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Bridge Inspection/Maintenance Author :Dongbin Kim, Dr. Paul Oh.
E-mail : dongbin.kim@unlv.edu
Drones and Autonomous Systems Lab, UNLV

Drilling Riveting

MM-UAV 

Bridge Inspection/Maintenance

Experience : Bridge conditions – Sense of Touch (Haptics), Sound, Weather

Expert
Worker

Many years
Dataset

Dataset



MM-UAV Challenge Author :Dongbin Kim, Dr. Paul Oh.
E-mail : dongbin.kim@unlv.edu
Drones and Autonomous Systems Lab, UNLV

C. Korpela, M. Orsag, C. D. Miles, P. Y. Oh, “Dynamic Stability of an Unmanned Aerial Vehicle,” IEEE International Conference on Robotics and Automation (ICRA), Karlsruhe, Germany, May 2013

T. Danko, P. Y. Oh,  “A Parallel manipulator for mobile manipulating UAVs,” IEEE International Conference on Technologies for Practical Robot Applications (TePRA), Oct 2015

D. Kim, P. Y. Oh, “Toward Lab Automation Drones for Micro-plate Delivery in High Throughput Systems,” IEEE International Conference on Unmanned Aircraft Systems (ICUAS), Dallas, TX, USA, Aug 2018

A. Ollero, A. Franchi, et. al, “The AEROARMS Project – Aerial Robots with Advanced Manipulation Capabilities for Inspection and Maintenance,” IEEE Robotics and Automation Magazine, Dec 2013

(Hose insertion, 
2013) 

(Visual Servoing, 2015) (Pick-and-place, 2018) (Contact Inspection, 2018) (Contact Inspection, 2018) 

“Past MM-UAV Vision : Fully Autonomous”

Too Broad
Too many things to Consider for

MM-UAV in
Bridge Inspection/Maintenance

“Blake Hament’s Contribution in HSI”



New MM-UAV Concept Author :Dongbin Kim, Dr. Paul Oh.
E-mail : dongbin.kim@unlv.edu
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Expert Workers

- Skilled
- Experienced
- Knowledgeable 

“Human Collaborative Haptic-based MM-UAV”

- Accessibility 
- Haptic feedback
- Tele-operated manipulation

MM-UAV

Bridge Inspection/Maintenance



Author :Dongbin Kim, Dr. Paul Oh.
E-mail : dongbin.kim@unlv.edu
Drones and Autonomous Systems Lab, UNLV

Test-and-Evaluation (T&E) platform

• D. Kim, P. Y. Oh, “Testing-and-Evaluation Platform for Haptic-based Aerial Manip
ulation with Drones,” IEEE American Control Conference (ACC), Denver, CO, US
A, 2020

• Safe/Repeatable flight practice environment to MM-UAV for haptic manipulation

T&E platformSystem Integrated Sensor Test Rig (SISTR)

Motivation



T&E Platform Build and Test Author :Dongbin Kim, Dr. Paul Oh.
E-mail : dongbin.kim@unlv.edu
Drones and Autonomous Systems Lab, UNLV

Motor

End-effector

Haptic Feedback : Spring Force

Parallel Manipulator

Sensor Calibration
Tele-Operating Station

Manipulation Zoom-in

1. Mechanical Design

Serial Manipulator

VS

2.Sensor Design

3. Proof-of-Concept MM-UAV

5. Test Flight for verification-and-validation

4. T&E Platform and User Interface



Drill Task Case Study Author :Dongbin Kim, Dr. Paul Oh.
E-mail : dongbin.kim@unlv.edu
Drones and Autonomous Systems Lab, UNLV

D. Kim, P. Y. Oh, “Human-Drone Interaction for Aerially Manipulated Drilling using Haptic 
Feedback,” IEEE International Conference on Intelligent Robots and Systems, 2020. (Submitted)

Drill Tasks in Bridge 
Inspection/Maintenance

Haptic Drill Press Platform

- Familiar User Interface
- Analytic benefit (Dataset)



Drill selection for MM-UAV Arm Author :Dongbin Kim, Dr. Paul Oh.
E-mail : dongbin.kim@unlv.edu
Drones and Autonomous Systems Lab, UNLV

D. Kim, P. Y. Oh, “Human-Drone Interaction for Aerially Manipulated Drilling using Haptic Feedback,” 
IEEE International Conference on Intelligent Robots and Systems, 2020. (Submitted)

● Drill Selection for MM-UAV Arm

- MM-UAV Payload : 3.6 kg
- DREMEL cordless rotary tool is selected
- On-and-Off operation
- Drill speed : 5,000 to 30,000 RPM
- Selected Materials : Acrylic Sheet, Plywood, 

Metal Sheet, PVC pipe, Drywall, Concrete, 
Red Clay Brick 

(Drill Properties)



Proof-of-concept MM-UAV Author :Dongbin Kim, Dr. Paul Oh.
E-mail : dongbin.kim@unlv.edu
Drones and Autonomous Systems Lab, UNLV

D. Kim, P. Y. Oh, “Human-Drone Interaction for Aerially Manipulated Drilling using Haptic Feedback,” 
IEEE International Conference on Intelligent Robots and Systems, 2020. (Submitted)

● Proof-of-concept MM-UAV design

- Q550 Hexacopter
- Pixhawk 4
- Payload : 3.6 kg
- 11.1V 3S 2.2mAh Li-Po battery
- Drill Arm : Dynamixel MX-28 with steel joint
- DREMEL rotary tool to the steel joint. 
- The force is sensed by MX-28 when drill bit 

touches the material surface
(Drill limb properties)



Customized haptic drill press Author :Dongbin Kim, Dr. Paul Oh.
E-mail : dongbin.kim@unlv.edu
Drones and Autonomous Systems Lab, UNLV

D. Kim, P. Y. Oh, “Human-Drone Interaction for Aerially Manipulated Drilling using Haptic Feedback,” 
IEEE International Conference on Intelligent Robots and Systems, 2020. (Submitted)

● Customized Haptic Drill Press

- Motivation 1 : Expensive commercial haptic 
device (3DSystem Haptic : $ 20k)

- Motivation 2 : Worker’s motion in an actual 
drill press task

- Porter Cable drill-press
- Dynamixel MX-28 to render force.
- Gears between MX-28 and the rotary 

handle
- Sensed force is rendered to the operator 

through the handle
- Sensitivity (α) : Amplify/reduce force 

rendering  -> operator sense better!

(Customized Haptic Drill Press)



Test in T&E Platform - Build 
Author :Dongbin Kim, Dr. Paul Oh.
E-mail : dongbin.kim@unlv.edu
Drones and Autonomous Systems Lab, UNLV

D. Kim, P. Y. Oh, “Human-Drone Interaction for Aerially Manipulated Drilling using Haptic Feedback,” 
IEEE International Conference on Intelligent Robots and Systems, 2020. (Submitted)

● T&E Platform for the proof-of-concept

- Drill arm is attached
- Drill speed is set to 30,000RPM
- The haptic drill press handle controls the 

drill arm in z-axis
- Test Material : Acrylic Sheet, Plywood, 

Metal Sheet, PVC pipe, Drywall
- Drill arm weight is offset to render sensed 

force
- The operator feels rendered force.
- α is tuned differently with materials
- Each task is repeated 5 times

Operator

Haptic 
Drill Press

MM-UAV
Drill limb



The
Proof-of-concept

In
T&E Platform

Plywood PVC pipe Acrylic Sheet



The
Proof-of-concept

In
T&E Platform

Plywood PVC pipe Acrylic Sheet



The
Proof-of-concept

In
T&E Platform

Plywood PVC pipe Acrylic Sheet



The
Proof-of-concept

In
T&E Platform

(Failed) 

Drywall – Reaction force is too small to sense
Metal – Skating, Require more press force than the limit

These materials are not selected for next step



Test in T&E Platform - Results
Author :Dongbin Kim, Dr. Paul Oh.
E-mail : dongbin.kim@unlv.edu
Drones and Autonomous Systems Lab, UNLV

D. Kim, P. Y. Oh, “Human-Drone Interaction for Aerially Manipulated Drilling using Haptic Feedback,” 
IEEE International Conference on Intelligent Robots and Systems, 2020. (Submitted)

● Test Results

- Selected materials : Plywood, Acrylic 
Sheet, PVC pipe

- Sensed torque is amplified to render 
by α

- Materials tensile strength is 
proportional to the sensed raw force

- α is inverse-proportional to the tensile 
strength

- The offset changes when drill is pulled 
off from the materials

(From top to bottom, force measurement, 
Drill press Input)

(Tensile Strength vs Sensed raw Force)

(Result Summary)



Flight Trials – Test Environment set-up
Author :Dongbin Kim, Dr. Paul Oh.
E-mail : dongbin.kim@unlv.edu
Drones and Autonomous Systems Lab, UNLV

D. Kim, P. Y. Oh, “Human-Drone Interaction for Aerially Manipulated Drilling using Haptic Feedback,” 
IEEE International Conference on Intelligent Robots and Systems, 2020. (Submitted)

MM-
UAVGUI

Haptic 
Drill Press

Offboard
Computer

● Flight Trials

- Validation-and-Verification MM-UAV 
flight.

- Task station, MM-UAV in the motion 
capture arena.

- Drill speed is set to 30,000 RPM
- MM-UAV is deployed above the task 

station
- The operator uses the haptic drill press 

handle to ascend MM-UAV fpr drill 
tasks on the materials

- α is tuned differently with materials
- Each task is repeated 5 times

Task
Station



The
Proof-of-concept

Flight Trials
(Plywood) Pose Error Force sensing Zoom-in



The
Proof-of-concept

Flight Trials
(PVC Pipe) Force sensing Zoom-inPose Error



The
Proof-of-concept

Flight Trials
(Acrylic Sheet) Pose Error Force sensing Zoom-in



Author :Dongbin Kim, Dr. Paul Oh.
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D. Kim, P. Y. Oh, “Human-Drone Interaction for Aerially Manipulated Drilling using Haptic Feedback,” 
IEEE International Conference on Intelligent Robots and Systems, 2020. (Submitted)

Flight Trials – Result

● Test Results

- Selected materials : Plywood, Acrylic 
Sheet, PVC pipe

- α is reduced to a half of the one from 
the test in T&E platform

- Flight fluctuation : the force 
measurement increase

- The results is similar to the ones from 
the test in T&E platform

(From top to bottom, force measurement, 
Drill press Input, MM-UAV position error)

(Tensile Strength vs Sensed raw Force)

(Result Summary)



Conclusion Author :Dongbin Kim, Dr. Paul Oh.
E-mail : dongbin.kim@unlv.edu
Drones and Autonomous Systems Lab, UNLV

D. Kim, P. Y. Oh, “Human-Drone Interaction for Aerially Manipulated Drilling using Haptic Feedback,” 
IEEE International Conference on Intelligent Robots and Systems, 2020. (Submitted)

Contribution

- Customized haptic drill press
- Sensitivity (α) to amplify/reduce sensed force to

help the operator’s sensitivity
- Human-drone collaborated aerial manipulation

perform drill tasks on materials

D. Kim, P. Y. Oh, “Testing-and-Evaluation Platform for Haptic-based Aerial Manipulation with Drones,” 
IEEE American Control Conference (ACC), Denver, CO, USA, 2020. (Accepted)

Conclusion

- Flight trial results show similar pattern to the
ones from the test in T&E Validation-and-
verification flight shows T&E platform’s efficacy

- Drill press : α is reduced to a half of the one fro
m the test in T&E platform

- The material tensile strength: proportional to the
sensed raw force from drill task



Author :Dongbin Kim, Dr. Paul Oh.
E-mail : dongbin.kim@unlv.edu
Drones and Autonomous Systems Lab, UNLV

New User Interface

+ Beyond line-of-sight
+ Accidents
+ Collisions

To the 
real world!

Immersive Technology
VR, AR

“Drone Avatar”



Author :Dongbin Kim, Dr. Paul Oh.
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Drone Avatar Vision

Real World MM-UAV

MM-UAV (Virtual)

Operator

Assist

Communication

Accessibility



Drone Avatar – Current Progress
Author :Dongbin Kim, Dr. Paul Oh.
E-mail : dongbin.kim@unlv.edu
Drones and Autonomous Systems Lab, UNLV

User and MM-UAV Sync in Virtual World



Drone Avatar – Current Progress
Author :Dongbin Kim, Dr. Paul Oh.
E-mail : dongbin.kim@unlv.edu
Drones and Autonomous Systems Lab, UNLV

User and MM-UAV Sync in Virtual/Real World

Real MM-UAV

Virtual MM-UAV



Drone Avatar Next Step Author :Dongbin Kim, Dr. Paul Oh.
E-mail : dongbin.kim@unlv.edu
Drones and Autonomous Systems Lab, UNLV

Next step 

(Target 09/2020)

- Drone Avatars provides 3D Vision Feedback

- Communication system

- Haptic feedback to the operator

- Flight Test (Human Interaction)



“Thank you, Dr. Genda Chen, Team INSPIRE, and
US Department of Transportation!”


