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node node 

Wide availability of extremely cheap COTS wireless interfaces  
 
à  Multiradio per base station / mobile node 

à  Parallel access to multiple RF channels (multichannel) 
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nbr(i) = { j | cell i interferes cell j or  the vice versa} 
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L(i): cell i workload (fragments / TDMA superframe) 
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How to carry out inter-cell channel time-slot scheduling for 
multiradio multichannel cellular fieldbuses? 

Channel time-slot scheduling problem: 

S (I, nbr, L, T, F) 

Objective: find a valid (channel time-slot) schedule that 
(Condition 1) satisfies interference constraint nbr; and 
(Condition 2) satisfies workload demand L. 
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Unfortunately, in general,  
the scheduling problem of  

S (I, nbr, L, T, F) is NP-Hard  
(see Theorem 1) 
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Upon Claim 
success, the 
returned schedule 
is always  a valid 
schedule (see 
Theorem 2) 
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But schedulable à G-schedulable, if P ≠ NP. (see Theorem 4) 
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G-schedule algorithm time cost: O(ITFH) (hence O(I 2TF)), 
where H = maxi = 1,…,I {|nbr(i)|} (thus H ≤ I). 
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S (I, nbr, L, T, F) is NP-Hard à we instead propose a greedy 
scheduling algorithm G-schedule (see Fig.1). 

TDMA FDMA Cell 1: 4 Cell 2: 2 Cell 3: 1 Cell 4: 2 Cell 5: 3 

t1 f1 ✔ ✔ ✗ ✗ ✔ 
f2 ✔ ✔ ✗ ✗ ✔ 

t2 f1 ✔ ✗ ✗ ✔ ✗ 
f2 ✔ ✗ ✗ ✔ ✗ 

t3 f1 ✗ ¢ ✔ ✗ ✔ 
f2 ¢ ¢ ¢ ¢ ¢ 

✔ scheduled  ✗ forbidden   ¢ idle 
Cell [number]: [fragments to send / TDMA superframe] 

G-schedule 
example 
 
G-schedule algorithm time cost: O(ITFH) (hence O(I 2TF)), 
where H = maxi = 1,…,I {|nbr(i)|} (thus H ≤ I). 
 
Theorem 3: an O(IH) (hence O(I 2)) time cost, closed-form  
sufficient G-schedulability test: 
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C1 

For chained topology, we have C1⟺C2⟺C3 (see 
Theorem 5, Lemma 2~6 and pseudo code Fig. 4)   

Has an O(IH), hence O(I 2),  
closed-form schedulability test 
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Chained topology is widely used in fieldbuses 

Underground mining automation saves lifes  

(> 5000 annual death toll) 

2000ft 
(609.6m) 
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Sectional view of a mine and its cellular fieldbus 
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Topology of any tunnel and its cellular fieldbus 
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Chained topology is widely used in fieldbuses 

Underground mining 

Tunnels, roads 

Pipelines 

Assembly lines … 

Foundation Fieldbus: Daisy Chain Topology 
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Evaluation: a case study on admission control 

Given a chained topology cellular fieldbus, and J candidate 
uplink (downlink) flows {φj}, which ones to admit, so as to 
maximize total reward, meanwhile remain schedulable? 

reward 
Token bucket traffic shape 

ϕ(i)={φj | φj belongs to cell i} 
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Formally, the admission control problem becomes a (0, 1)-
integer programming problem: 

 
A polynomial time approximation 

algorithm exist (see Proposition 3), 
which uses constraint (10) 
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Related Work 

4G multichannel multiradio scheduling: 
Focuses on optimizing statistical metrics: total 
capacity/throughput, average delay, average 
queue length. 

 
Ours: 

Focus on per flow real-time schedulability 
guarantee. 



Related Work 

4G multichannel multiradio scheduling fairness: 
Focuses on either intra-cell, or downlink only 
(relevant, as 4G’s common fairness bottleneck 
is downlink video streaming); focuses on 
proportional fairness scheduling, fundamentally 
an opportunistic instead of guaranteed service. 

 
Ours: 

Focus on inter-cell, uplink and downlink, per 
flow real-time schedulability guarantee. 



Related Work 

CDMA and MIMO multichannel multiradio cellular 
fieldbus: 

Cheap COTS devices/modules are not widely 
available yet. 



Related Work 

Wireless sensor networks, mobile mesh networks, 
mobile ad hoc networks: 

Focuses on multi-hop wireless topology; 
particularly single sink topology.  



Related Work 

Intra-cell scheduling of wireless cellular 
fieldbuses: 

Focuses on intra-cell. 



Conclusion 

For general topology For chained topology 



Thank you! 

For general topology For chained topology 


