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Abstract. This paper describes application of an advanced mathematical tool for analysing the
measurements obtained on the profilograph, an instrument for measuring pavement smoothness
profiles. This mathematical tool, wavelet, has the potential for detecting abnormal behavior in
profile data, the presence of noise, and can produce a better statistical interpretation of the
profilograph. Wavelet transformation is a linear operation that decomposes signal (profile) data
into components that appear at different scales (or resolutions). The multiscale property and the
structure of wavelet can lead to a method of analysis and display which highlights changes in
profile data. The wavelet algorithm is demonstrated using actual profile data, and a numerical
distortion measure is made on the wavelet.
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1. INTRODUCTION

Pavement smoothness or roughness can be described by the magnitude of
profile irregularities and their distribution over measurement intervals. The
surface smoothness, especially on a newly constructed pavement, is a major
concern for the highway industry. This affects the road users directly. The
smoothness, or riding comfort, is a measure of the quality of the newly
constructed pavement .

Profilographs are basic instruments for characterization, evaluation,
specification, and quality control of pavement smoothness/roughness during
pavement construction. The profilograph measures the vertical deviations from a
moving fixed length and reference plane. The procedure generates graphical
charts (strips) known as profilograms. A process known as trace reduction [*] is
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used to derive a profile index. The profile index is a quantitative indication of
the smoothness of the pavement. The profilograph belongs to class 2 in
pavement roughness measuring equipment according to [*].

The objectives for smoothness measurement include:

— Maintenance of construction quality control.

— Location of abnormal changes in the pavement profile.

— Establishment of a basis for allocation of resources for road maintenance

and rehabilitation.

— Determination of pavement roughness that can be used in pavement

performance and deterioration modelling.

Study [*] lists problems regarding smoothness measures and the interpolation
of test results. These include:

— Effect of the surface type.

— Trace reduction.

— Interpretation of traces (profile).

— Identification of grinding locations (maintenance spots).

A recent study [*] includes data from more than 200 pavement projects in 10
states. For most of the pavement types, a 25% increase in initial smoothness
produced at least a 9% increase in life, and 50% increase in smoothness yielded
a minimum 15% increase in pavement life.

The aim of this paper is to describe a refined wavelet technique for pavement
profile evaluation and assessment. The method will be used only to analyse the
profilograph, no attempt will be made to define the profile index. The wavelet
algorithm will be used to assess and evaluate the following with reference to the
profilograph:

— The denoising of the original profilograph.

Identification of abnormal behaviour of the profilograph.

Detection of the ageing trend (how the smoothness is changing with
reference to the age of pavement).

Multiscale feature detection.

2. BASIC IDEAS OF DISCRETE WAVELET ANALYSIS

Wavelets are a new family of localized basic functions that can be used to
express and approximate other functions [®]. They are functions with a
combination of powerful features such as orthonormality, locality in time
frequency domain, different degrees of smoothness, fast implementation, and
data compression.

A discrete wavelet transform (DWT) is a linear operation that decomposes a

signal F(x) into the weighted sum of basic functions y(x)

F)=Y Y cja¥x(x), j.keZ (1)
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where j is the dilation scale index, and k is the translational index. The empirical
wavelet coefficient c; is found by projecting the data onto a wavelet basis W(x).
If j is large, the large features (i.e. low frequency characteristics) of the data are
analysed; conversely, if j is small, small features (i.e. high frequency
characteristics) of the data are analysed. Wavelets are functions that satisfy
certain mathematical requirements and are used in representing data or other
functions. In wavelet analysis, the scale used to look at the data plays a very
important role. Wavelet analysis and algorithms process data at different
resolutions or scales. When the observer views a signal or a function through a
large “window,” gross features are noticed. But when a signal is observed
through a small “window,” small features are noticed.

Wavelet transforms comprise an infinite set. The different wavelet families
make different trade-offs between how compactly the basic functions are
localized in space and smoothness. Within each family, wavelets have subclasses
distinguished by the number of coefficients and by the level of iteration [°].

There are many kinds of wavelets. One can choose between smooth wavelets,
compactly supported wavelets, or wavelets with simple mathematical
expressions. A number of different wavelets are used to approximate any given
function with each wavelet generated from one original wavelet, called mother
wavelet or analysing wavelet. The new elements called daughter wavelets are
simply scaled and translated mother wavelets. Scaling implies that the mother
wavelet is either dilated or compressed and translation implies shifting of the
mother wavelet [7]. Wavelet transforms, unlike Fourier transforms which utilize
only the sine and cosine functions, have an infinite set of possible basic
functions. Thus, wavelet analysis provides immediate access to information that
can be obscured by other time-frequency methods such as Fourier analysis [°.

A wavelet, in the sense of DWT, is an orthogonal function which can be
applied to a finite data. The DWT can be written as a matrix W operating on an
input sequence

I T
XP =(xl,x2,..., xN) E(xP,l"xP,Z A xP,N) b

where N = 2". Subscript P has been added to the original sequence to emphasize
that it is of length 2, the original sequence is said to be of scale 1 [*]. The
transformed sequence is denoted by
Z=WXp, ()
Xp=W'Z=W. 3)
The basic function @(x) is a set of functions defined by a recursive difference
equation

M-1
B(x)= Y C,P2x-k), 4
k=0
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where M is a non-zero coefficient. The number of non-zero coefficients is
arbitrary and referred to as the order of the wavelet [*'°]. The value of the
coefficients is determined by constraints of orthogonality and normalization. The
following condition must be satisfied:

DG =2, )
The orthogonality of Eq. (1) to its translation

jab(x)cb(x-k)dx:o

and equations which are orthogonal to its dilations, or scale, leads to

Jl//(x)(2x—k)dx=0.

The function Y is given by

y(x)=Y (-D*C, @2x k), (6)
k

which depends upon the value of @(x). Normalization requires that

z CiCrz2m =28 om> (7N
k

where 0 is the delta function. Another important equation that can be derived is
> (DG Ciam =0. (8)

The coefficients {C), ..., C,} can be assumed to act as filters. A wavelet
becomes smoother as its number of coefficients increases. The current x
sequence is “filtered” through a low-pass filter {g;} to produce the set of scaling
coefficients:

-1

Xmk = Zglxm+l.l+2k—l’ k=1,...,2", 9)
1=0

where L is the length of the filter. The output is a low-pass or smoothed version
of the input. At each stage the current x-vector component is also filtered with
another filter {A;}. This is a high-pass filter to produce the next set of wavelet
coefficients

L-1
> IS 3 TR 1 (10)
=0
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Here {g;}and {h;} are referred to as wavelet filters. These filters satisfy two
equations

D) =2 gP(2~1), (11)
l

w(t)=v2) h®Q2t-1), (12)
l

where @(.) are the scaling functions and Y(.) are the wavelet functions.

The low-pass filter, sometimes called “the odd output,” contains most of the
information content of the original input. The high-pass filter, sometimes called
“the even output,” contains the difference between the true input and the value of
the reconstructed input.

3. APPLICATION

Data analysis by wavelets involves four steps (Fig. 1).

Raw data

'

Wavelet
decomposition

l

Threshold

'

Wavelet
compression

'

Processed data

Fig. 1. Data analysis by wavelets.
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The profile data used in this study was obtained from the Remote Sensing and
Image Processing Laboratory of Louisiana State University. The numerical
format of profile trace reduction was obtained through a digitizing process using
APPARE (Automated Pavement Profile Analysis Evaluation) software ['']. In
APPARE, digitizing is achieved through a three step process:

1) scanning of the profile,

2) editing of the scanned image,

3) extracting of the digitized profile trace from the scanned image.

The data created by APPARE can be used for roughness evaluation and
analysis. The profile trace produced by a profilograph strip chart contains lots of
noise due to the pavement texture, dirt and rocks on the road, mechanical
vibrations, and defects of the equipment.

The APPARE uses the “midpoint extraction” procedure performed on scanned
images to obtain a single valued function described in an x—y plane. The midpoint
extraction method uses a moving slope threshold based on the assumption that the
slope of the road from one data to the next cannot exceed 45°.

The data contains 12 153 discrete values. The elevation of the profile is
sampled at every inch of the pavement. The unit for the elevation data is in
inches at about zero mean. Table 1 shows the basic statistics of the original
profile data. Only the figures for profile 1 are presented in the paper. All the
profiles have the same standard deviation, but different means.

Table 1. Statistical parameters of the original profile data (data in inches)

Profile number Statistics
Mean Max Min Std Dev
1 1108009 0.18 0.17 0.05
2 7.87s 0006 0.33 £0.21 0.05
3 23.44e 0% 0.27 -0.17 0.05

Figure 2 shows that the profile is exhibiting high peaks around data points
1 000, 5 000, 8 000, and 10 050. The highest value is around 1 100th data point and
the lowest around the 11 000th data point. Figure 3 shows the distribution of the
profile data points; they have clearly a normal distribution. The Matlab Wavelet
Toolbox ['?] (Daubechies-5 wavelet with level 5) is used. The Daubechies wavelet
belongs to the set of wavelet families used for data analysis. The level indicates
how detailed the wavelet function can be displayed. Figure 4 shows the
decomposition at level 5. The profile was split into an approximation as and five
details d; to ds. Here as is the denoising signal of the original signal, d, to ds show
the detail filter (low noise). The signal is split into an approximation and a detail.
Figure 5 shows the discrete wavelet transform decomposition tree, showing also
the high filtered a; and low filter pass di. The discrete wavelet tree shows the
possible ways of decomposing the original profile s. Figure 6 shows the profile
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Fig. 2. Original profile data (x-axis: length of the pavement; y-axis: elevation in inches about zero mean).
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Fig. 3. Histogram and cumulative histogram of the distribution of the profile data.

Decomposition at level 5: s = a5 + d5 + dd + d3 + d2 + d1
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Fig. 4. Decomposition at level 5 with low-pass and high-pass filters.
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Fig. 5. Discrete wavelet transform tree (a) and the high filtered (b) and low filtered (c) profiles.
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Fig. 6. Profile pattern between data points 4100-4600.

pattern between data points 4100 and 4600. The distribution of data points
(Fig. 7) indicates that the points are not normally distributed. This type of
analysis is important, especially in the determination of smoothness at selected
locations or in comparative analysis of the smoothness of the pavement at
different sections. The selected range can be further investigated in more detail,
if needed, using the same approach.
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Fig. 7. Histogram and cumulative histogram of the distribution of the profile data for data points
4100-4600.

The values of the profile F(x) are given in a set y; of noisy observations
y; =F(x;)+0e(n), i=0,...,n-1, (13)

where x; = i/n, o; is the standard deviation of the noise, and e(n) are random
variables distributed according to N(0,1). In the wavelet domain

DWT(y,) = DWT{F(x,) + 0,e(n)} = DWT{F(x))} + o, W(0;(n)).  (14)
Solving for F(x;), we obtain
F(x;) = DWT{DWT(y;,)— o, },

where w; is Gaussian white noise.

In pavement profile analysis, pavement engineers often are faced with the
problem of recovering a true profile from incomplete, indirect, or noisy data.
This can be achieved by “thresholding,” that is, if details are small they can be
omitted without substantially affecting the main features of the profile. Right
application of this methodology can help highway engineers in realistically
defining the pavement serviceability and objectively (with other additional
inputs) define the remaining life. The methodology can be used as a guide for a
new pavement acceptance. A numerical noise measure NM can be calculated as
follows:

NM = ([Z[k(i) < 12(1')] i ) /2 k(i)] 100, (15)
i=1

where k(i) is root mean square of the original profile, and lg(i) is root mean
square of the denoised profile. This numerical noise measure can be used to
assess the noisy nature of the profile. This can be used in comparison with the
original signal.
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4. CONCLUDING REMARKS

This paper has applied wavelets to an actual profilograph in an attempt to
identify trends, patterns, and abnormal behaviour of the pavement profile. The
basic idea of discrete wavelet analysis has been presented. One pavement profile
with 12 153 data points was analysed. Three profile data were decomposed using
a Daubechies-5 wavelet with 5 levels and denoising was applied to determine a
more accurate profile.

It can be concluded that the wavelet analysis can provide precise information
of the ranges that define the profile, and it can eliminate noise which is generally
encountered in data collection and processing of original profile data.
Furthermore, the numerical “noisy” measure can provide an insight of the
original profile before it is used to define other parameters, such as the
roughness index.
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On kirjeldatud lainekeste teisenduse algoritmi ning selle kasutamist tegeliku
sillutise profiili moGtmisandmete toGtlemisel.

63



	b10721022-1999-5-1 no. 1 01.01.1999
	PROCEEDINGS OF THE ESTONIAN ACADEMY OF SCIENCES EESTI TEADUSTE AKADEEMIA TOIMETISED
	Untitled

	ENGINEERING TEHNIKATEADUSED
	Chapter
	Chapter
	SINGLE GATE DESIGN ERROR DIAGNOSIS IN COMBINATIONAL CIRCUITS
	Fig. 1. Combinational circuit.
	Fig. 2. Decision diagrams for the circuit in Fig. 1
	Fig. 3. Localizing the erroneous gate in the circuit.
	Fig. 4. Macro level fault diagnosis in the case of detecting an error.
	Fig. 5. Macro level design error localizing.
	Table 1. Mapping between stuck-at faults and gate errors
	Table 2. Correspondence between nodes, variables (literals) and paths
	Table 3. Test patterns for detecting design errors
	Table 4. Fault detecting information for the test 7' in Table 3
	Table 5. Experimental data on test generation and fault simulation for ISCAS’BS benchmarks
	ÜKSIKVENTIILIDE DISAINIVIGADE DIAGNOOS KOMBINATSIOONSKEEMIDES

	LINEAR ROSSBY WAVES AND ZONAL TRANSPORT IN ROTATING PLATFORM
	Fig. 1. a) The basic configuration of the experiments with the CIV method; b) setups 1 and 2 of the paddle and ultrasonic sensors; ¢) scheme of the paddle, contact measurement points and the sloping bottom; d) models of the zonal channel and mixed geometry.
	Fig. 2. Dispersion relation of Rossby waves for infinite slope (/ = 0 — dashed-dotted line), zonal channel (/=1 – continuous line, and [=2 — dotted line), and mixed geometry (dashed line).
	Fig. 3. Average zonal velocity of the background motions (above — averaged over the x-direction; the graphs are shifted by 0.5 mm/s with respect to each other), and during the experiments tlO and tll (below — averaged over the whole measurement area).
	Fig. 4. Power spectra of velocity time series at the contact measurement points. The data are not smoothed, only a few clearly erroneous values have been excluded. Point x 1 is the closest to the paddle at the long-wave side. a) P = 100 s (experiment a 8); b) P =2OO s (al8).
	Fig. 5. Theoretical and measured patterns of streamlines of Rossby waves in the Mercator co-ordinates: a), b) streamline patterns for the zonal channel and the mixed geometry, respectively, for P=3oos; ¢), d) sequential velocity fields for P = 300 s at the short-wave side (experiment t 9).
	Fig. 6. Theoretical (continuous curve) and recorded (*) wavelengths of generated waves. Only data from the ultrasonic probes have been used since estimates for the wavelengths on the basis of the CIV method were unreliable inasmuch as the velocity fields frequently contained less than 1/4 of the wavelength.
	Fig. 7. Amplitudes of oscillations at the frequency of the paddle. Only data concerning the radial velocity component have been used since the paddle frequency was practically absent in the zonal velocity. The amplitudes have been normalized to the paddle amplitude. The non-marked graphs correspond to experiments with P < 200 s.
	Fig. 8. Temporal evolution of a dye line in experiment with P = 200 s (al8). The line (length about 1.5 m) was located at 2 m from the paddle axis in the middle of the sloping bottom. Its sequential forms are shifted for better readability.
	Fig. 9. Temporal evolution of averaged zonal velocity in the CIV measurement area in experiments AD and AE. The graphs represent zonal velocity averaged over several sequential snapshots. For better comparison, the sequential graphs are shifted by 0.2 mm/s.
	Table 1. List of wave experiments'
	LINEAARSED ROSSBY LAINED JA TSONAALNE TRANSPORT POORLEVAL PLATVORMIL

	HEAT TRANSFER IN THE THERMALLY DEVELOPING REGION FOR PULSATING TUBE FLOW
	Fig. 1. Variation of the mean temperature 6 p with time 7 for different co-ordinates E* by € = 0.2, w=sl-&*=o2n; 2-6%=037;3-6%=05m;4-E*=o6m.
	Fig. 2. Variation of the fractional change in the Nusselt number ¢ with frequency w at different * co-ordinates Š .
	Untitled
	Fig. 3. Experimental setup: 1 – pressure regulator valve; 2 — pressure vessel; 3 —copper pipe (D;, = 19.6 mm, wall thickness 1.2 mm, length 4.1 m); 4— IR camera; 5 – VCR equipment; 6 — Asco posiflow proportional solenoid valve; 7 — Krohne IFC 080 compact magnetic inductive flowmeter; 8 — Druck Limited pressure transmitter PTX 1400 (o—4 bar); 9 — air release valve; 10 — heater 500 W.
	Fig. 4. Temperature vs. time: (a) f=0.13 Hz; (b) f=0.33 Hz; (c) f=0.43 Hz
	Fig. 5. Calculated temperature at the wall of the tube vs. time for w=s, =O4 (@) £ =0.010; (b) £ =0.019; (c) & =O.lOO.
	SOOJUSÜLEKANNE TERMILISELT ARENEVAS PIIRKONNAS PULSEERUVAL VOOLAMISEL TORUS

	APPLICATION OF WAVELETS IN PAVEMENT PROFILE EVALUATION AND ASSESSMENT
	Fig. 1. Data analysis by wavelets.
	Fig. 2. Original profile data (x-axis: length of the pavement; y-axis: elevation in inches about zero mean)
	Fig. 3. Histogram and cumulative histogram of the distribution of the profile data Fig. 4. Decomposition at level 5 with low-pass and high-pass filters.
	Fig. 5. Discrete wavelet transform tree (a) and the high filtered (b) and low filtered (c) profiles
	Fig. 6. Profile pattern between data points 4100-4600.
	Fig. 7. Histogram and cumulative histogram of the distribution of the profile data for data points 4100-4600.
	Table 1. Statistical parameters of the original profile data (data in inches)
	LAINEKESTE KASUTAMINE TEEKATTE PROFIILI HINDAMISEL

	LIFE ASSESSMENT OF POWER PLANT COMPONENTS
	Untitled
	Fi
	ELEKTRIJAAMA SEADMETE RESSURSIKULU HINDAMINE

	INVESTIGATION OF HALOGEN SODALITES BY ELECTRON MICROSCOPY
	Untitled
	Fig. 1. TEM photos of BSP (x> 0.8): (a) carbon replica with powder, T, =100°C; (b) carbon replica without powder, T, = 80 °C.
	Untitled
	Fig. 2. SEM photos of BSP: (a) T,= 20°C; (b) T,= 100°C
	Untitled
	Fig. 3. SEM photos of BSP: (a) #,=0.5 h; (b) £,=lsoh
	Untitled
	Fig. 4. SEM photos of milled BSP: (a) initial powder; (b) after 8 h milling
	Untitled
	Untitled
	Untitled
	Fig. 5. Structure of the BSC at different temperatures of pressure: (a) 950°C; (b) 1000 °C; (c) 1150 °C; (d) 1250 °C.
	Fig. 6. Dependence of D, on the pressure temperature: A — BSC pressed at p = 200 MPa; B – BSC (p =25 MPa); C – single-phase ISC (p = 200 MPa); D – two-phase ISC (p = 200 MPa).
	Fig. 7. Dependence of D,: A —on pressure, two-phase (x=o.6) ISC; B – ISC, on filling stage with halogen; C — NaCl, on impurity in BSC; D — Nal, on impurity in BSC; E — NaCl, on impurity in ISC.
	Fig. 8. Dependence of D, on D,,: A – bromide sodalite; B — iodide sodalite
	Table 1. Comparison of crystallite and grain sizes determined by XRPD (Voigt analysis + Williamson—-Hall plot) and TEM/SEM methods
	HALOGEENSODALIITIDE UURIMINE ELEKTRONMIKROSKOOPIA MEETODITEGA
	SHORT COMMUNICATIONS


	COMPARISON OF SINGLE-PASS AND MULTI-PASS SOLAR HOT WATER SYSTEMS
	Fig. 1. Simplified layout of a solar domestic hot water system.
	Untitled
	Table 1. Calculated daily energy, kWh/m?
	ÜHE- JA MITMELÄBIVOOLSE HELIO-SOOJAVEESUSTEEMI VÕRDLUS
	INSTRUCTIONS TO AUTHORS
	Untitled
	Chapter
	Untitled





	Illustrations
	Untitled
	Fig. 1. Combinational circuit.
	Fig. 2. Decision diagrams for the circuit in Fig. 1
	Fig. 3. Localizing the erroneous gate in the circuit.
	Fig. 4. Macro level fault diagnosis in the case of detecting an error.
	Fig. 5. Macro level design error localizing.
	Fig. 1. a) The basic configuration of the experiments with the CIV method; b) setups 1 and 2 of the paddle and ultrasonic sensors; ¢) scheme of the paddle, contact measurement points and the sloping bottom; d) models of the zonal channel and mixed geometry.
	Fig. 2. Dispersion relation of Rossby waves for infinite slope (/ = 0 — dashed-dotted line), zonal channel (/=1 – continuous line, and [=2 — dotted line), and mixed geometry (dashed line).
	Fig. 3. Average zonal velocity of the background motions (above — averaged over the x-direction; the graphs are shifted by 0.5 mm/s with respect to each other), and during the experiments tlO and tll (below — averaged over the whole measurement area).
	Fig. 4. Power spectra of velocity time series at the contact measurement points. The data are not smoothed, only a few clearly erroneous values have been excluded. Point x 1 is the closest to the paddle at the long-wave side. a) P = 100 s (experiment a 8); b) P =2OO s (al8).
	Fig. 5. Theoretical and measured patterns of streamlines of Rossby waves in the Mercator co-ordinates: a), b) streamline patterns for the zonal channel and the mixed geometry, respectively, for P=3oos; ¢), d) sequential velocity fields for P = 300 s at the short-wave side (experiment t 9).
	Fig. 6. Theoretical (continuous curve) and recorded (*) wavelengths of generated waves. Only data from the ultrasonic probes have been used since estimates for the wavelengths on the basis of the CIV method were unreliable inasmuch as the velocity fields frequently contained less than 1/4 of the wavelength.
	Fig. 7. Amplitudes of oscillations at the frequency of the paddle. Only data concerning the radial velocity component have been used since the paddle frequency was practically absent in the zonal velocity. The amplitudes have been normalized to the paddle amplitude. The non-marked graphs correspond to experiments with P < 200 s.
	Fig. 8. Temporal evolution of a dye line in experiment with P = 200 s (al8). The line (length about 1.5 m) was located at 2 m from the paddle axis in the middle of the sloping bottom. Its sequential forms are shifted for better readability.
	Fig. 9. Temporal evolution of averaged zonal velocity in the CIV measurement area in experiments AD and AE. The graphs represent zonal velocity averaged over several sequential snapshots. For better comparison, the sequential graphs are shifted by 0.2 mm/s.
	Fig. 1. Variation of the mean temperature 6 p with time 7 for different co-ordinates E* by € = 0.2, w=sl-&*=o2n; 2-6%=037;3-6%=05m;4-E*=o6m.
	Fig. 2. Variation of the fractional change in the Nusselt number ¢ with frequency w at different * co-ordinates Š .
	Untitled
	Fig. 3. Experimental setup: 1 – pressure regulator valve; 2 — pressure vessel; 3 —copper pipe (D;, = 19.6 mm, wall thickness 1.2 mm, length 4.1 m); 4— IR camera; 5 – VCR equipment; 6 — Asco posiflow proportional solenoid valve; 7 — Krohne IFC 080 compact magnetic inductive flowmeter; 8 — Druck Limited pressure transmitter PTX 1400 (o—4 bar); 9 — air release valve; 10 — heater 500 W.
	Fig. 4. Temperature vs. time: (a) f=0.13 Hz; (b) f=0.33 Hz; (c) f=0.43 Hz
	Fig. 5. Calculated temperature at the wall of the tube vs. time for w=s, =O4 (@) £ =0.010; (b) £ =0.019; (c) & =O.lOO.
	Fig. 1. Data analysis by wavelets.
	Fig. 2. Original profile data (x-axis: length of the pavement; y-axis: elevation in inches about zero mean)
	Fig. 3. Histogram and cumulative histogram of the distribution of the profile data Fig. 4. Decomposition at level 5 with low-pass and high-pass filters.
	Fig. 5. Discrete wavelet transform tree (a) and the high filtered (b) and low filtered (c) profiles
	Fig. 6. Profile pattern between data points 4100-4600.
	Fig. 7. Histogram and cumulative histogram of the distribution of the profile data for data points 4100-4600.
	Untitled
	Fi
	Untitled
	Fig. 1. TEM photos of BSP (x> 0.8): (a) carbon replica with powder, T, =100°C; (b) carbon replica without powder, T, = 80 °C.
	Untitled
	Fig. 2. SEM photos of BSP: (a) T,= 20°C; (b) T,= 100°C
	Untitled
	Fig. 3. SEM photos of BSP: (a) #,=0.5 h; (b) £,=lsoh
	Untitled
	Fig. 4. SEM photos of milled BSP: (a) initial powder; (b) after 8 h milling
	Untitled
	Untitled
	Untitled
	Fig. 5. Structure of the BSC at different temperatures of pressure: (a) 950°C; (b) 1000 °C; (c) 1150 °C; (d) 1250 °C.
	Fig. 6. Dependence of D, on the pressure temperature: A — BSC pressed at p = 200 MPa; B – BSC (p =25 MPa); C – single-phase ISC (p = 200 MPa); D – two-phase ISC (p = 200 MPa).
	Fig. 7. Dependence of D,: A —on pressure, two-phase (x=o.6) ISC; B – ISC, on filling stage with halogen; C — NaCl, on impurity in BSC; D — Nal, on impurity in BSC; E — NaCl, on impurity in ISC.
	Fig. 8. Dependence of D, on D,,: A – bromide sodalite; B — iodide sodalite
	Fig. 1. Simplified layout of a solar domestic hot water system.
	Untitled
	Untitled

	Tables
	Table 1. Mapping between stuck-at faults and gate errors
	Table 2. Correspondence between nodes, variables (literals) and paths
	Table 3. Test patterns for detecting design errors
	Table 4. Fault detecting information for the test 7' in Table 3
	Table 5. Experimental data on test generation and fault simulation for ISCAS’BS benchmarks
	Table 1. List of wave experiments'
	Table 1. Statistical parameters of the original profile data (data in inches)
	Table 1. Comparison of crystallite and grain sizes determined by XRPD (Voigt analysis + Williamson—-Hall plot) and TEM/SEM methods
	Table 1. Calculated daily energy, kWh/m?
	Untitled




