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Commercially available irrigation 

system upgraded as a moveable 

platform for

‐ Sensing: soil, water, plant, 

micro-climate, robotic scouting 

and tissue sampling

‐ Actuation: water, fertilizer, 

crop protection, spot tillage or 

weeding

The land below equipped with a 

dense drainage tile system 

instrumented for water and soil 

sensing, drainage control, 

underground comms.

THE PROPOSED INSTRUMENT: PIVOT+

Gantry: Valley 8000 Series, 7 towers, 180 ft. spans, 

minimum 12 ft. clearance (115 acres), 90 min. revolution, 

speed, direction controllable in 2degree sectors, 480 V 

3-phase at 45 A per phase

Tower Package: Networking along the gantry

‐ Each of 7 towers has a climate controlled 26 RU cabinet 

with optical patch panel and step-down transformer for 

HVAC, servers, switches, PoE etc.

‐ Each tower: WiFi AP, ISOBlue + 

Avena, RTK GPS

‐ Switch provisioned with 24 –

100/1000 Gbps ports, 4 – 10 Gbps 

ports, and 4 – 25 Gbps uplink 

ports

Fiber Trunk: Fiber Cable and fiber optic rotary joint

‐ an integrated fiber/electrical slip ring to pass 28 fiber strands

Pivot Package: network interface at the pivot point

‐ Switch, server, network attached storage

‐ Pre-process data to compress, detect events, compute sufficient statistics

‐ Reduce aggregate bandwidth for event-adaptive sensing and robotics

Research Packages: provided by individual researchers

DESIGN OF STATISTICAL FIELD EXPERIMENTS IN PIVOT AREA

Grouping high resolution elevation data for whole ACRE into 

categories layered with soil map and gradient visualization.

Design of field trials on variable soil types, slope, aspect etc. in 

pivot of area= (pi × 13282) =114.5 ac

Histogram of Slope and Elevation 

histograms with 4 bins is shown in this 

figure. The slope histogram shows that the 

area under pivot is mostly flat.

ML/AI CONTEST FOR CROP PRODUCTION UNDER CONSTRAINTS

A contest for teams designing algorithms for operating the 

robotic pivot in a growing season for crop production

⁃ At the beginning of the year teams write code to 

⁃ operate the sensors and actuators. 

⁃ To give statistical significance to the ranking we 

randomize and replicate. “Teams” are the treatments.

⁃ Apply constraints in rules. Measure runoff. Limit water.

⁃ After planting all sensing/scouting must be carried out 

with the shared platform. Collaboration is required.

⁃ Water/nutrient application post planting must use pivot 

platform.

Pivot setups in fields near Kansas, Texas, and Oklahoma state border.

SUBSYSTEMS OF PIVOT+
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A0 180 2.3 0.01

A1 360 7.0 0.04

A2 540 11.7 0.07

A3 720 16.4 0.09

A4 900 21.0 0.12

A5 1080 25.7 0.14

A6 1260 30.4 0.17

Figure 1: ACRE farm with proposed gant ry locat ions (left ). Zoomed pivot top view (right ).

1.1 T he Cent er Pivot Gant ry

The gant ry is a commercially available center pivot irrigat ion system to be used as a movable

plat form to carry networking over any spot in a large field. We have looked at a Valley Irrigat ion

8000 series pivot with 7 towers, inter-tower spans of 180 feet , high-profi le, high speed variable

frequency drive, and programmable cont rol that can change speed and direct ion of rotat ion every 2

degrees of angle. Pivots carry ample elect ric power to run the elect ric motors in the towers and can

be easily upgraded to handle power for the comput ing and networking subsystems. Pivot gant ries

are already designed to carry the heavy load of irrigat ion water over a field and the addit ional

weight that would be added by comput ing and networking subsystems is only a few percent of

the standard water load. The basic st ructure and mount ing of cabinets, cabling, networking and

sensing are shown in Figure 2(a). The networking architecture of the system is shown in Figure

2(b).

1.2 Tower Package: N etworking A long t he Gant ry

The gant ry will carry 28 st rands of single mode opt ical fiber. Each of the seven towers will carry

a climate-controlled cabinet containing an opt ical patch panel and a transformer to step down the

pivot three-phase for powering HVAC, servers, switches, sensors, and power-over-ethernet (POE).

Each cabinet will contain a POE switch, a WiFi access point , an IsoBlue machine telemat ics server

running our Avena software stack [1], and an RTK GPS receiver to precisely locate each tower.

1.3 Fiber Trunk: Fiber Cable and Fiber Opt ic Rot ary Joint

Fiber opt ic rotary joints (FORJ) are opt ical-mechanical systems which allow mult iple independent

opt ical fibers to pass a rotat ing mechanical joint . They have been in commercial use for more

than 40 years in medical CT scanners, submersible sensing, rotat ing antenna radar systems, wind
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Purdue university farm, ACRE is 

approximately 3.5km × 3.5km. Figure 

shows the dimensions of an example 

Pivot installation in ACRE.
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