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Minds In the Vines: '

Technology of the CENIC-Connectgd

Drones, Cameras, and LoRaWAN Se
at the Iron Horse Vineya ed
//./ -

7NRP Thursday May 7, 9:45am -10:10am

Presenters: John Graham and Tom DeFan’ ‘ —
(Way too many slides!)
Please watch the videos from 7NRP >




Tom: CENIC 10G-connected Iron Horse Vineyards Testbed, Sebastopol, CA

LoRaWAN Antennas and Fire Cameras
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Minds in the Vines: Goals /

1. Create a digital vineyard twin with open source/non-proprietary tech;

2. Provide visual analytic tools for winemakers and crop managers;

3. Involve community college and university faculty and students;

4. Encourage entrepreneurs by distributing debugged data collection and
processing methods, and

5. Contribute to an open shared and growing database for researchers;

6. Inspire other testbeds in precision agriculture;
/. Demonstrate the value of a 10G Science DMZ to ISPs and industry
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Sharing is Key: Drone Imagery on the Na ata Platform

NDPSTAC ~

Iron Horse Vineyard - Multispectral Drone Imagery T up | [ i Source | <Cshare

Description Iltems

Multispectral drone imagery for precision viticulture research at Iron Horse Vineyard. Features RGB and
multispectral bands (green, red, red-edge, NIR) with centimeter-level positioning data for detailed vineyard
analysis.
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Sensor Data on the National Data Platfor
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IoT environmental sensor data from Iron Horse Vineyards. Includes temperature, humidity, soil moisture, CO2, and other
environmental measurements from various sensor devices deployed throughout the vineyard for precision viticulture research.

Data and Resources

e IoT Sensor Data InfluxDB View More

« STAC Catalog

Tags

environmental-sensors iot precision-viticulture



Decision-Critical Metrics for Fine Wine Growing

Vine Water Status d The Key Lever in Fine Wine
Monitoring soil moisture, vine water potential, and evapotranspiration enables

precise deficit irrigation 0 influencing berry size, skin  -to-juice ratio, phenolic
concentration, and overall balance.

Frost Risk d Vintage Protection

One frost event can wipe out a year o6s wor k.
Real-time alerts from water line pressure sensors and drone surveillance allow
targeted sprinkler repair and proactive protection.

Canopy Microclimate & Disease and Purity Control
Monitoring cluster -zone temperature, humidity, and leaf wetness helps:

Anticipate mildew outbreaks
Reduce unnecessary sprays
Preserve fruit purity and site expression



More Decision-Critical Metrics for Fine Wine Growiﬁg-,__

Berry Ripening Curves 0 Style -Defining Decisions

Phenolic ripeness versus sugar ripeness defines wine style.

Al models that integrate Brix, pH, acidity, tannin evolution, and weather patterns
support precision harvest timing.

Fog and Microclimate Patterns & Climate Adaptation
Tracking shifts in fog behavior and diurnal swings is essential for monitoring
climate change impacts and preserving regional identity.

Heat Events and Smoke Exposure d Risk Mitigation
Real-time environmental monitoring helps anticipate heat stress, acid loss, and
smoke exposure, enabling earlier or segmented picking decisions.



Al-Driven Analysis for Fine Wine Growing

The Goal: Augmented Judgment with Al

The goal is not to replace the farmer, but to strengthen human
judgment with data -driven insight & pattern recognition, predictive
modeling, and precision response.

In fine wine, where small differences define greatness, technology is
not about scale. It is about nuance.

Joy Sterling says: nAl 1 s the new tr
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On-Site 10G-connected Mac Studlo/l\/l4a_n.d/b9|qwt| Dream Wall

Mac Studio M4 (Apple M4 Max Chip)

164 o0re CPU, 40&o0re

GPU, 16Zore

128GB unified memory

2TB SSD storage

Front: Two USB-C ports, SDXC card slot

Back: Four Thunderbolt 5, ports, two USBZA
ports, HDMI port, 10Gb Ethernet port

CENICAIR

Ubiquiti Dream Wall
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Wall-mounted 10G cloud gateway
WiFi 6, high-power PoE switching
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John: Connectivity and Sensor I—nsﬁlﬁo.n:
Soll, Air, and Other Sensos




) e . : .
John: Top Decision-Critical Metrics Pro y Sensor Data

METRIC SENSORS/TOOLS OUTCOME

Yield Forecasting

Air Quality/Smoke Risk

Water System Integrity
Seismic Monitoring

Frost Risk Indicators

CENICAIR

(=L Ll

Drone canopy mapping, soil and microclimate
data

PurpleAir (PM2.5, gases, humidity, temp) to
detect wildfire smoke and particulates that
threaten grape quality

Milesite water pipe pressure to monitor
irrigation lines for leaks or uneven pressure

Omron Earthquake Sensor to detect seismic
events and structural shifts on site

ATMOS 41 Weather Station + pole-mounted
temp/humidity sensors

Drone night flights to locate plugged
sprinklers in real time

Forecast yields to improve harvest
planning, cellar readiness, and sales
alignment

Provide early warnings to guide harvest
and wine-making decisions

Protect against water waste, erosion,
and runoff

Ensure safety and resilience in vineyard
operations

Track canopy-level temperature, dew
point, wind, and soil temperature. Guide
frost protection system deployment with
precision timing. Monitor frost protection
lines for leaks or uneven pressure

} [) RATIONAL RESEARCH
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More Top Decision-Critical Metrics Pro y Sensor Data

METRIC SENSORS/TOOLS OUTCOME

Soil Moisture and TEROS 22 + Dragino soil probes Measure soil water potential, moisture, and

Conductivity conductivity across hilltops and swales.
Prevent overwatering, optimize irrigation,
and highlight terroir-driven variability.

Canopy Density and Vine DJI Mavic 3 Multispectral Drone + Insta360 Map vine vigor, canopy density, shading,
Vigor ground-level imagery and detect disease risk. Improve balance for
healthier vines and higher-quality grapes.
Fog and Microclimate Milesite & SenseCAP CO2/temp/humidity Monitor fog incidence, duration, and
Patterns sensors, ATMOS 41, PurpleAir microclimate shifts. Anticipate ripening
delays and mildew risk while preserving
freshness.
Berry Ripening Curves Drone multispectral imaging + vineyard Track ripening progression and block-by-
sampling block uniformity. Optimize harvest timing for
sparkling vs. still wine styles.
Data Integration Streaming of real-time data to national Enable Al-driven analysis, data sharing, and
research networks multi-university collaboration
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Winemaker David Munksgard Chose Sites for MoniMng Moisiere, Temperature #hd
Conductivity Sensor with LoRaWAN Transceiver & harger & CO2 Sensors
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Jake, Joe, and John Installed the Second set of Ser!rs for Mgisture, Temperatlﬁ,
Soi | Conductivity & CO omos Si enna Mi
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TEROS and Dragino Soll SensoV‘

TEROS 22 Matric Water
Potential (Soil Suction) Sensor

Full-range soil water potential
sensor

Pre-calibrated to save time and
effort

Onboard temperature
measurement

CENICAIR

Dragino SEQLLS Solar

Dragino SEOX-LS Soil Moisture

LoRaWAN Soil Moisture & EC& Electrical Conductivity Sensor
Sensor |

Ultra-long range spread-spectrum
High-interference immunity
Minimizing power consumption
Measures Soil Moisture,
Temperature and Conductivity
Uploads the values via
LoRaWAN loT Server

Monitor Soil Moisture,
Temperature, Conductivity
Support wireless OTA update
firmware

IP66 Waterproof Enclosure
Solar powered + Li-ion

battery A [ NATIONAL RESEARCH
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%ThingsBoard 88 Dashboards > 3§ SEOX Soil Sensors A e s

A Home Soil Sensors SEOX Soil Sensors ¥ (O Realtime-last7days [} | ~# Edit mode b4 3
A Alarms
SEOX-LS-1 1 SEOX-LS-2 1 SEOX-LS-3 o SEOX-LS-4 o
Dashboards
Entities % Soil Moisture 1 16.81 % 16.19 % » % Soil Moisture 1 21.45% 2061 % % Soil Moisture 1 341 % 33.15% % Soil Moisture 1 2893 % 2813 %
® % Soil Moisture 2 17.05% 16.72% ® % Soil Moisture 2 2226 % 2163 % ® % Soil Moisture 2 29.01 % 2844 % ® % Soil Moisture 2 3288% 3204%
(0 Devices @ % Soil Moisture 3 17.68% 17.09% ® % Soil Moisture 3 22.93% 21.97% ® % Soll Moisture 3 31.54% 30.59 % ® % Soil Moisture 3 30.22% 29.19%
® % Soil Moisture 4 23.04% 22.33% ® % Soil Moisture 4 18.66 % 17.82% ® % Solil Moisture 4 27.62% 26.75% ® % Soil Moisture 4 322% 31.53%
B2 Assets Soil Temperature 1 65.14°F 63.46 °F Soll Temperature 1 65.3°F 66.1°F Soil Temperature 1 61.88 °F 60.55 °F Soll Temperature 1 62.37 °F 60.07 °F
® Soil Temperature 2 6424 °F 61.85°F ® Soil Temperature 2 66.34 °F 66.04 °F @ Soil Temperature 2 61.25°F 59.68 °F @ Soil Temperature 2 62.61°F 60.12°F
IR Entity views ® Soil Temperature 3 65.44 °F 63.46 °F @ Soil Temperature 3 64.42 °F 65.22 °F ® Soil Temperature 3 61.42°F 59.75°F ® Soil Temperature 3 62.36 °F 59.84 °F
@ Soil Temperature 4 65.44 °F 63.82°F @ Soil Temperature 4 65.5°F 66.04 °F @® Soil Temperature 4 61.9°F 60.23 °F ® Soil Temperature 4 62.81°F 60.59 °F
l’b Gateways Soil Conductivity 1 2476 yS/cm  23.54 pS/cm Soil Conductivity 1 29.47 uS/cm  28.13 pS/cm Soil Conductivity 1 167.05 uyS/cm  166.39 uS/cm Soil Conductivity 1 76.3 pS/cm 74.24 pS/cm
@ Soil Conductivity 2 26.85 yS/cm  25.88 uS/cm @ Soil Conductivity 2 30.87 uS/cm 29 uS/em ® Soil Conductivity 2 128.34 yS/cm  127.43 uS/cm ® Soil Conductivity 2 104.75 pyS/em  103.41 uS/ecm
g Profiles ® Soil Conductivity 3 32pS/cm  29.88 pS/cm ® Soil Conductivity 3 31.62 pS/cm 30 pS/em ® Soil Conductivity 3 134.58 pS/cm  130.79 pS/em ® Soil Conductivity 3 84.65puS/cm  81.66 pS/cm
® Soil Conductivity 4 54.72 yS/em  52.46 uS/em ® Soil Conductivity 4 20.37 uS/em 19 pS/em ® Soil Conductivity 4 102.26 pS/em 96.96 pS/cm ® Soil Conductivity 4 85.3 pS/em 83.9 ps/em

B Device profiles 18¢ 1

[ Asset profiles

Customers ’
Rule chains
60 Mar 27 2026 00:55 - Mar 27 2026 01:25
Edge management ‘\ % Soil Moisture 1 16.19%
® % Soll Moisture 2 16.73%
Advanced features ® % Soil Moisture 3 17.18% %
® % Soil Moisture 4 2243 %
Resources Soil Temperature 1 66.53 °F
® Soil Temperature 2 65.45°F
Notification center ® Soil Temperature 3 66.54 °F
"~ @ Soil Temperature 4 66.52 °F
Mobile center Soil Conductivity 1 23.83 pS/cm
01 soil Conductivity2 26.03 uS/cm s
APl usage @ Soil Conductivity 3 30.2 pS/cm —O
[ @ Soil Conductivity 4 52.87 pS/CM o

£ Settings 20 -

QO Security

Powered by ThingsBoard v.4.2.1




IRON HORSE
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ATMOS 41 Weather Station
Latitude: 38.4553240
Longitude: -122.8992430
Precipitation: 0.0 ml/hr
Solar: 754.10 W

Strikes: 0.00 count
StrikesDistance: km
windDirection: 96.50 deg
windSpeed: 1.77 km/hr
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https://urldefense.com/v3/__https:/tinyl.co/4SlF__;!!ODFk2w!qCjL4xjTU-41FA3eTVn0_MhiR4OdvN9dcOyn4qIm1vluMrGhj6EKvqtiBSxOAteIuuguTHIYXZQ$

SDI-12-LS-US915-3
ATMOS 41 Weather Station
Latitude: 38.4553240
Longitude: -122.8992430
Precipitation: 0.0 ml/hr
Solar: 754.10 W

Strikes: 0.00 count
StrikesDistance: km
windDirection: 96.50 deg
windSpeed: 1.77 km/hr
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sensors Weather Station sensors CO2 Sensors
- - -
-H - C) 4 -H ®© 3
Iron Horse Vineyards - Sensor Map ATMOS 41 Weather Station £3 EM500-C02-915M-1 HH
Min Max Avg Avg Latest
@ Solar 0W/m? 896 W/m? 238W/m? 527 W/ ® CO2 523.09 ppm  445.09 ppm
@ Precipitation 0 mm/hr 0 mm/hr 0 mm/hr 0mm @ Temperature 61.76 °F 77.43 °F
@ Wind Speed 0.54mph 5.82mph 212mph 217w ® Humidity 64.33 % 43.09 %
@ Air Temperature ~ 37.96 °F 85.64 °F 59.12 °F 72.44 Barimetric Pressure 1014mb  1009.26 mb
1000 1200
1000
800
Mar 29 2026 13:38 - Mar 29 2026 14:08 600
@ Solar 819 W/m?
800 @ Precipitation 0mm/hr 400 -
® Wind Speed 4.49 mph
@ Air Temperature 83.94°F 200+
0-r T T T T T T T
Mar Mar05 Mar09 Mar13 Mar17 Mar21 Mar25 Mar29
600+
EMS500-C02-915M-2 HH
Avg Latest
® CO2 479.78 ppm  420.17 ppm
4004 ® Temperature 62.37 °F 77.42°F
® Humidity 62.58 % 41.79 %
Po eer by [Thi ngsBL:a dv4.p.1 Barmetric Pressure Powgpé'chb ll%ngsgggr%ei.rg!‘l
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Research-grade Weather, Water Pipe P , Quake Sensors
ATMOS 41 Gen 2 EM500-PP-915M Water Omron D7S
Weather Station Pipe Pressure Sensor Earthquake Sensor (not yet)

€ Measures temp; humidity; € Temperature Compensation € Quake detection, peak levels
vapor/barometric pressure; for High Accuracy of seismic intensity
wind speed, gust, direction; € IP67 waterproof € Sends data over LoRaWAN or
solar radiation, precipitation, € High-capacity battery 10 yrs LoRa P2P to a gateway
lightning strikes € Option to shut down sensitive
€ Designed for harsh climates machines and equipment

NATIONAL RESEARCH
CENICAIR NRP 4o g



Milesite CO2, Temperature, Humidity, & Ba Pressure Sensor

Measures CO2 Ranges from 400 to 5,000 ppm
LoRaWAN® Wireless Deployment with Low Power
Consumption

Long-Lasting Battery Life of up to 10 Years

8 Vineyard Locations

CENIC/\R NRP I ESH



Purple Air Sensor

Q FurpleAir Map ~ Sensors -~ Data ~ About -

o Click & drag to zoom. Shift + click & drag to pan. How to use the graph. On September 23rd, 2025, 1:24:53 PM PDT

& Estimated Temperature °F Real-time

. Estimated
10-minute Average
125 Temperature (°F)

is now

CENIC SENSOR

100 Quite hot

—<q Sensor: Iron Horse Vineyards

75 ;
N . ‘ m % A B v100% PA-II-ZEN 7.04

" i N ' @ Get This Widget 1

Become a community . .

scientist. Office Wall Site (O)
25 Get your own indoor-

21. Sep 12:00 22.Sep 12:00 23. Sep 12:00 outdoor sensor just like
this one.
e Average -~ Ross Branch R A —=— Ross BranchRd B iron Horse Vieeyards A~ lron Horse Vineyards B
PurpleAir.coemr
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. View of Vines & Beyond
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Tom: Iron Horse
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Vegetation Indices, Particularly NDVI:

Vegetation indices (VIs) are mathematical formulas applied to remote sensing data to provide insights into

vegetation health, density, and water content, with the most common being the Normalized Difference
Vegetation Index (NDVI).

They work by comparing the reflectance of different light bands, particularly near-infrared (NIR) and red, as
healthy vegetation reflects NIR light and absorbs red light.

Normalized Difference Vegetation Index (NDVI):  The most popular VI, NDVI assesses vegetation health
by calculating the difference between NIR and red reflectance. Use: Monitors plant vigor, biomass, and
growth over a season.

Light Reflection: Different surface types reflect and absorb light differently across the electromagnetic
spectrum.

Spectral Bands: Data from specific spectral bands, like red and near-infrared (NIR) highlight characteristics
of vegetation.

Formula Application: A formula combines the reflectance values from these bands to produce a single
index value that indicates a vegetation property.

Interpretation: Higher VI values generally correspond to healthier, more vigorous vegetation, while lower
values can indicate stress, drought, or sparse cover.
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Vegetation Indices Processed from Drones

VEGETATION INDEX CHARACTERISTICS AND USES

Green Normalized Difference Vegetation Index (GNDVI) Uses visible green light (instead of visible red and near infrared) to measure rates of
photosynthesis and monitor plant stress.

Leaf Chlorophyll Index (LCI) Assesses chlorophyll content in areas of complete leaf coverage.
Modified Chlorophyll Absorption in Reflective Index (MCARI) Used to measure chlorophyll concentrations and variations in the Leaf Area Index.
Normalized Difference Red Edge (NDRE) Sensitive to chlorophyll content in leaves against soil background effects (Can only

be formulated when the red edge band is available).

Normalized Difference Vegetation Index (NDVI) Used to measure biomass in precision agriculture (used in forestry to quantify forest
supply and leaf area index).

Visible Atmospherically Resistant Index (VARI) RGB index for leaf coverage. Used to estimate the fraction of vegetation in an image
with low sensitivity to atmospheric effects.

Blue Normalized Difference Vegetation Index (BNDVI) An index without red channel availability that uses the visible blue, for areas sensitive
to chlorophyll content.

Triangular Greenness Index (TGI) RGB index for chlorophyll sensitivity. Relies on reflectance values at visible

wavelengths. A good proxy for chlorophyll contentin areas of high leaf cover.

Structure Intensive Pigment Index 2 (SIP12) Used in areas with high variability in canopy structure (e.g. forestry).



Insta360 Camera 360 Video Took Only 2 Whutes tg Transfer -
10GB Video Fil e 10 G@GREN Con




Insta360 Camera

A F u I°VideB(Bx@K)
A Excellent resol ut.i
A Capt ur eandcgnopy pevel context
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Screen azimuth 88.0 E

Iron Horse Vineyards FFOV Color N 0°
38.46°N, 122.90°W, 52m/171ft



Aurora on 11-11-2025 captured by the WiFire/HPWREN Cameras’




AXIS Q63 Networked Pan Tilt Zoom C@nera
Planned to be an Addition to the;;,ﬂ@@ﬁfef(?alifornia Feeds

NATIONAL RESEARCH
CENICAIR NRP 4o g



