
– 1 – 

 
 

Human-in-the-Loop Robot-Augmented Intelligent System for  
Emergency Reconnaissance 

 
Da Hu, S.M.ASCE,1 Shuai Li, Ph.D., A.M.ASCE,2 Jing Du, Ph.D., M.ASCE,3 and 

Jiannan Cai, Ph.D., A.M.ASCE4 

 
1Department of Civil and Environmental Engineering, the University of Tennessee, 851 Neyland 
Drive, Knoxville, TN 37996; e-mail: dhu5@vols.utk.edu 
2Department of Civil and Environmental Engineering, the University of Tennessee, 851 Neyland 
Drive, Knoxville, TN 37996; e-mail: sli48@utk.edu 
3Engineering School of Sustainable Infrastructure & Environment, University of Florida, 1949 
Stadium Road 454A Weil Hall, Gainesville, FL 32611; e-mail: eric.du@essie.ufl.edu  
4Department of Construction Science, The University of Texas at San Antonio, 501 W César E 
Chávez Blvd, San Antonio, TX 78207; e-mail: jiannan.cai@utsa.edu  
 
ABSTRACT 

This study proposes a human-in-the-loop robot-augmented intelligent system for emergency 
reconnaissance. The system improves situational awareness of first responders by providing 
robot-collected information through an intelligent and interactive interface. Unmanned aerial 
vehicles (UAVs) and unmanned ground vehicles (UGVs) equipped with RGB-D camera, thermal 
camera, GPR, and LiDAR are deployed to acquire information on disaster sites. The collected 
sensor data are further processed to present actionable information to first responders, such as 
victim location, buried void shape, and accessible hole through an augmented reality interface. A 
virtual reality platform is used to validate and evaluate the proposed system. Participants are 
invited to complete a search and rescue mission with robot-augmented intelligent system to find 
survival victims under rubbles in the virtual environment. The experiments demonstrated that the 
proposed system reduces the searching time and false alarms, and increases the accuracy of 
detecting victims, which will change the search and rescue paradigm from an experience-based 
practice to an information-based one. 
  


