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Abstract. Microscopic traffic simulation is widely used to evaluate traffic signal control
strategies. However, integrating operational traffic management platforms into simu-
lation environments typically requires manual translation of network topologies, signal
settings, and timing plans, which is time-consuming and error-prone. This process lim-
its the rate of iteration and makes it more difficult to evaluate alternative control strate-
gies. For this reason, this work presents ATSUM, a framework that connects an industrial
traffic management and control platform, such as Attlas, with the microscopic simu-
lator SUMO (Simulation of Urban Mobility) to support offline planning and reproducible
simulation-based evaluation. The framework provides a deterministic pipeline that con-
verts platform-level network and control descriptions into simulation-ready assets, en-
suring consistency between planning data and simulation inputs. In addition, detector
measurements and network semantics are combined to estimate traffic demand and de-
rive coordination inputs, and the resulting optimization outputs are automatically trans-
lated into executable signal programs. The approach was demonstrated through a case
study of a representative urban corridor. The results highlight the framework’s ability
to capture nuanced operational trade-offs, such as prioritizing travel time reductions
versus minimizing emissions, enabling a systematic comparison between baseline and
optimized plans under a controlled, reproducible setup. Overall, this work introduces
an end-to-end framework that integrates traffic management data with a microscopic
simulator, providing a unified framework for evaluating traffic signal control.

Keywords: SUMO, Traffic Signal Control, Traffic Simulation, Optimization, Controller-
in-the-loop.

1. Introduction

Microscopic traffic simulation is a core tool for evaluating and designing traffic signal
control strategies, supporting both offline planning and the validation of adaptive con-
trol algorithms before field deployment [1]. In this context, SUMO (Simulation of Urban
Mobility) is widely adopted due to its open architecture, high extensibility, and detailed
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support for traffic signal logic and detector modeling [2]. Moreover, its interfaces en-
able closed-loop runtime coupling with external controllers, while explicit seed control
supports deterministic, reproducible benchmarking across control experiments.

However, in practical traffic engineering workflows, integrating signal planning and
control management systems with SUMO typically requires manual translation of net-
work topology, signal configurations, and timing plans [3]. This process involves
converting controller definitions, movement groups, and detector layouts into SUMO-
specific representations, thereby introducing an additional layer of complexity between
planning tools and simulation environments. As reported in prior work, this transla-
tion is time-consuming, error-prone, and it slows iterative optimization, especially when
real-time or coordinated control algorithms are involved [4]. Additionally, inconsistent
mappings between operational data and simulation artifacts can introduce discrepan-
cies in phase structure, detector placement, or offset coordination, thereby reducing the
reliability of simulation results as a proxy for field behavior [5].

Consequently, the lack of an integrated workflow between signal planning platforms
and microscopic simulators limits the systematic evaluation of alternative timing plans
and hinders reproducible experimentation across scenarios and networks [3]. Several
approaches in the literature attempt to bridge this gap by coupling optimization models
with simulation environments or by interfacing traffic controllers through middleware
layers [3], [5]. While these solutions demonstrate the feasibility of simulation-based
validation, they often rely on ad hoc network conversions, manual signal mapping, or
scenario-specific scripts, which limit scalability, portability, and reproducibility. Com-
mercial traffic engineering tools provide tighter integration between planning and simu-
lation, but they are typically closed, inflexible with respect to custom optimization mod-
els, and difficult to embed in reproducible research workflows.

Although SUMO provides low-level control interfaces through TraCl, it does not na-
tively offer an end-to-end workflow that connects planning data, optimization outputs,
and operational signal abstractions in a consistent manner [6]. As a result, validating
both fixed-time plans and coordinated strategies within a reproducible pipeline remains
challenging, particularly when multiple iterations and comparative evaluations are re-
quired.

In this context, this work introduces ATSUM (Attlas—SUMO), a framework that inte-
grates Atman Systems’ commercial adaptive traffic control software Attlas! with the
microscopic traffic simulator SUMO. ATSUM supports deterministic topology translation,
automated generation of simulation assets, demand estimation, and coordination opti-
mization. It further formalizes the simulation lifecycle by persisting all inputs, outputs,
and metadata in versioned run directories, enabling repeatable experiments and trace-
able comparisons between alternative signal plans [7].

Overall, the main contributions of this work are:

» A deterministic translation pipeline that converts platform-level network definitions
into SUMO networks, detectors, routes, and traffic light logic.

« A demand estimation layer that combines detector data with network semantics
to compute movement-level flows.

Ihttps://attlas.atmansystems.com/
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* Integration of coordination optimizers (MAXBAND [8], MultiBand [9], and PM-
BAND [10]) with automatic generation of executable SUMO programs.

« A reproducible simulation runner with versioned outputs and a unified metrics
layer.

The remainder of this paper is organized as follows: Section 2 provides back-
ground on the Attlas platform and the bandwidth-based optimization models used
in this work. Section 3 describes the ATSUM system architecture, including topology
conversion, demand estimation, and signal optimization. Section 4 demonstrates the
framework through a coordinated-corridor case study, while Section 5 introduces the
graphical user interface. Finally, Section 6 discusses results and limitations, and Sec-
tion 7 concludes the paper.

2. Background
2.1 Attlas

Attlas is a commercial adaptive traffic control software platform developed by Atman
Systems, which maintains an internal, control-oriented representation of the road net-
work and signalized intersections. This industrial traffic management platform is sum-
marized in Figure 1. Figure 1 summarizes the main entities of this abstraction.

The network is composed of a set of Node and Link objects and, optionally, a collec-
tion of predefined Path definitions. Each Node represents a signalized or unsignalized
intersection and is associated with geographic coordinates, as well as one or more
MovementGroup entities. A node may also be associated with a Controller object that
defines the operational signal control plan. Each Link connects an origin node to a des-
tination node and contains an ordered set of Lane objects. Lanes carry geometric and
operational attributes (e.g., width and maximum speed) and may include one or more
Detector entities that provide traffic measurements. Turning movements are explic-
itly represented by Movement objects, each defined by an origin lane and a destination
lane, and grouped into MovementGroup abstractions that correspond to controller signal
groupings.

Signal control logic is encoded in the Controller entity through a hierarchical Plan
structure composed of Stage and Interval elements. Each interval specifies a duration
and a vector of group activation states (groupStatus), which together define the tempo-
ral evolution of signal groups during operation. Besides, optional Path objects represent
predefined traffic routes as sequences of PathLink elements, each referencing a pair of
origin and destination nodes. These paths provide a network-level abstraction for rep-
resenting recurrent travel patterns and can be used as inputs for route-based demand
generation and metric collection, depending on client requirements.

This data model is semantically aligned with operational traffic control concepts,
such as movement groups, signal groups, and controller stages, rather than with geo-
metric or lane-level simulation primitives. While the Attlas topology can be exported
as a structured JSON description for external processing, its underlying abstraction is
designed to support production control logic and coordination strategies.

In contrast, microscopic simulators such as SUMO require a geometric network
representation based on nodes, edges, lanes, and explicit lane-to-lane connections,
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Figure 1. Attlas topology and control abstraction showing nodes, links, lanes, movements, detectors,
and controller plans.

as well as separate definitions for traffic-light logic and detectors. Consequently, inte-
grating Attlas with SUMO requires a structured translation process that preserves the
platform’s movement- and group-level semantics while transforming the Attlas topol-
ogy into SUMO'’s connection-based simulation model.

2.2 SUMO

SUMO is organized as a modular traffic-simulation ecosystem, with a high-performance
microscopic simulation core complemented by specialized tools for network construc-
tion, demand modeling, route generation, visualization, and post-processing [2]. At its
core, the simulator executes time-discrete, space-continuous vehicle dynamics over
large urban networks, while auxiliary components (e.g., for network import/editing and
routing workflows) transform heterogeneous mobility data into executable scenarios.
This architecture is further extended through APIs, most notably TraCl, which enable
external applications to monitor and control vehicles, traffic lights, and other simulation
entities online. As a result, SUMO is well-suited for closed-loop traffic management
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experiments, algorithm prototyping, and reproducible evaluation pipelines that couple
planning data with simulation outputs [6].

During execution, SUMO can be integrated with external low-level controllers via
TraCl's TCP client—server interface, and performance-critical integrations can use lib-
sumo with equivalent function signatures. This separation between core simulation,
preprocessing tools, and online control interfaces makes SUMO suitable for large-scale
and reproducible experimentation pipelines in traffic management [2].

Offline signal planning methods compute cycle lengths, green splits, and offsets to
improve traffic progression along coordinated corridors [11], [12]. Bandwidth-based co-
ordination models, such as MAXBAND and its extensions, are widely used to maximize
progression bandwidth under signal timing and speed constraints [8]-[10]. These op-
timization models are typically evaluated using microscopic simulation to assess their
operational performance and feasibility under realistic traffic conditions. In addition,
they incorporate turn phasing constraints, clearance intervals, and speed bounds to
ensure implementability in field deployments [9], [10]. However, it should be noted that
in these models, demand is typically assumed to be exogenous and fixed. In reality,
traffic demand can adapt to signal timing changes via route choice or departure time
shifts, adding a layer of complexity to the solution space validation.

However, validating the output of signal optimization models through microscopic
simulation poses additional challenges, particularly in large, complex networks. As net-
work size increases, the number of intersections, coordination variables, and feasi-
ble timing configurations grows rapidly, leading to a combinatorial explosion of candi-
date signal plans [8], [9]. As a result, exhaustively testing these alternatives becomes
computationally expensive and operationally cumbersome, since each configuration
requires regenerating simulation assets, executing over extended horizons, and post-
processing performance metrics. Additionally, large topologies amplify the effect of
small inconsistencies between optimization outputs and simulation inputs. Minor dis-
crepancies in phase structure or offset interpretation can propagate across coordinated
corridors, making it difficult to attribute observed performance differences to the opti-
mization model itself rather than to translation artifacts [10]. Together, these factors
hinder systematic exploration of the solution space and limit the practical use of simu-
lation as a validation tool for large-scale coordination problems.

3. Proposed System

ATSUM implements a modular pipeline that connects platform-level traffic signal planning
data to microscopic simulation. Each processing stage produces structured artifacts
consumed by subsequent stages, forming a deterministic workflow from network defi-
nition to performance evaluation. As illustrated in Figure 2, a user-defined scenario is
converted from the Attlas network abstraction into a SUMO-compatible representation.

During this step, lane connectivity is analyzed to infer geometric movement types
(left, through, and right), and additional detectors are inserted when needed to ensure
coverage of incoming approaches. Based on the converted network, traffic demand
is then constructed using one of two mechanisms. When detector data are available,
measured flows are aggregated and transformed into route-level demand inputs. Con-
versely, when detector data are missing or incomplete, synthetic demand is generated
using topology-based source-sink identification and prescribed temporal profiles.
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Figure 2. ATSUM system overview.

Simulation with inferred or synthesized demand produces a traffic-state represen-
tation that aggregates lane-level and movement-level quantities. These data are then
used to derive movement demands and green splits through a critical movement formu-
lation for standard eight movement intersections. Signal coordination is subsequently
computed using bandwidth-based optimization models (MAXBAND, MultiBand, and
PM-BAND). The optimization operates over the Attlas movement and signal-group
abstractions and yields timing plans defined by movement states, offsets, and cycle
lengths. Finally, the resulting plans are translated into executable SUMO traffic light
programs by mapping movement-level decisions to lane-to-lane connections.

Finally, the generated signal programs are executed in SUMO, and performance
metrics (such as efficiency, quality of service, and sustainability) are extracted from the
simulation outputs. These metrics enable comparative evaluation of baseline and op-
timized plans and support iterative refinement of demand and control parameters. All
stages are implemented within a unified software package and exposed through both
programmatic and graphical interfaces, enabling batch execution and automated exper-
imentation while maintaining consistent data flow across topology conversion, demand
estimation, optimization, and simulation.

3.1 Topology Conversion and SUMO Integration

The topology conversion module implements the interface between the Attlas control
abstraction (presented in Section 2.1) and the geometric, connection-based network
model required by SUMO. Its function is to transform the platform-level representation
of nodes, links, lanes, movements, and controller plans into a complete set of SUMO-
compatible simulation assets while preserving identifiers, movement semantics, and
signal-group structure.

Starting from an exported Attlas topology, the adapter generates intermediate net-
work descriptions in terms of SUMO nodes, edges, and lane-level connections. Node
entities associated with a Controller are mapped to traffic-light-controlled intersec-
tions, while each Link is converted into a directed edge with an explicit ordering of Lane
objects. During this step, a lane-correspondence map is constructed to maintain a bidi-
rectional association between Attlas lane identifiers and SUMO lane indices. This
mapping is reused across all subsequent pipeline stages, including traffic-light logic
synthesis, detector placement, and route generation.
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Turning movements defined by Movement objects are translated into SUMO connec-
tions by resolving their origin and destination Lane references. For each movement, the
adapter records both the Attlas identifiers and the corresponding SUMO edge-lane
indices, producing an explicit movement-to-connection mapping. This artifact allows
later workflow components to operate on movement-level quantities while interfacing
with SUMO’s connection-indexed signal logic. Static traffic light logic is derived from
Controller plans by converting Stage and Interval definitions into SUMO tlLogic
programs. Group-level signal states specified by MovementGroup entities are expanded
into per-connection phase strings, thereby preserving the temporal structure and group
semantics of the operational control plans in the simulation model. This establishes
a deterministic correspondence between Attlas signal groups and SUMO traffic light
states.

To support traffic-state estimation and performance analysis, the adapter also gen-
erates auxiliary simulation assets. EXxisting Detector entities defined in the Attlas
topology are translated into SUMO induction-loop sensors, while additional lane-area
detectors are automatically inserted on approaches to signalized nodes to ensure full
coverage of incoming movements. Timed event loggers are also instantiated to cap-
ture traffic light state transitions during simulation. Together, these assets provide the
sensing infrastructure required for demand estimation and traffic-state reconstruction.
When Path definitions are present, the adapter can also produce route and flow spec-
ifications by reconstructing ordered edge sequences from the corresponding sets of
PathLink elements. This enables simulation of predefined traffic patterns and supports
integration of observed or planned routes into the microscopic model.

All generated artifacts, including intermediate network files, traffic light programs,
detector definitions, and optional routes, are compiled into a final SUMO network using
the standard netconvert tool. The adapter maintains a structured map of all output file
paths, serving as a single source of truth for subsequent simulation, optimization, and
analysis stages. By enforcing a deterministic and explicit translation from the Attlas
control abstraction to SUMO’s geometric, connection-based representation, this com-
ponent eliminates manual network reconstruction and reduces semantic drift between
operational and simulated configurations. However, it is worth noting that other sources
of discrepancy, such as demand modeling accuracy, routing behavior, and the calibra-
tion of vehicle dynamics, can still contribute to deviations between simulated and real-
world behavior. It therefore provides the foundation for consistent demand estimation,
signal optimization, and reproducible simulation-based evaluation.

3.2 Demand Estimation and Traffic State Modeling

ATSUM supports two complementary mechanisms for constructing traffic demand inputs,
depending on sensor-data availability: (1) demand inference from existing detectors
and (2) synthetic demand generation based on network topology and prescribed tem-
poral profiles. Inthe synthetic case, demand profiles are defined in terms of time-varying
arrival rates, and the resulting traffic load is evaluated using an estimated vehicle-
accumulation curve. This curve approximates the number of vehicles in the network
over time by combining generated departure times with an assumed average travel
time, providing a coarse but informative representation of temporal congestion patterns
before full simulation execution.
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3.2.1 Detector-Based Demand Estimation

When detector measurements are available, ATSUM derives traffic demand from ob-
served flows by invoking SUMO’s demand generation tools on detector time series.
Specifically, detector outputs are aggregated and used as inputs to dfrouter to recon-
struct route flows consistent with measured link-level traffic volumes. This approach
enables the simulation to be driven by empirically observed traffic patterns rather than
by assumed distributions.

3.2.2 Synthetic Demand Generation

When detector data are unavailable or incomplete, ATSUM can alternatively synthesize
traffic demand based on the network topology and prescribed temporal profiles. Source
and sink edges are identified using topological criteria: edges whose upstream or down-
stream nodes are not controlled by traffic signals and lie at the boundary of the modeled
subnetwork are classified as entry and exit points, respectively. Vehicles are generated
only at source edges and are assigned destinations among reachable sink edges, en-
suring that trips traverse the modeled network rather than originating or terminating
internally.

Temporal variation in demand is modeled through parametric flow profiles that emu-
late commonly reported traffic patterns, such as multi-hour rush periods and full diurnal
cycles. These profiles modulate a base arrival rate to produce time-dependent vehi-
cle injection rates, yielding demand patterns that reproduce characteristic morning and
evening peaks. Generated trips are subsequently routed using standard shortest-path
assignment to obtain executable SUMO route definitions. Alternatively, existing SUMO
tools such as routeSampler.py can be integrated to support demand generation from
available data points. Figures 3a and 3b show examples of the resulting vehicle ac-
cumulation over time obtained from rush-hour and diurnal synthetic demand profiles,
respectively. In these synthetic scenarios, the vehicle count is an input option that al-
lows users to create demand based on possible routes and defined vehicle volumes for
demonstration purposes.
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Figure 3. Example vehicle accumulation generated by the synthetic demand model. Both profiles
illustrate the temporal evolution of the number of vehicles present in the network, reproducing
characteristic peak and off-peak traffic patterns commonly reported in the literature [13], [14].
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3.2.3 Traffic State Modeling and Movement Demand

ATSUM derives movement-level demand by combining standardized detector measure-
ments with the network topology of turning movements. First, raw outputs from hetero-
geneous detector types are normalized into a common representation in terms of flow,
occupancy, and density.

Flow is computed from vehicle counts over the aggregation interval At as:

N

= . 1
9= 27 3600, 1)
where N denotes the number of detected vehicles. Likewise, density is obtained either
directly from lane-area detectors or inferred from occupancy using an effective vehicle

length Lgg:
occ

k
Leff

-1000. (2)

Classical signal-control formulations rely on estimates of average arrival flow and
saturation flow for each movement. However, saturation flow is difficult to observe
directly from detector data. Therefore, ATSUM approximates it using capacity estimates
derived from the observed flow-density relationship. When sufficient data are available,
a Greenshields fundamental diagram is fitted:

k
a0 = upk(1- ). ©
J
where u; is the free-flow speed and k; is the jam density. From this fit, capacity is
computed as:
Ufk
= TJ. (4)
If calibration is not feasible or yields non-physical values, default parameter values are
used instead. Next, standardized detector measurements and capacity estimates are
mapped to their associated lanes and aggregated at the incoming edge of each sig-
nalized intersection. Accordingly, total approach flow and capacity are obtained by
summing over contributing lanes while avoiding double counting.

Because optimization is formulated at the movement level, approach demand is
then distributed across turning movements using lane-to-lane connectivity. Let Q, and
C, denote the total arrival flow and capacity of incoming approach a. For each feasible
movement m € M,, demand is assigned as:

Qm = a4, Qy C = a4y Cy, (5)

where «,, denotes the turning proportion of movement m. When turning proportions
are not directly observed, default split ratios are applied and normalized over M,.

Finally, Figure 4 illustrates an example intersection annotated with estimated move-
ment flows and capacities obtained through this procedure. In this context, the esti-
mated capacity derived from the fundamental diagram is used as a proxy for the satura-
tion flow rate within the signal timing formulas, assuming the observed peak throughput
represents the operational limit of the movement. As a result, each signalized node
is represented by a set of movement-level demand values (Q,,, C,,), which constitutes
the traffic-state representation used by subsequent signal optimization and green-split
computation.
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Figure 4. Example intersection annotated with estimated movement-level arrival flows and capacities.
Lane-level detector measurements are aggregated by approach and distributed across turning
movements to obtain the quantities used for signal optimization.

3.3 Signal Optimization and Program Generation

ATSUM integrates bandwidth-based coordination models to compute optimized signal
timing plans from the traffic-state information derived in the previous stage. Several
formulations are supported, including MAXBAND [8], MultiBand [9], and PM-BAND [10].
In this work, the emphasis is not on the optimization formulations themselves, but on the
mechanism that translates their abstract outputs into executable traffic light programs
for microscopic simulation.

The optimization layer produces timing plans expressed in terms of movements and
signal groups, together with offsets and cycle lengths defined over the Attlas network
abstraction. These results are represented as intersection-level plans composed of
phase intervals, with each movement assigned a logical state (e.g., green, protected
left, or red). However, SUMO requires traffic light programs to be defined over lane-to-
lane connections using fixed-length phase strings.

To bridge this representational gap, ATSUM implements a translation layer that maps
movement-level optimization outputs to SUMO-compatible t1Logic definitions. This
process relies on the topology mapping established during network conversion, which
associates each movement with a set of lane-to-lane connections. Even with this map-
ping, a central challenge in this translation is establishing correspondence between ab-
stract optimization movements and concrete SUMO connections. Optimization models
index movements by artery name, travel direction, and turn type, whereas SUMO rep-
resents signal control at the lane-to-lane connection level without an explicit notion of
arterial structure. Consequently, movements cannot be mapped directly to simulation
elements.

ATSUM resolves this mismatch by constructing an intermediate classification of in-
coming edges at each intersection in terms of artery and direction. If an edge explicitly
belongs to a defined artery, the association is direct. Otherwise, the mapping is inferred
by examining movements at the intersection and propagating arterial labels from down-
stream edges. As a result, arterial optimization variables are consistently grounded in
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the physical network, even when explicit corridor definitions are incomplete. Then, for
each intersection, the optimized plan is decomposed into a sequence of phases with
constant signal states. Within each phase, movement states are matched to their corre-
sponding connections and expanded into connection-level signal assignments. Finally,
movements within the same signal group are consistently mapped to a common con-
nection state, thereby preserving the group-level constraints imposed by the optimizer
in the simulation.

Phase boundaries are derived from the critical time points of the optimized plan.
Whenever successive phases differ in their assigned states, yellow and all-red transition
intervals are automatically inserted. In addition, the optimizer’s offsets and cycle lengths
are retained and applied directly to the generated t1Logic programs, ensuring temporal
consistency between the analytical solution and its simulated execution. The overall
translation procedure is summarized in Algorithm 1.

Algorithm 1 Translation of optimized timing plan into SUMO t1Logic
Require: Optimized timing plan 2 (movements, phases, offsets), connection map ¢
Ensure: SUMO traffic light program J

1: for all intersections n in ? do

2: Extract movement-level phase sequence and cycle length

3 Determine critical time boundaries from phase endpoints
4: for all time intervals [ty, ty,;) do
5: Initialize empty connection state vector
6: for all movements m active in interval do
7 Retrieve associated connections C(m)
8: for all connections c € C(m) do
9: Assign signal state of m to c
10: end for
11: end for
12: Append phase with duration (¢, —tx) to I
13: end for
14: Insert yellow and all-red transitions where state changes occur
15: Apply offset and cycle length to 7
16: end for
17: return J

By explicitly separating optimization from execution and introducing a deterministic
translation layer between them, ATSUM enables direct evaluation of signal coordination
models in microscopic simulation while preserving their structural assumptions and tim-
ing semantics. This design allows different optimization methods to be interchanged
without modifying the simulation logic and ensures that simulation results faithfully re-
flect the optimized control strategy. Finally, although NEMA-style controller mappings
for SUMO have been proposed, ATSUM follows an end-to-end translation approach that
directly maps optimization movements to simulation connections. This choice provides
finer control over the optimization-simulation interface and preserves the semantics of
the underlying coordination models.

3.4 Simulation Execution and Metrics

ATSUM encapsulates SUMO execution within a dedicated simulation runner that man-
ages configuration, execution, and result persistence in a unified manner. Each simu-
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lation run is executed in an isolated, version-controlled directory that contains all inputs,
outputs, and metadata required to reproduce the experiment.

To ensure deterministic replay, all simulation inputs (i.e., network, routes, detector
definitions, and signal programs) are explicitly resolved and recorded in a structured in-
put map. Auxiliary files that declare output paths, such as detector and traffic-light state
loggers, are rewritten at run time, and their outputs are redirected to run-specific loca-
tions. This mechanism prevents file collisions across experiments and enables parallel
or batch execution of multiple scenarios. Additionally, simulation results are serialized
along with the exact command-line invocation and the resolved input map, allowing
each run to be reloaded and re-executed with the same configuration. ATSUM also sup-
ports execution in containerized environments with Docker, which isolates SUMO de-
pendencies, simplifies deployment across heterogeneous platforms, and preserves the
same run directory structure.

Building on this execution setup, performance metrics are computed from standard
SUMO outputs. ATSUM then aggregates them into a unified metrics layer covering three
categories:

 Efficiency: average travel time, delay per vehicle, and network throughput (vehi-
cles/hour).

» Quality of Service: average number of stops and waiting time.

e Sustainability: fuel consumption and CO, emissions derived from SUMO’s
HBEFA-based model. Note that the mapping from emission classes to instan-
taneous emissions in SUMO is an approximation and may introduce modeling
uncertainties.

By indexing all selected metrics by run identifier and linking them to the correspond-
ing input map, ATSUM ensures comparisons between baseline and optimized scenarios
are fully traceable and reproducible. Furthermore, by integrating simulation execution,
versioned data management, and metric extraction into a single workflow, the frame-
work provides a controlled experimental environment for the systematic evaluation of
traffic signal control strategies.

4. Case Study

This section presents a case study of ATSUM in a representative urban signal coordina-
tion problem. The goal is to validate the proposed end-to-end workflow, from topology
translation and demand construction to signal optimization and simulation-based eval-
uation, using a realistic but controlled network.

4.1 Study Area and Network Description

The study area corresponds to a signalized urban corridor in Rio de Janeiro, Brazil. The
selected topology reflects a common arterial-collector configuration found in dense ur-
ban environments, where a dominant arterial is intersected by several lower-capacity
cross streets. The modeled network comprises six signalized intersections arranged
along a slightly curved main arterial, with multiple orthogonal cross streets. All inter-
sections follow a four-leg configuration and are closely spaced, creating a coordination-
sensitive environment in which offsets and progression are critical.
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Figure 5 shows the microscopic network geometry constructed in the Attlas’ traf-
fic model described in Section 2.1. The traffic model is used in the experiments after
conversion to a SUMO-compatible representation. Nodes in red correspond to signal-
ized intersections, while edges represent individual roadway segments with explicit lane
geometry. This topology was selected because it exhibits realistic geometric irregular-
ities (non-orthogonal links and curvature) while remaining sufficiently compact to allow
detailed inspection of signal coordination effects.
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Figure 5. Network topology used in the case study. The network represents a six-intersection urban
corridor in Rio de Janeiro with a dominant arterial and multiple signalized cross streets.

4.2 Signal Control and Coordination Setup

All six intersections are equipped with fixed-time signal control and participate in the
coordination scheme. Each intersection is modeled with a standard eight-movement
structure, including straight, left-turn, and right-turn movements. Protected left-turn
phases are enabled where allowed by the geometry.

A common cycle length is enforced across the corridor to enable offset-based coor-
dination. Inthe baseline scenario, the original fixed-time plans derived from the planning
platform are used, preserving phase order, clearance times, and safety constraints.
In contrast, optimized scenarios apply bandwidth-based coordination models, as de-
scribed in Section 3.3. The optimization is performed along the arterial direction, and
its outputs, such as cycle length, offsets, and movement-level green intervals, are au-
tomatically translated into executable SUMO t1Logic programs.

4.3 Traffic Demand

Traffic demand for the case study is generated using the synthetic-demand mecha-
nism described in Section 3.2.2. This reflects a realistic planning situation in which
comprehensive detector coverage is not available for all approaches. Specifically, de-
mand follows a rush-hour profile, with higher arrival rates along the main arterial than
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on cross streets. Vehicle entry points are restricted to network-boundary edges, and
all trips traverse the modeled corridor internally without originating or terminating. Fi-
nally, the same demand realization is used for both baseline and optimized scenarios to
ensure that observed performance differences are attributable solely to signal-control
strategies (see Figure 6).

Vehicle accumulation over time (FCD)
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Figure 6. Visualization of the synthetic rush-hour traffic demand used in the case study.

4.4 Experimental Setup and Evaluation

Each scenario was simulated over a three-hour horizon. Three signal coordination
configurations were evaluated:

» The current fixed-time coordination plan.
* An optimized coordination plan obtained using the MAXBAND formulation.

* An optimized coordination plan obtained using the MultiBand formulation.

All simulations were executed using the versioned simulation runner described in
Section 3.4. For each run, all inputs, outputs, and metadata were persisted, ensur-
ing deterministic replay and traceable comparisons. Given that this study serves as
a demonstration of the integration framework rather than a performance benchmark,
no warm-up period was applied to the synthetic demand realization. Performance was
evaluated using standard microscopic traffic indicators, including average trip duration,
average queue length, average waiting time, space mean speed, and total CO, emis-
sions. Table 1 summarizes the performance metrics obtained for the three coordination
scenarios.

Table 1. Performance comparison between baseline and optimized coordination scenarios under
identical demand conditions. Values are reported as mean + standard deviation over all simulated
vehicles where applicable.

Run Avg. Trip Duration (s) Avg. Queue Length (m) Avg. Waiting Time (s) Space Mean Speed (km/h) CO, Emission Total (g)

Current Configuration 65.16 + 23.0 6.11+2.5 20.10+17.6 33.54 106293.60
Maxband Optimized 55.64 +21.7 5.84+2.6 10.44 = 11.6 39.33 100479.87
Multiband Optimized 64.85 + 28.0 6.11+2.6 18.72+17.9 33.71 108759.54

As shown in Table 1, the MAXBAND-optimized configuration produced the
strongest overall improvement among the evaluated scenarios. Relative to the current
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configuration, MAXBAND reduced the average trip duration from 65.16 s to 55.64 s,
corresponding to an improvement of approximately 14.6%. Average waiting time de-
creased from 20.10 s to 10.44 s, representing a reduction of approximately 48.1%,
while the average queue length decreased slightly from 6.11 m to 5.84 m. The space
mean speed also increased from 33.54 km/h to 39.33 km/h, indicating smoother pro-
gression along the corridor. In addition to these operational improvements, total CO,
emissions decreased from 106293.60 g to 100479.87 g, corresponding to a reduction
of approximately 5.5%. This result also illustrates an important consideration when
comparing emissions across signal timing scenarios: emission rates expressed per
simulation step or per unit time may not directly reflect total environmental impact when
scenarios produce different trip durations. A timing plan that reduces travel time may
involve fewer simulated time steps and different cruising-speed profiles, so aggregate
emissions over the completed trips provide a more consistent basis for cross-scenario
comparison.

The MultiBand-optimized configuration produced more limited operational benefits.
Its average trip duration, 64.85 s, was only slightly lower than that of the current con-
figuration, while the average queue length remained unchanged at 6.11 m. Average
waiting time decreased from 20.10 s to 18.72 s, indicating a modest improvement, and
the space mean speed increased marginally from 33.54 km/h to 33.71 km/h. However,
total CO, emissions increased to 108759.54 g, exceeding both the current configuration
and the MAXBAND-optimized case. These results show that mobility improvements do
not necessarily translate into lower aggregate emissions, particularly when changes
in speed profiles, stopping behavior, and trip duration interact over the full simulation
horizon.

These results indicate that, for the evaluated corridor and demand realization, the
MAXBAND formulation provided the most effective timing plan in terms of both oper-
ational efficiency and environmental performance. By prioritizing arterial progression,
MAXBAND reduced travel time and waiting time while also lowering the total mass of
CO, emitted. In contrast, the MultiBand solution produced only marginal improvements
in travel time and waiting time and did not reduce total emissions. This distinction high-
lights the importance of evaluating signal coordination strategies using both mobility
and environmental indicators, as improvements in one dimension do not necessarily
imply improvements in all others.

Overall, this case study demonstrates how ATSUM enables systematic, reproducible
evaluation of coordinated signal timing strategies in a realistic urban topology. Repro-
ducibility is achieved by enforcing a deterministic pipeline in which network topology,
demand generation parameters, optimization outputs, and simulation configurations are
fully specified and versioned for each run. All scenarios are executed using identi-
cal demand realizations, fixed optimization inputs, and explicitly recorded simulation
parameters, ensuring that observed performance differences are attributable solely to
changes in signal control logic. This design maintains a clear, traceable link between
planning abstractions, optimization results, and microscopic simulation behavior, en-
abling experiments to be repeated and compared consistently across alternative timing
plans.



Valentim et al. | SUMO Conf Proc 7 (2026)

5. Graphical User Interface

In addition to its programmatic interfaces, ATSUM provides a graphical user interface
(GUI) that exposes the full planning-to-simulation workflow in an interactive and re-
producible manner. The GUI is designed to support exploratory analysis and rapid
prototyping, while relying on the same deterministic pipeline and versioned artifacts
described in the previous sections. Figure 7 summarizes the main GUI components,
which are organized as a sequence of tabs corresponding to the major stages of the
workflow.

The Project Setup interface allows users to load an Attlas topology, configure the
working directory, and trigger automated generation of all SUMO assets. The Route
Generation tab supports synthetic demand specification using parametric temporal pro-
files, accompanied by an estimated vehicle accumulation plot that provides a diagnostic
view of traffic loading prior to simulation.

Simulation runs are configured and executed through the Simulation tab, with op-
tional containerized execution and asynchronous run tracking. The Metrics interface
aggregates standard SUMO outputs into comparable performance indicators, enabling
traceable comparison between baseline and optimized scenarios.

Finally, the Optimization and Timing Plan interfaces allow users to compute
bandwidth-based coordination plans, visualize time-space diagrams, and export ex-
ecutable traffic light programs, directly reflecting the optimization-to-simulation transla-
tion described in Section 3.3.

6. Discussion

Beyond functional integration, a central motivation of ATSUM is reducing the manual
engineering effort required to validate signal-control strategies in SUMO from the Attlas
platform. To assess this aspect, we conducted a controlled comparison between a
traditional manual integration workflow and the automated ATSUM pipeline using the six-
intersection corridor described in Section 4.

In the manual workflow, engineers were required to construct SUMO-compatible
artifacts starting from an exported planning-level topology. This process included ex-
plicit generation of nodes and edges, definition of lane-to-lane connections, manual
specification of traffic light programs (tlLogic), detector placement, route configuration,
and simulation setup. In contrast, the ATSUM workflow required only scenario-level
configuration, with all simulation artifacts generated deterministically by the pipeline.

The total preparation time from topology availability to the first successful simulation
execution was measured. Manual integration required qualitatively more effort, often
spanning several hours due to variable tasks such as loading data from datasheets and
manual movement verification. The ATSUM pipeline eliminated these steps by pre-
serving a deterministic correspondence between movement abstractions and SUMO
connections, thereby producing valid simulation artifacts on the first execution attempt.
While the exact time depends heavily on network size and the complexity of in-field
data, the automated approach structurally reduces this overhead.
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Figure 7. Overview of the ATSUM graphical user interface. The GUI exposes the complete workflow,
from topology conversion and demand generation to simulation execution, performance evaluation, and
signal optimization, while preserving deterministic inputs and reproducible run artifacts.

From a scalability perspective, manual effort increased proportionally with the num-
ber of signalized intersections, as each additional node required explicit phase and con-
nection specification. In contrast, ATSUM’s preparation time was largely independent
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of network size beyond network-conversion overhead, since movement-to-connection
mappings and signal-group translations are performed programmatically.

These findings suggest that ATSUM does not merely automate file generation but
structurally reduces semantic translation overhead between planning-level abstractions
and microscopic simulation models. This reduction directly supports reproducible ex-
perimentation, rapid iteration of signal strategies, and systematic comparison of alter-
native coordination schemes. However, several limitations remain.

First, the accuracy of demand estimation is constrained by the spatial coverage
and quality of available detectors. When measurements are sparse or incomplete, the
system relies on default turning ratios and synthetic demand generation, which may
introduce uncertainty into the derived traffic state and optimization inputs.

Second, the coordination models currently employed are based on mixed-integer
linear programming formulations. Although these models provide well-structured solu-
tions, their computational complexity increases rapidly with corridor length and network
size, potentially limiting scalability for large urban networks or real-time applications.

Finally, the fidelity of simulation results depends on the appropriate calibration of
driver behavior parameters and saturation flows. While ATSUM ensures consistency
between planning data and simulation inputs, it does not yet automate the calibration
process and therefore relies on externally defined parameter settings.

7. Recommendations and Conclusion

The development of ATSUM highlighted a fundamental semantic gap between opera-
tional traffic control and microscopic simulation. Based on our observations, we recom-
mend that future SUMO releases consider native movement abstractions to group lane-
to-lane connections into logical phases, and standardized schemas for signal-timing ex-
change. Such features would significantly reduce the translation overhead described
in Section 3.1 and lower the barrier for validating industrial control logic.

In conclusion, this work presented ATSUM, an end-to-end framework that con-
nects traffic management data with the SUMO microscopic simulator to enable auto-
mated network translation, demand estimation, signal optimization, and reproducible
simulation-based evaluation. By unifying these steps within a single workflow, ATSUM
establishes a consistent interface between planning-level abstractions and simulation-
level execution, thereby reducing semantic drift and shortening iteration cycles in traffic
signal engineering.

The proposed framework enabled systematic comparison of baseline and opti-
mized signal plans and provided a foundation for controller-in-the-loop validation of
adaptive strategies in a safe simulated environment. Future work will focus on extend-
ing the optimization layer to support multimodal coordination, incorporating automated
calibration procedures, and improving scalability through heuristic or decomposition-
based methods. We also plan to release curated reference scenarios and documenta-
tion to facilitate the adoption and replication of the workflow across other networks and
deployment contexts.
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Regarding availability, ATSUM is currently developed as a proprietary internal tool at

Atman Systems to support commercial traffic engineering projects. However, the au-
thors are evaluating releasing a simplified open-source version of the topology transla-
tion and simulation-runner modules to foster collaboration within the SUMO community.
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