
                             



                             

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
Each row represents a protected transmitter–pixel pair. Each column represents a controllable transmitter.
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Optimisation Problem
Cross-border interference mitigation is formulated as a constrained optimisation problem that minimises residual protection violations 𝝃 and 
unnecessary transmitter power reductions, while preserving national 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 Violations to Dominant Interferers
Identify violated protected service points

𝜉𝑚,𝑝 > 0

↓
2. For each protected service 𝑚:
Rank interfering transmitters by their
contribution

↓

ℐ𝑚
𝑇𝑜𝑝𝐾

= 𝑖1 𝑖2 … 𝑖𝐾

Keep only the Top-K dominant interferers

3. Construct Interference Graph
• Nodes→ country A transmitters
• Edges→ transmitters 𝑖 and 𝑗 are connected if

they both appear among interferers of at least
one foreign service:



                             

Interference Graph to Independent Optimisation Subproblems

Clusters naturally emerge as the connected components of the Top-𝐾
interference graph.

By considering the Top-𝐾 interferers of each foreign service, the global 
interference graph is decomposed into independent connected subgraphs, 
each defining a local optimisation problem.

Clusters are ranked by interference impact 𝑆𝑘to prioritise those with 
the highest mitigation potential in optimisation process

𝑅𝑖 : number of protected foreign services for which transmitter 𝑖
appears among the Top-𝐾 dominant interferers

𝑆𝑘 ∶ Interference relevance of cluster 𝐶𝑘



                             

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, coupled and non-convex nature of the power-control problem makes exact optimisation computationally
prohibitive at operational scale, motivating the use of heuristic methods.

Simulated Annealing is adopted because it can explore
complex, non-convex search spaces and escape poor
local minima.



                             

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.

✓ Foreign-service protection
70.7% → 99.68%
of the maximum recoverable service area

✓ National FM availability
10,315 → 17,418 covered pixel–frequency pairs
+68.9%

✓ Computational efficiency
324 s vs 5,517 s
94% runtime reduction

✓ Near-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
✓ Cross-border interference is dominated by a limited set of transmitters, enabling an effective graph-

based decomposition of the coordination problem.

✓ Clustered SA recovers 99.68% of the maximum recoverable foreign-service area, while preserving
national FM service availability.

✓ Near-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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