
ART: Autonomous Radar Transceiver Architecture for
Cost-Optimized Satellite Radar Systems

Michael Atzmüller
Infineon Technologies Austria AG

Linz, Austria
michael.atzmueller@infineon.com

Rainer Findenig
Infineon Technologies Austria AG

Linz, Austria
Rainer.Findenig@infineon.com

Bernhard Greslehner-Nimmervoll
Infineon Technologies Austria AG

Linz, Austria
Bernhard.Greslehner-Nimmervoll@infineon.com

Daniel Große
Institute for Complex Systems
Johannes Kepler University Linz

Linz, Austria
Daniel.Grosse@jku.at

Abstract
Distributed (“satellite”) automotive radar systems employ multiple
front and corner sensors whose raw-data fusion can improve an-
gular resolution and imaging quality. In such central-processing
architectures, however, single-chip radar Monolithic Microwave
Integrated Circuits (MMICs) underutilize their integrated signal-
processing resources, whereas transceiver MMICs still require a
dedicated per-module microcontroller for configuration, diagnos-
tics, and control tasks. This paper proposes Autonomous Radar
Transceiver (ART), a transceiver-centric radar MMIC architecture
that enables autonomous module-level operation without an ex-
ternal microcontroller. ART exploits otherwise idle non-sequencing
windows of an on-chip RISC-V Sequencer (RVS) by time-partitioning
its RISC-V CPU between (i) deterministic Frequency-Modulated
Continuous-Wave (FMCW) sequencing and (ii) non-time-critical
module control tasks. As a result, ART reduces satellite-radar mod-
ule Bill of Materials (BOM) and integration complexity by consol-
idating control and sequencing into a single programmable chip
while preserving sequencing determinism.

CCS Concepts
• Hardware → System on a chip; • Computer systems organi-
zation→ Special purpose systems; Real-time system architecture.
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1 Introduction
Commercial automotive radar chips predominantly follow one of
two architectural approaches. Transceiver Monolithic Microwave
Integrated Circuits (MMICs) provide the radar frontend but typ-
ically omit signal-processing units and therefore require an ex-
ternal control device, commonly a microcontroller [12]. In con-
trast, single-chip MMICs integrate a radar transceiver, a micro-
controller, signal-processing accelerators, and, optionally, hard-
ware security features or high-speed data interfaces (e.g., Ethernet)
on a single die [22]. Single-chip MMICs are well suited to lower-
performance tasks and are commonly deployed in edge processing
systems, where signal processing is performed within the radar
module and only processed data are forwarded to a central Elec-
tronic Control Unit (ECU) [7]. Transceiver MMICs, by comparison,
are preferred when the required signal-processing performance
exceeds what is available on a single-chip MMIC and therefore
external processing is required in any case [10]. In both architec-
tures, a microcontroller, either integrated in single-chip MMICs
or external in transceiver MMICs, typically handles configuration,
control, diagnostics, and status reporting.

As stated in [23], future cars may be equipped with up to twelve
radar chips sensing multiple directions. In such configurations,
fusing sensor data becomes particularly advantageous because it
enables radar sensor networks. At the same time, edge processing
becomes less applicable, because fusing raw radar data offers sub-
stantial advantages, including improved angular performance, as
discussed in [4, 23]. Consequently, the trend shifts toward central
processing, where raw radar data are streamed to a central ECU that
performs sensor fusion and signal processing. In the automotive
context, this principle is known as satellite radar [7, 21].

Due to the high-volume production of satellite radar modules,
a cost-optimized system architecture is required. Considering the
two chip types described above, transceiver MMICs are preferable
to single-chip MMICs in satellite configurations because the on-
chip signal-processing units of the latter are largely underutilized
when raw data are forwarded to the ECU. However, conventional
transceiver MMICs remain suboptimal because each radar module
still requires an additional microcontroller to execute module-level
control tasks. Adding a dedicated microcontroller increases Bill of
Materials (BOM) cost and PCB area and introduces an additional
software stack and update path at the module level.

https://orcid.org/0009-0001-3347-3117
https://orcid.org/0009-0000-4107-9622
https://orcid.org/0009-0003-8582-1376
https://orcid.org/0000-0002-1490-6175
https://doi.org/10.1145/3787109.3815262
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.1145/3787109.3815262


GLSVLSI ’26, June 22–24, 2026, Canandaigua, NY, USA Michael Atzmüller, Rainer Findenig, Bernhard Greslehner-Nimmervoll, and Daniel Große

This paper introduces a novel architecture for radar chips, the
Autonomous Radar Transceiver (ART) MMIC, specifically optimized
for satellite radar systems. ART is derived from a transceiver MMIC
but enables autonomous operation comparable to a single-chip
MMIC, thereby eliminating the need for an external microcontroller.
For a representative present-day configuration with one front radar
and four corner radars [23], eliminating one microcontroller per
module removes five microcontrollers per vehicle; under forecasted
twelve-sensor configurations, the corresponding saving increases
to twelve microcontrollers per vehicle.

The autonomy of ART is not achieved by integrating a dedicated
microcontroller core into the transceiver MMIC. Instead, ART ex-
ploits existing on-chip hardware resources that are temporarily
underutilized during typical operation. Our approach builds on
the RISC-V Sequencer (RVS) presented in prior work [3]. Specifi-
cally, ART leverages the RISC-V CPU within the RVS during non-
sequencing windows, identified through architectural analysis of the
radar application cycle, to execute low-performance module-level
control tasks between measurement bursts.

In addition to removing the external microcontroller, ART pro-
vides system integrators with a simpler and more unified program-
ming model. Traditional transceiver MMICs require separate soft-
ware development for the external microcontroller and for the
sequencing unit. With ART, both control and sequencing tasks
execute on the same CPU and therefore do not require explicit
synchronization. Furthermore, switching between control and se-
quencing does not require interrupts or traps; instead, the system
transitions between these modes via direct invocation of the corre-
sponding functions.

In summary, this paper makes the following contributions:
• We introduce ART, a transceiver-centric radar MMIC archi-
tecture that enables autonomous module-level operation in
satellite radar systems without an external microcontroller.

• We provide an architectural analysis of the radar application
cycle and identify non-sequencing windows of the on-chip
RVS compute resources for executing module-level control
tasks.

• Weevaluate architectural feasibility in a proprietary SystemC-
based Virtual Prototype (VP) modeling an automotive radar
transceiver MMIC that is already deployed in vehicles.

• We describe the resulting programming and integration
model and discuss how ART reduces synchronization effort
between control execution and deterministic radar sequenc-
ing.

This paper is structured as follows. Section 2 discusses related
work. Section 3 introduces satellite radar architectures and moti-
vates central processing. Furthermore, it reviews Frequency-Modulated
Continuous-Wave (FMCW) sequencing and the RVS. Section 4 presents
ART at the hardware and software level. Section 5 describes the
experimental setup and evaluates feasibility and integration impli-
cations. Section 6 concludes.

2 Related Work
This section reviews prior work on satellite radar architectures,
radar MMICs integration, and sequencer programmability. While
prior work motivates raw-data fusion and satellite radar modules,

and recent sequencer architectures improve programmability, cost-
optimized satellite radar systems remain insufficiently explored.
ART addresses this gap by time-partitioning a programmable RVS
between deterministic sequencing and non-time-critical module-
level control.

Satellite radar and raw-data fusion. Prior work has motivated
radar sensor networks and the benefits of raw-data fusion, including
improved angular performance relative to isolated sensors and
higher-level fusion of locally processed outputs [4, 23]. Satellite
radar architectures operationalize this trend by streaming raw radar
data to a central ECU for joint processing [21].

Radar MMICs integration trends. Automotive radar chips span
transceiver-only MMICs that require external control [12] and
single-chip MMICs integrating control and signal processing [22].
ART targets satellite radar configurations inwhich signal-processing
units of single-chip MMICs are underutilized, yet per-module au-
tonomy remains necessary.

Sequencer architectures and programmability. Conventional radar
sequencers employ domain-specific instruction sets and fixed-function
control logic (e.g., [8]), which offers high determinism but limited
programmability. The RVS [3] replaces a domain-specific sequencer
with a RISC-V-based design extended byControl and Status Registers
(CSRs) [25], enabling higher-level programmability. ART builds on
this foundation by time-partitioning the RISC-V CPU between de-
terministic sequencing and non-time-critical module-level control.

3 Background
This section introduces (i) satellite radar as the target system ar-
chitecture and (ii) deterministic FMCW sequencing as the timing-
critical function implemented in radar MMICs. These concepts
motivate the two-mode execution model of ART presented in Sec-
tion 4.

3.1 Satellite Radar
In the context of automotive radar networks, satellite radar de-
notes a central-processing architecture in which a radar module
(the “satellite”) streams raw measurement data to a central ECU,
where computationally intensive signal processing and higher-level
interpretation are performed. In contrast, many production radar
systems rely on edge processing, where signal processing is exe-
cuted within the radar module and only processed outputs (e.g.,
detections or object lists) are forwarded to the ECU [7].

3.1.1 From Edge Processing to Central Processing. Automotive radar
has evolved from stand-alone sensing units toward multi-sensor
setups and, increasingly, networked perception systems. Enabled
by substantial cost reductions in millimeter-wave components and
MMICs, the research focus has shifted from hardware-centric as-
pects to system-level concepts such as radar sensor networks [23].
In such networks, spatial diversity across multiple viewpoints can
improve robustness and detection performance and can provide
significantly enhanced angular performance compared to isolated
sensors [4, 23]. While fusion at high abstraction levels (e.g., com-
bining object lists generated locally by each radar module) is well
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established, it inherently discards information due to local process-
ing. Consequently, recent work emphasizes raw data fusion [23],
where measurements are combined before irreversible informa-
tion reduction. Satellite radar architectures directly support this
paradigm by separating the radar sensing frontend from the main
compute and fusion stack: instead of outputting a fully processed
point cloud or object list, the satellite radar module transmits raw
data to a central ECU, enabling joint signal-level processing across
sensors.

The understanding of satellite radar used in this work follows
the definition and architecture described in [21]. A typical satellite
radar module consists of a transceiver MMIC and the associated an-
tennas, a high-speed serializer, a small microcontroller, and a power
supply. In [21], an ARM Cortex-M0 controls the radar chip via Se-
rial Peripheral Interface (SPI) and the serializer via General Purpose
Input/Outputs (GPIOs). The raw radar output is streamed to the
serializer using the MIPI CSI-2 standard [18], which then transmits
the data to the central ECU for subsequent signal processing.

3.2 FMCW Radar Sequencing
This section summarizes FMCW radar sequencing. FMCW is a
widely established principle for measuring range, velocity, and an-
gle by transmitting electromagnetic waves and analyzing received
reflections [15, 19]. The transmit frequency varies over time ac-
cording to a defined pattern, typically in the form of ramps. Several
hundred to several thousand such ramps are concatenated to form
a ramp scenario for measurement [15]. Due to the need for pre-
cise timing, FMCW radar chips integrate a dedicated sequencer
to orchestrate ramp execution and synchronize hardware compo-
nents. The sequencer is a hardware accelerator inside the radar chip
that generates cycle-accurate control signals and distributes them
to subsystems such as the transmitter, receiver, monitoring units,
and power amplifiers during measurement [3, 8]. This ensures de-
terministic operation and guarantees that each unit receives the
correct configuration values exactly when needed. Traditionally, se-
quencers have been implemented as domain-specific hardware units
with a custom Instruction Set Architecture (ISA) optimized for radar
operations (e.g., the Domain-Specific Sequencer (DSS) [8]). While
such designs offer high execution speed, they suffer from a lim-
ited software ecosystem and limited flexibility because changes to
the instruction set or signal interfaces typically require hardware
modifications.

3.2.1 RISC-V Sequencer. To address the limitations of DSSs, prior
work [3] proposed the RVS, a sequencer architecture based on
the modular and extensible RISC-V ISA [24]. The RVS replaces a
fixed-function decoder with a general-purpose RISC-V processor ex-
tended by custom CSRs [25] designed for control-signal generation.
This approach enables ramp scenarios to be programmed in high-
level languages such as C++, abstracting low-level register access
and enabling new features, including adaptive ramp scenarios in
which ramps are modified at runtime in response to environmental
events (e.g., interference or temperature changes).

4 Proposed Architecture
This section presents ART, a transceiver-centric radar MMIC ar-
chitecture that achieves autonomous module-level operation by

reusing the RISC-V CPU in the RVS.We first introduce the core idea
of two-mode execution with strict time partitioning (Section 4.1),
then describe the required hardware extensions (Section 4.2) and
finally, the resulting software model (Section 4.3).

4.1 General Idea
The key observation underlying ART is that the RISC-V CPU in the
RVS is active primarily while executing ramp scenarios. Between
measurement bursts, the sequencer is idle or can be power-gated,
creating an opportunity to reuse the same CPU for module-level
control tasks. Whether this reuse is feasible depends on the radar
duty cycle and the duration of the non-sequencing window. Repre-
sentative parameters reported in the literature indicate that non-
sequencing windows on the order of tens of milliseconds can occur
in many configurations (e.g., [2, 9]). For instance, the ETSI EN 303
661 standard which covers the 76GHz to 77GHz band [6] specifies
a frame time of 50ms and reports typical duty cycles between 20 %
and 50%, which corresponds to non-sequencing windows, i.e., the
remainder of the 50ms interval outside active measurement, of ap-
proximately 25–40ms. These windows can be exploited for control
workloads, such as configuration management, serializer control,
and periodic monitoring, provided that control-mode execution is
strictly prevented from interfering with sequencing.

We therefore propose to use the RVS not only for deterministic
FMCW sequencing, but also for module-level control tasks during
the non-sequencing window. The goal is to remove the dedicated
external microcontroller from each satellite radar module while
maintaining the timing guarantees of the sequencer. In ART, the
RVS alternates between two operating modes: (i) a sequencing mode,
in which the RISC-V core executes the ramp scenario and generates
cycle-accurate control signals, and (ii) a control mode, in which the
same core performs module-level control tasks that would other-
wise be handled by a microcontroller.

An alternative would be to delegate module-level control tasks
to the on-chip housekeeping CPU. However, as the housekeep-
ing CPU is already used outside sequencing windows, this would
cause concurrent execution with the sequencer, introducing non-
deterministic bus activity during the ramp scenario that could dis-
turb radar data. Moreover, since the housekeeping CPU is in the
MMIC manufacturer’s domain, assigning it system-integrator tasks
merges separate software domains.

The key requirement is that control-mode execution must never
compromise deterministic sequencing. In ART, this is achieved
through explicit time partitioning aligned to the radar duty cy-
cle, lightweight mode switching in software, and a well-defined
interface between the RVS and the housekeeping CPU.

4.2 ART Hardware
The proposed radar chip architecture is based on a transceiver
MMIC that integrates a RVS as programmable sequencer. Com-
pared to a conventional satellite radar module, the external micro-
controller is eliminated and its responsibilities are assumed by the
RISC-V core inside the RVS. Concretely, ART requires four archi-
tectural extensions relative to a transceiver MMIC: (i) integration of
the RVS as sequencer CPU, (ii) an interface between the housekeep-
ing CPU and the RVS, (iii) access to Non-Volatile Memory (NVM) for
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sequencing and control firmware, and (iv) peripheral interfaces for
companion components. The following paragraphs describe these
extensions.

RVS integration. We assume that the RVS as presented in [3] is
integrated as the chip-internal sequencer responsible for generat-
ing cycle-accurate control for transmitter/receiver operation and
related analog front-end blocks. No changes are required for the
timing-critical datapath; the RVS continues to execute the ramp sce-
nario with the same deterministic behavior as in sequencing-only
operation.

Interface to the housekeeping CPU. Many automotive radarMMICs
include an internal controller (hereafter referred to as housekeeping
CPU ) that manages chip initialization, calibration routines, safety
monitoring, and configuration of analog/mixed-signal blocks. In
ART, the RVS exchanges configuration and status information with
the housekeeping CPU. This connection can be realized through
an internal bus or a dedicated mailbox mechanism; the specific
implementation is not assumed in this work.

Non-volatile program storage. To replace the external microcon-
troller, the RVS must execute a control firmware in addition to the
ramp-scenario code. ART therefore requires access to NVM, inte-
grated on-chip or provided off-chip, to store both the sequencing
program and the control-mode firmware.

External I/O control. To fully replace the external microcontroller
at the module level, the RVS must provide peripheral control in-
terfaces, including SPI, Inter-Integrated Circuit (I2C), and GPIOs.
These enable the configuration and supervision of companion com-
ponents, in particular the serializer, as well as the execution of
low-level module control operations (e.g., reset and enable signal-
ing). Furthermore, they enable the RVS to assume the communica-
tion responsibilities between the ECU and the radar module, which
are routed via the serializer and were previously managed by the
external microcontroller.

Overall, the silicon overhead of ART is confined to RVS-centric
storage and connectivity mechanisms rather than additional signal-
processing accelerators or a dedicated microcontroller core. Fig. 1
illustrates the proposed architecture at the MMIC and module level.
The MMIC integrates the RVS, a housekeeping CPU, and the radar
frontend; the housekeeping CPU provides configuration and chip-
internal services, while the RVS performs deterministic sequencing
and schedules and executes module-level control tasks. The RVS
exchanges status and configuration with the housekeeping CPU
via an internal channel and controls companion components such
as the serializer through peripheral interfaces (e.g., SPI/I2C/GPIOs).
The raw radar data path remains unchanged: data coming from the
frontend are streamed to the serializer via CSI-2, and the serializer
transmits the data to the ECU.

4.3 ART Software
The software concept follows the two-mode operation of the RVS:
a control-mode program executes during the non-sequencing win-
dow and invokes sequencing-mode execution when a measurement
cycle is due. Mode switching does not require a complex interrupt
or trap model; instead, sequencing is invoked explicitly from the

ECU
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Radar Module

Microcontroller

SPI/I2C
GPIO

CSI-2

TransmitterReceiver

ART MMIC
Housekeeping

CPURVS

Figure 1: Simplified block diagramof a radarmodule compris-
ing an ART MMIC, a serializer, and additional components
(e.g., power supply; not shown). The ART MMIC integrates
the RVS, a housekeeping CPU, and the radar frontend. The
housekeeping CPU configures the frontend, while the RVS
performs deterministic sequencing and executes module-
level control tasks, exchanging status and configuration with
the housekeeping CPU via an internal channel and control-
ling external components via SPI/I2C/GPIOs.

control firmware, which keeps the control flow simple and analyz-
able.

Control mode. During the non-sequencingwindow between radar
measurement bursts, the RISC-V core executes a lightweight control
loop. Typical responsibilities include: (i) receiving configuration
commands from the central ECU (e.g., selecting between predefined
scenarios such as urban and highway), (ii) configuring and moni-
toring components such as the serializer, (iii) interacting with the
housekeeping CPU (e.g., requesting calibrations, retrieving tempera-
ture/status, and applying register configurations), and (iv) preparing
parameters for the next ramp scenario.

Sequencing mode. When a measurement cycle starts, the control
firmware transfers execution to a dedicated sequencing function
that runs the ramp scenario using the RVS control/status registers as
in [3]. This sequencing function requests the housekeeping CPU to
perform required hardware preparation and then waits for a trigger
to start the ramp scenario. During sequencing mode, the software
refrains from non-deterministic activities such as communication
tasks and focuses solely on deterministic ramp execution. However,
it is possible to invoke the housekeeping CPU for configuration
tasks, as long as the time determinism of the ramp scenario is
guaranteed. After the ramp scenario completes, the RVS returns to
control mode.

Fig. 2 shows two radar application cycles. The one shown in
Fig. 2a shows the application cycle for a conventional radar module
including a microcontroller and a typical sequencer like the DSS or
RVS (only used for sequencing). Fig. 2b shows the same application
cycle executed on a radar module employing an ART MMIC. In
both cases, the execution windows of the housekeeping CPU are
equal (in Fig. 2a see second row, in Fig. 2b see first row). However,
in the conventional application cycle, the microcontroller takes
over configuration and communication tasks whilst in the ART
architecture, those are performed by the RVS. One can see, that
the previously idle windows (light yellow) and sequencing window
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(light purple) of the sequencer in Fig. 2a exactly match the control
mode windows and sequencing mode window of the RVS in Fig. 2b.

5 Evaluation
This section evaluates the feasibility and system-level implications
of ART. The whole evaluation is performed on a SystemC-based
VP. We first summarize the experimental setup and model fidelity.
We then evaluate determinism and disturbance avoidance during
sequencing, followed by feasibility of microcontroller elimination
via idle-time reuse. Next, we discuss the simplified programming
model and the resulting module-level cost and integration impact.
Finally, we discuss limitations of the ART architecture.

5.1 Experimental Setup
The results are derived from implementing and exercising ART in
a proprietary SystemC-based [1] VP modeling an automotive radar
transceiver MMIC that is deployed in production vehicles. This
VP enables architectural modifications and controlled experiments
at the module-control and sequencing level. We use the VP to (i)
model the two-mode execution of the RVS, (ii) execute represen-
tative control workloads in control mode, and (iii) validate that
sequencing-mode execution preserves deterministic ramp timing
under the proposed time partitioning. Regarding model fidelity, the
RVS is modeled using a cycle-accurate RISC-V CPUmodel such that
instruction execution and timing-critical sequencer interactions
can be evaluated at clock-cycle granularity. The surrounding com-
munication interfaces are modeled at the transaction level using
SystemC Transaction Level Modeling (TLM), following established
virtual-prototyping practice for mixed-abstraction architecture ex-
ploration and software validation [5, 11, 14, 17]. This modeling
approach is sufficient to assess the feasibility of the proposed two-
mode execution and to verify that control-mode activity does not
perturb deterministic sequencing timing in sequencing mode.

5.2 Determinism and Disturbance Avoidance
during Sequencing

A practical advantage of the two-mode model is that it structurally
prevents control communication activity during ramp execution.
In conventional modules, communication between the external
microcontroller and the radar chip may overlap with ongoing mea-
surements, which requires careful integration to avoid unintended
timing effects or configuration hazards. In ART, sequencing mode
is entered explicitly and excludes non-sequencing tasks; therefore,
no control communication is issued during the time-critical ramp
scenario by design. This separation simplifies verification ofmodule-
level timing determinism because the conditions under which the
sequencer runs are fixed and repeatable.

Furthermore, in conventional transceiver-centric modules the
external microcontroller must access MMIC-internal registers over
SPI/I2C. In ART, the same operations execute on the RVS and
therefore translate into on-chip register accesses; as a result, the
microcontroller-to-MMIC control link and its associated off-chip
transactions are eliminated by construction. This does not affect
the raw-data path, which continues to stream from the MMIC to
the serializer and onward to the ECU.

5.3 Feasibility of Microcontroller Elimination
via Idle-Time Reuse

A core requirement of ART is that the RVS can execute module-
level control tasks during the non-sequencing window without
compromising deterministic FMCW sequencing. Based on the duty
cycle discussion in Section 4.1, many radar configurations pro-
vide non-sequencing windows on the order of tens of millisec-
onds. As discussed in Section 4.1, representative duty cycles yield
non-sequencing windows of 25–40ms. ART leverages this slack by
enforcing an explicit two-mode execution model: timing-critical
ramp control runs exclusively in sequencing mode, while non-
deterministic activities such as communication, configuration, and
diagnostics are performed exclusively in control mode.

In the VP, this time partitioning is sufficient to (i) execute rep-
resentative control routines between measurement bursts and (ii)
prevent interference with the sequencer timeline by construction:
once sequencing mode is entered, no control-mode communication
tasks are scheduled until the ramp scenario completes. Under the
considered VP configuration and satellite radar workloads, the RVS
can absorb the module-level control tasks of the external microcon-
troller while preserving deterministic ramp execution.

To quantify the overhead introduced by time partitioning, we
measured the mode-transition cost in the cycle-accurate VP during
the execution of a typical test scenario. Entering sequencing mode
from control mode requires 19 clock cycles; returning to control
mode after the ramp scenario completes requires 14 clock cycles.
As summarized in Table 1, by assuming a representative sequencer
clock frequency of 𝑓 = 200MHz the total round-trip transition over-
head is 165 ns, which constitutes less than 0.001 % of a 25ms non-
sequencing window. During this transition time, the sequencing
function is called and an internal state machine is entered/exited.
This confirms that the mode-switching mechanism introduces neg-
ligible overhead relative to the available control-mode execution
time. In our tests, the RVS additionally controlled the housekeeping
CPU and conducted configuration, calibration and monitoring tasks
comparable to those of the baseline transceiver MMIC from which
the VP was derived.

Table 1: Total mode-switching overhead.

Operation Cycles Time @ 200 MHz

Enter sequencing mode 19 95 ns
Exit sequencing mode 14 70 ns
Total switching overhead 33 165 ns

5.4 Simplified Programming Model
ART changes the programming model exposed to the system inte-
grator. In a conventional satellite radar module, two programmable
masters must bemanaged: (1) the external microcontroller firmware
and (2) the radar-internal sequencer program. These software do-
mains must be synchronized because themicrocontroller configures
and triggers the sequencer and because microcontroller activity
may overlap with measurement time. With ART, the system inte-
grator programs only the RVS. Both control execution and ramp
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(a) Conventional radar module application cycle with an external microcontroller. The microcontroller triggers the housekeeping CPU
(e.g., calibration and monitoring) and performs configuration and communication tasks. The sequencer is active only during sequencing
(measurement); depending on the configuration, the housekeeping CPU may also execute minor service routines during sequencing.
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(b) Radar module application cycle with ART. The RVS executes module-level control tasks in control mode during the non-sequencing
window and switches explicitly into sequencingmode to execute the ramp scenario deterministically. Communication tasks are confined
to control mode; sequencing mode contains only timing-critical ramp control (and, if required, minor housekeeping CPU service
routines).

Figure 2: Typical radar application cycles for two modules: a conventional module with an external microcontroller (top) and a
module employing ART (bottom).

sequencing are implemented on the same RISC-V core, with an
explicit mode switch defining when deterministic sequencing runs.
This eliminates external synchronization between microcontroller
firmware and sequencer code and provides a unified control flow
for (i) selecting scenarios, (ii) preparing measurement parameters,
and (iii) executing the ramp scenario.

We assess this reduction in integration complexity qualitatively
based on the number of software artifacts and integration inter-
faces that a system integrator must maintain. In the conventional
design, integrators manage two independent firmware images (mi-
crocontroller firmware and sequencer program), two build and
test pipelines, and two update and versioning processes, in addi-
tion to a synchronization protocol between the two programmable
masters. With ART, these responsibilities consolidate into a single
RVS firmware image that contains both control-mode code and
sequencing functions, and the synchronization protocol reduces to
an explicit, intra-firmware mode switch. Consequently, the num-
ber of module-internal software interfaces and cross-component
timing dependencies that must be validated during integration and
regression testing is reduced.

5.5 Module-Level System Cost and Integration
Impact

The main module-level outcome of ART is the elimination of the
dedicated microcontroller from each satellite radar module. A con-
ventional module typically consists of a transceiver MMIC, an-
tennas, a high-speed serializer, and a small microcontroller that
configures the radar chip and the serializer and handles low-rate
communication with the ECU. In ART, these responsibilities are
migrated to the RVS during non-sequencing windows, reducing
the module to ART MMIC + antennas + serializer + power supply.
While exact BOM values are design- and supplier-specific and are
therefore not disclosed, the cost and integration benefit follows
directly from removing one active component and its required sup-
porting infrastructure. In particular, eliminating the per-module
microcontroller removes (i) the microcontroller itself, (ii) parts
of the module-level programming and update infrastructure, and
(iii) a module-internal control plane that system integrators would
otherwise need to implement, integrate, and verify alongside de-
terministic radar sequencing. Removing one microcontroller per
module reduces component count and associated PCB area. This ef-
fect accumulates across vehicles integrating multiple radar modules
(e.g., front plus corner radars).
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5.6 Limitations
The main limitation of ART is that the RVS CPU cannot execute
arbitrary module-level control workloads while sequencing is ac-
tive. Tasks that require continuous compute or strict real-time
response during the ramp scenario must either be scheduled into
the non-sequencing window, delegated to the housekeeping CPU,
or handled by the central ECU. Consequently, ART is best suited
for satellite radar configurations where module-side computation
is intentionally minimal and the control workload fits into the
non-sequencing window between measurement bursts. In addition,
for extreme duty cycle configurations in which the radar operates
close to continuous transmission (i.e., with very short or absent
non-sequencing windows), the time-multiplexing approach of ART
may not provide sufficient slack to absorb module-level control
workloads. In such cases, an external microcontroller or a dedicated
on-chip control core remains necessary.

6 Conclusions
This paper presented ART, an autonomous transceiver-centric radar
MMIC architecture optimized for satellite radar systems. ART lever-
ages the RISC-V CPU of an on-chip RVS to execute module-level
control tasks during non-sequencing windows while preserving
deterministic FMCW sequencing during measurement. By consoli-
dating control execution and deterministic sequencing on the same
programmable core, ART eliminates the need for a per-module mi-
crocontroller and simplifies the programming model by avoiding
explicit synchronization between external control firmware and
sequencer code.

Future work will (i) characterize worst-case non-sequencing win-
dows and control workload execution time for scenarios requiring
higher radar duty cycles, (ii) quantify the silicon and power over-
head of the added connectivity and communication mechanisms
relative to a state-of-the-art transceiver MMIC, and (iii) evaluate
firmware update, safety partitioning, and failure handling when
module-level control is consolidated onto the RVS. To support this
effort, automated waveform-analysis techniques [16] and VP-based
testing methodologies [13, 20] could be employed to systemati-
cally check mode-switching behavior and timing properties across
broader sets of radar workloads.
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