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1 INTRODUCTION 
 
The application of soft mounts in precision machines is common practice to reduce the effect of 
floor vibrations on the system accuracy. The softer the mount, the better the isolation. Unfortunately 
a softer mount increases the system sensitivity to direct disturbing forces. This well known trade-off 
is characteristic for passive isolation. The addition of sky hook damping – going from passive to 
active isolation – improves the isolation and decreases the mentioned sensitivity simultaneously, but 
its effect is limited to the frequency region around the suspension frequency. 
 
In this paper a novel active isolation concept3 – AIMS: Advanced Isolation Modules –  will be 
described. The idea behind AIMS is to substantially improve the resistance against disturbing forces, 
while maintaining a good isolation or even improving it.   
 
Based on the generic AIMS concept, a one DOF module has been developed. A functional model 
has been built, and a small payload – passively suspended in one DOF – is actively isolated with this 
functional model. The experimental set up, as well as the initial test results, will be discussed. 
 
2    THE AIMS CONCEPT 
 
2.1 Working principle 
 
When choosing an active isolation system comprising the well known sky hook damper as a starting 
point, the most striking difference with AIMS is the choice of the sensor signal that is used in the 
feedback loop to counteract the payload vibrations. Other components of the isolation system, such 
as the passive isolation and the actuators, remain basically the same. 
For sky hook damping, the absolute velocity or acceleration of the isolated payload is measured, 
whereas in the AIMS concept, the isolated payload is actively controlled by means of a position 
feedback loop; the objective is to keep the payload position constant with respect to a reference 
mass. This reference mass is placed in parallel with the payload and is also suspended at a low 
frequency. As the reference mass is not exposed to the disturbance forces that are acting on the 
payload, the control action will counteract these forces; from the point of view of the disturbance 
forces, the payload is experienced as stiff-mounted. Because the payload is coupled to the reference 
mass, it will behave like the reference mass when excited by the floor; from the point of view of the 
floor disturbance, the payload is soft-mounted. These properties are well reflected in the 
transmissibility and compliance curves, as will be shown in the next section. For the sake of 
simplicity, the AIMS concept is depicted in figure 1b as a one dimensional system – only the vertical 
direction is controlled. However, the concept is more generic. The reference mass itself can (actively) 
be suspended in six DOF; multiple relative position sensors between payload and reference mass are 
possible, or multiple reference masses – covering different DOF – can be used for active control of 
one payload. 

                                                 
1 Abstract for the ASPE 2004 Spring Topical Meeting 
2 email addresses: michiel.vervoordeldonk@philips.com, t.a.m.ruijl@philips.com, r.m.g.rijs@philips.com  
3 Patent pending 

   

mailto:michiel.vervoordeldonk@philips.com
mailto:t.a.m.ruijl@philips.com


vibration sensor 

(b) AIMS (a) Active isolation – sky hook damping

position
sensor

reference
mass controller 

force 
actuator 

 
Payload 

controller
force 
actuator 

soft spring 

 
Payload 

Fig. 1  Schematic overview of sky hook damping (a) and AIMS concept  (b). 

 
2.2 Advantages 
 
Transmissibility and compliance curves are depicted in figure 2. Transmissibility describes the ratio 
between payload movement – caused by floor excitation – and the floor movement; compliance 
describes the absolute payload displacement caused by a force acting directly on the payload, both 
curves as a function of the frequency. Instead of compliance, force mobility is sometimes used. In 
the latter case velocity rather than position is plotted. 
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Fig. 2   Transmissibility and compliance curves for a passive system, system with sky hook damping 

and the AIMS concept, using the following parameters: suspension frequency payload 2 Hz, 
relative damping sky hook 50%, suspension frequency reference mass 0.5 Hz, AIMS controller: 
lead-lag, tuned for a 30 Hz bandwidth. Addition of integral action, not shown here, might 
further improve the compliance for low frequencies. 

 
AIMS substantially improves the compliance, bypassing the trade-off between transmissibility and 
compliance that is characteristic for passive isolation. The stiffness between the payload and the floor 
– as experienced by the payload – easily improves with more than a factor of 100, (assuming a 
passive suspension frequency of 2 Hz and a controller bandwidth of 30 Hz). This is highly favorable 
for both the system design and system performance. For instance, the system becomes less 
susceptible to parasitic stiffnesses such as cabling. 

   



Figure 2 also indicates that AIMS might improve the transmissibility over a limited frequency range. 
This depends on the suspension frequencies of both payload and reference mass, and the AIMS 
bandwidth. This phenomenon suggests that in the ideal situation as depicted in figure 1, AIMS also 
improves the isolation, in the sense that a sub-Hertz isolation can be achieved while using a standard 
air mount for the passive isolation of the payload.     
 
2.3 Challenges 
  
The compliance and transmissibility plots are very favorable for the proposed concept. However, the 
underlying calculations do assume an ideal, low frequency suspended reference mass. And, in spite of 
the popularity of using the transmissibility (and to a lesser extend the compliance) to rate the 
isolation system, the isolation performance is not fully characterized by those two curves: the 
vibration noise, generated by the active system itself, must also be taken into account. Ultimately it is 
the residual payload vibration that counts.  
  
Introduction of the reference mass shifts the challenge from creating a payload suspension to 
creating a reference mass suspension. It is clear that the latter is easier to accomplish than the former, 
as the design can be optimized with respect to minimizing disturbances. Theoretically, the reference 
mass can be any size or shape, and there are no disturbances from moving stages, cabling, water, 
vacuum or gas hoses that potentially deteriorate the isolation of the suspended payload. 
      
Yet, the design specifications of the AIMS concept are very tight, as will be illustrated in the next 
section.  Successful implementation of the concept is not merely a matter of a good control design, 
but all elements of the system must be carefully designed and well balanced. 
 
2.4 Control aspects 
 
From a control point of view, the most striking difference between the sky hook system and AIMS, 
is that the former is an AC-coupled feedback system[1], whereas the latter is a DC-coupled system.  
The sky hook concept is characterized by two 0-dB open loop crossings, one above and one below 
the suspension frequency, while the AIMS open loop resembles a positioning servo system with 
typically one 0-dB crossing. The presence of a low frequency 0-dB crossing (unity gain) in the sky 
hook open loop makes tuning more difficult and there are a number of factors that potentially limit 
the bandwidth (i.e. limit decreasing the low frequency unity gain), depending on the actual 
construction, and choice of sensors. These factors could be stability or performance threatening. 
Examples are the increasing amplification of sensor and electronics noise for low frequencies; the 
increasing cross talk between the payload rotation around a horizontal axis and a horizontal vibration 
sensor, and the increasing mutual induction between the actuator and sensor when using a geophone. 
Moreover, increasing the bandwidth will force a number of the closed loop poles to move closer to 
the origin, resulting in slower responses, for instance during start up or docking and undocking. 
Those limiting factors do not apply to AIMS. 
 
3 ONE-AXIS AIMS MODULE 
 
3.1 Description 
 
Based on the generic AIMS concept, a module has been developed comprising a one DOF  reference 
mass, sensors, controller and force actuators. The idea is to combine multiple modules with passive 
soft mounts to create a six DOF active isolation system. Figure 3 depicts a schematic overview of the 
module. The module can be used in either vertical or horizontal direction. A small reference mass of 
approximately 0.2 kg is guided with a cylindrical air bearing. The low frequency suspension of the 
mass is realized using a second servo loop, comprising a second actuator, a relative position sensor, 

   



and a second controller, to be tuned at approximately 0.5 Hz bandwidth. The actuator doubles as a 
gravity compensator for the reference mass, when the module is used in the vertical direction. A 
capacitive sensor is used for the position measurement of the payload relative to the reference mass. 
The cylindrical shaped payload actuator is mounted around the capacitive sensor to create a 
collocated configuration. An analog controller will be used for the payload control loop. 
 

 
Fig. 3   Schematic overview of a one DOF AIMS module. Vertical orientation. 
 
 
3.2 Specifications 
 
The module aims at the following target values: Reference mass suspended at 0.5 Hz, and bandwidth 
of the payload control loop 30 Hz. The latter can be seen as a measure for the ‘active payload 
stiffness’. In addition, the AIMS induced noise performance must be better than 0.1 mm/s2 one-
sigma (0-100 Hz) at payload level. The noise requirement seems to be quite relaxed – it is not 
uncommon to get better performance with existing active isolation systems. However, the combination 
of requirements regarding the self induced noise and the payload stiffness, makes it interesting.  
The following, most challenging specifications result from simple rigid body modeling and use of the 
above listed requirements. 
  

Table 1  Specifications 
 Indicative values 
Capacitive Sensor 1 nm,  1 – 100 Hz 
Max disturbance force on reference mass 5 µN,  0.5 – 30 Hz 
Max parasitic stiffness reference mass 1 N/m 
Max parasitic damping reference mass 0.3 Ns/m 
Signal to noise ratio reference actuator, amplifier 
and electronics 

105 dB 

   

   
It is noted here that, based on the first design proposal comprising both mechanics and electronics, 
the system has been thoroughly analyzed using the Dynamic Error Budgeting method[2],[3], showing 
an overall noise level of approximately 0.05 mm/s2 one-sigma 0–100 Hz. Discussion is outside the 
scope of this summary. 
 
3.3 Experimental setup 
 
Figure 4 depicts the first experimental set up for evaluating the performance in the horizontal 
direction. An aluminium mass of 14 kg is mounted on a table using 4 leaf springs, resulting in a 

   





 

The plots clearly show the intended mechanism of improved compliance. While capturing data for 
the transmissibility measurement, the table was excited with a shaker to increase coherence. The 
power spectral density was captured without the table being excited. The AIMS-generated noise level 
is approximately 0.05 mm/s2, based on the data of figure 6. 
 
4 CONCLUSIONS 
 
A novel isolation concept, AIMS, is introduced. A module based on this concept has been developed 
and initial test results have been presented, that demonstrate the feasibility of the concept. 
 
When developing isolation systems for high precision equipment where sub-mm/s2 vibration levels 
must be accomplished, it is clear that careful considerations for all aspects of  the design (air bearing, 
mechanics, actuator, control, sensor and electronics) are necessary. 
 
When characterizing the isolator performance, it is essential to consider the absolute vibration levels 
of the payload, in addition to the transmissibility and compliance curves. 
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