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Abstract: The zinc oxide (ZnO) nanocrystallites are synthesized from zinc nitrate hexahydrate by a 
sol-gel combustion process using aloe-vera gel. As prepared ZnO nanocrystallites are characterized 
using X-ray diffraction (XRD). In wavelet analysis, a suitable wavelet is selected for a given signal 
and its wavelet coefficients are determined. Thresholding of wavelet coefficients is performed to 
zero out small magnitude coefficients and retain the large magnitude coefficients. X-ray 
diffractogram is denoised through discrete wavelet transform’s soft Thresholding.  In denoised 
signals clear and sharp peaks are observed. X-ray diffraction study confirms the crystalline nature of 
ZnO nanocrystallites. The diffraction peaks become sharper with increasing calcination temperature 
indicating the enhancement of crystallinity.  
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【摘要】：以六水硝酸锌为原料,采用芦荟凝胶溶胶 凝胶燃烧法合成氧化锌(ZnO)纳米晶  。所 

制备的 ZnO 纳米微晶使用 X 射线衍射 (XRD) 进行表征。在小波分析中，为给定信号选择合 

适的小波并确定其小波系数。执行小波系数的阈值处理以将小幅度系数清零并保留大幅度系

数。射线衍射图通过离散小波变换的软阈值去噪。在去噪信号中观察到清晰且尖锐的峰。X 

射线衍射研究证实了 ZnO 纳米微晶的结晶性质。随着煅烧温度的升高，衍射峰变得更尖锐， 

表明结晶度提高。 
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1. Introduction

The inorganic metal oxide nanocrystallites have 
attracted considerable attention in physical, 

chemical, biological, medical, and engineering 
sciences where innovative synthesis techniques 
are being developed to explore and manipulate 
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single atoms and molecules [1]. The green 
synthesized metallic oxide nanocrystallites are 
eco-friendly, cheap, fast and have a renewable 
approach. The green synthesis is an ecological 
and safe technique because it is performed at 
low temperature [2-3]. ZnO nanocrystallites act 
as smart material towards multidrug-resistant 
microorganisms and an intelligent substitute 
approach to antibiotics. Due to the high surface 
to volume ratio of metal and metal oxide 
nanoparticles they possess catalytic, 
antimicrobial, magnetic, and electronic activity. 
The properties of nanocrystallites depend on 
their composition, size, shape, morphology and 
crystalline phase. Due to the smaller size of 
nanoparticles, their movement is mainly 
governed by Brownian motion and the gravity 
effect is negligible. Nanoparticles are able to 
overcome physiological barriers and readily 
interact with intracellular compartments without 
any additional surgery [4]. 

Fourier transform has been an important 
analytical tool to analyse data/signals. The main 
drawback of Fourier transform is that this can 
be applicable only on stationary signals or data 
[5]. In window Fourier transform (WFT), a 
window function depending upon signal is taken 
in place of exponential function and then 
transformation is performed. In WFT, the 
product in time resolution and frequency 
resolution are restricted by Heisenberg 
uncertainty principle, hence can not be 
arbitrarily small simultaneously. The wavelet 
transform overcomes the shortcomings of 
Fourier and window Fourier transforms in 
analysis of non-stationary signals/data. 
Wavelets belonging to a family are generated by 
a single function called mother wavelet. The 
literal meaning of wavelet is small wave, which 

grows from zero reaches maximum and 
decreases back to zero such that average 
displacement is zero [6]. Therefore, we can say 
that a wavelet has a location where it 
maximizes, a characteristic time period and a 
scale where it amplifies and declines. The 
wavelet theory provides a new analytical 
concept in the field of non-stationary and 
chaotic data analysis. It reveals the average and 
differential behaviour of a signal successively. 
Therefore, the wavelet analysis has been widely 
used in data processing algorithms in X-ray 
crystallography and several other branches of 
the physical sciences.   

In x-ray diffraction crystallography, 
wavelet-based data analysis is being employed 
to X-ray diffraction patterns to improve both 
computation efficiency and identify crystalline 
phases. The wavelet denoising algorithms 
demonstrate high sensitivity and low false 
detection rate for peak identification in XRD 
pattern [7]. We demonstrate successful analysis 
of diffraction patterns of green synthesized ZnO 
nanocrystallites. The Bragg peaks are efficiently 
analyzed via the algorithms described in the 
paper.  

2. Wavelet transforms and denoising

A mother function is used to generate a
whole family of wavelets using dilation and 
translation:- 

ψa,b(x) = 1
√a
ψ�x−b

a
� = TbDaψ         (1.1) 

where a is the dialation or scaling parameter, b 
is the translation parameter and ψ(t) is real 
valued function. The continuous wavelet 
transform of a function f is expressed as: 
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Wa,b = ∫ f(x) 1
√a
ψ�x−b

a
�dx              (1.2) 

By taking a = 2−j and b a� = k with j, k ∈
 ℤ,  that is, the integers representing the set of 
discrete dilation and discrete translation, the 
discrete wavelet transform is defined as [8]: 

Wj,k = ∫ f(x)2j 2⁄ ψ�2jx − k�dx         (1.3) 

and discrete wavelets are defined as: 

ψj,k(x) = 2j 2⁄ ψ�2jx − k�  (1.4) 

The ψ0,0(x) = ψ(x) is called mother wavelet. 
The wavelet transforms of a signal capture the 
localized time frequency information of a signal 
[2]. 

2.1 Multi Resolution Analysis (MRA): An 
MRA is introduced by Mallat and extended by 
other researchers [9-11] consisting of a 
sequence Vj  : j ∈  ℤ of closed subspaces of 
Lebesgue space L2(ℝ ), a space of square 
integrable functions, satisfying the following 
properties:- 

1) Vj+1⊂Vj  :  j ∈  ℤ
2) ∩j∈ℤ Vj = {0} ,   ∪j∈ℤ=   L2(ℝ),
3) For every, L2(ℝ ), f (t)  ∈  Vj  ⇒
f (2t)  ∈  Vj+1, ∀  j ∈  ℤ 
4) There exists a function ϕ(t)  ∈  V0, such
that {ϕ(t − k): k ∈ ℤ} is orthonormal basis 
of V0 .  

Now we consider W0 be the orthogonal 
complement of  V0  in V1 i.e. 

V0= V1⊕W1 

If  ψ ∈ Wo be any   function then, 

ψ(t) = �  gk  ϕ(2t − k)
k∈ℤ

 

Where gk=� 1
√2
� ∫  ψ(t)∞

−∞ ϕ (2t − k)dt are 

high pass filters and gk  =(−1)k+1 h1−k . We 
can express a signal in terms of bases of 
V1space and W1space. If we combine the bases 
of  V1 and W1 space, we can express any signal 
in V0space. That is, 

V0 = V1 ⊕  W1 
In general, 

Vj=Vj+1⊕Wj+1  (1.5) 

But,
Vj+1 = Vj+2⊕Wj+2 
Therefore, 

Vj  = Wj+1⊕Wj+2⊕Vj+3⊕..........

V0 = W0⊕W1⊕W2⊕............

Figure 1: Decomposition of vector space 

2.2 Haar Wavelet: Haar discovered the 
simplest wavelet begins with the function that is 
equal to 1 on �0, 1

2
� and -1 on �1

2
, 1� , and 0 

outside the interval [0, 1]. Haar wavelet is 
constructed from the multiresolution analysis 
(MRA) generated by scaling function 
ϕ(x)=χ[0,1](x). Since, 
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ϕ(x)  = ϕ(2x) + ϕ(2x − 1) = χ�12,1� + χ�0,12�

and

ψ(x) =  ϕ(2x) − ϕ(2x − 1) = χ�12,1� - χ�0,12�

Figure 2: Haar wavelet and its scaling 
function 
2.3 Signal Decomposition: With help of MRA 
of vector subspaces, a function f(x) can ben 
expressed and decomposed as follows:- 

 f(x) = �〈f,ψj,k〉ψj,k
j,k

 

 = ∑ cj,k ψj,kj,k (x)          (1.6) 

where  𝑐𝑐𝑗𝑗 ,𝑘𝑘 = 〈𝑓𝑓,𝜓𝜓𝑗𝑗 ,𝑘𝑘〉 is called wavelet 
coefficient [12]. 

Noise is interpreted as the unwanted, 
problematic and unavoidable part of any signal. 
A signal is expressed as, 

𝑓𝑓 = 𝑓𝑓∗ + 𝜎𝜎.𝜌𝜌   (1.7)                                                  

where 𝑓𝑓 is the noised version of  signal 𝑓𝑓∗, 𝜎𝜎 is 
the noise level and 𝜌𝜌 is a unit energy noise 
process. Here signal f∗ is coherent with wavelet 
frame  ψj,k  and ρ is non-coherent with respect to 
frame ψj,k . The coherent signal exhibits a 
concentration of energy (i.e. localized) in the 
representation domain and the incoherent signal 
energy is diffusely spread throughout the 
representation domain [13].  
2.4 Denoising using soft Thresholding 

method: In thresholding small magnitude 
wavelet coefficients become zero out while 
large magnitude wavelet coefficients are 
retained [14]. Now we introduce a threshold 
operator Tγ , defined as:- 

Tγ = F(ℍ) → ℓ2(ℤ) 
where F(ℍ) is frame representation operator in 
Hilbert space ℍ and  ℓ2(ℤ) is the space of all 
sequences ψj,k , where j, k ∈ ℤ such that, 

�
 j,k ϵ ℤ

�cj,k�
2 < ∞

Soft thresholding method affects the wavelet 
coefficients grater the threshold level γ, whereas 
hard thresholding method does not. Soft 
thresholding is stable and less sensitive for 
small changes in the signal. Soft Thresholding 
can be analytically expressed as:- 

�Tγ�j,k
= �sign (cj,k),   ��cj,k� − γ��            (1.8)

The sub band processing and quantization noise 
suppression achieved naturally and 
simultaneously by simply using wavelet frames. 
Shannon Entropy Cost function is a direct 
measure of mean square error encountered when 
the signal is reconstructed using the large 
magnitude (above threshold) coefficients. That 
is, the cost function measures how many 
coefficients are negligible and how many are 
important in a transformed signal. The basis is 
called the best basis that concentrates the signal 
energy over a few coefficients and reveals its 
time frequency structures. The best basis 
associated with a signal minimizes the value of 
Cost function. 
3. Materials and method

The present study states a green approach for 
the synthesis of zinc oxide (ZnO) 
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nanocrystallites using plant extract of aloe-vera. 
Aloe-vera gel traps metal ions for synthesizing 
ZnO nanocrystallite from zinc nitrate 
hexahydrate. As prepared ZnO nanocrystallites 
are calcined for 1 hour at temperature 200oC 
and and for 45 minutes at temperature 250oC 
respectively. The resultant nanocrystallites are 
characterized using X-ray diffraction (XRD) at 
a wavelength of 1.5418 Å [15-17]. The above 
X-ray diffractograms are denoised with the help 
of discrete wavelet transforms using Haar 
wavelet [18]. By software dyadwaves we 
perform soft thresholding of XRD, in which the 
wavelet coefficients below threshold value (γ 
=0.75) are omitted and wavelet coefficients 
above threshold value are retained. The inverse 
wavelet transform of retained wavelet 
coefficients is performed. In this way, the 
Denoised X-ray diffraction patterns of the ZnO 
nanocrystallites are obtained.  The reconstructed 
signal (X-ray diffraction pattern) gives the clear 
and sharp peaks that can be analyzed in a better 
way. Block diagram for the denoising process of 
the XRD signal is shown in figure 3.   

Figure 3: Block diagram for denoising of 
XRD signal 

4. Results and discussion
XRD is performed in the 2θ range of 20-80 
degrees at 30kV and 10mA in continuous 
scanning mode. The XRD patterns of the 
prepared sample are shown in figure 4. Peaks 
are observed in figure 4(a), indicating impurities 
observed in sample calcination at 200oC in a hot 
air oven. Sharp peaks were found in figure 4 

(b), indicating increase in calcination of 
temperature 250oC in a hot air oven. All 
detectable peaks are found in standard reference 
data (JCPDS: 36-1451) [19]. It is clear that 
diffraction peaks become sharper with increase 
in calcination temperature indicating the 
enhancement of crystallinity. 

Figure 4: X-ray diffractogram of 𝐙𝐙𝐙𝐙𝐙𝐙 
nanocrystallites at (a) 2000C (b) 2500C
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Figure 5: Denoised X-ray diffractogram of 
𝐙𝐙𝐙𝐙𝐙𝐙 nanocrystallites at a) 2000C (b) 2500C 
with standard JCPDS: 36-1451 

The denoised XRD signals of ZnO 
nanocrystallites at calcination temperatures 
200oC and 250oC are shown in figure 5(a) and 
5(b) respectively. The clear and sharp peaks are 
observed in denoised XRD signals. Diffraction 
peaks are observed at degrees 31.74, 34.42, 
36.21, 47.47, 56.53, 62.77, and 67.81 
corresponding to lattice planes (100), (002), 
(101), (102), (110), (103), (200), and (112) 
respectively. An additional peak is observed in 

the XRD pattern of ZnO nanocrystallite when it 
is calcined at temperature 200oC (Figure 5(a)). 
This additional peak represents an impurity in 
the sample. The peaks are attributed to the 
hexagonal phase of ZnO (JCPDS file: 36-1451). 
Crystal lattice indices and particle size can be 
determined by X-ray diffraction patterns of ZnO 
nanocrystallites. Interplanar spacing (d) can be 
determined by Bragg’s law:- 

2dsinθ =  nλ 
where θ is the Bragg’s angle of diffraction, λ is 
wavelength of X-ray, i.e. λ = 1.5418 Å and n = 
1. 
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5. Conclusion
ZnO nanocrystallites are synthesized by a sol-
gel combustion process using plant extract of 
aloe-vera as precursor and characterized by 
powder X-ray diffraction. The wavelet denoised 
XRD signal shows clear and sharp diffraction 
peaks. The XRD patterns indicate that ZnO 
nanocrystallite at higher calcination temperature 
shows clear and sharp peaks. It is also indicated 
that higher calcination temperature increases 
purity and crystallinity of ZnO nanocrystallites. 
The wavelet denoising algorithm provides a 
simple and accurate framework for efficiently 
and precisely analyzing the XRD patterns of 
nanocrystallites.   
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