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TRANSFORMING SENML SENSOR DATA TO 
SEMANTIC REPRESENTATIONS

data into a well-known semantic representation, Resource 
Description Framework (RDF) [2]. RDF is one of the basic 
knowledge models of the Semantic Web and it directly 
supports advanced models and reasoning techniques. 
The basic structure of RDF is a (Subject, Predicate, Object) 
statement describing that a resource (Subject) has a 
property (Property) with a value (Object). A graph is formed 
when the statements’ resources are other statements’ 
property values. In IoT, a statement can describe, for 
example, an IoT node, and the property sensed by the node, 
for example, temperature. Some representations produced 
by the Semantic Web community are also potential 
candidates in the IoT area. For example, Notation 3 [3] has 
expressive power and is easy to interpret. Entity Notation 
[4], in turn, is designed for embedded systems and enables 
transformation into Semantic Web models. However, as 
an industry-driven representation, SenML has a good 
potential for wide-scale adoption in embedded devices and 
constrained application protocols. 

A SenML description carries a single base object 
consisting of attributes and an array of entries. Each 
entry, in turn, is an object that has attributes such as a 
unique identifier for a sensor, the time the measurement 
was made, and the current value [1]. SenML supports 
different formats, including XML, JSON, and EXI 
(Efficient XML Interchange). JSON might be the most 
widely used syntax for SenML. When devices have limited 
communication resources, EXI can be utilized. The SenML 
format can be extended with custom attributes. For 
example, the Resource Type (rt) attribute can be used 
to define the meaning of a resource. This useful feature 
makes it possible to describe semantic information while 
keeping SenML descriptions simple.

The core of our approach is a mapping from SenML 
elements to the RDF model, that is, to a labeled, directed 

Applying Semantic Web technologies to Internet of 
Things (IoT) enables smart applications and services 
in a variety of domains. However, the gap between 
semantic representations and data formats used 
in IoT sensors introduces a challenge for utilizing 
semantics in IoT. Sensor Markup Language (SenML) 
is an emerging solution for representing device 
parameters and measurements. SenML is replacing 
proprietary data formats and being accepted by 
more and more vendors. We suggest a solution to 
transform SenML data to semantic representations. 
This solution facilitates intelligent functions in IoT, 
such as reasoning and device interoperability.

The Approach

S ensor Markup Language (SenML) [1] is an 
emerging standard for representing sensor 
measurements and device parameters. SenML 

enables connecting IoT devices to the Internet at the 
data-exchange level with conservative resource usage. As 
an Internet draft supported by the industry, SenML is 
taking an important role in a variety of IoT domains and 
applications. It is not a proprietary data format; hence 
it enables good interoperability among IoT devices from 
different vendors.  

Transforming SenML data to Semantic Web 
representations would facilitate intelligent IoT 
applications. For example, data from physical and logical 
sensors could be analyzed and deduced into actionable 
knowledge. This would give human beings a better 
understanding about our physical world and enable 
numerous value-adding products and services.

We have developed a solution to transform SenML 
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Fig. 1. Transforming SenML Sensor 
Data into RDF: A Marine Sensor 
Data Example
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graph. Our design considerations are the following. 
Firstly, SenML does not utilize resource identifiers (URIs) 
to the same extent as RDF. URIs are a fundamental 
building block of RDF; every data item has its own URI. 
Hence, transforming SenML to RDF requires defining 
a transformation from a SenML element and attribute 
names to URIs. Moreover, attribute values need to be 
transformed to XML schema data type literals.

We define a mechanism to utilize URIs for assigning 
unambiguous identifiers to SenML elements. This ensures 
that resources, properties, types, and values are given 
their full representations. Moreover, we define Resource 
Type as a mandatory element of a SenML description. 
This is because Resource Type has an important role when 
SenML descriptions are transformed into RDF statements, 
namely, it indicates the type of device generating the 
data, that is, the type of the Subject in an RDF statement 
and can hence be mapped to rdf:type. When ontology 
reasoning is applied to sensor data, rdf:type will be 
connected to a class name in an ontology. We reorganize 
a SenML document into an array of RDF statements and 
introduce RDF Containers, RDF Collections and other 
structures as needed. We also define a namespace for IoT 
applications. Sensors utilize this namespace and the IoT 
systems processing sensor data should understand this 
namespace. We then serialize RDF statements to, for 
example, XML, N3, or JSON-LD format.

Figure 1 illustrates transforming of SenML data 
produced by a marine sensor into a corresponding RDF 
graph. This sensor measures local temperature and 
salinity and can be deployed to monitor ambient coastal 
conditions for the fishing industry. The SenML/JSON 
descriptions contain about 42% of the characters of the 
corresponding RDF/XML representation while keeping 
the same semantics. SenML in EXI is even more compact, 
only about 29% of the characters of corresponding RDF/
XML packets. 

Discussion

We focus on connecting SenML-enabled IoT sensors to 
knowledge-based systems. Our approach of transforming 
SenML into RDF keeps SenML simple and resource 
efficient while enabling Semantic Web technologies. 
Sensors can utilize SenML with minimal code changes. 
This approach focuses on simplicity where possible. The 
aim is that IoT applications take the benefit of semantics 
and Web technologies all the way, even though many IoT 
nodes are resource-constrained. In our future work we 
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will study transforming RDF statements into SenML, 
for example, to send reasoned action information to IoT 
devices. However, RDF has more expressive power than 
SenML, hence only a subset of RDF can be used when 
communicating with resource-constrained IoT devices.
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