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CONTROL ISSUES IN HIGH-SPEED AFM FOR BIOLOGICAL 
APPLICATIONS: COLLAGEN IMAGING EXAMPLE 
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ABSTRACT 

 
This article considers the precision positioning problem associated with 

high-speed operation of the Atomic Force Microscope (AFM), and presents 
an inversion-based control approach to achieve precision positioning. Al-
though AFMs have high (nanoscale) spatial resolution, a problem with cur-
rent AFM systems is that they have low temporal resolution, i.e., AFM im-
aging is slow. In particular, current AFM imaging cannot be used to provide 
three-dimensional, time-lapse images of fast processes when imaging rela-
tively-large, soft samples. For instance, current AFM imaging of living cells 
takes 1-2 minutes (per image frame)  such imaging speeds are too slow to 
study rapid biological processes that occur in seconds, e.g., to investigate the 
rapid movement of cells or the fast dehydration and denaturation of collagen. 
This inability, to rapidly image fast biological processes, motivates our cur-
rent research to increase the operating speed of the AFM. We apply an inver-
sion-based feedback/feedforward control approach to overcome positioning 
problems that limit the operating speed of current AFM systems. The efficacy 
of the method, to achieve high-speed AFM operation, is experimentally 
evaluated by applying it to image collagen samples. 
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I. INTRODUCTION 
 
In this paper, we consider the precision positioning 

problem associated with high-speed operation of the 
Atomic Force Microscope (AFM) and present an inver-
sion-based control approach to achieve precision posi-
tioning. It is noted that the nanoscale resolution of the 
AFM has made the AFM an attractive tool to image as 
well as to manipulate biological phenomena at the cellu-
lar and sub-cellular level (e.g., [1,2,3]). For example, 
AFM imaging can be used to investigate cellular func-
tion such as the migration of cells, and to study the me-
chanical properties of sub-cellular components such as 
collagen. Although AFM systems can image biological 
samples with high (nanoscale) spatial resolution, a prob- 
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lem with current AFM systems is that they have low 
temporal resolution. In particular, current AFM systems 
cannot provide three-dimensional, time-lapse images of 
fast processes when imaging relatively-large, soft sam-
ples. For instance, AFM imaging of living cells takes 1-2 
minutes (per image frame) [4]. The resulting AFM im-
ages have substantial distortions if the sample properties 
change rapidly in time because the initial pixel of the 
image and the final pixel of the image are acquired at 
very different time instants (due to the low operating 
speed [1]). Therefore, current AFMs are too slow to 
study biological processes that occur in seconds such as 
the rapid movement of cells [4] or the fast dehydration 
and denaturation of collagen [5,6]. This inability, to im-
age fast biological processes, motivates our current re-
search to increase the operating speed of the AFM. We 
apply an inversion-based control approach to overcome 
current positioning problems that limit the operating 
speed of AFM systems. The efficacy of the method, to 
achieve high-speed AFM operation, is experimentally 
evaluated by applying it to image collagen samples. 

Precision positioning of the AFM-probe is critical 
to the investigation of biological samples using AFMs. 
For example, precision control of the distance between 
































