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APPLICATION OF CHROMATIC CONFOCAL SENSORS FOR POSE 

MEASUREMENT IN MICRO ASSEMBLY 

1.  Motivation 

2. Sensor concepts in microassembly 

3. Microassembly of parallel fibers 

4. Experimental 

 4.1 Experimental setup 

 4.2 Comparison of measurement results  

5. Conclusion and outlook 
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1  Motivation 

 state of the art high volume microassembly mainly relies on machine vision  

 „What you see is what you measure“ 

 hardware availablability (Megapixel 

cameras, objectives, controller) 

 2D (3 DOF) measurement sufficient 

for most microassembly tasks 

 high-resolution and high accuracy 

possible (cf. measuring microscopes) 

 FOV vs. resolution 

 sensitivity with regard to reflections 

 limited depth of field 

 resolution of depth information limited 

by wavelength of light 

 resolution and accuracy are not easy to 

specify due to diffraction and 

abberation 

LPKF micro assembly robot  
(Fraunhofer IWU, PhD-thesis Bertram Schulz) 

 Looking for new „engineering-

compatible“ approaches for pose 

measurement in microassembly 



© Fraunhofer IWU 

Prof. Neugebauer 

e
u

s
p

e
n

 m
ic

ro
/n

a
n

o
 m

a
n

u
fa

c
tu

ri
n

g
 w

o
rk

s
h

o
p

 2
0

1
3

, 
S

e
s
s
io

n
 4

 

4 

2  Positioning strategies in microassembly 

Absolute positioning – multiple sensors  Relative positioning – single sensor 

 micropart and mating part within the 

same sensor coordinate frame 

 no calibration uncertainty between 

sensor coordinate frames 

 different sensors for pose 

measurement of part 1 and part 2 

 uncertainty of pose and length 

calibration between sensors (v1Tv2) 

CS0 

CSv1 
CSv2 

v1Tp1 

v2Tp2 

mating  

part 

gripper 

machine vision 

camera 2 

machine vision 

camera 1 

micropart 

robot  

interface 

CS0 

CSv1 vTp1 

vTp2 
mating  

part 

gripper 

machine vision 

camera 

micropart 

robot  

interface 
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aluminum  

blanks 

micro impact  

extrusion 

> 45 UPH 

10 parallel micro-cavities  

(0.3 x 0.3 x 10 mm³) in Al 

automated  

microassembly  

> 120 UPH 

assembly of 10 parallel 

piezoceramic fibers 

(prefabricated) 

joining by  

forming 

> 100 UPH 

parallel joining of 10 

fibers with planar die 

final part and 

el. interconnects 

piezoceramic/metal 

composite substructure 

3  Micro assembly of parallel fibers 
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3  Micro assembly of parallel fibers 

assembly situation 

interconnection/gripping area 

10 parallel piezofibers 

0.235 x 0.27 x 13.5 mm 

metal webs 

0.2 mm wide 

2 mm 

piezoceramic macro-fibers integrated 

in metal microcavities 

Challenges of the certain assembly task 

 assembly clearance ±15 µm 

 relative positioning not possible due to 

shadowing 

 reflections on metal (halo-effect) 

General challenges in assembly of 

hybrid microsystems 

 different materials/surfaces 

 3D-structures 

 no position marks 

 dimensional and geometric 

tolerances of microparts 

2 mm 
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Single sensor absolute positioning 

 measurement of both parts within the 

same coordinate frame of the machine 

vision, but at different positions of the 

x-axis and y-axis 

portal frame 

fixed machine vision 

chromatic conf. sensor 

x-axis 

y-axis 

carrier with measure- 

ment position 

microstructured metal 

micro-gripper, z-axis 

c-axis 

measurement of metal (reflected light, dark field)  

for assembly of the microparts 

light bar 

X 
Y 

Z 

C 

measurement of piezofibers (coaxial light) 

Yv 

Xv 

C 

Yv 

Xv 

C 

4  Experimental 

4.1  Experimental setup 

Multiple sensor absolute positioning 

 measurement of piezofibers by 

machine vision 

 measurement of metal by chromatic 

confocal sensor mounted on x-axis 
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4  Experimental 

4.1  Experimental setup 
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4.2 Pose measurement using machine vision 

dark cavity 

bright web 

m=100 points 

n=11 lines 

light 

 only right edges 

detected 

 light from 2 

directions requried 

x 

y 
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4.2 Pose measurement using machine vision 
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4.2 Pose measurement using machine vision 

s1 s2 s3 
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4.3 Pose measurement using chromatic confocal sensor 

chromatic

confocal sensor 

spot

linear scanning by 

chromatic confocal sensor 

500 µm

λmin 

λmax 

Measurement  

range (600 µm) 

sensor  sensor  

p 

ζx 

principle of line-scan 
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Single sensor absolute positioning 

using machine vision (x-direction) 

4.4 Comparision of uncertainty budgets 

source u/µm 

calibration vTc-axis 0.140 

calibration scaling 0.220 

measurement of piezofibers 0.014 

measurement of cavities 0.181 

position correction 0.031 

combined uncertainty uc 0.320 

Multiple sensor absolute positioning 

using machine vision and  

chromatic confocal sensor (x-direction) 

source u/µm 

calibration vTc-axis 0.140 

calibration scaling 0.220 

calibration cfTx-axis 0.043 

measurement of piezofibers 0.014 

measurement of cavities 0.098 

position correction 0.030 

combined uncertainty uc 0.284 

other criterion: sum of measurement times during assembly:  

tmeasure = 1.1 s    tmeasure = 3.8 s 

only small  

difference(!) 
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5 Conclusion 

Results of use of chromatic confocal sensors for pose measurement 

+ better edge detection with confocal chromatic sensors 

+ additional 3D information about the surface 

o no significant reduction of measurement uncertainty 

 3-4 times increased measuring time 

 large effort for calibration with regard to x-axis coordinate frame 

 

Potential use of chromatic confocal sensors in microassembly 

 tolerance minimization: assembly tasks with smaller clearance 

 quality check: part inspection before/after assembly (assemblability) 

 new machine concepts: integration of sensor into an additional axis within gripper 
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APPLICATION OF CHROMATIC CONFOCAL SENSORS FOR POSE 

MEASUREMENT IN MICROASSEMBLY 

Thank you for your kind attention 
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