeneous wireless sensor networks.
The aim is to find a minimum relay-connecting set cover (MRCSC) that satisfies the following: 1) Active nodes in a
set cover fully sense the task area. Motivated by triangular lattice placement with asymptotic priority, a rule is
designed to restrict abnormal spreading and to form an approximate triangular lattice; 2) Active nodes are
relay-connecting, which means any active node connects at least one super node with a given success data
forwarding rate. Relay-connecting prevents the interference of nodes that have low success data forwarding rates
that are caused by the long path nodes take to the sink and radio channel. Theoretical analysis simulaﬁons¥how that
the coverage of MRCSC nearly reaches that of OGCD, but relay-connectivity of active nodes is ’strong'ly reinforced
with a limited number of additional nodes.
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Fig.5 More couples of sensing disk overlap
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T T 2 B R A 1R AT A B ) 7 o AR A
&% 1. Construct Minimum Set Cover (a;).

1 if g; is the starting node then
2 broadcast a cover node advertising message
3 else
4 if receive an advertising message then
5 compute the waiting timer 7=T,,
6 end if
7 while T not expires do 2 \\ \
8 if receive an adverting message then \ . *
9 compute and find all possible uncovered sensing disk crossings | i
10 if no crossing exists then “ i -
11 update T with the distance closest to \/grs from a ;‘over nod‘e
12 end if -
13 if crossings are covered then \
14 retrurn_ g !
15 . end if 2 4
16 if exist more uncovered crossings then
17 . compute or update the covering timer 7=7,
18 end if
19 if cover more uncovered crossing exists then
20 compute or update the covering timer 7=min(7.,7;)
21 end if
22 end if
23 end while * \ \_
24 broadcast a cover node advertising message - ) ‘ - 4 o
iz end if \ ‘\ >
return \ - )
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Fig.6 Illustration for rela; co‘nec‘tlwty verifying and reinforcing
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Procedure 1. Verlfy Relay-connectivity (a;).
1 while receive a probing message from a neighbor do
2 if message from a neighbor of (4/4,) then
3 increase path separation by 1
4 end if
5 if a;€(4/A4.) then
6 compute the weights of the shortest path w;
7 else
8 compute the weight of the shortest path w, or the extreme short path w,
9

reply an acknowledgment to the father node on the extreme short path
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10  endif
11 broadcast a probing message with new path weight and path separation
12 if a;eA. and not receive an acknowledgment then
13 mark self a leaf node
14  endif
15 end while
16 return
T T 2 B R 1) R B DR R, e flag AR R IR AR A BT BE G N A B BT R,0 RO RN
T e cp A R AT . \ \
Procedure 2. Reinforce relay-connectivity (a;). > @
1 if g;is a leaf node and w,2>c then | o
2 broadcast a path reinforcement request, remove leaf node mark‘ \ -
3 else : .
4 flag:= 0; x \ 3 -3
5 while receive a message from neighbor de
6 if message is a path reinforcement request then
7 compute ¢ ¢ '
8 if c,= W: then
9 reply an acknowledgment to the request
10 return
11 end if
12 if c>w, then
13 update or compute 7,
14 end if
15 endif » \ \
16 if message is an acknowledgment to neighbor’s request then 1 ' > o
17 cancel T,
18 if a;€ A4, and all child nodes are relay-connecting then, ' b v
19 mark self a leaf - §
20 end if \ |
21 end if \
22 if 7, expiresithen  §
23 ﬂag:=l,‘rep'y an acknowledgment to the request
24 end if
25 if (a; is a leaf node and w.>c) or (flag=1 and c>w,) then
26 broadcast a path reinforcement request, remove leaf node mark
27 return
28 end if
29  end while
30 end if
31 return
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