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DisCoRoute introduced model-driven distributed routing for satellite constellations by exploiting
orbital geometry to approximate near-optimal paths with low onboard computation. Since its initial
proposal, a growing body of work has extended this paradigm to new orbital regimes, sparse inter-
satellite connectivity, cross-layer evaluation, and region-aware optimizations. This paper synthesizes
these developments through a structured taxonomy spanning regimes, dynamics, connectivity models,
and methodological scope, and highlights recent studies that use DisCoRoute as a benchmark. We
conclude by outlining research directions toward operational routing, including resilience to failures,
hybrid control, and end-to-end path selection in multi-shell architectures.

1 Introduction

The rapid deployment of large-scale satellite mega-constellations is reshaping the design space of space
communication networks. Unlike traditional satellite systems, these constellations exhibit predictable
orbital dynamics yet operate at unprecedented scales, rendering centralized routing approaches increasingly
difficult to sustain. As a result, distributed routing strategies that exploit structural regularities of
constellation topologies are emerging as a promising alternative.

Within the context of the MISSION project,1 DisCoRoute introduced a model-driven approach to
distributed routing that leverages orbital geometry to approximate optimal paths while maintaining low
computational overhead. Since its introduction, the algorithm has evolved beyond its original formulation,
inspiring a growing body of work that explores new orbital regimes, connectivity constraints, cross-layer
interactions, and operational considerations.

This paper reviews the evolution of the DisCoRoute research line, largely enabled by the MISSION
project, and organizes the resulting contributions into a structured taxonomy. By synthesizing these
developments, we identify the key principles underpinning model-driven distributed routing and outline the
challenges that must be addressed to transition from algorithmic feasibility toward operational deployment
in future satellite networks.

1https://mission-project.eu/
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Fig. 4: Ground track of a Walker 70◦ : 300/20/5 constellation showing an example route for each of the two cases of DisCoRoute.

Algorithm 3 DisCoRoute (Cases A2D & D2A)
1 procedure DisCoRouteA2D(Const., src, dst)
2 𝐻ℎ, 𝐻𝑣 ← MinHopCount(Const., src, dst)
3 ⊲ w. l. o. g. 𝑠0,0 = src, 𝑠𝐻ℎ ,𝐻𝑣 = dst, dst is north east of src
4 route𝑠 ← [src]
5 route𝑡 ← [dst]
6 𝑖 ← 0
7 𝑗 ← 𝐻𝑣
8 for 𝐻𝑣 many times do
9 reward𝑠 ← |𝜑0,𝑖 + 𝜑0,𝑖+1 |

10 reward𝑡 ← |𝜑𝐻ℎ , 𝑗 + 𝜑𝐻ℎ , 𝑗−1 |
11 if reward𝑠 < reward𝑡 then
12 route𝑠 ← route𝑠 :: 𝑠0,𝑖+1
13 𝑖 ← 𝑖 + 1
14 else
15 route𝑡 ← 𝑠𝐻ℎ , 𝑗−1 :: route𝑡
16 𝑗 ← 𝑗 − 1
17 end if
18 end for
19 assert 𝑖 = 𝑗 ⊲ 𝑠0,𝑖 and 𝑡𝐻𝑣 , 𝑗 are reachable via horiz. hops
20 if 𝐻ℎ = 0 then ⊲ is route𝑡 [0] also last element of route𝑠?
21 route𝑡 ← route𝑡 [1:] ⊲ remove first element
22 else
23 route𝑠 ← route𝑠 ++ [𝑠1,𝑖 , . . . , 𝑠𝐻ℎ−1,𝑖]
24 end if
25 return route𝑠 ++ route𝑡
26 end procedure

a) Case 1: Asc-to-Asc / Desc-to-Desc: Assume w. l. o. g.
that both satellites are ascending. The idea is to distribute all
inter-plane hops between the beginning and end of the route,
having all intra-plane hops in the middle. We chose the partition
that maximises the overall distance of all inter-plane hops from
the Equator. The pseudocode is shown in Algorithm 2. It starts
by constructing the route simultaneously from the source and
destination. Then, it looks at the absolute value of the sum of
latitudes of the inter-plane hop that starts at the source and
of the one that ends at the destination. The one with a larger
value is added to the (respective) route. This selection method
is repeated for the number of horizontal hops many times.
Afterwards, the two route segments only need to be connected
by the given number of intra-plane hops (potentially zero).

b) Case 2: Asc-to-Desc / Desc-to-Asc: This case is
roughly the inverse of the first case. Routes from ascending to
descending satellites must always go close to a pole since this
is the only location where there is a link between an ascending
and a descending satellite. This means that the general rule
should be to partition the intra-plane hops to the beginning and
end of the route and have all inter-plane hops in the middle, as
close to the pole as possible. The pseudocode in Algorithm 3
has a similar structure as the first case. The only significant
difference is the selection criterion in line 11 that chooses an
intra-plane hop on the side where the absolute value of the
latitude sum of the involved satellites is smaller.

Fig. 4 shows an example for both cases. The lower route
corresponds to the first case. It starts with an ascending satellite
in the southern hemisphere and ends with an ascending satellite
in the northern one, meaning that it must cross the Equator. As
one can see, the three inter-plane hops right at the beginning
and the two at the end are distributed to maximise their overall
distance from the Equator. Note that if both satellites were
in the northern hemisphere, the route would not start with
inter-plane hops but would perform all of them at the end. The
route for the second case connects an ascending satellite with a
descending one. We can see that the selected intra-plane hops
allow the inter-plane hops to have maximal distance from the
Equator, i. e. have the shortest length possible.

V. Hop Distances
This section covers the length calculations of inter- and

intra-plane hops. Using the following theorems, it becomes
trivial to prove that the approximative DisCoRoute algorithm
can solve the shortest path problem exactly for Walker Delta
constellations with zero phase offset Δ 𝑓 = 0.

Theorem 1 (Length of Vertical Hops): The travel distance
of an intra-plane hop is always the same, no matter where the
hop is performed in the constellation.

Theorem 2 (Length of Horizontal Hops): In a constellation
with zero phase offset Δ 𝑓 = 0, the travel distance of an inter-
plane hop is shortest closest to the poles and longest around
the Equator.
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Figure 1: DisCoRoute algorithm: inter-plane hops are kept near high-latitude regions [13].

2 DisCoRoute: A Model-Driven Distributed Routing Paradigm

DisCoRoute is a distributed, model-driven routing algorithm designed for large-scale satellite mega-
constellations with predictable orbital dynamics. Introduced by Stock et al. [13], the algorithm departs
from classical shortest-path approaches by exploiting the geometric regularity of Walker-type constellations
to compute forwarding decisions locally, without requiring global topology knowledge (see Figure 1).

At its core, DisCoRoute relies on an analytical estimation of the minimum hop count between satellites
derived directly from orbital parameters. Rather than performing iterative graph searches, each node infers
the direction of progress toward the destination using relative plane indices and intra-plane positioning.
This enables near-optimal path selection while drastically reducing computational overhead.

The algorithm is inherently scalable: routing decisions depend only on local state and lightweight
geometric models, making DisCoRoute particularly attractive for onboard execution where processing
resources and energy budgets are constrained. Moreover, its distributed nature avoids the fragility and
signaling overhead associated with centralized route computation.

Beyond its initial performance results, DisCoRoute established three key principles that have shaped
subsequent research:

• Geometry-aware routing: orbital structure can be leveraged to approximate optimal paths.
• Distributed decision-making: global recomputation is not a prerequisite for efficient routing.
• Hop-first optimization: hop count often provides a better proxy for end-to-end delay than distance.
These properties position DisCoRoute not merely as a routing heuristic but as a foundational paradigm

for model-driven networking in satellite constellations. The following section organizes the growing body
of work building upon this paradigm into a structured taxonomy.

3 Taxonomy

Since its introduction, DisCoRoute has evolved from a geometry-aware distributed routing algorithm into
a broader research line addressing increasingly challenging orbital regimes, connectivity constraints, and
evaluation methodologies. Largely enabled by the MISSION project, this progression reflects a shift from
foundational algorithm design toward system-level experimentation and topology-aware adaptations.
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3.1 Chronological Evolution

The DisCoRoute research line was initiated in 2022 and reached experimental maturity by 2025, largely
supported by the MISSION project. Since 2024, it has expanded toward new regimes and operational
constraints.

Foundations (2022). DisCoRoute was originally proposed as a distributed, model-driven routing
algorithm for LEO mega-constellations [13]. By leveraging orbital geometry and minimum-hop analytical
models, it demonstrated that near-optimal routing decisions could be computed locally without centralized
path precomputation. This work established three key principles that underpin subsequent research:
geometry-aware routing, distributed decision-making, and hop-first optimization.

Experimental Maturity (2023–2025). The development of a benchmarking framework by Ohs [10]
marked a methodological turning point, transforming DisCoRoute from a conceptual algorithm into
an experimentally reproducible discipline. Building upon this effort, FLoRaSat 2 [5, 6] introduced
an end-to-end constellation simulator capable of jointly evaluating access and routing layers, enabling
cross-layer performance analyses under congestion, failures, and dynamic topology conditions.

Regime Expansion (2024). Within the context of the ESA HANDING-OVER project [7], Ottaviani [11]
conducted the first systematic evaluation of DisCoRoute in VLEO environments. The study revealed
structural inefficiencies in high-inclination constellations, particularly near the poles, motivating the
development of geometry-aware heuristics such as Targeted for Arctic and Antarctic Tracking (TAAT) to
mitigate excessive detours.

Topology-Constrained Routing (2025). Benso [2] extended the paradigm to sparse connectivity
architectures by introducing DisCo3T, a distributed algorithm tailored for three-terminal (3T) inter-satellite
links, within the ESA HANDING-OVER project [7]. The same work also introduced analytical hop-count
models for intermittent horizontal connectivity and seam-aware Walker-Star geometries, indicating that
model-driven distributed routing remains viable under strong structural constraints.

Region-Aware Optimization (2025). Ottaviani et al. [12] further showed that constellation geometry
influences routing performance more significantly than altitude alone. Particularly, the study showed that
performance is more variable in constellations with high inclination and a limited number of orbital planes.
Their PolarDisCo heuristic exploits low-cost polar links to reduce latency, highlighting the importance of
spatially localized routing strategies.

Algorithmic Consolidation (2025). Benso et al. [3] formalized the DisCo3T approach in a dynamic
simulation setting, achieving near-optimal latency while reducing computational cost by nearly two orders
of magnitude relative to Dijkstra-based routing. This result provides strong evidence for the onboard
feasibility of distributed routing in next-generation VLEO constellations.

3.2 Taxonomy Dimensions

The reviewed works can be organized along several orthogonal dimensions:
• Orbital regime: from LEO to VLEO, reflecting increasing topology volatility.
• Network dynamics: progressing from predictable geometries to highly time-varying constellations.
• Connectivity model: evolving from dense four-terminal meshes to sparse directional architectures.
• Methodological scope: transitioning from algorithm design to tooling and cross-layer simulation.
• Spatial awareness: moving toward region-aware routing strategies optimized for polar environments.
Summarized in Table 1, these dimensions illustrate a broader shift from routing feasibility toward

routing robustness under structural and operational constraints.
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Table 1: Taxonomy of DisCoRoute-based research.

Work Year Regime Dynamics Topology Method Evaluation
Stock et al.
[13]

2022 LEO Moderate 4T Walker-
Delta

Distributed hop-based
routing (DisCoRoute)

Large-scale constellation
simulation

Ohs [10] 2023 LEO Moderate Walker-Star /
Delta

Benchmarking framework
and simulation tooling

Discrete-event experiments
with failures and congestion

Choquenaira-
Florez et al.
[5, 6]

2025 LEO Moderate Cross-linked
constellations

End-to-end simulator with
joint MAC–routing evaluation

System-level experiments
at constellation scale

Ottaviani
[11]

2024 LEO+VLEO High 4T Walker-
Delta

Geometry-aware
heuristic (TAAT)

Sensitivity analysis over
altitude and inclination

Benso [2] 2025 VLEO Very High 3T / 4T DisCo3T + analytical
hop models

Dynamic simulations with
temporal routing analysis

Ottaviani et al.
[12]

2025 LEO+VLEO High 4T Walker-
Delta

Region-aware routing
(PolarDisCo)

Large-scale delay
distribution study

Benso et al.
[3]

2025 VLEO Very High 3T directional Distributed routing under
sparse connectivity

Time-varying constellation
simulations

3.3 Other Related Works
Beyond the works directly supported by MISSION, several recent studies use DisCoRoute as a benchmark
when evaluating new routing strategies in satellite constellations. This trend further reinforces the
algorithm’s role as a baseline for distributed routing in predictable orbital topologies.

Chen et al. [4] propose an explicit analytic shortest-distance-path algorithm that exploits constellation
regularity. In their related work discussion, DisCoRoute is identified as an approximate distributed solution
that leverages high-latitude inter-plane links to reduce path length.

Similarly, Zhang et al. [14] introduce GRLR, a grid-based low-latency routing method for mega-
constellations. DisCoRoute is used as a benchmark for distributed strategies in topology-aware routing,
with the aim of reducing computational overhead relative to classical shortest-path algorithms.

Gao et al. [8] explore intelligent routing mechanisms driven by adaptive decision processes. In this
context, DisCoRoute serves as a representative geometry-aware distributed heuristic, enabling the authors
to position their approach relative to lightweight onboard routing solutions.

Barbier et al. [1] investigate routing optimization opportunities in structured LEO networks and
reference DisCoRoute among topology-exploiting algorithms that approximate shortest paths while
maintaining low computational complexity.

Finally, the resiliency study by Esswein et al. [9] evaluates constellation reachability under compromised
nodes using a Walker-Delta testbed. DisCoRoute is highlighted as a location-aware routing approach that
prioritizes inter-plane hops near the poles to approximate shortest paths with reduced computation.

Takeaway. Collectively, these works suggest that DisCoRoute is increasingly treated not merely as a
standalone routing proposal but as a methodological baseline for distributed, geometry-aware routing in
satellite constellation research.

4 Research Directions
Beyond individual contributions, the taxonomy reveals a clear scientific trajectory:

• Feasibility: distributed routing is achievable at the constellation scale.
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• Reproducibility: standardized tooling enables rigorous comparisons.
• System integration: cross-layer effects must be considered.
• Structural adaptation: routing must accommodate sparse and directional connectivity.
• Spatial optimization: localized strategies improve performance in geometrically distorted regions.
Taken together, these results suggest that distributed, model-driven routing is a scalable paradigm for

future constellation architectures.

4.1 Methodological and Analytical Extensions
Despite the recent developments, several open research challenges remain.

Stronger optimality baselines. While prior evaluations typically compare against shortest-path
routing, a systematic assessment using both hop-based and distance-based variants of Dijkstra would
enable a clearer quantification of suboptimality and computational gains. Incorporating heuristic search
methods such as A* could further contextualize the trade-off between optimality and onboard feasibility.

Model sensitivity and accuracy. DisCoRoute relies on onboard orbital parameters to analytically
estimate minimum-hop paths. However, the sensitivity of these models to parameter uncertainty, ephemeris
aging, or reduced numerical precision has not yet been thoroughly characterized.

Formal complexity analysis. Although empirical results consistently demonstrate substantial runtime
reductions relative to centralized algorithms, a formal asymptotic analysis would clarify the computational
scaling of distributed routing strategies.

4.2 Toward Operational Routing
Translating these approaches into operational deployments introduces additional challenges.

Resilience to failures and congestion. Future extensions should incorporate adaptive link selection
driven by local observations or network feedback, enabling routing decisions that account for failed or
congested links.

Hybrid distributed–centralized control. Despite the advantages of decentralization, operators may
require policy-driven constraints, such as avoiding satellite eclipses, protecting energy-limited nodes, or
steering traffic away from congested regions. Investigating hybrid architectures that combine distributed
decisions with centralized orchestration represents a promising research avenue.

Entry and exit point awareness. Current formulations primarily focus on inter-satellite forwarding.
Extending the model to explicitly account for paths to and from user terminals or ground stations would
improve the realism of end-to-end routing. This is particularly relevant in multi-shell constellations, where
selecting appropriate ingress and egress layers introduces an additional dimension of optimization.

Outlook. Collectively, these directions point toward a next generation of distributed routing algorithms that
are not only geometry-aware but also resilient, policy-compliant, and operationally grounded. Advancing
along these axes will be key to supporting the increasing scale, heterogeneity, and autonomy of future
satellite networks.

5 Conclusions
This paper reviewed the evolution of DisCoRoute as a model-driven distributed routing paradigm for satellite
constellations. The taxonomy highlights a shift from feasibility to operational viability through tooling,
cross-layer evaluation, VLEO regimes, sparse connectivity, and region-aware adaptations. DisCoRoute’s
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growing use as a benchmark further signals the maturation of geometry-aware distributed routing. Future
work should prioritize resilience, hybrid control, and end-to-end integration.
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