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VOYAGE OPTIMIZATION ARCHITECTURE

Why Resolution Wins

The variable-resolution grid behind VFWR

Every weather-routing engine is, at its core, a graph. The geometry of that graph determines
whether the routing solution can capture meteorological reality, respect coastal safety margins,
and remain computationally tractable. Most providers compromise on at least one. This paper
explains how VesselFront's adaptive 22M-node grid resolves all three and why the resultis
structurally what you should be after.

22M+ max23s 100%

GRID NODES MEDIAN OPTIMIZATION TIME VOYAGES OUTPERFORMING REAL HISTORY
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The hidden constraint in every routing engine

Weather routing is, atits core, a graph problem. A vessel's voyage is decomposed into a sequence of edges across
a discretized representation of the ocean, and an optimizer searches that graph for the path that minimizes time,
fuel, cost, or emissions under constraint. The geometry of the graph is therefore prior to every optimization
decision the system can ever make. An optimizer cannot recover detail the grid does not encode.

The academic literature isunambiguous: coarse grids under-represent weather variability across long edges, distort
cost estimation in heterogeneous wind and wave fields, and fail near coastlines, where the same uniform spacing
that is adequate in mid-Atlantic produces dangerous corner-cutting in the Aegean, the Singapore Strait, or the
Norwegian fjords.

Three irreconcilable demands

A grid usable for production routing must simultaneously satisfy three properties that pull in opposite directions.
Fidelity requires edges short enough that wind, wave, and current sampled at endpoints represent the segment
between them in a tropical cyclone field, conditions can change meaningfully over 25-50 nautical miles. Safety
requires that near coastlines, ports, traffic separation schemes, and shallow water, edges be short enough that the
optimizer cannot chord-cut across a peninsula, an island, or a depth contour. Tractability requires a searchable
graph: halving edge length quadruples node count, and a globally fine grid at coastal resolution would contain
hundreds of millions of nodes, something infeasible at production latencies. Most providers collapse this trilemma
by sacrificing one demand for the others, then market the result as if all three had been satisfied.

How current providers resolve the trilemma

Approach ' Fidelity ' Coastal safety ‘ Compute cost

Fixed coarse global grid (legacy Loses storm structure on Manual no-go overlays; Low

onshore routing) long edges chord-cutting common

Great-circle + analyst waypoint Variable; dependent on Acceptable when human- Low (humans pay the

refinement analyst expertise supervised cost)

AlS-derived corridor heuristics Captures historical Inherits past behavior; Low, but itis not
patterns, not future cannot generalize optimization
weather

Uniform high-resolution global grid High High Infeasible in production

(theoretical)

VFWR variable-resolution grid High where weather varies High where coastline is Median 23 s for typical
complex voyages

Comparison reflects published architectural descriptions and product literature from major weather-routing and maritime data providers.
VFWR figures from validation against 100 historical voyages with hindcast weather.
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VFWR's adaptive grid: how it actually works

VesselFront resolves the trilemma by abandoning the assumption that a single resolution should govern the entire
ocean. Our routing graph contains more than 22 million nodes, distributed adaptively so that grid density is
highest exactly where it must be, along coastlines, in port approaches, through straits and traffic separation
schemes and relaxes smoothly into the open ocean, where weather variability rather than topology drives the
resolution requirement.

This is not a multi-grid hack or a hierarchical lookup. Itis a single connected graph engineered so that our optimizers
can traverse it without discontinuities at resolution boundaries, and so that the heuristic functions - incorporating
real-time forecast data, wave-height thresholds, latitude limits, no-go polygons, and ECA dwell-time minimization
- remain admissible end-to-end. Admissibility is what allows us to guarantee the optimal path under the active
constraints, rather than producing a heuristically plausible one.

Why this is what you should be after

Topology calibration. Every variable-resolution scheme needs rules for where to refine. Refining everywhere a
coastline appears inflates node count without improving routing quality, because most coastal segments are never
traversed. We calibrated refinement against the historical mobility data of real commercial voyages: regions where
vessels actually transit, ports vessels actually approach, passages where the navigationally feasible corridor is
narrow. The grid's density tracks operational reality, not cartographic complexity.

Heuristic admissibility under heterogeneous resolution. Our optimizers guarantee optimality only if the heuristic
is admissible. On a uniform grid that is straightforward; on a variable-resolution graph with weather-aware costs it
must be designed in. Edge costs must remain consistent across resolution boundaries, and the heuristic must
respect the metric induced by the largest local edge length. Get this wrong and the router is fast but wrong; get it
conservative and itis correct but slow. Calibrating the boundary took multiple iterations against real voyage data.

Search-space reduction from historical priors. A 22M-node graph has a combinatorially enormous space of
candidate paths. For this purpose, we bound the search using priors learned from a corpus of 190 historical voyages
spanning hours to roughly 30 days. The priors do not bias the optimization toward historical solutions; they bound

the region the search must explore.

e Wereserve the right to make technical changes or modify the contents of this document without prior notice. VesselFront does
not accept any responsibility whatsoever for potential errors or possible lack of information in this document. Any reproduction,
disclosure to third parties or utilization of its contents is forbidden without prior written consent of VesselFront IKE.
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What the grid gives you, in practice

Constraint authoring without compromise. Users define no-go polygons of arbitrary geometry (war zones, piracy
corridors, environmentally sensitive areas, charterer-specific exclusions) and the optimizer respects them at the
local resolution of the affected region, not at a degraded global resolution. A 5 nm exclusion buffer around a
contested assetis honored as 5 nm, not as the nearest coarse-grid approximation. The same applies to wave-height
and northernmost-latitude constraints, configured per voyage rather than as static fleet overlays.

Honest ECA dwell-time minimization. Emission Control Areas are coastline-conforming. A coarse grid cannot
represent ECA boundaries faithfully and therefore cannot minimize ECA dwell time honestly; it will either overstate
compliance, by cutting boundary corners, or overstate the cost of compliance, by rounding outward. Variable
resolution lets VFWR genuinely minimize time inside SECA and NECA zones, materially affecting FuelEU Maritime
balance positions and EU ETS allowance exposure.

Draft-aware routing and S-100 readiness. Because the grid is dense in coastal and shelf areas, shallow-water
avoidance is integrated into the search itself rather than applied as a post-hoc filter. As S-100 ECDIS adoption
proceeds toward the 2029 mandate, the chart-derived constraints encoded by S-101, S-102, and S-104 map
directly onto our grid where it is already dense positioning VFWR for a transition legacy onshore-routing services
were not architected to absorb.

Reroute fidelity under updated forecasts. Every six hours, when the marine forecast updates, VFWR re-optimizes
the remaining voyage from the vessel's current position against the same grid used initially. The reroute is therefore
a true continuation of the original optimization, not a recalculation against a different topology. This is the difference
between a routing system that earns trust on the bridge and one that does not.

The strategic implication

Established providers — onshore routing services, AIS data feeds, integrated voyage-performance suites, they all
emphasize weather-data quality, regulatory reporting, analyst headcount, and historical coverage. None of these
properties address the grid problem: in legacy architectures the grid was fixed early and is now structurally hard to
replace. VesselFront started from the grid; the neurosymbolic architecture above it was designed to exploit the
resolution it provides.

In summary

Resolution is destiny. VFWR's variable-resolution grid - 22M+ nodes, adaptive density, calibrated
topology, admissible heuristic, data-bounded search - is the foundation that makes the rest of our claims
operationally honest. Median 23-second optimization. Consistent improvement over historical execution.
ECA, FuelEU, and S-100 alignment without manual workarounds. None of itis reachable without the grid;
all of it follows from the grid.

Discuss VFWR for your fleet — vesselfront.com
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