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Algorithm 1 Signal reconstruction

Require: ¥4, %, ttand ®*
Ensure: X
1: Measure the signal y according to ¢

2: % = (PoWYHf(y = &%) + X
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Algorithm 2 Updating W*, X using increnebtal PCA

Require: y, L@t1, 2t-1 %"
Ensure: ¥¢, A5, X

1:interpolate y — Xjnrep

2:a=Prla+x ).
3 b=(PY"la+ EH) — Xintep » and then normalize b
4:c =" (Xineep — X ).
.n_ 1 [diag(2?* 1) o0 L [aa* ca
5D = L+1 [ 0* 0 + (L+1)? [ca* cz]
6: Solve the eigenproblem: D = R.diag(4").R™%, A’is

stored decreasing order.
7.9 =[P 1p].R.
8: update W'as the first S columns of ¥'.

9: update At as the first S columns of A’

10: update ¥ ‘as (Lx "~ + Xintep)! (L + 1).
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Algorithm 3 Greedy sampling scheduling

Require: ¥, M
Ensure: t¢*1for next temporal block

1: Intialize the set of removed sampling indices £ = 0

2: initialize the set of selected sampling indices K =%
3: finde the first two rows to eliminate , £ =argmax _—
i,je i ¥
4: Update K = K
L
5: repeat
6:  Find the optimal row, i" =argmax , , FP (¥,K \i )
7 Update the set of removed indices, L = L U i*
8 Update the set of selected indices, K =K \i
9: until [K|=M

2 ~
10: '+ = i* = argmax , {;—“ + 020(Pt), T is uniform pattern or K }
S
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Algorithm 4 KSVD algorithm

Task: Find the best dictionary to represent the data samples { « l.}?’zlas sparse

comppsittions, by solvinf

min

D.X {IX = D ||} subject to Vi, || « l.||0 <S.

Initialization: set the dictionary matrix D(® € R™¥ with (?normalized columns.

Set] =1.

Repeat until convergence (stopping rule)

e Sparse Coding Stage: Use any pursuit algorithm to compute the

representation vectors « ; for each example x; by approcimatinf the solution

of

i=12,..,N" " {IX - Da |3} subject to Vi, || <'s
l

e Codebook Update Stage: For each column k = 1,2, ...,K in pU-b, update it

by

- Difine the gtoup of examples that use this atom, w, = {i|]1 <i <
N, a7 (i) # 0}.

- Compute the overall representation error matrix, Ej by

E=X-) da’
j£k

- Restrict E}, by choosing only the columns corresponding to wy, and
obtain EFX.

- Apply SVD decomposition Ef = UAVT. Choose the updated
dictionary column d,, to be the first column of U. Update the
coefficient vector x% to be the first volumn of V multiplied by
A(1,1).

e Setj=J+1.
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Abstract

Wireless sensor networks represent a highly effective and useful tool for intermittent data
gathering and its transmission to the computing center. In the design of wireless sensor
networks, the main goal is to minimize the cost of transferring data to the station node (for
processing and interpreting data). One of these methods involves transmitting the
compressed data to the station. There are several ways to collect data using compression.
One way is to use compact measurement theory, which performs two steps of measuring
and compressing data simultaneously. In this method, in contrast to the conventional state,
instead of directly measuring the signal, the linear composition of the signal samples is
implemented. The nodes' energy consumption is mainly based on three phases of
measurement, data processing and communication. In previous studies, two stages of
transfer and processing have been prioritized over the measurement, but researchers have
recently concluded that optimizing the measurement step and reducing the number of
samples by timing the measurement model can play a highly effective role in diminishing

the costs of such a system.

The main goal of this thesis was to improve the timing method of the measurement model
based on the compact measurement in order to reduce the number of obtained samples. In
the recent methods based on distributed compressed measurements, first a suitable model
for obtaining signals from previous data is derived and eventually the signal is collected
from a small number of samples and reconstructed in accordance with the learned signal

model.

The primary problem is to obtain a signal model (dictionary) from incomplete data, which
are under compressed measurement at the station node. Therefore, to access the data, it is
necessary to interpolate the missing nodes. In this thesis, instead of interpolation based on

conventional methods, the dictionary-based learning methods have been adopted.

This method is more effective due to the application of dictionaries, as a dictionary
contains the statistical characteristics of the data, which enables more accurate interpolation
of missing nodes. According to results of the study, the proposed method excels other

conventional methods.
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