
Heterogenous Robot Collaboration in 
Unstructured Environments with 
Grounded Generative Intelligence 

Zachary Ravichandran, Fernando Cladera, Ankit Prabhu, Jason Hughes, Carlos 
Neito Granda Varun Murali, Camillo J. Taylor, George J. Pappas, and Vijay Kumar

Vision
> First system for natural language 

   tasking of heterogeneous teams in 

   unstructured environments. 

 

> Planner infers subtasks and   

   semantics based on task 

   dependencies and robot capabilities. 

   Adapts given information inquired.


> Previous work requires fixed 

   semantics and designed specifically  

   for air-ground teams [1,2].SPINE-HT Framework

Deployment and Experiments

ReferencesEmpirical Results

Mission: There was storm. Establish 
communications and survey for damage.

Team: You have a Spot, a Husky, a Jackal, and a UAV, 
which are fast, rugged, equipped with a strong 

radio, and can build overhead maps.

Mission and team specifications Heterogenous Collaboration 
Semantic & subtask 

inference Assignment 
based on capabilities 
and task dependencies 

UAV builds prior map

Jackal acts as  
a comms relay

Spot explores 
distant areas 

Husky explores 
harsh terrain 

LLM 
generation

Model-based 
validation

Closed-loop adaptation
New subtask: assess if 
the newly discovered 
person is injured

Feedback collected 

LLM-enabled 
subtask inference 

Model-based 
subtask validation

Specifications
LLM-generated subtasks 

validated for feasibility

You have a Spot, a 
UAV, a Husky, and a 
Jackal with the 
capabilities: 

def inspect(object, 
robot_type) 
…

Triage the chemical 
spill reported near 
location X

Graph-structure models dependencies 
while enabling parallel execution

Build 
overhead map

Relay 
messages

Explore

Navigate 
rugged terrain

Team

Mission

Map updates:  
 add_node(discovered_barrel) 
 add_edges(discovered_barrel, 
           discovered_road)

Updates fused to common mapAggregate feedback into 
textual interface

Feedback used for  
subtask updates during 

next iteration

map(terrain, 
robot_type=husky) 

navigate(north, 
robot_type=jackal) 

inspect( 
discovered_barrel, 
robot_type=ugv)

explore(location_x, 
robot_type=uav)

…

…

SPINE-HT Framework

Iteration 1 Iteration 2

> Mission specifications and team 

   description provided in natural language.


> LLM generates infers semantics and 

   subtasks given. Subtasks are validated 

  for physical realizability.


> Subtasks allocated to team.


> Feedback collected to common 

   semantic map representation and used

   for plan adaptation.

> 21 real-world and 24  

   simulated missions.


> One to four heterogenous 

   platforms: Clearpath Husky, 

   Clearpath Jackal, Boston   

   Dynamics Spot, Falcon 4 

   UAV.


> Real-world semi-urban 

   office park, rural 

   environment, and 

   simulations.


Jackal tasked to 
deliver package

ja

Spot tasked to find 
barrel

Husky tasked to block 
road

Husky goes to road  Spot finds barrel  Jackal arrives 
and sees spot  

Find the chemical barrel, deliver 
the containment package, and block 
the road to traffic.

Spot Husky Jackal

Specifications Mission execution

Carrying 
containment 
package

Reasoning 
Husky is large and 
can block the road. 
Spot is fast and can 
find the barrel.  
Jackal is carrying 
the containment 
package

Parallel tasks 
assigned by capability 

Environment

Feedback-dependent 
subtask 

Traversable 
regions

Localized 
objects

Extended 
online 

Region
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Semantic map

Jackal with RGB-D + LiDAR Husky with LiDARSpot with RGB-D

UAV with overhead mapper Environment

Example environment and 
experiments

Shared semantic map built during 
mission 

Mission with inter-
robot dependencies

Compared to Expert Planner and 
LLM baseline in simulation 

Compared to Expert Planner in 
real-world experiments.
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Measuring success rate, number of required subtasks, and subtask optimality normalized 
against expert planner and compared to LLM-enabled baseline [3]
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