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In the context of the Internet of Things (IoT) many sensors have been enhanced with
respect to their ordinary role to be proactive and collaborative with other devices. This fact
provokes a description of the world and the human activity as we have never collected [1].

The data streams provided by the set of sensors is continuously increasing. Generally,
these data streams are just analyzed and partially stored. In order to interpret the informa-
tion of sensor streams is critical developing linguistic descriptions on natural language in a
comprehensiveness and interpretability way, depending of the application domain.

In this contribution, we introduces a methodology to compute linguistic descriptions of
high-rate sensor streams that considers relative quantifiers on a temporal component by means
of protoforms [2], which are an useful knowledge model for summarization [3], quantification
[4] or in time series [5]. In this work, we propose protoforms in the shape of s j is Q j

s V j
r Tk,

to represent the linguistic terms V j
k which describe the sensor stream s j with the relative

quantifier Q j
s in a temporal terms Tk.

An example of linguistic description computed by the proposed methodology from a data
stream of a pulsometer is as follows: the most of heart rate measurements are high recently.

Methodology Each sensor data stream s j is represented as a set of measures s j = {m j
i },

where each measure is composed by m j
i = {v j

i , t
j
i }; where v j

i represents a value and t j
i rep-

resents the related timestamp of v j
i provided by the sensor. For each sensor data stream s j,

we describe a fuzzy linguistic term set V j = {V j
r ;r = 1, ...,n} which represents the linguistic

terms of the sensor values. Secondly, we associate a set of fuzzy linguistic temporal terms
T j = {T j

k ;k = 1, ...,m} with the temporal component of the data stream. For sake of simplic-
ity, we write V j

r (v
j
i ) and T j

k (t
j
i ) instead of µ

Ṽ j
r
(v j

i ) and µ
T̃ j

k
(t j

i ).

Our methodology proposes to compute the degree of relevance of a linguistic value term
V j

k (v
j
i ) in a temporal term T j

k (∆t j
i ) in the sensor streams, being ∆t j

i = |t0− j
i | and t0 the current

time. To do so, we propose the use of aggregation operations [6] based on uninorms using
t-norm t-conorm [7], respectivelly:

V j
r ∩T j

k (s
j) =

∪
m j

i ∈s j

V j
r (v

j
i )
∩

T j
k (t

j
i ) ∈ [0,1] (1)
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The Eq. (1) provides the degree of the protoform instances in the shape of s j is V j
r T j

k , for
example, heart rate measurements are low recently. In order to introduce relative quantifiers
in the protoform s j is Q j

s V j
r T j

k , each quantifier Q j
s is described by a transformation function

µQ j
s

: [0,1] → [0,1], translating the degree from Eq. (1) to a quantified aggregated degree

Q j
s(s j) = (V j

r ∩T j
k (s

j)).
We highlight that protoforms require an accurate assessment to express properly their

semantic and granularity. For example, to aggregate measures of high sample rates where
data are frequent and spaced, we propose the fuzzy weighted average [8], which represents
the frequency degree of the linguist term V j

r weighted by the term T j
k in the sensor stream.

Q j
s(s

j) =V j
r ∩T j

k (s
j) =

∑m j
i ∈s j(V

j
r (v

j
i ) ·T

j
k (∆t j

i ))

∑m j
i ∈s j T j

k (∆t j
i )

∈ [0,1] (2)
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