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Introduction

▪ Agriculture's vital role: Food security, global sustenance.

▪ SDG 2. End Hunger (Zero Hunger)   (THE 17 GOALS | Sustainable Development)

Promote sustainable agriculture, support small scale farmers.

▪ SDG 12. Responsible Consumption and Production

Sustainable consumption, production and practices, using resources efficiently.

▪ Drone technology revolutionizes: Multispectral sensors optimize data.

▪ Nepal's agriculture: 66% population; GDP 21.06% (Nepal - GDP Distribution across Economic Sectors 
2022 | Statista)

(Internet of Fields: Drones & Variable Rate Application | Pix4D)

https://www.google.com/url?sa=i&url=https://www.pix4d.com/blog/drones-variable-rate-application&psig=AOvVaw0FyzrqMIi6rm0yAMt_WuBg&ust=1694078224124000&source=images&cd=vfe&opi=89978449&ved=0CBAQjRxqFwoTCLDB6KjTlYEDFQAAAAAdAAAAABBG


Problem Statement
• Nepal faces challenges in ensuring food security with its traditional agricultural 

practices.

• Conventional rice yield estimation methods lack precision and are time-

consuming.

• Inefficient resource allocation hampers productivity and consumer health.

Urgency:

• Nepal’s agriculture: a dual challenge of sustainability and productivity.

(Next Farmer, n.d.)



Objectives:

• To estimate rice yield using regression model based on plant characteristics obtained 

through UAV-derived vegetation indices and supplementary data like plant height, plant age 

and various used fertilizers.

• To compare strength of correlation of vegetation indices derived from Multispectral vs RGB 

sensor.



Methodology

Study Area

•  6 distinct locations within the Laxminiya 

       municipality and Janakpur Sub-metropolitan

    Madhesh Province ,Dhanusha District of  Nepal.

• One on each ward: 01, 03, 04, 05, 06 and 14.



Methodological

 Diagram S.N. Contents

1 Mavic 2 pro Drone

2 Phantom 4 Pro Multispectral

4 Greenseeker Handheld NDVI 

Measurement

5 Plant Height Data Collection

6 Farm Management Data Collection

7 HandGPS 



Plant Height Estimation

Ward 01 Aug(DSM)-June(DTM)Ward 01 Sept(DSM)-June(DTM)

September

August

June

Plant Height= DSM - DTM



Vegetation Indices
S.N.

Name VI Formula

1

Red-edge Chlorophyll Index Clrededge

𝑁𝐼𝑅

𝑅𝐸𝐷𝐸𝐷𝐺𝐸
− 1

2
Difference Vegetation Index DVI

2.4 ∗ 𝑁𝐼𝑅 − 𝑅𝐸𝐷

3

Enhanced Vegetation Index EVI

2.5

∗
𝑁𝐼𝑅 − 𝑅𝐸𝐷

𝑁𝐼𝑅 + 6 ∗ 𝑅𝐸𝐷 − 7.5 ∗ 𝐵𝐿𝑈𝐸 + 1
4

Excess Green Index ExG

2 ∗ 𝐺𝑅𝐸𝐸𝑁 − 𝑅𝐸𝐷 − 𝐵𝐿𝑈𝐸

𝑅𝐸𝐷 + 𝐺𝑅𝐸𝐸𝑁 + 𝐵𝐿𝑈𝐸

5
Excess Green minus Excess Red ExGR

𝐸𝑥𝐺 − 𝐸𝑥𝑅

6

Excess Red ExR

1.4 ∗ 𝑅𝐸𝐷 − 𝐺𝑅𝐸𝐸𝑁

𝑅𝐸𝐷 + 𝐺𝑅𝐸𝐸𝑁 + 𝐵𝐿𝑈𝐸

7
Green Normalized Difference Vegetation 

Index GNDVI

𝑁𝐼𝑅 − 𝐺𝑅𝐸𝐸𝑁

𝑁𝐼𝑅 + 𝐺𝑅𝐸𝐸𝑁

8

Green Red Vegetation Index GRVI

𝐺𝑅𝐸𝐸𝑁 − 𝑅𝐸𝐷

𝐺𝑅𝐸𝐸𝑁 + 𝑅𝐸𝐷

9
Modified Chlorophyll Absorption in 

Reflectance Index 1 MCARI1

[1.2 ∗ (2.5 ∗ 𝑁𝐼𝑅 − 𝑅𝐸𝐷 − 1.3

∗ 𝑁𝐼𝑅 − 𝐺𝑅𝐸𝐸𝑁 )

10

Modified Green Red Vegetation Index MGRVI

𝐺𝑅𝐸𝐸𝑁2 − 𝑅𝐸𝐷2

𝐺𝑅𝐸𝐸𝑁2 + 𝑅𝐸𝐷2

11

Normalized Difference Red-edge NDRE

𝑁𝐼𝑅 − 𝑅𝐸𝐷𝐸𝐷𝐺𝐸

𝑁𝐼𝑅 + 𝑅𝐸𝐷𝐸𝐷𝐺𝐸

12

Normalized Difference Vegetation Index NDVI

𝑁𝐼𝑅 − 𝑅𝐸𝐷

𝑁𝐼𝑅 + 𝑅𝐸𝐷

13

Optimized Soil Adjusted Vegetation Index OSAVI

𝑁𝐼𝑅 − 𝑅𝐸𝐷

𝑁𝐼𝑅 + 𝑅𝐸𝐷 + 0.16

14
Red-edge Difference Vegetation Index REDVI

𝑁𝐼𝑅 − 𝑅𝐸

15

Red Green Blue Vegetation Index RGBVI

𝐺𝑅𝐸𝐸𝑁2 − 𝐵𝐿𝑈𝐸 ∗ 𝑅𝐸𝐷

𝐺𝑅𝐸𝐸𝑁2 + 𝐵𝐿𝑈𝐸 ∗ 𝑅𝐸𝐷

16

Soil Adjusted Vegetation Index SAVI

1.5 ∗ (𝑁𝐼𝑅 − 𝑅𝐸𝐷)

𝑁𝐼𝑅 + 𝑅𝐸𝐷 + 0.5

17

Simple Ratio SR

𝑁𝐼𝑅

𝑅𝐸𝐷

18

Visible Atmospherically Resistant Index VARI

𝐺𝑅𝐸𝐸𝑁 − 𝑅𝐸𝐷

𝐺𝑅𝐸𝐸𝑁 + 𝑅𝐸𝐷 − 𝐵𝐿𝑈𝐸

19

Wide Dynamic Range Vegetation Index WDRVI

𝑎 ∗ 𝑁𝐼𝑅 − 𝑅𝐸𝐷𝐸𝐷𝐺𝐸

𝑎 ∗ 𝑁𝐼𝑅 + 𝑅𝐸𝐷𝐸𝐷𝐺𝐸

a=[0.1,0.2], generally a=0.2



Vegetation Indices Generation

Mean NDVI: 0.4528



Farm Management Data Preparation

• Plant Age Determination:

• precise calculation of the duration between transplantation and the date of imaging.

• Fertilizers Data:

• 1 DAP (Diammonium Phosphate)

• 2 Urea

• 3 Potash

• 4 Zinc

• 5 Zyme

• 6 Aluminum Sulphate



Correlation NDVI MEAN NDRE MEAN GNDVI MEAN CLRE MEAN SR MEAN WDRVI MEAN VARI MEAN

NDVI MEAN 1.00

NDRE MEAN 0.89 1.00

GNDVI MEAN 0.97 0.96 1.00

CLRE MEAN 0.89 1.00 0.96 1.00

SR MEAN 0.97 0.89 0.95 0.91 1.00

WDRVI MEAN 0.89 1.00 0.96 1.00 0.90 1.00

VARI MEAN 0.94 0.80 0.87 0.81 0.94 0.81 1.00
Vegetation Indices data from GaneshYadavB of the month September



Single Linear Regression



Multi-Linear Regression

Model Summary
Analysis of Variance

Source           DF   Adj SS   Adj MS  F-Value  P-Value

Regression       20  301.450  15.0725    41.12    0.000

EXR MEAN        1    5.629   5.6291    15.36    0.000

GNDVI MEAN      1    1.631   1.6313     4.45    0.036

MCARI1 MEAN     1    0.661   0.6607     1.80    0.180

MGRVI MEAN      1    1.493   1.4926     4.07    0.045

NDVI MEAN       1    1.651   1.6506     4.50    0.035

SR MEAN         1    0.502   0.5022     1.37    0.243

VARI  MEAN      1    5.831   5.8312    15.91    0.000

GRVI MEAN       1    5.237   5.2368    14.29    0.000

EXGR MEAN       1    2.430   2.4296     6.63    0.011

OSAVI MEAN      1    6.079   6.0787    16.58    0.000

DVI MEAN        1    4.000   3.9995    10.91    0.001

SAVI MEAN       1    6.448   6.4481    17.59    0.000

PH_sept_MEAN    1    0.411   0.4111     1.12    0.290

PlantAge        1   14.102  14.1021    38.47    0.000

UREA_TOTAL      1    0.002   0.0016     0.00    0.947

PaddyVariety    3    8.291   2.7636     7.54    0.000



Regression Formula to calculate Yield



Results







Conclusion
• Yield estimation mapping  can done using multi-linear regression model.

• UAV technology valuable for rice yield estimation.

• Multi-parameter models yield better accuracy.

• Models vary for different rice varieties.

RGB imagery showed potential for yield estimation when multispectral is unavailable.
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Annex

• R-squared values of RGB and MSS.

Life Cycle of Rice Plant (Sheng et al., 2022)

Bands in Multispectral UAV ( DJI 
Phantom 4 Multispectral):

Blue: 450nm ± 16nm

Green: 560 ± 16nm

Red: 650nm ± 16nm

Red Edge: 730nm ±16nm
Near Infra red: 840nm ±26nm



Multilinear Regression:

Regression based on Plant-Varieties

Plant Variety Sample Size R2 Value 

Katarni 83 63.66%

Sona 128 79.58%

Sambha 57 67.24%

Other 

Variety

37 67.07%

Regression Based on wards

 
Ward No Sample 

Size

R2 value

1 87 55.87%

3 44 55.32%

4 39 72.31%

5 65 59.87%

6 31 74.18%

14 40 79.65%

For regression based on rice-plant type: Sona

Yield = 341 - 0.0098 CLRE - 3074 DVI - 2353 EVI - 2873 EXG + 2314 EXGR + 110.3 GNDVI - 1644 GRVI + 210 MCARI1 -

257 MGRVI + 3.8 NDRE - 138.5 NDVI + 17262 OSAVI - 1976 REDVI + 463 RGBVI - 29628 SAVI - 0.810 SR + 121.0 VARI 

+ 3.79 WDRVI - 0.0609 Age of Seedling + 0.098 Plant Height - 1.43 POTASH + 1.819 ZYME - 0.152 ALUMINIUM SULPHATE -

0.075 DAP + 0.436 UREA + 0.098 ZINC



1.Regression based on Plant-Type: 2. Regression Based on Wards


	Slide 1
	Slide 2: Introduction
	Slide 3: Problem Statement
	Slide 4: Objectives:
	Slide 5: Methodology
	Slide 6: Methodological  Diagram
	Slide 7: Plant Height Estimation 
	Slide 8: Vegetation Indices
	Slide 9: Vegetation Indices Generation
	Slide 10: Farm Management Data Preparation
	Slide 11
	Slide 12: Single Linear Regression
	Slide 13: Multi-Linear Regression
	Slide 14: Regression Formula to calculate Yield
	Slide 15: Results
	Slide 16
	Slide 17
	Slide 18: Conclusion
	Slide 19: References
	Slide 20
	Slide 21: Annex
	Slide 22: Multilinear Regression: 
	Slide 23

