
                             



                             

The Cross-Border Coordination Problem
FM transmitters in Country A may generate co-channel and adjacent-channel
interference towards protected FM services in Country B

Objective

Mitigate harmful cross-border interference while preserving national FM service 
availability through transmit-power optimisation in Country A.

Optimisation goal
Find the appropriate power reduction for each Country A transmitter

while balancing:
Foreign-service protection National-service availability Limited power reductions



                             

National FM Service Evaluation Model
Preserve domestic service via dynamic best-server assignment
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Foreign Service Protection Model
Protect foreign services in Country B

Cross-Border Protection and National Service Evaluation



                             

Sparse Interference Representation
Eachrow representsa protected transmitterƚpixel pair. Eachcolumn representsa controllable transmitter .
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Optimisation Problem
Cross-borderinterferencemitigation is formulated asa constrainedoptimisation problemthat minimisesresidualprotection violationsⱩand 
unnecessarytransmitter power reductions, while preservingnational FM service availability.



                             

Optimisation Challenges

Key observation
Cross-border protection violations are typically dominated by a limited subset of interfering transmitters.

Simultaneous full FM networks optimisation is computationally intensive

Protecting foreign services while preserving national service availability leads to a 
high-dimensional optimisation problem, characterized by:

- high computational cost
- limited suitability for rapid operational deployment

Optimisation should target only the 
sources of harmful interference.

Interference Sparcity
Principle



                             

From Sparse Interference to Graph
Cross-border interference is dominated by a limited subset of controllable transmitters

1. From Violationsto DominantInterferers
Identify violated protected servicepoints
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2. For eachprotected service ά:
Rank interfering transmitters by their
contribution

Ź
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Keeponly the Top-K dominant interferers

3. ConstructInterferenceGraph
• NodesŸ country A transmitters
• EdgesŸ transmittersὭand Ὦare connectedif

they both appearamong interferers of at least
one foreign service:



                             

Interference Graph to Independent Optimisation Subproblems

Clusters naturallyemerge asthe connectedcomponentsof the Top-ὑ
interferencegraph.

By consideringthe Top-ὑinterferers of eachforeignservice, the global 
interferencegraphis decomposedinto independentconnectedsubgraphs, 
eachdefining a local optimisation problem.

Clusters are rankedby interferenceimpact Ὓto prioritise those with 
the highestmitigation potential in optimisation process

Ὑ : numberof protected foreign services for which transmitter Ὥ
appearsamongthe Top-ὑdominant interferers

ὛḊInterferencerelevanceof cluster ὅ



                             

Clustered Simulating Annealing

Clustered SA: solves the complex power-

control problem through smaller sequential

cluster-level subproblems, while evaluating

each solution over the complete 

coordination scenario.

. The large-scale, coupledand non-convexnature of the power-control problemmakes exactoptimisation computationally
prohibitive at operationalscale, motivating the use of heuristicmethods.

Simulated Annealing is adoptedbecauseit can explore
complex, non-convexsearchspacesand escapepoor
localminima.



                             

Validation in an Operational Cross-Border Scenario



                             

Experimental Results
Baseline: the original FM planning configuration, with no optimisation or transmitter power reductions applied, used as the reference for 

evaluating the improvement achieved by the proposed method.

V Foreign-service protection
70.7% Ÿ 99.68%
of the maximum recoverableservice area

VNational FM availability
10,315 Ÿ 17,418 coveredpixelƚfrequency pairs
+68.9%

VComputational efficiency
324 s vs 5,517 s
94% runtime reduction

VNear-monolithic performance
22,691 vs 22,698 pixels
only 7 pixels below Full-Scale SA Clustered SA recovers virtually the same coordination

performance as Full-Scale SA while solving much smaller
optimisation problems.



                             

Optimisation Framework



                             

Conclusions
VCross-border interference is dominated by a limited set of transmitters , enablingan effective graph-

baseddecompositionof the coordinationproblem.

VClusteredSA recovers99.68% of the maximum recoverableforeign-service area, while preserving
national FM service availability.

VNear-identical performance to Full-Scale SA at only ~6% of the runtime .

Exploiting interference structure transforms large-scale coordination from a computationally prohibitive

problem into a tractable sequence of cluster-level optimisations.
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