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Abstract

With constant increases in edge devices in industry settings, in-
creases in data rates naturally follow. However, with high, un-
bounded data rates, traditional (store-then-process) database pro-
cedures and batch-based processing are struggling to remain per-
formant. To this end, processing streams of data continuously is
an increasingly appealing approach, targeting low latency, high
scalability and real-time data processing. This work examines de-
sign considerations as well as performance trade-offs for a stream
processing pipeline targeting stateful analysis. The pipeline imple-
mentation employs Apache Kafka, Apache Flink and Apache Druid,
and is studied through an example use case at Volvo Trucks, focus-
ing on signal data set validity analysis. Performance evaluation of
the pipeline reveals that the throughput requirements of the use
case are satisfied, while also achieving sub-second latencies and
offering a degree of fault tolerance. The pipeline also shows promise
of adapting well to different levels of scale, providing enough head-
room for a tenfold increase in data volumes over current demands.
Further, the extensible nature of the pipeline enables the support of
various feature extraction methods, e.g., data synopsis and sketch-
ing, and alternative data representations, e.g., knowledge graphs.

CCS Concepts

« Information systems — Data streaming; - General and refer-
ence — Design; Validation; - Computer systems organization
— Pipeline computing; Redundancy.
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1 Motivation and overview

While larger volumes of data in industry deployments can be useful
for analyses and decision-making, the process of transmitting, stor-
ing and extracting value from the data keeps introducing new chal-
lenges [2]. To accommodate large data flows from edge devices, and
provide end users such as data analysts with timely, high-quality
data, efficient and scalable data pipelines are a necessity [3].

As an alternative approach to traditional store-then-process data
handling methods, stream processing engines (SPEs) are able to han-
dle data in a continuous manner, at low latency and with high
transformation granularity [4]. These are desirable benefits within
data analytics since they provide quick responses in suitable data
representations [2]. Pertaining to data analytics, one key factor
is that of data validity [6]. Valid data helps to provide accurate,
high-quality results from various analyses. Nevertheless, with high
data volumes, low-latency data validation becomes cumbersome.

Through stream processing pipelines, data validation can be
performed efficiently [6]; note though that such pipelines also in-
troduce design considerations, including how to implement paral-
lelism and fault tolerance for scalable, efficient and reliable operation.
This work studies such considerations through a use case at Volvo
Trucks [5]. Here, vehicular data of up to one billion data items are
collected daily. A common validation and statistics process for this
data includes Not-a-Number (NaN) value monitoring. The higher
the NaN frequency, the lower the validity of the analyzed data set.
Due to rising sensor density and data rates, this non-automated
process has to discard data in certain scenarios. To mitigate this
and similar problems, this work studies stateful processing in data
pipelining, with the aforementioned simple, yet representative ex-
ample as a use case, providing a proof-of-concept implementation,
called V-MoN. The processing involves performing the validation
and statistics maintenance tasks within time windows; the work
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includes analysis of the design space and detailed study of the
pipeline’s properties. V-MoN features parallelism to enhance effi-
ciency. To minimize loss risks, data replication is applied for fault
tolerance, and its impact on pipeline performance is analyzed.

For the data validity monitoring, three pipeline layers are defined
in V-MonN. First, a vehicle data generator, which creates sensor data
payloads with a configurable NaN value rate. Second, a continuous
data messaging and processing layer, which utilizes a stateful op-
erator to track NaN value frequency over time windows (e.g., of
one minute each). Third, a data-serving layer for live monitoring.
Figure 1 shows the proposed pipeline design, which intends to be as
extensible as possible, to allow for various data representations and
feature extraction methods. The design is to satisfy the following
requirements (ordered by precedence):

R1 Ensuring data completeness and fault tolerance
R2 Sustaining high throughput, satisfying an expected daily rate
R3 Achieving sub-second latencies and high scalability
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Figure 1: Pipeline structure and its main components: Apache
Kafka [2], Apache Flink [1], Apache Druid [7].

2 Discussion of V-MoN properties

V-MoN’s properties are assessed by setting up different configura-
tions, with and without fault tolerance applied, to evaluate how
requirement precedence affects performance. Exactly-once process-
ing semantics are enforced to ensure data completeness.

Figure 2 presents example results for throughput and latency for
each configuration, along with their corresponding saturation rates.
Tests at varying parallelism levels show that the pipeline can adapt
to different data rates, provided sufficient resources. Including fault
tolerance (replicating data across Kafka brokers) noticeably impacts
pipeline performance, reducing the saturation rate by 32.2 % and
increasing average latency at this rate by 14.9 % when running at
a parallelism level of 8. The fault-tolerant pipeline still manages
to sustain data rates of 1-10 billion tuples/day, while achieving
latencies of ~500 ms within the 99th percentile. These numbers
exceed current demands of a use case at Volvo Trucks, where the
need for more efficient data processing is growing rapidly.

Full details of the design analysis, implementation and discus-
sions of the findings are available in the master’s thesis report [5].
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The code is available in the following repository: https://www.
github.com/CWTED/PoC-stream-processing-pipeline.
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Figure 2: Comparison of the scalability results from each of
the four pipeline configurations.

3 Conclusions

This work is about the design and construction of a stream pro-
cessing pipeline, using a data validation and statistics process as
an example of a stateful processing operator, with parallelism and
fault tolerance features. The results, based on an example use case
at Volvo Trucks, highlight the importance of careful capacity and
requirement planning when designing data pipelines for Big Data
settings. Moreover, the extensible design of the pipeline enables
the support of feature extraction through, e.g., data synopsis and
sketching, for further processing and analysis, as well as alternative
data representations, e.g., knowledge graphs.
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