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Abstract 
An increasing number of applications require a very high level of precision: semiconductor manufacturing, atomic force microscopy, scanning probe 
microscopy, machine tools, etc. Such high precision can only be reached in very stable environments. The standard procedure is to mount the 
sensitive equipment on a heavy isolating stage, sometimes referred to as optical table, which can be either passive or active. Typically, commercial 
optical tables can offer a reduction of the transmitted vibrations of 99 % (or 40dB) from 1 Hz to several hundred Hertz. However, in some specific 
applications, commercial optical tables do not offer satisfactory performance. In particular: (i) in harsh environments, like strong magnetic field and 
radiation; (ii) for the isolation of extended objects, requiring a dedicated geometry of the supports; (iii) when the isolation stage needs to be 
mounted on an unstable floor. This paper presents a novel active isolation strategy and system which addresses these three problems. The first one 
is addressed by choosing instrumentation without magnet, coil and elastomer. The second one is addressed by proposing a new geometry, 
particularly dedicated to support long objects. The third one is addressed by blending inertial sensors with relative sensor, in order to reduce the 
destabilizing effect of plant resonances. The concept proposed has been studied numerically, and validated experimentally on a scaled test set-up. 
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1. Introduction 

A very good isolation from environmental vibrations is 
required for many applications, lithography machines, atomic 
force microscopy, medical imaging. Among them, the 
stabilization of the electromagnets of future compact linear 
particle collider (CLIC) is an emblematic example of cumulated 
difficulties [1-3]. Scientists estimate that the RMS value of the 
last electromagnet vertical displacement should not exceed 
0.15nm at 4 Hz. Above such vertiginous requirement, several 
additional constraints have to be properly dealt with: they have 
an extended shape, they are mounted on an unstable floor, 
and they are electromagnets. In order to comply with these 
stringent requirements, a dedicated support has to be 
developed. In this paper, we present a novel active vibration 
isolation stage, which has a couple of key features in order to 
address the aforementioned problems: Firstly, the 
instrumentation does not contain any coil, magnet and 
elastomer, in order to be compatible with both magnetic field 
and radiation. Secondly, the mechatronic architecture is 
dedicated to support long and extended objects. Thirdly, the 
controller relies on a fusion of inertial sensor and force sensor, 
which offers unique stability properties to the closed loop 
system, and a high robustness to plant resonances, especially 
suited as the electromagnets will be mounted on an unstable 
support.  Section two presents the active isolation system, 
including the mechatronic architecture, the control strategy 
and preliminary experimental results. Section three contains 
the conclusions. 

2. Active isolation system 

2.1. Mechatronic architecture 
In order to control the six degrees-of-freedom of sensitive 
equipment, six actuators are required. Depending on the 

objective, the supports are either oriented along the Cartesian 
frame axis [4,5], or inclined in the manner of Stewart platform 
[6]. For the final focus CLIC quadrupoles, a high authority is 
required in the vertical direction and a weaker authority in the 
lateral, yaw and pitch directions. No authority is required in roll 
and longitudinal directions. Eight supports have been chosen, 
as shown in green in Fig. 1: four vertical, and four lateral, with a 
small angle to restrict the longitudinal motion. 
 

  
 
Figure 1. Drawing (left) and picture (right) of the active isolation 
system. 
 
2.2. Control strategy 
In order to decrease the cross coupling between the supports, 
a first concept has been studied, where each leg was 
constituted by an actuator in series with an inertial sensor as in 
[7]. The idea was to use SISO decentralized controller in each 
leg, i.e. each actuator compensates the absolute displacement 
of the quadrupole, measured in the direction of the actuator. 
While very attractive to reduce the coupling between axes, it 
presents a couple of disadvantages: it is not straightforward to 
mount an inertial sensor in series with an actuator, the four 
vertical sensors are redundant, the configuration does not 
guarantees the stability of the controller, and it is difficult to 
develop small and precise inertial sensors. For these reasons, 
we have decided to use a high resolution inertial sensor [8] 
(NOSE in Fig. 3) only at low frequency for centralized inertial 
control and replace it at high frequency by local force feedback 
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in each mount, as shown in Fig. 2, where i=1,..,8. The method 
has been published in [9].  
 

 
 

Figure 2. Closed loop bloc diagram. The strategy combines a centralized 
inertial control at low frequency, and decentralized force control loops 
in each active leg. 

 
Each active mount is composed of a piezoelectric stack 
actuator Cedrat APA100M, in series with a metallic suspension 
Paulstra 7002-JA to offer passive isolation at high frequency 
(Fig.3A). This configuration offers the interesting property to be 
completely compatible with the accelerator. Each actuator is 
divided in two parts: one is used as actuator, the other one is 
used a force sensor; both constitute a dual pair. 
 

 
 
Figure 3. Picture of the experimental set-up. (A) One active leg, 
constituted of a dual pair of piezoelectric actuator/sensor, in series 
with a metallic suspension. (B) Picture of the interferometric inertial 
sensor (NOSE) used in the feedback loop, and of the witness geophone 
used to assess the closed loop performance.   

 
2.3. Experimental results 
The control strategy has been implemented in a Dspace 
DS1103 at 5kHz. At this stage, only the vertical direction has 
been tested. In order to remain above the noise floor of the 
witness geophone, random noise (n) is injected in the 
actuators, and the equipment motion is measured by a 
geophone (x). Figure 4 shows the transmissibility between n 

and x when the controller is turned off (Toff) and turned on 
(Ton). The feedback operation reduces the transmitted motion 
by three orders of magnitudes. The performance is limited by 
the geophone noise, but not by feedback stability issues.    

 
 

 
 
Figure 4. Vertical transmissibility between the noise (n) injected in the 
actuator and the structural vibrations measured by the witness 
geophone (x), integrated, and normalized, when the controller is 
turned off (Toff) and turned on (Ton).  

3. Conclusion      

The paper has presented preliminary experimental results of 
an active vibration isolation stage, dedicated to support 
extended payloads. To the best of the author’s knowledge, this 
is the first active isolation system which does not contain any 
coil, magnet or elastomer, which makes it fully compatible with 
accelerator environments. Using the proposed strategy, 
preliminary results have shown that transmitted motion can be 
reduced by three orders of magnitude (60 dB) when the 
controller is turned on.  In a future work, the closed loop 
performance in the lateral direction will be tested as well.  
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