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http://www.nrec.ri.cmu.edu/projects/drug_discovery_system/videos/ 
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Drug Discovery Automation 

Previously: manual 
testing of individual 
drugs - no way to 
screen potential drug 
compounds in bulk 

Millions of 
Candidate 
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Compounds 

Behavioral 
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Bottleneck 
Screened Drug 

Compound 
“Leads” 

Smart automatic 
screening allows 
searching on an 
industrial scale. 
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System recommends next 
experiment to perform 
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•  Automated collection of large amounts of data with the right 
processing and data mining can revolutionize discovery 

Themes 
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Carnegie 
Mellon 

University 

School of 
Computer 
Science 

Robotics 
Institute 

NREC 

500+ Faculty & 
Grad Students 

>85% Scientists, Engineers, 
Technicians 

Founded in 1995 
Now ~170 employees 
$30M in revenues 
100% externally funded 
50%-50% fed vs. commercial 
Robotics for agriculture, energy, 
mining, defense, health care 

NREC at a Glance 

Eng. Firms Universities NREC 

TRL 

R&D 
(low TRL) 

Focused 
Development 

(mid TRL) 

Manufacturing 
(high TRL) 

NREC averages 10-15 people in 
the field testing on any given day 
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Autonomous Haulage System 

Laser Paint Stripping System 
Distribution A. Approved for Public Release. US Army 
RDECOM CERDEC NVESD. Release Date: March 6, 2012 

NREC Systems in Development 
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NREC Tech Transfer Successes 
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è Mow 
è Dethatch 

è Dig 
è Shake 
è Tumble 
è Drop in  

 Plastic Bins 

è Pick 
è Sort 
è Trim 
è Count 
è Package 

$<2% $<3% $>30% 

Mechanization Challenge Vision Challenge 
Too big! 

ü Must have healthy root system 
ü Crown must not be damaged 
ü Mother plants must be discarded 
ü Criteria vary from one variety to another 

ü Pick plants without damaging them 
ü Trim foliage and roots 
ü Align and singulate for vision system 
ü Keep roots moist during process 

 > 1000 trimmers  -> ten weeks 

Strawberry Plant Automation 
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Strawberry Plant Classification 

Input Plants 
Singulation High Speed Camera 

Segmentation Classification Sorting 

Plant type 
Plant quality 

http://www.nrec.ri.cmu.edu/projects/strawberry/videos/ Successfully commercialized: 
http://carnegierobotics.com/custom-products/ 
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•  Automated collection of large amounts of data with the right 
processing and data mining can revolutionize discovery 

•  Mechanical manipulation and classification work together 
•  Automatic collection of training data for learning systems 

Themes 
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Example Agricultural Platforms 

Rowbot 
http://rowbot.com 

http://carnegierobotics.com 

BoniRob 
http://go.amazone.de 

Precision Drone 
http://www.precisiondrone.com 

Precision Hawk 
http://precisionhawk.com 
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NREC Developed Platforms 

!

!

!
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http://www.nrec.ri.cmu.edu/projects/shell/videos 
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DARPA Robotics Challenge 

Boston Dynamics ATLAS 
NREC CHIMP 

http://www.nrec.ri.cmu.edu/projects/tartanrescue/multimedia/ 
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•  Automated collection of large amounts of data with the right 
processing and data mining can revolutionize discovery 

•  Mechanical manipulation and classification work together 
•  Automatic collection of training data for learning systems 
•  Design autonomous platform based on requirements, without 

being constrained to approaches designed for humans 
•  Mobile manipulation 

Themes 
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NREC Agricultural Automation 
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Citrus Orchard Automation 
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Test Citrus Grove (5000 acres) 

Goal: Mowing and Spraying 

>1500 Miles Autonomous Operation 
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Perception Challenges 

Driving through tall weeds 

Driving very close to ditches 

Detecting obstacles in 
tall weeds 

Pushing through trees on turns 
(view from tractor after challenging turn) 

Person or weed? 

Night operation 
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A single operator to supervise multiple automated machines 
Machines operate autonomously for the majority of the time and 
page remote operator for help as needed over the wireless radio 

Force Multiplication Approach 

Remote operator 
in office or in truck 
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http://www.nrec.ri.cmu.edu/projects/usda/videos 
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Smart Spraying 

“Orchard Tree Modeling for Advanced Sprayer Control and Automatic Tree Inventory” 
Wellington, et al. IEEE/RSJ Int. Conf. on Intelligent Robots and Systems Workshop on Agricultural Robotics. 2012. 
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Tree Mapping 
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Detected trees plotted on height map from 3D data 

Automatic Tree Inventory 
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Yield Estimation 

Canopy Volume and Yield vs. row position 

Canopy volume estimation 

Example showing green orange detection  



©	
  2014	
  Carnegie	
  Mellon	
  University.	
  	
  	
  	
  	
  ©	
  2014	
  Carnegie	
  Mellon	
  University.	
  	
  	
  	
  	
  ©	
  2014	
  Carnegie	
  Mellon	
  University.	
  	
  	
  	
  	
  

Overhead Analysis 

Dr. Reza Ehsani 
UF Citrus Research and Education Center 

“Comparison of two aerial imaging platforms for identification 
of Huanglongbing-infected citrus trees” 
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Combining Ground & Satellite 

UPI Crusher 
Autonomous Vehicle 
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•  Automated collection of large amounts of data with the right 
processing and data mining can revolutionize discovery 

•  Mechanical manipulation and classification work together 
•  Automatic collection of training data for learning systems 
•  Design autonomous platform based on requirements, without 

being constrained to approaches designed for humans 
•  Mobile manipulation 
•  Approaching autonomy at system level with human interaction 
•  Sensor fusion and robustness to different conditions 
•  Combining ground data and aerial data 
•  Processing raw data to generate spatially located mid-level data 

Themes 
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•  Automated collection of large amounts of data with the right 
processing and data mining can revolutionize discovery 

•  Mechanical manipulation and classification work together 
•  Automatic collection of training data for learning systems 
•  Design autonomous platform based on requirements, without 

being constrained to approaches designed for humans 
•  Mobile manipulation 
•  Approaching autonomy at system level with human interaction 
•  Sensor fusion and robustness to different conditions 
•  Combining ground data and aerial data 
•  Processing raw data to generate spatially located mid-level data 

Themes 


