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Abstract 

Drought is a prolonged period of below-average precipitation, leading to a 

shortage of water for various uses and leading to negative impacts on natural 

and human systems. Drought can also be defined as a deficiency in the water 

supply whether atmospheric (precipitation), surface water or ground water 

sources. It can be categorized into meteorological, agricultural, and 

hydrological drought depending on the sector and the time scale considered. 

Drought can have severe impacts on agriculture, ecosystems, and 

communities, and can lead to food and water shortages, wildfires, and 

economic losses. Drought is a slow-onset disaster, and its impacts can 

accumulate over time, making it difficult to predict and manage. 

 

 

1. INTRODUCTION 

Drought is a prolonged period of below-average precipitation, leading to a shortage of water for 

various uses and leading to negative impacts on natural and human systems. Drought can also be 

defined as a deficiency in the water supply whether atmospheric (precipitation), surface water or 

ground water sources. It can be categorized into meteorological, agricultural, and hydrological 

drought depending on the sector and the time scale considered. Drought can have severe impacts 

on agriculture, ecosystems, and communities, and can lead to food and water shortages, 

wildfires, and economic losses. Drought is a slow-onset disaster, and its impacts can accumulate 

over time, making it difficult to predict and manage. 

The Standardized Precipitation Index (SPI) is a drought index that uses historical precipitation 

data to provide a standardized measure of dryness (or wetness) for a given location and time 
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period. The index is based on the probability of a certain amount of precipitation occurring in a 

given month or season, and it ranges from -3 (extremely dry) to +3 (extremely wet). A value of 0 

indicates normal precipitation for the time period in question. The SPI is commonly used to 

forecast drought conditions and to monitor ongoing drought events. 

 

1.1 TYPE OF DROUGHT 

There are several types of drought, which can be classified based on their causes, duration, and 

impacts.  

 

Fig 1: Type of drought and time response[1] 

 

Some common types of drought include: 

1.1.1 Meteorological drought: Meteorological drought occurs when there is a prolonged 

period of below-average precipitation. This is the most common type of drought and is typically 

measured using indices such as the Standardized Precipitation Index (SPI). 
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Meteorological drought is a prolonged period of below-average precipitation. It is the most 

common type of drought and is typically measured using indices such as the Standardized 

Precipitation Index (SPI) or the Palmer Drought Severity Index (PDSI). Meteorological drought 

can be caused by a variety of factors, including changes in large-scale weather patterns, such as 

El Niño or La Niña, or by a lack of storm systems that bring precipitation to a particular region. 

During meteorological drought, precipitation is less than normal, which leads to a shortage of 

water for various uses. The shortage of water can lead to negative impacts on natural and human 

systems, including agriculture, ecosystems, and communities. These impacts can include damage 

to crops and livestock, water shortages, wildfires, and economic losses. Meteorological drought 

can also exacerbate other types of drought, such as agricultural and hydrological droughts, by 

reducing the availability of water resources. 

 

There are several ways to measure meteorological drought, including: 

 

a) Standardized Precipitation Index (SPI): This index uses historical precipitation data to 

provide a standardized measure of dryness (or wetness) for a given location and time period. The 

index ranges from -3 (extremely dry) to +3 (extremely wet), with a value of 0 indicating normal 

precipitation for the time period in question. 

 

b) Palmer Drought Severity Index (PDSI): This index uses a combination of precipitation, 

temperature, and soil moisture data to provide a measure of drought conditions. The index ranges 

from -10 (extremely dry) to +10 (extremely wet), with a value of 0 indicating normal 

precipitation for the time period in question. 

 

c) Percent of Normal Precipitation (PNP): This index compares the actual precipitation for a 

given time period to the long-term average precipitation for that same period, typically based on 

a 30-year period. 

 

d) Rainfall Anomaly: This index compares the actual precipitation for a given time period to 

the long-term average precipitation for that same period and presents the difference in 

percentage. 

 

e) Rainfall deciles: This index categorizes the observed precipitation into 10 groups, where 

the lowest 10% of rainfall occurrences are considered as extremely dry and the highest 10% as 

extremely wet. 
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Fig 2:Interrelationships between meteorological, agricultural, hydrological and socio-economic 

drought. 

 

1.1.2 Agricultural drought: Agricultural drought occurs when soil moisture levels are 

insufficient to support crop growth, even when precipitation is normal. This type of drought can 

be caused by factors such as high temperatures, high evapotranspiration rates, and poor soil 

conditions.Agricultural drought, also known as soil moisture drought, occurs when soil moisture 

levels are insufficient to support crop growth, even when precipitation is normal. This type of 

drought can be caused by a variety of factors, including high temperatures, high 

evapotranspiration rates, and poor soil conditions. During an agricultural drought, the lack of 

water in the soil can lead to stress on crops, making them more susceptible to disease and pests, 

and reducing their yield. Additionally, it can also lead to a decline in the health of pastures and 

rangelands, resulting in reduced grazing opportunities for livestock. 

Agricultural droughts can be caused by a combination of meteorological drought, hydrological 

drought and human activities such as over-extraction of water resources, changes in land use, and 

climate change. Agricultural drought can have significant economic impacts, as it can lead to 

reduced crop yields and increased costs for irrigation and other water-saving measures. 

To mitigate agricultural drought, farmers may use irrigation systems, or practice drought-tolerant 

farming methods such as crop rotation, soil conservation, and water-efficient irrigation 
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techniques. In addition, forecasting and early warning systems, as well as long-term planning, 

can help farmers prepare for and cope with drought conditions. 

 

To measure Agricultural drought  

Agricultural drought can be measured using a combination of meteorological, hydrological, and 

agricultural indicators. Meteorological drought is measured by analyzing precipitation, 

temperature, and evapotranspiration data. Hydrological drought is measured by analyzing soil 

moisture, stream flow, and groundwater levels. Agricultural drought is measured by analyzing 

crop growth and yield data. Additionally, remote sensing techniques can also be used to measure 

vegetation health and productivity. The most commonly used agricultural drought index is the 

Crop Moisture Index (CMI). It is calculated using a combination of meteorological and soil 

moisture data. Another commonly used agricultural drought index is the Agricultural Drought 

Index (ADI). It is calculated using a combination of meteorological, hydrological and 

agricultural data. 

 

1.1.3 Hydrological drought:Hydrological drought occurs when water levels in rivers, lakes, 

and aquifers fall below normal levels. This type of drought can be caused by factors such as 

over-extraction of water resources, changes in land use, and climate change.Hydrological 

drought, also known as water deficit drought, occurs when water levels in rivers, lakes, and 

aquifers fall below normal levels. This type of drought can be caused by a variety of factors, 

including over-extraction of water resources, changes in land use, and climate change. 

 

During a hydrological drought, the lack of water in surface and subsurface water sources can 

lead to shortages for various uses, such as irrigation, drinking, and industrial use. It can also lead 

to negative impacts on ecosystems, including declines in fish and wildlife populations and 

changes in the structure and function of wetland and riparian habitats. 

 

The onset of hydrological drought can be gradual and may not be immediately apparent, as it can 

take time for the effects of reduced precipitation or increased water use to be seen in stream flow 

and groundwater levels. 

 

Hydrological drought can be mitigated by implementing water conservation measures, such as 

reducing water usage, increasing water storage capacity, and developing alternative water 

sources. In addition, forecasting and early warning systems, as well as long-term planning, can 

help water managers prepare for and cope with drought conditions. 

 

Hydrological drought can be measured by analyzing several indicators, including: 

 

a) Streamflow: Low streamflow levels can indicate a drought. This can be measured by 

analyzing data from stream gauges or using remote sensing techniques. 
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b) Groundwater levels: Lower than normal groundwater levels can indicate a drought. This 

can be measured by analyzing data from wells or using remote sensing techniques. 

 

c) Soil moisture: Low soil moisture levels can indicate a drought. This can be measured by 

analyzing data from soil moisture sensors or using remote sensing techniques. 

 

d) Reservoir levels: Lower than normal reservoir levels can indicate a drought. This can be 

measured by analyzing data from reservoir gauges. 

 

e) Baseflow: The baseflow of a river or stream is the flow that is sustained by groundwater 

discharge and it can be used as an indicator of drought. 

 

f) Drought Indices: Various hydrological drought indices are available, SPI, Standardized 

Streamflow Index (SSI) and Standardized Runoff Index (SRI). 

 

g) Remote sensing: The use of remote sensing technologies like satellite imagery can be 

used to measure the changes in vegetation, snow cover, and soil moisture, which can be used as 

an indicator of drought. 

 

1.1.4 Socio-Economic drought:Socio-Economic droughtoccurs when the demand for water 

exceeds the available supply, leading to water shortages and economic losses. 

Socio-Economic drought, also known as water demand drought, occurs when the demand for 

water exceeds the available supply, leading to water shortages and economic losses. This type of 

drought can be caused by a variety of factors, including population growth, urbanization, and 

economic development. 

 

During a socio-economic drought, water shortages can lead to negative impacts on various 

sectors, such as agriculture, industry, and households. These impacts can include reduced crop 

yields, increased costs for irrigation and other water-saving measures, and reduced availability of 

water for drinking and sanitation. Additionally, it can also lead to a decline in the health of 

pastures and rangelands, resulting in reduced grazing opportunities for livestock. 

Socio-Economic drought can also have significant social and economic impacts, as it can lead to 

conflicts over water resources and can exacerbate poverty and inequality. To mitigate socio-

economic drought, water managers may implement measures such as water pricing, water rights 

and allocation systems, and water conservation and reuse programs. In addition, forecasting and 

early warning systems, as well as long-term planning, can help water managers prepare for and 

cope with drought conditions. 
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1.1.5 Ecological drought: Ecological droughtis a condition of dryness that results in water-

related ecosystem stress. This can happen even in the absence of meteorological 

drought.Ecological drought, also known as ecosystem drought, is a condition of dryness that 

results in water-related ecosystem stress. This can happen even in the absence of meteorological 

drought. Ecological drought occurs when precipitation is normal or even above normal, but the 

water availability for the ecosystem is still insufficient. This can happen due to human activities 

such as damming, over-extraction of water resources, changes in land use, and climate change. 

 

During an ecological drought, the lack of water can lead to a decline in the health of ecosystems, 

including declines in fish and wildlife populations, changes in the structure and function of 

wetland and riparian habitats, and reduced biodiversity. It can also lead to increased risk of 

wildfires, which can have severe impacts on ecosystems and human communities. 

 

To mitigate ecological drought, water managers may implement measures such as water 

conservation, water quality protection, and ecosystem-based management of water resources. 

This can include protecting and restoring wetlands and riparian habitats, as well as implementing 

flow regimes that mimic natural patterns. In addition, forecasting and early warning systems, as 

well as long-term planning, can help water managers prepare for and cope with drought 

conditions. 

 

1.1.6 Flash drought: can occur quickly, in a matter of weeks, unlike other types of drought 

which can take months or even years to develop. 

Flash drought is a type of drought that can occur quickly, in a matter of weeks, unlike other types 

of drought which can take months or even years to develop. It is characterized by a sudden and 

severe drop in soil moisture and streamflow due to a lack of precipitation and high temperatures. 

 

Flash droughts are often triggered by sudden changes in weather patterns, such as a shift from 

wet to dry conditions or a rapid increase in temperature. These changes can lead to rapid 

evaporation and transpiration of soil moisture, leaving little water available for plants and 

animals. 

 

Flash droughts can have severe impacts on agriculture and ecosystems, and can lead to food and 

water shortages, wildfires, and economic losses. They can also exacerbate ongoing drought 

conditions, making it difficult for farmers, ranchers and water managers to respond. 

 

2. Causes of Drought 

Drought is caused by a variety of factors. Some of the main causes of drought include: 
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1. Lack of precipitation: Drought happens when there is a prolonged period of below-

average precipitation, leading to a shortage of water in the soil and surface reservoirs. 

2. High temperatures: High temperatures can increase evaporation and transpiration, which 

can lead to a faster depletion of water resources. 

3. High winds: High winds can cause increased evaporation and transpiration, which can 

also lead to a faster depletion of water resources. 

4. High pressure systems: High pressure systems can cause clear, sunny weather, leading to 

increased evaporation and transpiration. 

5. El Niño/La Niña: El Niño and La Niña are climate patterns that can lead to changes in 

precipitation patterns, resulting in drought or wetness. 

6. Human activities: human activities such as over-extraction of water resources, 

deforestation, and urbanization can also contribute to drought conditions. 

Wetness causes are basically the opposite of drought causes, high precipitation, low 

temperatures, low winds, low pressure systems, 

 

3. Comparison and combination with drought indices 

Drought indices are numerical values or measurements that are used to represent the  severity of 

drought conditions at a location on the time scale. These indices can be based on a variety of 

factors such as precipitation, temperature, soil moisture, and vegetation health. Examples of 

commonly used drought indices include the PDSI, SPI, and the Vegetation Drought Response 

Index (VegDRI)[2]. These indices can be used to monitor drought conditions over time and to 

help predict future drought events. They are also used to help decision-makers and resource 

managers respond to drought conditions. 

Drought indices can be compared and combined in various ways to provide a more 

comprehensive understanding of drought conditions. One way to compare drought indices is to 

use multiple indices that are based on different factors, such as precipitation, temperature, and 

soil moisture. For example, the PDSI uses a combination of precipitation and temperature to 

calculate drought conditions, while the SPI is based solely on precipitation. By comparing the 

values of both indices, one can get a more accurate picture of the drought conditions. 
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Another way to combine drought indices is to use indices that have been developed for different 

spatial scales. For example, the VegDRI is designed to assess drought conditions at a local scale, 

while the PDSI is designed for a larger, regional scale. Combining the values of both indices can 

give a more detailed understanding of drought conditions across different scales. 

Additionally, Drought indices can be combined with other data such as satellite images, 

meteorological data, and hydrological data, to provide even more detailed information about the 

conditions. 

Overall, comparing and combining different drought indices can help improve the precision and 

precision of drought monitoring and prediction, and aid in the decision-making process of 

drought management and mitigation. 

4. SPI Calculations  

 The SPI was developed by Colorado State University researchers Thomas, Nolan and John at 

the beginning of the 1990s with the goal of proposing an indicator and definition of drought [3] 

.The PDSI was commonly used to derive the drought index in USat thattime[4], despite 

limitations like inadequacy in mountainous regions or inconsistency in space. The SPI's 

theoretical foundation, as laid out by McKee [2] significantly improved in subsequent years. 

The SPI is a dimensionless probability index that is calculated in the following order for a given 

location and time: 

(a) A probability density function (PDF) is used to fit data sets. The precision of the SPI values is 

determined by selecting the parametric distribution. McKeerecommended gamma, but other 

distributions perform similarly or at least in a similar manner. Pearson III is one of several 

options that have been tested for various applications [5],[6]Weibull, [7] geometric, but no 

universal agreement has been reached[4] . The following is a definition of the gamma PDF:[12] 

 

where is the gamma function, is a shape parameter, is a scale parameter, and is the amount of 

precipitation. For twenty additional PDFs, different formulas apply. 

(b) Using the results, the cumulative probability of a precipitation event for a specific month and 

time scale is calculated [9]. 
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c) In addition, the cumulative probability distribution is changed into a standard normal 

distribution with a mean of zero and a variance of one, the SPI value[8][11]. 

Parry [13] eloquently illustrate the methodological flowchart from raw precipitation to SPI 

values, illustrating the distinctions between two distinct European climates. The PDFs' shape and 

scale parameters may change in response to changes in a region's precipitation pattern over time. 

According to [14] even a relatively long calibration period yields results that would be 

significantly impacted by extending the period. 

5. Variability 

The SPI is a drought index that is based on precipitation data. It is used to assess the severity of 

drought conditions by comparing the current precipitation to the historical precipitation for the 

same period. The SPI is calculated by standardizing the precipitation data and expressing it in 

terms of standard deviations from the mean. 

One of the main advantages of the SPI is that it can be calculated for different time scales, such 

as daily, monthly, or even annually, which allows for flexibility in monitoring drought 

conditions. 

However, the SPI also has some limitations. The main limitation is that it is based solely on 

precipitation data and does not take into account other factors such as temperature, evaporation, 

or soil moisture. This means that the SPI may not provide an accurate representation of drought 

conditions in some cases, particularly in areas where evaporation and transpiration are high. 

Another limitation of the SPI is that it is sensitive to the variability in precipitation. In some 

areas, precipitation can be highly variable, leading to large fluctuations in the SPI values. This 

can make it difficult to distinguish between drought and non-drought conditions. 

In conclusion, the SPI is a widely used and useful drought index, it can be calculated at different 

time scales, but it is based only on precipitation data and it's sensitive to the variability of 

precipitation, it should be combined with other data and indices to get a more comprehensive 

understanding of the drought conditions. 

6. The strengths and weaknesses of the SPI 

The SPI is a widely used drought index that has several strengths and weaknesses. 

a. Strengths: 

1. The SPI is based on precipitation data, which is easily accessible and widely available. 
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2. It can be calculated at different time scales, which allows for flexibility in monitoring 

drought conditions. 

3. The SPI is easy to understand and interpret, which makes it a useful tool for decision-

makers and resource managers. 

4. The SPI is a non-parametric index, meaning it does not require any prior information 

about the probability distribution of the precipitation, which makes it less sensitive to 

assumptions about the distribution of precipitation. 

b. Weaknesses: 

1. The SPI is based solely on precipitation data and does not take into account other factors 

such as temperature, evaporation, or soil moisture. 

2. The SPI can be highly variable in some areas. This makes it difficult to differentiate 

between drought and non-drought conditions. 

3. The SPI is not suitable for areas with high evaporation and transpiration since it does not 

account for the water lost from the soil and vegetation. 

4. The SPI may not always be accurate in areas with high variability in precipitation, and 

can be affected by outliers. 

5. Overall, the SPI is a widely used and useful drought index, but it should be used in 

conjunction with other data and indices to get a more comprehensive understanding of the 

drought conditions. 

 

References: 

[1] Greenwood, J.A., and D. Durand, 1960. Aids for fitting the gamma distribution by 

maximum likelihood. Technometrics, 2, 55-65. 

[2] McKee, T.B., Doesken, N.J. and Kleist, J., 1993, January. The relationship of drought 

frequency and duration to time scales. In Proceedings of the 8th Conference on Applied 

Climatology (Vol. 17, No. 22, pp. 179-183). 

[3] McKee, C.F., Zweibel, E.G., Goodman, A.A. and Heiles, C., 1993. Magnetic fields in star-

forming regions-theory. In Protostars and planets III (p. 327). 

[4] Cebrián, A.C. and Abaurrea, J., 2012. Risk measures for events with a stochastic duration: 

an application to drought analysis. Stochastic environmental research and risk 

assessment, 26(7), pp.971-981. 



Mathematical Statistician and Engineering Applications 
ISSN: 2094-0343 

 

 
430 

 
 

Vol. 70 No. 2 (2021) 

http://philstat.org.ph 

 

 

[5] Šebenik, U., Brilly, M. and Šraj, M., 2017. Drought analysis using the standardized 

precipitation index (SPI). ActageographicaSlovenica, 57(1), pp.31-49. 

[6] Livada, I. and Assimakopoulos, V.D., 2007. Spatial and temporal analysis of drought in 

Greece using the Standardized Precipitation Index (SPI). Theoretical and applied 

climatology, 89(3), pp.143-153. 

[7] Angelidis, P., Maris, F., Kotsovinos, N. and Hrissanthou, V., 2012. Computation of drought 

index SPI with alternative distribution functions. Water resources management, 26(9), 

pp.2453-2473. 

[8] Sönmez, M., Türk, G. and Yüce, A., 2005. The effect of ascorbic acid supplementation on 

sperm quality, lipid peroxidation and testosterone levels of male Wistar 

rats. Theriogenology, 63(7), pp.2063-2072. 

[9] Hayes, M.J., 2000. Revisiting the SPI: clarifying the process. Vol. 12, No. 1, Winter 1999–

Spring 2000. 

[10] Haylock, M.R., N. Hofstra, A.M.G. Klein Tank, E.J. Klok, P.D. Jones, and M. New. 2008: 

A European daily high-resolution gridded dataset of surface temperature and precipitation. 

Journal of Geophysical Research, Vol. 113, D20119, doi:10.1029/2008JD10201 

[11] Angelidis, P., Maris, F., Kotsovinos, N. and Hrissanthou, V., 2012. Computation of drought 

index SPI with alternative distribution functions. Water resources management, 26(9), 

pp.2453-2473. 

[12] Angelidis, E., Bohn, D. and Rose, O., 2012, December. A simulation-based optimization 

heuristic using self-organization for complex assembly lines. In Proceedings of the 2012 

Winter Simulation Conference (WSC) (pp. 1-10). IEEE. 

[13] Parry, S.F., Noble, S.R., Crowley, Q.G. and Wellman, C.H., 2011. A high-precision U–Pb 

age constraint on the RhynieChertKonservat-Lagerstätte: time scale and other 

implications. Journal of the Geological Society, 168(4), pp.863-872. 

[14] Ntale, H.K. and Gan, T.Y., 2003. Drought indices and their application to East 

Africa. International Journal of Climatology: A Journal of the Royal Meteorological 

Society, 23(11), pp.1335-1357. 



Mathematical Statistician and Engineering Applications 
ISSN: 2094-0343 

 

 
431 

 
 

Vol. 70 No. 2 (2021) 

http://philstat.org.ph 

 

 

[15] Edwards, D.C. and T.B. McKee. 1997. Characteristics of 20th Century Drought in the 

United States at Multiple Time Scales. Climatology Report Number 97-2. Colorado State 

University, Fort Collins.  

[16] McKee, T.B., N.J. Doesken and J. Kleist. 1993. The relationship of drought frequency and 

duration to time scale. In: Proceedings of the Eighth Conference on Applied Climatology, 

Anaheim, California, 17–22 January 1993. Boston, American Meteorological Society, 179–

184.  

[17] Press, W.H., S.A. Teukolsky, W.T. Vetterling, and B.P. Flannery. 1992. Numerical Recipes 

in C: The Art of Scientific Computing. 2nd Edition. Cambridge University Press. ISBN 0-

521-43108-5. 994p.  

[18] Thom, H.C.S. 1958. A Note on the Gamma Distribution. Monthly Weather Review, 86(4).  

[19] Ntale, H.K., Gan, T.Y. and Mwale, D., 2003. Prediction of East African seasonal rainfall 

using simplex canonical correlation analysis. Journal of Climate, 16(12), pp.2105-2112. 

[20] A. O. Mulani and G. N. Shinde, “An approach for robust digital image watermarking using 

DWT‐  PCA”, Journal of Science and Technology, Vol.6, Special Issue 1, 2021 DOI: 

https://doi.org/10.46243/jst.2021.v6.i04.pp59‐ 62  

[21] U. P. Nagane and A. O. Mulani, “Moving Object Detection and Tracking Using Matlab”, 

Journal of Science and Technology, Vol.6, Special Issue 1, 2021 DOI: 

https://doi.org/10.46243/jst.2021.v6.i04.pp63‐ 66  

[22] Jadhav M. M., G. H. Chavan and A. O. Mulani, “Machine Learning based Autonomous Fire 

Combat Turret”, Turkish Journal of Computer and Mathematics Education (TURCOMAT), 

12﴾2﴿, 2372‐ 2381, 2021  

[23] Dr. P. B. Mane and A. O. Mulani, “High throughput and area efficient FPGA 

implementation of AES algorithm”, International Journal of Engineering and Advanced 

Technology, Vol. 8, Issue 4, April 2019  

[24] Ganesh Shinde and AltafMulani, “A Robust Digital Image Watermarking using DWT‐  

PCA”, International Journal of Innovations in Engineering Research and Technology 

(IJIERT), Vol. 6 Issue 4 April 2019.  



Mathematical Statistician and Engineering Applications 
ISSN: 2094-0343 

 

 
432 

 
 

Vol. 70 No. 2 (2021) 

http://philstat.org.ph 

 

 

[25] A. O. Mulani and Dr. P. B. Mane, “Secure and area Efficient Implementation of Digital 

Image Watermarking on Reconfigurable Platform”, International Journal of Innovative 

Technology and Exploring Engineering, Vol. 8, Issue 2,Dec. 2018  

[26] P. B. Mane and A. O. Mulani, “High Speed Area Efficient FPGA Implementation of AES 

Algorithm”, International Journal of Reconfigurable and Embedded Systems, Vol. 7, No. 3, 

November 2018, pp. 157‐ 165 DOI: 10.11591/ijres.v7.i3.pp157‐ 165  

[27] RenukaKondekar and A. O. Mulani, “Raspberry pi based voice operated Robot”, 

International Journal of Recent Engineering Research and Development (IJRERD), Vol. 2 

Issue 12, Dec. 2017.  

[28] Kulkarni P.R., Mulani A.O. and Mane P. B., “Robust Invisible Watermarking for Image 

Authentication”, In Emerging Trends in Electrical, Communications and Information 

Technologies, Lecture Notes in Electrical Engineering, vol. 394,pp. 193‐ 200, Springer, 

Singapore, 2017. 

[29] A.O.Mulani and Dr.P.B.Mane, “Watermarking and Cryptography Based Image 

Authentication on Reconfigurable Platform”, Bulletin of Electrical Engineering and 

Informatics, Vol.6 No.2, pp 181‐  187,2017 

[30] A.O.Mulani and Dr.P.B.Mane, “Area Efficient High Speed FPGA Based Invisible 

Watermarking for Image Authentication”, Indian Journal of Science and Technology, Vol.9. 

No.39, Oct. 2016.  

[31] AmrutaMandwale and A. O. Mulani, “Implementation of High Speed Viterbi Decoder using 

FPGA”, International Journal of Engineering Research & Technology (IJERT), Feb. 2016  

[32] D. M. Korake and A. O. Mulani, “Design of Computer/Laptop Independent Data transfer 

system from one USB flash drive to another using ARM11 processor”, International Journal 

of Science, Engineering and Technology Research, 2016. 

[33] AmrutaMandwale and A. O. Mulani, “Different Approaches For Implementation of Viterbi 

decoder”, IEEE International Conference on Pervasive Computing (ICPC), Jan. 2015. 

[34] AmrutaMandwale and A. O. Mulani, “Implementation of Convolutional Encoder & 

Different Approaches for Viterbi Decoder”, IEEE International Conference on 

Communications, Signal Processing Computing and Information technologies, Dec. 2014. 

 


