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Brain food 
Parallel: Energy Efficiency vs Water Efficiency

2/14/2017 WATERSTAR
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When we can file-n-fly?!

The new era of Personal Remote Sensing (PRS)!

Let us call it “Wright Brothers 2.0” age

WATERSTAR
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An Analogy
• 1970s: Personal Computer (PC): Bill Gates/Steve 

Jobs
• 2010s: Personal Remote Sensing (PRS) - ????

– Low cost, affordable. Robust, safe, easy to use
– Run way free; Autonomous/cognitive
– Swarm/coven; 
– Enabling new apps and services

• Google 4D map (x,y,z,t) paid service
– Ubiquitous remote sensing (Twitter as sensors …)
– …
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Drones for Farmers: 
Reality Check

2/14/2017 WATERSTAR
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http://www.precisionag.com/article/35499/precision-
ag-2013-top-5-technologies-to-watch

1. Smart devices (smart phones)
2. continuing quest for data solutions or integration
3. variable-rate application (VRA) seeding (based 

on grid soil tests and seed plots)
4. in-cab solutions http://www.stratum.ie/Glossary

(hardware or software solutions available to the 
truck driver)

5. Drones (UAVs) (new in 2013 top 5 list)
2/14/2017 WATERSTAR
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http://www.precisionag.com/guidance/variable-
rate/2014-precision-ag-top-5-technologies/

1. Unmanned Aerial Vehicles (UAVS)
2. VRA Seeding
3. Data Solutions
4. Smart Devices
5. In Cab Solutions

2/14/2017 WATERSTAR
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80% water used in ag in CA

2/14/2017 WATERSTAR
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http://www.washingtonpost.com/blogs/govbeat/wp/2015/04/03/agriculture-is-80-
percent-of-water-use-in-california-why-arent-farmers-being-forced-to-cut-back/

More fine-grained
controls 

How to make sure
• Right time?
• Right amount?
• Right place?

Drones as scientific 
flying sensors
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Data to Decision to Action to Data
Cyber-Physical Systems for Sustainability

2/14/2017 WATERSTAR
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Geo-Domain

Water Resources, 
Gates, Flumes

Weather, Climate

Demand

Irrigation Control

human 

crops 

animals
etc.

Water Rights

UAVs

Ground Truthing
Sensor Pods

Irrigators

Credit: Dr. YangQuan Chen,  2005

http://www.nasa.gov/centers/goddard/images/content/95621main_Very-Dry-field.jpg
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UAS based scientific 
measurements enable 

new water management 
practices for much 

improved sustainability
2/14/2017 WATERSTAR
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Improved sustainability of 
observations for improved 

sustainability

“Sustainability of observations” – Jeanine Jones, 
9/22/15 UAS for Cal Water Resource Summit, UC 
Davis.

2/14/2017 WATERSTAR
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Right Time to Discuss 
UAS for Water 

Resources Management

2/14/2017 WATERSTAR
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Outline
• UC Merced Scientific Data Drones Research

– Overview
– Related Projects

• A Vision Towards WATERSTAR
– Biomass, Biochar, Soil Amendments, Drone-assisted 

Assessment (M&V: measurement and verification)

2/14/2017 WATERSTAR
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Scientific Data-Drones 
@ UC Merced

2/14/2017 WATERSTAR
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Scientific Data-Drones
Two Cycles

2/14/2017 WATERSTAR
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2/14/2017 WATERSTAR
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Data to Decision to Action to Data
Cyber-Physical Systems for Sustainability

2/14/2017 WATERSTAR
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Credit: Dr. YangQuan Chen,  2005
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UC Merced
• The Research 

University of the 
Central Valley

• Centrally Located
– Sacramento – 2 hrs
– San Fran. – 2 hrs
– Yosemite – 1.5 hrs
– LA – 4 hrs

• Surrounded by 
farmlands and 
sparsely populated 
areas

2/14/2017 WATERSTAR
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UC Merced
• Established 2005
• 1st research university in 

21st century in USA.
• 6,200 Undergraduates
• 300 Grads (200+ Ph.D)

• Strong Undergraduate 
Research Presence (HSI, 
MSI)

2/14/2017 WATERSTAR
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Mechatronics, Embedded 
Systems and Automation Lab
Real solutions for sustainability! 

Education and 
Outreach Activities:

w: mechatronics.ucmerced.edu 
Dr. YangQuan Chen, yqchen@ieee.org

• Unmanned Aerial Systems & UAV-based 
Personal Remote Sensing (PRS)

• Cyber-Physical Systems (CPS)
• Mechatronics

• Applied Fractional Calculus
• Modeling and Control of 

Renewable Energy Systems

• ME142 Mechatronics (take-home labs)
• ME280 Fractional Order Mechanics
• ME211 Nonlinear Control
• ME190 Unmanned Aerial Systems

• Eng Service Learning(Sp14)
• AIAA Student Branch @UCM
• Preview Days, Bobcat Day
• Robots-n-Ribs| MESABox! STEM-TRACKS 

TEAM-E
• UAS4STEM. USDA/NIFA HSI: 2016-2020

Established Aug. 2012 @ Castle, 5,000+ sq ft
7.5 Ph.D/40+ undergraduate researchers
10+ visiting scholars || sponsored / 
mentored many capstone teams

Research Areas of Excellence: 
(ISI H-index=40, Google H-index=64; i10-index=326)

Projects Related to 
San Joaquin Valley:

• Water (Water/soil salinity 
management, water sampling UAVs)

• Precision Ag/Environment (Crop 
dynamics, optimal harvest, pest, 
methane sniffing/mapping …)

• Energy [Solar/wind 
energy, Building efficiency 
(HVAC lighting), smart grids 
integration, NG pipelines]
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Courtesy of NPS: 
https://www.flickr.com/photos/alask
anps/8446139444/in/photostream/

UC Multi-campus Synergy on CIDERS
California Institute of Data-drone Engineering and Services

UCM, UCSC,UCB, UCSD, 
LLNL

UCM
UCD

UCSD

UCM
UCD
LBL
SNL

UCSDCIDERS in environmental monitoring: water, fire, soil, dust, AQ …

CIDERS in precision agriculture

CIDERS in Scientific data-drones: platforms, operation, and certification

2/14/2017 WATERSTAR
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Fixed-Wing Platform (SDD1)

WATERSTAR

22

Total Weight 11.5 lbs
Wingspan 8 ft
Max Flight Time 80-100 

minutes
Typical Flight Altitude 300 – 700 ft

Max Altitude 3000 ft
Typical Flight Area 
Coverage

1000 acres

Max Flight Area 
Coverage

2500 acres

Typical Payload VIS Camera
NIR Camera

Max Payload Capacity 4 lbs

VIS-NIR Resolution 2.5” – 12”

Thermal Resolution 12” – 60”
2/14/2017
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Multi-Rotor UAS Platforms

Flight Time 10-15 minutes
Max Payload 1 lb
Max Flight Altitude 150 ft
Typical Flight 
Coverage

20 acres

VIS-RGB Resolution < ¼”

• Single or dual camera 
mobile sensing platforms

• Best utilized for small 
areas

2/14/2017 WATERSTAR
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Other UAS Platforms @ MESA LAB
(Water drone, soil co-physicist)

Imaging Systems Point Sampling Systems
Thermal Camera+ Water Collection Sampler*
Narrow-Band Imager* Air Quality Sampler*
SWIR Imager Soil Collection Sampler*

2/14/2017 WATERSTAR

24



MESA LAB

Chess playing drones/CaveDrones

2/14/2017 WATERSTAR
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WATERSTAR
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Flood conditions along the 
Cosumnes River allow researchers 
to study groundwater recharge.

Floodplain 
Management

2/14/2017
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Sandhill Crane Night Counting

WATERSTAR
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RGB, NIR, SWIR mapping

WATERSTAR

28
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MESA LABRGB, NDVI, TIR

WATERSTAR
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100 acres – 8cm resolution Flight Time – 7 minutes

TIR Ortho –
15 cm 

resolution

2/14/2017
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2014 growing season crop water stress with 
ground truthing

WATERSTAR

30

Need more research!!
(Round-Robin competition)

2/14/2017
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• Drone Research Emphasis @ MESA Lab
– Platform
– Sensing Payload
– Actuation Payload
– Down-stream Processing
– Smart sensing & actuation policies, operational issues

2/14/2017 WATERSTAR
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Smart sensing and actuation policies

2/14/2017

???????????

By 
Brandon Stark
Brendan Smith
Tiebiao Zhao et al

WATERSTAR
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Operational Issues
• Safely flying once is easy; Safely flying always, is 

hard

• Operational Issues for Routine Successful 
Missions

• Ground Truthing

2/14/2017 WATERSTAR
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“Unmanned System Integration into the National 
Airspace System” by Dr. Wilson Felder, Director, William 
J. Hughes Technical Center, FAA. ICUAS12 Keynote

• Five Challenges for UAS2NAS
– Procedural
– Technical (i.e.: Sense and Avoid, Lost Link etc.)
– Aircraft Safety (Certification of aircraft)
– Crew Credentialing (including engineers’), AND
– Public Acceptance

WATERSTAR

Slide-34/1024

2/14/2017



MESA LAB

2/14/2017 WATERSTAR
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UC Merced
Castle Research Facility

MESA Lab

Scientific Data-drone 
Hangar (18m x 7m x 5m) MESA Lab @ UC Merced 

Scientific Data-drone Test 
Site (official since 7/24/14)
(4300 m2 = 1+ acres)

UCSolar.org

2/14/2017 WATERSTAR
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2/14/2017 WATERSTAR
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2nd FAA CoA Site – UC Merced
(26 square miles in red, 2.5 nautical mile in radius) SHOW 3D WALK

2/14/2017 WATERSTAR
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2014 growing season crop water stress with 
ground truthing

WATERSTAR

39

Need more research!!
(Round-Robin competition)

2/14/2017
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A Call
for Round-Robin Competition for 
Crop Water Stress Quantification

Groundtruthed Detection of Crop 
Water Stress Benchmark Data Set
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Outline
• UC Merced Scientific Data Drones Research

– Overview
– Related Projects

• A Vision Towards WATERSTAR
– Biomass, Biochar, Soil Amendments, Drone-

assisted Assessment (M&V: measurement and 
verification)

2/14/2017 WATERSTAR
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The dream cycle

• Ag => Biomass => Biochar => Soil =>Water 
Efficiency => (More sustainable) Ag

• Environmental benefits
– Energy (by-)production
– Better air quality
– Better groundwater quality

2/14/2017 WATERSTAR
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Biomass Gasification @ UC Merced

2/14/2017 WATERSTAR
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Soil Physics Sciences @ UC Merced

2/14/2017 WATERSTAR
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THE DRONE’s role: M&V
and soil variability mapping

• https://en.wikipedia.org/wiki/Measurement_and_Verification 

• Just like E/E’s M/V
• Drone should be used for mapping/documenting 

and QUANTIFICATION of before/after applying 
biochar or other soil amendments in larger 
region/area.

• WATERSTAR incentives can then be implemented
• VRA of biochar possible – optimal applications

2/14/2017 WATERSTAR
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Ground 

Truthing Effort
(@Manteca MUSD self-funded)

2/14/2017 WATERSTAR
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These are rough 
approximations for 
where the soil 
moisture readings 
were taken at. 
Green is 
Compost, purple
is Biochar and 
compost, Red is 
control, and 
yellow is Biochar.
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2/14/2017 WATERSTAR
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2/14/2017 WATERSTAR
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2/14/2017 WATERSTAR

Slide-49/1024July 17, 2014 Thur. Thor Bailey @ ABF 
UC Merced Biochar Summit Castle Research Facility

Brandon Stark; Sean Arnold; Lisa Lucas; Cole Dutter; Don 
Smail; Milt Pace; Bill Kidd; Gerardo Diaz; Teamrat A Ghezzehei
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Time to Prime It
More research, more trials

2/14/2017 WATERSTAR
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Thank you for your attention!
• Q/A

• Call for public support 
– UC Multi-campus Synergy on CIDERS: California 

Institute of Data-drone Engineering and Services
– WATERSTAR initiative

2/14/2017 WATERSTAR
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Agriculture in 2100s: when no more 
synthetic fertilizers available

2/14/2017 WATERSTAR
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Data to Decision to Action to Data
Cyber-Physical Systems for Sustainability
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