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� Headquarters located in Genova, Italy
� Around 300 researchers (and counting!)
� 4 main areas of research:

• Robotics
• Neuroscience
• Nanotechnology
• Drug discovery

� www.iit.it
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� Director: Prof. Darwin G. Caldwell
� 30 researchers
� Main areas of research:

• Haptics and Interaction Technologies
• Actuation and Power Systems
• Mechanisms and sensors
• Humanoids
• Locomotion
• Medical robotics

– Biomanipulation

AdvancedAdvanced Robotics Dept.Robotics Dept.
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AMC - Animal Models Core Facility
UNC Chapel Hill, USA

CollaborationsCollaborations

CRIM - Center for Robotics and Intelligent Machines
NCSU, Raleigh, USA

Neuroscience Dept., IIT

(Micro-Biomanipulation Research)
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Presentation OutlinePresentation Outline

� Research motivation and goals

� Issues faced during biomanipulation 
automation

� Proposed solution for fast and precise 
tool positioning

� Experimental results

� Conclusion
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Research MotivationResearch Motivation

• Biomanipulations are very important for 
genetics, drug discovery, and 
neurosciences

• Operations are delicate, time-consuming 
and require extensive operator training

• Major problems:
– Operator fatigue

– Low success rates

– Low consistency
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Biomanipulation Research GoalsBiomanipulation Research Goals

Facilitate and improve biomanipulations 
through robotics and automation:

• Improve consistency

• Improve efficiency rates

• Reduce training time of 
new operators
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Automation ChallengesAutomation Challenges

• Hardware interfaces development

• User interface development
�� Intuitive: easy control of the entire system
�� Flexible: allows for different operations

• Feedback acquisition
�� Robust real-time vision system

• Automation
�� Control of devices based on the acquired feedback
�� Visual servoing; Mapping functions



L.S. Mattos, D.G. Caldwell 9Italian Institute of Technology

Micromanipulation EquipmentMicromanipulation Equipment

Fully motorized
microscopes

Microinjectors

Motorized
micromanipulators
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Goal of this Research Goal of this Research 

Create a new strategy for fast and precise 
control of the micromanipulation robots

• Robust against position 
drifts

• Capable of fast motions 
(7500µm/s)

• Capable of precise 
positioning (error < 1µm)
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Automatic Motion Control for Micro/Nano-Manipulation
• Ogawa et al., 1986

Y. Sun, B. Nelson, 2002
C. Pawashe, M. Sitti, 2006

W. Wang et al., 2007 Sakaki et al., 2007 X. Liu, Y. Sun, 2009

Related ResearchRelated Research
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System ComponentsSystem Components

Inverted microscope

Left micromanipulator

XY table

Right micromanipulator

Digital 
microinjector

Motorized 
microinjectors

Video camera
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Control StationControl Station
Processing 
computer

Right JoystickLeft Joystick

Live video from 
microscope

Configuration 
GUI’s
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• Adherent cell microinjection
• Difficult task, normally done by electroporation
• CHO-K1 cell dimensions: 

�� 20 – 40 µm long
�� 10 – 20 µm wide
�� 5 – 10 µm tick

• Needle tip:
�� 1 µm

Wang et al., ICRA 2008

Application ExampleApplication Example
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Tool Drift ProblemsTool Drift Problems
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• Possible causes:
�� Temperature variations
�� Vibrations
�� Physical characteristics of joint motors

• Invalidates calibrations or look-up tables over time

Drift error: 9µm after 10minDrift error: 10µm after 30min
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Image Processing LimitationsImage Processing Limitations
• Processing of high-resolution video is 

computationally expensive
• Small search windows may limit robot speed
• Fast motions blur the tool image

Pipette tracking using only 
video processing
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Proposed SolutionProposed Solution
• Camera-robot mapping

�¨ fast motions
�¨ defines a guaranteed region of interest (gROI)

• Image processing
�¨ visual servoing 
z precise positioning 
�¨ camera-robot recalibration

Image processing

Robot controller

Visual servoing
Visual 
targets

Camera-Robot 
mapping

gROI

(X,Y,Z)

(x,y)
(x,y)

(dX,dY,dZ)

(X,Y,Z)
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guaranteedguaranteed --ROIROI
• Uses:

�¨ position feedback from robot 
controller

�¨ inverse camera-robot mapping

• Defines:
�¨ region of interest on the video 

images guaranteed to contain the 
tool

• Eliminates:
�¨ Speed limitations imposed by vision 

system
�¨ Gross localization errors

Robot controller

Robot-Camera 
mapping

gROI

Tool localization
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Tool localization using gROITool localization using gROI
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CameraCamera --Robot CalibrationRobot Calibration
• Determines the mapping from image space to task 

space
�� Translations, Rotations and Scaling factors

• Based on 2 reference points captured by mouse 
clicks on the screen
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CameraCamera --Robot Calibration Robot Calibration -- IIII

• Approximated mapping

�� Assumes zero image distortion
�� Assumes perfect parallelism between camera plane 

and robot XY plane
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• Refined by error minimization over all calibratrion points

CameraCamera --Robot Calibration Robot Calibration -- IIIIII
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““ OpenOpen --LoopLoop ”” MicroinjectionsMicroinjections
• Motions based on:

�� 5-point manual camera-robot calibration
�� Robot joint coordinates from its controller
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CameraCamera --Robot RecalibrationRobot Recalibration

Tool 
Localization

Robot 
controller

Camera-Robot 
mapping

gROI

(X,Y,Z) (x,y)

• Uses:
�¨ position feedback from robot controller
�¨ tool localization info from vision system

• Defines:
�¨ new calibration points during system operation

• Eliminates:
�¨ Tool drift problems
�¨ Errors introduced by the “clicking” operation
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CameraCamera --Robot Recalib. Robot Recalib. -- IIII
• Uses up to 16 automatically 

acquired calibration points

• Higher weight given to the most 
recent points 2 4 6 8 10 12 14

0

2

4

6

8

10

12
Mapping Error

Number of Calibration Points

R
M

S
 E

rr
or

 (u
m

)

0 100 200 300 400 500 600 700 800 900 1000

0

100

200

300

400

500

600

700

800

X (pixel)

Y
 (

pi
xe

l)

Tool Positioning Evaluation - 7500um/s
"Blind" Motions

Target position
Real position
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Tool Positioning Evaluation - 7500um/s
Online Recalibration Only

Target position
Real position

No recalibration: Overall error = 5.65� m With recalibration: Overall error = 1.75� m
Speed = 48 targets/min Speed = 48 targets/min
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• Acquires live video from microscope

• Processes images to locate the tool

• Provides position feedback for visual servoing

• Provides position feedback for camera-robot 
mapping recalibration

Vision SystemVision System
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Vision System Vision System -- IIII

• Pipette localized using cross-correlation template 
matching
– Find maximum of

– Computationally expensive � ROI required for real-time

– Template acquired directly from live video

� � ++=
nm

nymxInmTyxR
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Visual ServoingVisual Servoing
• Corrects residual errors after fast positioning based 

on camera-robot mapping
• Based on a PID controller
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Tool Positioning Evaluation - Video Coordinates
Visual Servoing Control Only

Target position

Real position

Overall error 0.84� m

•Rise time: 2.6s
•Settling time: 3.2s
•Max overshoot: 2.4%

Speed = 8.4 targets/min

Visual servoing only:
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Fast and Precise PositioningFast and Precise Positioning

• Fast motions using camera-robot mapping
• Online recalibration to compensate for tool drift
• Precise positioning using visual servoing 
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System EvaluationSystem Evaluation

Method

Average 
error on 

300 targets 
(� m)

Positioning 
speed 

(targets/min)

Mapping 5.65 48

Mapping + 
recalibration

1.75 48

Visual servoing 0.84 8.4

Mapping + 
Visual servoing + 

recalibration
0.81 13.4Microinjection of Adherent Cells 

using the complete system
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ConclusionsConclusions

• Addressed issues in automatic control for biomanipulations
�� Tool drifts
�� Speed limitations imposed by vision systems

• Simple calibration method for initial estimate of the camera-
robot mapping

• gROI from inverse camera-robot mapping

• Image processing for online mapping recalibration

• Fast motions using the mapping function

• Precise positioning using visual servoing

• 60% speedup in pipette positioning speed

• 85% reduction in positioning error
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Thank YouThank You

Leonardo Mattos
Advanced Robotics Dept.

Italian Institute of Technology

leonardo.demattos@iit.it


