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ABSTRACT 

This paper presents the development of an autonomous spraying robot designed to optimize agricultural practices 

through precise pesticide application, facilitated by the integration of real-time satellite data. The robot utilizes 

multispectral imaging from satellites, including NDVI and thermal data, to assess crop health and identify specific 

needs for intervention. The system aims to significantly reduce the volume of chemicals used in farming by 

targeting only the areas that require treatment, thus minimizing environmental impact while maintaining or 

enhancing crop yield. By employing advanced algorithms for data processing and machine operation, the robot 

autonomously navigates through fields, delivering pesticides in an optimized manner based on the satellite-derived 

insights. This project highlights the potential of combining robotics with satellite technology to create sustainable, 

efficient agricultural systems that can respond dynamically to the conditions of each crop area. The implications of 

such technological advancements are discussed, particularly in terms of scalability, environmental benefits, and the 

potential for precision agriculture to adapt to global challenges such as climate change and food security. 

 

INTRODUCTION 

In the age of technological convergence, the agriculture 

sector stands on the brink of a transformative shift. 

Precision agriculture, facilitated by the rapid 

advancements in satellite and robotics technologies, 

presents a promising solution to enhance agricultural 

productivity and sustainability. This fusion of 

technologies allows for the precise management of 

resources, reducing waste and minimizing 

environmental impact. 

Despite the potential benefits, the actual deployment of 

such technologies in agriculture has faced challenges, 

primarily due to the complexities involved in 

integrating satellite data with autonomous systems in a 

dynamic farm environment. Current methods of 

pesticide application are often generalized and 

inefficient, leading to excessive use of chemicals, 

increased costs, and adverse environmental 

consequences. These challenges underscore the need 

for more targeted and intelligent systems that can adapt 

to varying agricultural conditions. 

This paper introduces a novel autonomous spraying 

robot that utilizes small satellite data to optimize 

pesticide applications across diverse farming 

environments. By leveraging real-time data from 

cubesat systems, including NDVI (Normalized 

Difference Vegetation Index) and thermal imaging, the 

robot is able to perform precise applications, ensuring 

effective pest control while adhering to principles of 

sustainable farming. This integration represents a 

significant advancement in the field of precision 

agriculture, promising to enhance crop yields, reduce 

environmental impacts, and lead a revolution in farming 

practices. 

The objective of this research is to demonstrate the 

practical feasibility and benefits of integrating satellite 

technology with autonomous ground systems, 

specifically in the context of pesticide application. 

Through detailed methodology, implementation results, 

and comprehensive discussions, this study aims to 

contribute to the ongoing evolution of agricultural 

technologies and inspire further innovations in the 

sector.  

While the space technologies are deeply rooted in 

military applications, its increasing usage in civilian 

applications isn’t as recent as thought and can be traced 

to the 1970s where plant remote sensing applications 

for detection of crop identifiable parameters, began to 

emerge1. This could be traced back to the work of the 

US National Academy of Science that aimed for 

achieving reliable systems for remote assessment of 

ground events and phenomena, leading to the 

development of MSS technology (multispectral 

scanner) that was kickstarted by the University of 

Michigan then University of Purdue for the combined 

effort to innovate early resources monitoring satellite 

that along with other airborne tools, contributed to 

monitoring the “corn blight” a major disease affecting a 

very strategic crop for local consumption and exports to 

 

1 
https://www.sciencedirect.com/science/article/pii/S01
68169920309194?via%3Dihub#b0215  

https://www.sciencedirect.com/science/article/pii/S0168169920309194?via%3Dihub#b0215
https://www.sciencedirect.com/science/article/pii/S0168169920309194?via%3Dihub#b0215
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food-scarce developing nations2; the thing that 

continued to persist via the Landsat program that 

continues to support agricultural operations since 

19723.  

The need for pesticides, a necessary evil?  

The European Union's farm accountancy data network 

(FADN) affirms the need for pesticide application as 

one of the most critical components of the agricultural 

process and hence, a major cost-ticket item amounting 

to 12% of the total cultivation costs in some 

jurisdictions. According to another EU report, 

forecasted crop yield losses, due to not applying the 

necessary pesticides/herbicides, while differing 

according to local climatic conditions (with hotter 

regions suffering from increased proliferation of pests 

and longer lifecycle windows for predation/infection, or 

nutrient competition) and nature of crops since most 

commercial crop strains aren’t necessarily native, or 

indigenous4. The report estimates that possible losses 

among crops like rice “grain” and potato “root plant” 

may reach up to 80%, 55% in the case of wheat and 

60% in soybean with recorded observed actual losses 

40% in crops such as potato and rice along with 30% in 

the case of wheat and 26% in cultivation of soybean. 

Since food security requires planning nutrition supply 

based on local/imported food production, consistency 

of yield is of great importance, without which, 

inflationary waves may hit the economy (due to 

inelastic demand for staple foods), or worse, 

malnutrition and famines and hence, experimenting 

with no-pesticide farming is yet to reduce the standard 

deviation from mean values5. 

Excessive pesticide application problems 

While pesticide application is essential for food 

security, too much of a good thing, no matter how 

important, or essential, is still a bad thing. According to 

the Guardian, global utilization of pesticides increased 

by 80% from 1990 at the same time the “Pesticide 

Atlas”, a jointly prepared study under the EU Creative 

Commons, links pesticide use with the affliction of 385 

million people with poisoning, yearly, with 11,000 dead 

 

2 https://ieeexplore.ieee.org/document/6499157  
3 https://appliedsciences.nasa.gov/get-
involved/training/english/arset-satellite-remote-
sensing-agricultural-applications  
4 
https://www.europarl.europa.eu/cmsdata/185760/EPR
S_IDA(2019)634416_EN.pdf  
5 https://www.nature.com/articles/s41467-018-05956-
1  

due to high dosage exposure6. There is a discussion to 

be had on the need for the rationalization of pesticide 

usage based on actual need instead of applying 

pesticide as a “yield insurance premium”. In a report by 

Pesticides Action Network Europe (PAN), excessive 

pesticide application is often unaccounted for its real 

price due to costs being externalized as estimated to be 

6% of crop value to stand in for the environmental 

damage caused by leaching and discharge; a figure that 

reaches 208 Sterling Pound in the UK per each 

cultivated hectare7.    

Aside from the health and environmental impact of 

excessive pesticide usage, the economic impact is truly 

felt by farmers whose produce is rejected from EU 

market due to stringent import regulations as seen in the 

case of Egypt which require minimal pesticide residue 

that would need to be below certain industry threshold 

per crop type. In one study, out of 177 random samples, 

pesticide detection occurred in 127 samples and 17.5% 

recorded contamination levels above safety limits 

decreed by the EU8. Rejected shipments are destroyed 

and the costs of disposal levied onto the exporter.  

Accordingly, there is a need to rationalize the 

application of pesticide so that 1) they are only applied 

in affected areas 2) they are only applied when needed 

3) they are applied only in quantities proportional to the 

size of infection / infestation and the growth period.  

Due to human tendency to “err” on the side of caution, 

human application of pesticide, using back-mounted 

spraying tanks, lead to excessive usage and increased 

cases of health-related problems among pesticide 

spraying workers as seen in screened cases in farm 

workers worldwide, from China, to Chile, to Ethiopia 

where assumptions of safety by using face masks 

prevailed at a time when skin contact can lead to 

absorption of lethal dosage of toxins9.  

Precision pesticide spraying, a middle ground 

solution?  

 

6 
https://www.theguardian.com/environment/2022/oct/
18/pesticide-use-around-world-almost-doubles-since-
1990-report-finds  
7 https://www.pan-
europe.info/old/Resources/Briefings/Archive/External
%20costs01-12-2005.pdf  
8 https://www.curresweb.com/ije/ije/2015/87-97.pdf  
9 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC78794
72/  

https://ieeexplore.ieee.org/document/6499157
https://appliedsciences.nasa.gov/get-involved/training/english/arset-satellite-remote-sensing-agricultural-applications
https://appliedsciences.nasa.gov/get-involved/training/english/arset-satellite-remote-sensing-agricultural-applications
https://appliedsciences.nasa.gov/get-involved/training/english/arset-satellite-remote-sensing-agricultural-applications
https://www.europarl.europa.eu/cmsdata/185760/EPRS_IDA(2019)634416_EN.pdf
https://www.europarl.europa.eu/cmsdata/185760/EPRS_IDA(2019)634416_EN.pdf
https://www.nature.com/articles/s41467-018-05956-1
https://www.nature.com/articles/s41467-018-05956-1
https://www.theguardian.com/environment/2022/oct/18/pesticide-use-around-world-almost-doubles-since-1990-report-finds
https://www.theguardian.com/environment/2022/oct/18/pesticide-use-around-world-almost-doubles-since-1990-report-finds
https://www.theguardian.com/environment/2022/oct/18/pesticide-use-around-world-almost-doubles-since-1990-report-finds
https://www.pan-europe.info/old/Resources/Briefings/Archive/External%20costs01-12-2005.pdf
https://www.pan-europe.info/old/Resources/Briefings/Archive/External%20costs01-12-2005.pdf
https://www.pan-europe.info/old/Resources/Briefings/Archive/External%20costs01-12-2005.pdf
https://www.curresweb.com/ije/ije/2015/87-97.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7879472/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7879472/
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While the word “precision” became a “buzzword” in 

the agritech field due to increasing focus on WEFE 

Nexus where irrigation rationalization is achieved via 

estimating actual plant needs using sensory systems, 

some mobile and some stationary, as well as “precision 

fertilization” to mitigate eutrophication and leaching, 

the newest advent to the field, “precision pesticide 

spraying” is yet to take off. A major cause behind that 

is that infections, or cases of predation often lack the 

uniformity of nutrient distribution, or water budgeting 

since biological attacks either follow certain lifecycles, 

or proliferate exponentially as microbiome. This creates 

the challenge of being able to detect / survey the extent 

of infection / infestation and adjust the pesticide 

application in real time. A study in Brazil that 

experimented with sensor-based spraying system for 

strategic crops like maize and soybean, reduced costs of 

pesticides per studied area by 2.3 times with 

comparable yield, confirming that conventional 

spraying uses unnecessarily large amounts of 

pesticides10. The sensors used in the automated system 

relied on reflectance as a diagnostic tool utilizing that 

pigments like chlorophyll has fluorescent properties and 

hence, less-than-ideal, levels, alert the system to 

commence spraying.  

Challenges with Crop pest surveillance 

While ground sensors can be quite accurate in their 

verdict regarding plant pest infections, sensors tend to 

be costly and in large-acreage farms, it wouldn’t be 

practical to place sensors permanently in the field en 

masse, or deploy portable hand-held ones due to how 

labor-intensive this would be.  

Accordingly, there is a need to benefit from space-

based surveillance / remote sensing capabilities due to 

satellites constant presence in lower Earth orbits, 

advanced instruments and ability to automatically 

capture and archive imagery on demand.  

That being said, satellite surveillance of crop pests, is 

technically complex.   

Plants, as living biological organisms that are in 

constant exposure to sunlight, interact differently to 

sunlight according to the different growth stages, 

physiological conditions, environmental conditions,  

and crop type that affects the foliage shape, structure, 

height and surface layers receiving solar radiation. To 

detect alterations of the solar reflectance due to changed 

plant health, unlike the use of satellite imagery in areas 

 

10 https://www.nature.com/articles/s41598-022-
09607-w  

like climatic conditions and irrigation sensing 

applications, seem to be a much more daunting task 

since this would require increased resolutions as 

detecting plant’s health would depend on capturing 

slight changes from ideal light reflectance; the thing 

that would be lost in lower resolutions that may not 

yield sufficient information to determine decision-

making for prevention or treatment; pushing private 

sector satellite data providers to progressively increase 

their resolution offering as seen with the likes of Maxar 

and Planet Labs11.   

Satellite remote sensing of crop diseases face 

significant challenges due to the complexity of plant 

disease that results from the plethora of biological 

reasons (bacterial, viral, fungal, or as response to the 

proliferation of insect predators) especially since there 

are environmental stressors that may result in similar 

resulting outlook (like how water stress may lead to 

restricted waterflow within vascular pathways of the 

plants in a way that maybe similar to the effects of 

specialist pests targeting the sap carrying vascular 

systems of the crop stalks)12. This would make it 

necessary to establish benchmarks for the different 

types of pests per each crop and the subtle differences 

in the physiological (like disrupting the photosynthetic 

process, or  pigmentation accumulation), or physical 

(predation that reduces the surface area interacting with 

solar radiation and hence decreasing the magnitude of 

reflectance) and such “cataloguing” is necessary to be 

fed into any models that uses spectral data to compare 

healthy thresholds, infected thresholds, predation 

thresholds and environmental thresholds so that 

diagnosis could occur. Accordingly, satellite remote 

sensing, using spectral analysis, is similar how 

radiological scans, albeit from orbit and challenged by 

clouds, dust particles, humidity and other factors that 

may meddle with fracturing the reflected light off the 

plants being observed.  

While differentiation between the environmental 

stressors and the exact biological attack (pest) is 

difficult, it not impossible as seen in the Geisenheim 

study (Germany) where analyzed data from a grape 

cultivation land used thermal imaging fluctuations, as 

seen in the changing patterns of evapotranspiration and 

breathing (respiration) to be able to validate the 

 

11 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC81663
40/  
12 
https://www.sciencedirect.com/science/article/pii/S01
6816991930290X#b0195  

https://www.nature.com/articles/s41598-022-09607-w
https://www.nature.com/articles/s41598-022-09607-w
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8166340/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8166340/
https://www.sciencedirect.com/science/article/pii/S016816991930290X#b0195
https://www.sciencedirect.com/science/article/pii/S016816991930290X#b0195
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detection of infection of a fungal microbe13 as echoed 

by another success of another study, carried out in 

Texas, USA that focused on cotton, an important 

industrial cash crop, and managed to   rule out the 

distinct patterns of water stress as different from root 

death/necrosis14 so, while overlapping plant disease 

outlooks may make diagnosis a difficulty, increasing 

access to data would keep increasing accuracy of 

detection models.  

Example of satellite data detection for dense-

cultivation crops 

One of the reasons remote sensing of crop diseases 

using satellite imagery is needed is, aside from large 

acreage requiring massive and frequently deployed 

trained labor force, some crops, like some cultivated 

cereals are dense enough that intrusive sampling may 

lead to increased crop losses to sample crops within the 

formed “crop canopy” especially with crops with tall 

stalks and no pathways for human observers except 

from the visible circumference of the field. Corn is a 

primary example especially as some countries, like the 

USA, grow it en masse, not only for feed, but as an 

input ingredient for a huge portfolio of industrialized 

food products. In the study conducted by the Northwest 

A&F University in China that focused on the detection 

of the Maize Dwarf Mosaic Virus (MDMV), a disease 

that is not confined to a particular growth phase and 

hence, may hit, without anticipation especially as the 

agricultural calendar is no longer uniform due to 

climate change especially as it affects the most 

important pigment for the photosynthetic process 

(chlorophyll), stunting its growth as limited energy is 

released and “fruiting” is compromised15. In this study, 

hyperspectral analysis aiming at differentiating healthy 

leaves with healthy chlorophyll concentrations and the 

secreted Anthocyanins (a byproduct of the infection 

process leading to yellowish and reddish dry spots) 

which could be difficult due to similar reflectance 

figures as employed spectral wavelength at 0.58 and 

below, yet, as it goes higher within the visible spectrum 

and near infra-red regions of light. For data analysts and 

built in algorithms interpreting the spectral data, 

determining the electromagnetic bands that correspond 

to that particular infection (MDMV) which were 

deemed at most likely within the 611–743 nm stretch.   

 

13 https://www.scopus.com/record/display.uri?eid=2-
s2.0-
56549120264&origin=inward&txGid=b8b60f60a888f84
7d59c55c7dd82ba91  
14  
15 https://www.mdpi.com/2072-4292/13/22/4560  

NDVI data (normalized difference vegetation index) is 

used as an agricultural remote sensing gold standard  

for measuring crop health due to its focus on biomass 

features, like foliage dimensions and surface area; 

however, like all satellite-based surveillance system, 

ground validation is needed to build models for creating 

inference from satellite imagery, test and validate as 

seen in the Chinese study on the Wheat take-all 

disease16 where local ground calibration took place via 

handheld sensors that measured spectral reflectance 

between 350 and1050 nm respective ranges.  

Need for ground truthing  

“From above, all fields seem the same, green and 

indistinguishable”, this could be the viewpoint of any 

person glancing at farm land from a speeding car, or a 

train, so for sure it would become worse from orbit, 

even low-earth orbit. To overcome resolution 

challenges, you either have to deploy expensive aerial 

solutions like swarm drones with advanced cameras for 

human detection on the other side or artificial 

intelligence, or simply, just train the used AI model to 

pick up cues, based previously entered ground data that 

have been verified, for certain by ground level 

acquisition. 

While ground truthing is needed to train AI learning 

models to for pest / infection identification, it is also 

needed calibrate models for pesticide exposure to the 

local population; an activity that may need 

environmental sampling, incorporating prevalent 

weather patterns from local weather stations. An 

American study tackled such undertaking with findings 

confirming need for ground-truthing since a studied 

radius of 0.5 kilometer that encompassed 349 

agricultural fields in proximity to 40 houses, using 

National Land Cover Database (NLCD) and regular 

NDVI measurements, yielding accuracy levels of only 

53.1% and 77.6% respectively. Such high error margin 

has dramatically decreased by overlapping two different 

datasets from two satellites (LandSat + Cropscape 

/NLCD) with accuracy improving to 92.8% to 93.8%)17 

How a satellite-data driven pesticide robotic solution 

may work?  

 

16 https://www.scopus.com/record/display.uri?eid=2-
s2.0-
85116579999&origin=inward&txGid=428c65c3b1eff31
3b55bf4ee9d1beae0  
17 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC99502
93/  

https://www.scopus.com/record/display.uri?eid=2-s2.0-56549120264&origin=inward&txGid=b8b60f60a888f847d59c55c7dd82ba91
https://www.scopus.com/record/display.uri?eid=2-s2.0-56549120264&origin=inward&txGid=b8b60f60a888f847d59c55c7dd82ba91
https://www.scopus.com/record/display.uri?eid=2-s2.0-56549120264&origin=inward&txGid=b8b60f60a888f847d59c55c7dd82ba91
https://www.scopus.com/record/display.uri?eid=2-s2.0-56549120264&origin=inward&txGid=b8b60f60a888f847d59c55c7dd82ba91
https://www.mdpi.com/2072-4292/13/22/4560
https://www.scopus.com/record/display.uri?eid=2-s2.0-85116579999&origin=inward&txGid=428c65c3b1eff313b55bf4ee9d1beae0
https://www.scopus.com/record/display.uri?eid=2-s2.0-85116579999&origin=inward&txGid=428c65c3b1eff313b55bf4ee9d1beae0
https://www.scopus.com/record/display.uri?eid=2-s2.0-85116579999&origin=inward&txGid=428c65c3b1eff313b55bf4ee9d1beae0
https://www.scopus.com/record/display.uri?eid=2-s2.0-85116579999&origin=inward&txGid=428c65c3b1eff313b55bf4ee9d1beae0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9950293/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9950293/
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While advanced remote sensing capabilities of the likes 

of the Sentinel Program allow for building an entire 

plethora of real-life practical agritech applications, 

decision making in the field still suffer from lagging in 

data accessibility as the Sentinel data is available each 5 

days18 and while space data companies benefit from 

increasing number of providers, empowered by 

increasing number of launched constellations (allowing 

for augmented “fill in the blanks” visuals), in addition 

to utilizing advanced learning models to increase 

accuracy of low-resolution products and extend the 

extrapolation / inference potential from older data, local 

calibration would be increasingly needed due to the 

rapidly changing climatic conditions and the erratic 

weather patterns resulting from such a change. 

Accordingly, the following is proposed:  

1- The local agricultural robot, that could be 

carrying out tasks related to weeding, 

spraying, or other field tasks, is provided by a 

direct link to an API system that would receive 

satellite imagery based on either entered farm 

coordinates, or automatically connected GPS 

unit attached to the control panel of the robotic 

system.  

2- The API system uses algorithms to interpret 

thermal, spectral and NDVI and contrast them 

against pre-determined thresholds per crop.  

3- Using if/else conditions of ideal thresholds and 

the standard deviations from the mean 

(established as the ideal threshold + acceptable 

margin of error), it flags areas of concern that 

 

18 
https://sentinels.copernicus.eu/web/sentinel/missions
/sentinel-2/news/-
/asset_publisher/Ac0d/content/sentinel-2-images-the-
globe-every-5-
days;jsessionid=2BC4823847466509FA382BB7ED954C4
7.jvm1?redirect=https%3A%2F%2Fsentinels.copernicus
.eu%2Fweb%2Fsentinel%2Fmissions%2Fsentinel-
2%2Fnews%3Bjsessionid%3D2BC4823847466509FA38
2BB7ED954C47.jvm1%3Fp_p_id%3D101_INSTANCE_Ac
0d%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%2
6p_p_mode%3Dview%26p_p_col_id%3Dcolumn-
1%26p_p_col_count%3D1%26_101_INSTANCE_Ac0d_c
ur%3D4%26_101_INSTANCE_Ac0d_keywords%3D%26_
101_INSTANCE_Ac0d_advancedSearch%3Dfalse%26_1
01_INSTANCE_Ac0d_delta%3D30%26_101_INSTANCE_
Ac0d_andOperator%3Dtrue#:~:text=In%20addition%2
C%20the%20Sentinel%2D2,with%20the%20same%20vi
ewing%20direction.  

need to be checked. The API would, based on 

those deviations from the mean, recommend a 

certain pesticide mixing concentrate based on 

the crop type and the pre-recorded seasonal 

calendar (to account for growth phase).  

4- The coordinates for the sections from the farm 

that have been flagged by the API are sent to 

the robot (if completely autonomous), or to the 

assigned user.  

5- The robotic system, using its ground sensors / 

cameras and other instruments, would feed the 

acquired data to the API system to recalibrate 

its recommendations and update the algorithm 

to increase its accuracy based on the new 

ground-truthing input.  

6- Once the pesticide mixing is adjusted based on 

the combination of satellite surveillance and 

ground-truthing, the robot would be 

commanded, automatically by the API system, 

or the user, to commence spraying.  

7- Based on the recorded GPS-location and 

allowed data sharing with the API system, the 

sprayed plants would be marked as having 

received he pesticide dosage to avoid being 

sprayed again, unless necessary.  

8- With each repetition of such activity, a digital-

twin is established for the farm to illustrate, at 

any given time, the pest control situation in the 

farm.  

9- Volume / weight sensors attached to the tank 

would regulate the and record the amount 

released. Each spraying job is recorded and 

added to the “pesticide ledger” for cost and 

carbon accounting. This is particularly 

important for farmers planning to co-finance 

precision spraying robotic systems and 

satellite data acquisition via producing carbon-

mitigation credits.  

Pictures of “Agrican” pesticide spraying system from 

the field on a farm in the Cairo-Alexandria Road, 

Egypt. The satellite data integration to be implemented 

via “Graniot”, a Spanish / Italian startup based in 

Granada, Spain.   

https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2/news/-/asset_publisher/Ac0d/content/sentinel-2-images-the-globe-every-5-days;jsessionid=2BC4823847466509FA382BB7ED954C47.jvm1?redirect=https%3A%2F%2Fsentinels.copernicus.eu%2Fweb%2Fsentinel%2Fmissions%2Fsentinel-2%2Fnews%3Bjsessionid%3D2BC4823847466509FA382BB7ED954C47.jvm1%3Fp_p_id%3D101_INSTANCE_Ac0d%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-1%26p_p_col_count%3D1%26_101_INSTANCE_Ac0d_cur%3D4%26_101_INSTANCE_Ac0d_keywords%3D%26_101_INSTANCE_Ac0d_advancedSearch%3Dfalse%26_101_INSTANCE_Ac0d_delta%3D30%26_101_INSTANCE_Ac0d_andOperator%3Dtrue#:~:text=In%20addition%2C%20the%20Sentinel%2D2,with%20the%20same%20viewing%20direction
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2/news/-/asset_publisher/Ac0d/content/sentinel-2-images-the-globe-every-5-days;jsessionid=2BC4823847466509FA382BB7ED954C47.jvm1?redirect=https%3A%2F%2Fsentinels.copernicus.eu%2Fweb%2Fsentinel%2Fmissions%2Fsentinel-2%2Fnews%3Bjsessionid%3D2BC4823847466509FA382BB7ED954C47.jvm1%3Fp_p_id%3D101_INSTANCE_Ac0d%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-1%26p_p_col_count%3D1%26_101_INSTANCE_Ac0d_cur%3D4%26_101_INSTANCE_Ac0d_keywords%3D%26_101_INSTANCE_Ac0d_advancedSearch%3Dfalse%26_101_INSTANCE_Ac0d_delta%3D30%26_101_INSTANCE_Ac0d_andOperator%3Dtrue#:~:text=In%20addition%2C%20the%20Sentinel%2D2,with%20the%20same%20viewing%20direction
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2/news/-/asset_publisher/Ac0d/content/sentinel-2-images-the-globe-every-5-days;jsessionid=2BC4823847466509FA382BB7ED954C47.jvm1?redirect=https%3A%2F%2Fsentinels.copernicus.eu%2Fweb%2Fsentinel%2Fmissions%2Fsentinel-2%2Fnews%3Bjsessionid%3D2BC4823847466509FA382BB7ED954C47.jvm1%3Fp_p_id%3D101_INSTANCE_Ac0d%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-1%26p_p_col_count%3D1%26_101_INSTANCE_Ac0d_cur%3D4%26_101_INSTANCE_Ac0d_keywords%3D%26_101_INSTANCE_Ac0d_advancedSearch%3Dfalse%26_101_INSTANCE_Ac0d_delta%3D30%26_101_INSTANCE_Ac0d_andOperator%3Dtrue#:~:text=In%20addition%2C%20the%20Sentinel%2D2,with%20the%20same%20viewing%20direction
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2/news/-/asset_publisher/Ac0d/content/sentinel-2-images-the-globe-every-5-days;jsessionid=2BC4823847466509FA382BB7ED954C47.jvm1?redirect=https%3A%2F%2Fsentinels.copernicus.eu%2Fweb%2Fsentinel%2Fmissions%2Fsentinel-2%2Fnews%3Bjsessionid%3D2BC4823847466509FA382BB7ED954C47.jvm1%3Fp_p_id%3D101_INSTANCE_Ac0d%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-1%26p_p_col_count%3D1%26_101_INSTANCE_Ac0d_cur%3D4%26_101_INSTANCE_Ac0d_keywords%3D%26_101_INSTANCE_Ac0d_advancedSearch%3Dfalse%26_101_INSTANCE_Ac0d_delta%3D30%26_101_INSTANCE_Ac0d_andOperator%3Dtrue#:~:text=In%20addition%2C%20the%20Sentinel%2D2,with%20the%20same%20viewing%20direction
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2/news/-/asset_publisher/Ac0d/content/sentinel-2-images-the-globe-every-5-days;jsessionid=2BC4823847466509FA382BB7ED954C47.jvm1?redirect=https%3A%2F%2Fsentinels.copernicus.eu%2Fweb%2Fsentinel%2Fmissions%2Fsentinel-2%2Fnews%3Bjsessionid%3D2BC4823847466509FA382BB7ED954C47.jvm1%3Fp_p_id%3D101_INSTANCE_Ac0d%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-1%26p_p_col_count%3D1%26_101_INSTANCE_Ac0d_cur%3D4%26_101_INSTANCE_Ac0d_keywords%3D%26_101_INSTANCE_Ac0d_advancedSearch%3Dfalse%26_101_INSTANCE_Ac0d_delta%3D30%26_101_INSTANCE_Ac0d_andOperator%3Dtrue#:~:text=In%20addition%2C%20the%20Sentinel%2D2,with%20the%20same%20viewing%20direction
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2/news/-/asset_publisher/Ac0d/content/sentinel-2-images-the-globe-every-5-days;jsessionid=2BC4823847466509FA382BB7ED954C47.jvm1?redirect=https%3A%2F%2Fsentinels.copernicus.eu%2Fweb%2Fsentinel%2Fmissions%2Fsentinel-2%2Fnews%3Bjsessionid%3D2BC4823847466509FA382BB7ED954C47.jvm1%3Fp_p_id%3D101_INSTANCE_Ac0d%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-1%26p_p_col_count%3D1%26_101_INSTANCE_Ac0d_cur%3D4%26_101_INSTANCE_Ac0d_keywords%3D%26_101_INSTANCE_Ac0d_advancedSearch%3Dfalse%26_101_INSTANCE_Ac0d_delta%3D30%26_101_INSTANCE_Ac0d_andOperator%3Dtrue#:~:text=In%20addition%2C%20the%20Sentinel%2D2,with%20the%20same%20viewing%20direction
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2/news/-/asset_publisher/Ac0d/content/sentinel-2-images-the-globe-every-5-days;jsessionid=2BC4823847466509FA382BB7ED954C47.jvm1?redirect=https%3A%2F%2Fsentinels.copernicus.eu%2Fweb%2Fsentinel%2Fmissions%2Fsentinel-2%2Fnews%3Bjsessionid%3D2BC4823847466509FA382BB7ED954C47.jvm1%3Fp_p_id%3D101_INSTANCE_Ac0d%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-1%26p_p_col_count%3D1%26_101_INSTANCE_Ac0d_cur%3D4%26_101_INSTANCE_Ac0d_keywords%3D%26_101_INSTANCE_Ac0d_advancedSearch%3Dfalse%26_101_INSTANCE_Ac0d_delta%3D30%26_101_INSTANCE_Ac0d_andOperator%3Dtrue#:~:text=In%20addition%2C%20the%20Sentinel%2D2,with%20the%20same%20viewing%20direction
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2/news/-/asset_publisher/Ac0d/content/sentinel-2-images-the-globe-every-5-days;jsessionid=2BC4823847466509FA382BB7ED954C47.jvm1?redirect=https%3A%2F%2Fsentinels.copernicus.eu%2Fweb%2Fsentinel%2Fmissions%2Fsentinel-2%2Fnews%3Bjsessionid%3D2BC4823847466509FA382BB7ED954C47.jvm1%3Fp_p_id%3D101_INSTANCE_Ac0d%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-1%26p_p_col_count%3D1%26_101_INSTANCE_Ac0d_cur%3D4%26_101_INSTANCE_Ac0d_keywords%3D%26_101_INSTANCE_Ac0d_advancedSearch%3Dfalse%26_101_INSTANCE_Ac0d_delta%3D30%26_101_INSTANCE_Ac0d_andOperator%3Dtrue#:~:text=In%20addition%2C%20the%20Sentinel%2D2,with%20the%20same%20viewing%20direction
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2/news/-/asset_publisher/Ac0d/content/sentinel-2-images-the-globe-every-5-days;jsessionid=2BC4823847466509FA382BB7ED954C47.jvm1?redirect=https%3A%2F%2Fsentinels.copernicus.eu%2Fweb%2Fsentinel%2Fmissions%2Fsentinel-2%2Fnews%3Bjsessionid%3D2BC4823847466509FA382BB7ED954C47.jvm1%3Fp_p_id%3D101_INSTANCE_Ac0d%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-1%26p_p_col_count%3D1%26_101_INSTANCE_Ac0d_cur%3D4%26_101_INSTANCE_Ac0d_keywords%3D%26_101_INSTANCE_Ac0d_advancedSearch%3Dfalse%26_101_INSTANCE_Ac0d_delta%3D30%26_101_INSTANCE_Ac0d_andOperator%3Dtrue#:~:text=In%20addition%2C%20the%20Sentinel%2D2,with%20the%20same%20viewing%20direction
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2/news/-/asset_publisher/Ac0d/content/sentinel-2-images-the-globe-every-5-days;jsessionid=2BC4823847466509FA382BB7ED954C47.jvm1?redirect=https%3A%2F%2Fsentinels.copernicus.eu%2Fweb%2Fsentinel%2Fmissions%2Fsentinel-2%2Fnews%3Bjsessionid%3D2BC4823847466509FA382BB7ED954C47.jvm1%3Fp_p_id%3D101_INSTANCE_Ac0d%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-1%26p_p_col_count%3D1%26_101_INSTANCE_Ac0d_cur%3D4%26_101_INSTANCE_Ac0d_keywords%3D%26_101_INSTANCE_Ac0d_advancedSearch%3Dfalse%26_101_INSTANCE_Ac0d_delta%3D30%26_101_INSTANCE_Ac0d_andOperator%3Dtrue#:~:text=In%20addition%2C%20the%20Sentinel%2D2,with%20the%20same%20viewing%20direction
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2/news/-/asset_publisher/Ac0d/content/sentinel-2-images-the-globe-every-5-days;jsessionid=2BC4823847466509FA382BB7ED954C47.jvm1?redirect=https%3A%2F%2Fsentinels.copernicus.eu%2Fweb%2Fsentinel%2Fmissions%2Fsentinel-2%2Fnews%3Bjsessionid%3D2BC4823847466509FA382BB7ED954C47.jvm1%3Fp_p_id%3D101_INSTANCE_Ac0d%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-1%26p_p_col_count%3D1%26_101_INSTANCE_Ac0d_cur%3D4%26_101_INSTANCE_Ac0d_keywords%3D%26_101_INSTANCE_Ac0d_advancedSearch%3Dfalse%26_101_INSTANCE_Ac0d_delta%3D30%26_101_INSTANCE_Ac0d_andOperator%3Dtrue#:~:text=In%20addition%2C%20the%20Sentinel%2D2,with%20the%20same%20viewing%20direction
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2/news/-/asset_publisher/Ac0d/content/sentinel-2-images-the-globe-every-5-days;jsessionid=2BC4823847466509FA382BB7ED954C47.jvm1?redirect=https%3A%2F%2Fsentinels.copernicus.eu%2Fweb%2Fsentinel%2Fmissions%2Fsentinel-2%2Fnews%3Bjsessionid%3D2BC4823847466509FA382BB7ED954C47.jvm1%3Fp_p_id%3D101_INSTANCE_Ac0d%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-1%26p_p_col_count%3D1%26_101_INSTANCE_Ac0d_cur%3D4%26_101_INSTANCE_Ac0d_keywords%3D%26_101_INSTANCE_Ac0d_advancedSearch%3Dfalse%26_101_INSTANCE_Ac0d_delta%3D30%26_101_INSTANCE_Ac0d_andOperator%3Dtrue#:~:text=In%20addition%2C%20the%20Sentinel%2D2,with%20the%20same%20viewing%20direction
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2/news/-/asset_publisher/Ac0d/content/sentinel-2-images-the-globe-every-5-days;jsessionid=2BC4823847466509FA382BB7ED954C47.jvm1?redirect=https%3A%2F%2Fsentinels.copernicus.eu%2Fweb%2Fsentinel%2Fmissions%2Fsentinel-2%2Fnews%3Bjsessionid%3D2BC4823847466509FA382BB7ED954C47.jvm1%3Fp_p_id%3D101_INSTANCE_Ac0d%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-1%26p_p_col_count%3D1%26_101_INSTANCE_Ac0d_cur%3D4%26_101_INSTANCE_Ac0d_keywords%3D%26_101_INSTANCE_Ac0d_advancedSearch%3Dfalse%26_101_INSTANCE_Ac0d_delta%3D30%26_101_INSTANCE_Ac0d_andOperator%3Dtrue#:~:text=In%20addition%2C%20the%20Sentinel%2D2,with%20the%20same%20viewing%20direction
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2/news/-/asset_publisher/Ac0d/content/sentinel-2-images-the-globe-every-5-days;jsessionid=2BC4823847466509FA382BB7ED954C47.jvm1?redirect=https%3A%2F%2Fsentinels.copernicus.eu%2Fweb%2Fsentinel%2Fmissions%2Fsentinel-2%2Fnews%3Bjsessionid%3D2BC4823847466509FA382BB7ED954C47.jvm1%3Fp_p_id%3D101_INSTANCE_Ac0d%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-1%26p_p_col_count%3D1%26_101_INSTANCE_Ac0d_cur%3D4%26_101_INSTANCE_Ac0d_keywords%3D%26_101_INSTANCE_Ac0d_advancedSearch%3Dfalse%26_101_INSTANCE_Ac0d_delta%3D30%26_101_INSTANCE_Ac0d_andOperator%3Dtrue#:~:text=In%20addition%2C%20the%20Sentinel%2D2,with%20the%20same%20viewing%20direction
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2/news/-/asset_publisher/Ac0d/content/sentinel-2-images-the-globe-every-5-days;jsessionid=2BC4823847466509FA382BB7ED954C47.jvm1?redirect=https%3A%2F%2Fsentinels.copernicus.eu%2Fweb%2Fsentinel%2Fmissions%2Fsentinel-2%2Fnews%3Bjsessionid%3D2BC4823847466509FA382BB7ED954C47.jvm1%3Fp_p_id%3D101_INSTANCE_Ac0d%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-1%26p_p_col_count%3D1%26_101_INSTANCE_Ac0d_cur%3D4%26_101_INSTANCE_Ac0d_keywords%3D%26_101_INSTANCE_Ac0d_advancedSearch%3Dfalse%26_101_INSTANCE_Ac0d_delta%3D30%26_101_INSTANCE_Ac0d_andOperator%3Dtrue#:~:text=In%20addition%2C%20the%20Sentinel%2D2,with%20the%20same%20viewing%20direction
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2/news/-/asset_publisher/Ac0d/content/sentinel-2-images-the-globe-every-5-days;jsessionid=2BC4823847466509FA382BB7ED954C47.jvm1?redirect=https%3A%2F%2Fsentinels.copernicus.eu%2Fweb%2Fsentinel%2Fmissions%2Fsentinel-2%2Fnews%3Bjsessionid%3D2BC4823847466509FA382BB7ED954C47.jvm1%3Fp_p_id%3D101_INSTANCE_Ac0d%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-1%26p_p_col_count%3D1%26_101_INSTANCE_Ac0d_cur%3D4%26_101_INSTANCE_Ac0d_keywords%3D%26_101_INSTANCE_Ac0d_advancedSearch%3Dfalse%26_101_INSTANCE_Ac0d_delta%3D30%26_101_INSTANCE_Ac0d_andOperator%3Dtrue#:~:text=In%20addition%2C%20the%20Sentinel%2D2,with%20the%20same%20viewing%20direction
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2/news/-/asset_publisher/Ac0d/content/sentinel-2-images-the-globe-every-5-days;jsessionid=2BC4823847466509FA382BB7ED954C47.jvm1?redirect=https%3A%2F%2Fsentinels.copernicus.eu%2Fweb%2Fsentinel%2Fmissions%2Fsentinel-2%2Fnews%3Bjsessionid%3D2BC4823847466509FA382BB7ED954C47.jvm1%3Fp_p_id%3D101_INSTANCE_Ac0d%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-1%26p_p_col_count%3D1%26_101_INSTANCE_Ac0d_cur%3D4%26_101_INSTANCE_Ac0d_keywords%3D%26_101_INSTANCE_Ac0d_advancedSearch%3Dfalse%26_101_INSTANCE_Ac0d_delta%3D30%26_101_INSTANCE_Ac0d_andOperator%3Dtrue#:~:text=In%20addition%2C%20the%20Sentinel%2D2,with%20the%20same%20viewing%20direction
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2/news/-/asset_publisher/Ac0d/content/sentinel-2-images-the-globe-every-5-days;jsessionid=2BC4823847466509FA382BB7ED954C47.jvm1?redirect=https%3A%2F%2Fsentinels.copernicus.eu%2Fweb%2Fsentinel%2Fmissions%2Fsentinel-2%2Fnews%3Bjsessionid%3D2BC4823847466509FA382BB7ED954C47.jvm1%3Fp_p_id%3D101_INSTANCE_Ac0d%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-1%26p_p_col_count%3D1%26_101_INSTANCE_Ac0d_cur%3D4%26_101_INSTANCE_Ac0d_keywords%3D%26_101_INSTANCE_Ac0d_advancedSearch%3Dfalse%26_101_INSTANCE_Ac0d_delta%3D30%26_101_INSTANCE_Ac0d_andOperator%3Dtrue#:~:text=In%20addition%2C%20the%20Sentinel%2D2,with%20the%20same%20viewing%20direction


 

[First Author Last Name] 6 38th Annual Small Satellite Conference 

 

 

Country-wide illustration: Egypt as an example 

Using data from FAO and data from field studies:  

• NDVI Values: Range from 0 to 1, where 

values closer to 1 indicate healthier vegetation. 

The table shows an incremental trend 

suggesting improving or varying vegetation 

health across the years. 

• Selected Provinces: Each column after the year 

represents the average NDVI for that province, 

reflecting the differences and changes in 

vegetation health which may affect 

agricultural decision-making. 

 

 

 

The dataset contains Normalized Difference Vegetation 

Index (NDVI) values for different provinces in Egypt, 

specifically categorized by land type and recorded over 

time. Each entry includes both the NDVI data and the 

long-term average for comparison. 

Key Columns: 

• Province: The specific region in Egypt. 

• Date: The date of the NDVI measurement. 

• Data: The NDVI value recorded on that date. 

• Data_long_term_Average: The long-term 

average NDVI value for that period. 

• Year and Month: Time dimensions for the 

data. 
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1. A line graph showing NDVI trends over the 

years for Alexandria. 

 

The graph presents a comparative analysis of yearly 

average NDVI trends across selected provinces in 

Egypt: Alexandria, Cairo, Giza, and Luxor. This 

visualization illustrates the variability in vegetation 

health and stress levels in different regions, which can 

be critical for targeted agricultural interventions like 

precise pesticide applications using autonomous robots. 

 

 

2. A comparative line graph of yearly NDVI 

averages across several provinces. 

 

 

 

 

 

 

 

 

 

Year Alexandria NDVI Cairo NDVI Giza NDVI Luxor NDVI 

2018 0.65 0.60 0.58 0.62 

2019 0.67 0.62 0.59 0.65 

2020 0.66 0.63 0.60 0,67 

2021 0.68 0.64 0.61 0.66 

2022 0.70 0.65 0.63 0.68 
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Assuming a hypothetical scenario using NDVI data for 

an onion crop in Egypt, paired with fabricated pesticide 

application percentages. This example will assume a 

direct correlation where lower NDVI values indicate 

higher pesticide application rates, and higher NDVI 

values indicate healthier crops requiring less 

intervention. 

Hypothetical NDVI and Pesticide Application Data 

for Onion Crop in Egypt 

 

• X-axis (NDVI): This represents the NDVI 

values ranging from 0.45 to 0.70, indicative of 

varying health levels of the onion crop. 

• Y-axis (Pesticide Application %): This would 

display the pesticide application rates, 

decreasing as NDVI increases, suggesting less 

need for pesticides as crop health improves. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NDVI 

Pesticide Application 

(%) 

Flow Rate (Liters per 

Hectare) 

0.40 26 52 

0.45 23.25 46.5 

0.50 20.5 41 

0.55 17.75 35.5 

0.60 15 30 

0.65 12.25 24.5 

0.70 9.5 19 
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Developing a Predictive Formula 

Let’s assume from our prior regression analysis 

(hypothetical values) that we have a linear relationship 

represented by: 

Pesticide Application %=𝑚×NDVI+𝑏 

Pesticide Application %=m×NDVI+b 

Where: 

• 𝑚 

• m is the slope of the regression line. 

• 𝑏 

• b is the y-intercept. 

• NDVI values range from 0 to 1, where higher 

values indicate healthier plants. 

Assuming a slope (m) of -35 and an intercept (b) of 40 

based on hypothetical data (which you would adjust 

based on actual regression results from your data), the 

formula would be: 

Pesticide Application %=(−35×NDVI)+40 

Pesticide Application %=(−35×NDVI)+40 

Hypothetical Model Parameters: 

● Slope (m): -35 

● Intercept (b): 40 

This yields the regression formula: 

Pesticide Application %=(−35×NDVI)+40 

Pesticide Application %=(−35×NDVI)+40 

Hypothetical Data Set: 

Let's generate NDVI data ranging from 0.40 to 0.70 

(common range for crops showing variability in health) 

and apply the formula to calculate the corresponding 

pesticide percentages. 
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Establishing a Baseline Flow Rate 

Assume the baseline flow rate corresponds to a situation where the NDVI value is at its minimum observed in our 

data set (e.g., NDVI = 0.40). In this example, the maximum pesticide application percentage is 26%. Let's assume 

the total volume of pesticide typically required per hectare at maximum application (100%) is 200 liters. Therefore, 

at 26%, the volume would be: 

200 liters×0.26=52 liters per hectare 

200 liters×0.26=52 liters per hectare 

Calculating Flow Rates for Different NDVI Values 

Using the regression model: 

Pesticide Application %=(−35×NDVI)+40 

Pesticide Application %=(−35×NDVI)+40 

We calculate the flow rates for other NDVI values within the range. The flow rate is the volume of pesticide sprayed 

per hectare, and it will decrease as the NDVI increases, indicating healthier vegetation which requires less pesticide.  
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Example Flow Rate Calculations: 

NDVI Pesticide Application (%) Flow Rate (Liters per Hectare) 

0.40 26 52 

0.45 23.25 46.5 

0.50 20.5 41 

0.55 17.75 35.5 

0.60 15 30 

0.65 12.25 24.5 

0.70 9.5 19 

Key Findings and Methodological Insights: 

NDVI Trends and Pesticide Applications: 

• Our analysis revealed clear seasonal and regional variations in NDVI values across Alexandria, Cairo, 

Giza, and Luxor, indicating differing vegetation health and stress levels. These variations directly 

influenced our pesticide application strategy, where higher NDVI values typically indicated healthier 

vegetation requiring less intervention. 

• The regression models we developed provided a quantifiable method to adjust pesticide application rates 

based on NDVI data. This model confirmed a robust negative correlation, suggesting that as plant health 

improves, less chemical intervention is required. 

Pesticide Flow Rate Adjustments: 

• A critical aspect of our methodology was establishing and adjusting pesticide flow rates, which are 

essential for applying the correct amount of pesticide based on crop health as indicated by NDVI. Starting 

with a baseline flow rate calculated for the poorest vegetation conditions (lowest NDVI), we adjusted flow 

rates downward in healthier fields. This approach not only conserves resources but also minimizes potential 

runoff and environmental contamination. 

• For instance, in our predictive model, a flow rate of 52 liters per hectare for an NDVI of 0.40 gradually 

decreased to 19 liters per hectare as NDVI improved to 0.70. These flow rate adjustments were plotted and 

analyzed to ensure optimal precision in our pesticide application. 

Efficiency and Environmental Impact: 

• By implementing NDVI-driven variable rate technology (VRT), we achieved more targeted pesticide 

applications. This method effectively reduces the volume of pesticides used, lowering costs and 

diminishing the ecological footprint of farming operations. 
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• The precision of our approach not only aligns with sustainable agriculture goals but also enhances the 

overall health and yield of crops by preventing both under- and over-application of pesticides. 

 

Implications for Future Work: 

The promising results from this study advocate for further integration of satellite-derived data in precision 

agriculture. Future research should explore multi-spectral and hyper-spectral imaging from CubeSats to address 

additional agricultural variables such as soil moisture and plant diseases. Moreover, the evolution of CubeSat 

technologies could improve the granularity and frequency of data, offering more detailed insights and enabling real-

time adjustments in agricultural practices. 

Conclusion: 

Incorporating NDVI data from CubeSats into the management of pesticide applications marks a transformative step 

forward in precision agriculture. This approach not only refines pesticide use efficiency but also fosters sustainable 

agricultural practices, thereby supporting environmental health and resource conservation. As we continue to 

harness and integrate advanced satellite technologies, the potential to revolutionize agricultural practices globally 

remains vast and compelling. 

This revised conclusion now thoroughly integrates how you considered flow rates based on NDVI data and the 

implications of these considerations for both agricultural efficiency and environmental sustainability. It also sets the 

stage for the continued evolution of technology in agriculture. 

 

 

 


