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 Abstract - This paper proposes a new version of the 
NanoWalker platform. Such platform aims at developing a 
nanofactory based on a fleet of miniature untethered robots 
designed for fast interactions at the molecular scale. Using a 
synchronized vibrating system, the new proposed actuation 
mechanism allows us to miniaturize further, within the 
constraints of existing actuators, each instrumented robot 
estimated to be less than 10 mm × 10 mm × 10 mm. This will 
likely have a real impact on the design and performance of 
future micro- and nanofactories.  
 
 Index Terms – Nanofactories, nanorobotics, vibrating 
platform, miniature instrumented robots, piezo-actuators. 
 
 

I. INTRODUCTION 
 

 Recent researches in the fields of nano-sciences and 
nano-engineering contributed significantly to the 
development of new methods used to manufacture 
products [1]. Miniature robots capable to perform 
operations at the micrometer and nanometer scales are 
being developed to satisfy the needs of new tools to 
construct, control, and manipulate micrometer- and 
nanometer-scale systems. Molecular manufacturing could 
allow precise control of the assembly process down to the 
molecular level. These trends led to the requirement of 
high-throughput automation as one of the key issues for 
the successful implementation of factories operating at the 
nanoscale, often referred to as nano-factories [2].  
 In [1], a high-throughput nano-factory has been 
proposed in the form of a fleet of miniature wireless 
instrumented robots capable of carrying various 
instruments suite to complex molecular and atomic 
operations such as Scanning Tunneling Microscopy 
(STM), nano-manipulation, and three-dimensional micro-
fabrication, jut to name a few [3]. The wireless 
implementation of these robots allows them to operate on 
the same platform with a high degree of freedom. On the 
other hand, their miniaturization allows more robots to 

operate simultaneously within the same area, hence 
increasing the throughput rate on each platform. 
Therefore, miniaturization is a key requirement to achieve 
higher throughput for such type of platform. However, 
miniaturization has serious impacts on every aspects of the 
development of the robots, including but not limited to 
both the mechanical and electronic design. For instance, as 
the size of the robot decreases, the length of the piezo-
actuator of the robot decreases as well resulting in a 
reduction in the deflection and stretching amplitudes of the 
piezo-actuator [4]. While this can be compensated with a 
higher voltage level, the size of the robot increases due to 
the use of DC/DC converters needed to convert the 
relatively low supply voltage levels of the embedded 
computer to the high actuation voltage level of the piezo-
actuators. Thus, miniaturization is a real challenge and in 
the case of the NanoWalker, it represents a must-be-solved 
problem.  
 In an attempt to miniaturize further the dimensions of 
each robot in order to increase significantly the operational 
throughput through a higher density of instrumented robots 
per surface area, a vibrating platform is proposed. Such 
vibrating surface is intended to provide the additional 
vertical force necessary to allow independent 
displacements for the robots. Indeed, due to the high level 
of miniaturization of the robots requiring a reduction of 
the actuation voltage of the three piezo-legs of each robot, 
the resulting actuation force become too weak to 
counteract the gravitational force for fast displacements. 
Hence, by providing an accurate vertical force through 
such controlled vibrating platform, zero gravity at a 
precise instant within each vibrating cycle can be achieved 
such that the slight additional force provided by the piezo-
actuators embedded in each robot would allow motion to 
occur. With the three-legged pyramidal architecture, 
precise directional motion becomes possible. The 
frequency of the vibrating platform depends on the step 
sizes and varies from lower frequencies for larger steps 
towards the resonant frequency of the miniature robots 



estimated at 4.4 kHz for the smallest steps. 
Synchronization between the robot’s piezo-actuation 
system and the vibrating platform is achieved through the 
generations of software interrupts to a processor from an 
inertial switch embedded in each robot. 
 
 

II. DESCRIPTION OF THE NEW NANOWALKER PLATFORM 
 

 Fundamentally, the NanoWalker is a nanorobotic 
platform composed of a fleet of instrumented autonomous 
miniature robots capable to operate at the micrometer and 
nanometer scales. Fig. 1 shows the conceptual schematic 
of such a platform. 
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Fig. 1. Schematic of the NanoWalker platform 
 
 As the main task of the robots is to bring the instruments 
to their designated working areas, the robots have to be 
able to move freely around the surface of the platform. 
This implies that the robots must necessarily be untethered 
because not only they restrict the movement of the robots 
working within the same workspace, tangled wires also 
have a non-negligible effect on the accuracy in motion of 
the robots. As discussed in [4], such a wireless version 
results in several technical constrains, mainly due to the 
requirement of power supply to the onboard electronics as 
well as the communication between the central control 
station and each of the robots. 
 
A. Power Supply 
 
 Traditionally, system onboard electronics are usually 
supplied by batteries. Due to the extensive miniaturization 
of the robot, no adequate power source is sufficiently 
small to deliver the required energy and power density. A 
revolutionary method to resolve this constraint has been 
proposed in [5] which consists of delivering the power 
through the feet of the robots when in contact with the 
walking surface. As shown in Fig. 2, a prototype of the so-
called PowerFloor is composed of electrically conductive 

bands of stainless steel insulated by a thin non-conductive 
layer of granite. In order to allow electrical current to flow 
through the embedded electronics of each robot, the width 
of the stainless bands must be designed in such a way that 
at least one foot of each robot is in contact with a 
positively-charged band while another foot is in contact 
with a negatively-charged or grounded band [6].  
 

 
Fig. 2. A prototype of the PowerFloor 

 
 

B. Wireless Communication System 
 
 The communication between the central station and each 
robot will be assumed by a full-duplex TDMA RF link 
operating within the ISM (Industrial, Scientific and 
Medical) 2.4 GHz – 2.4835 GHz range. The use of RF to 
replace the IR communication link of the previous version 
of the NanoWalker allows to avoid many inconveniencies 
directly related to IR communication systems including the 
one-way-at-a-time-transmission limitation of the half-
duplex transmission mode, the requirement of a direct 
view between the emitter and the receptor, and the high 
sensibility to the light, just to name a few. 
 
C. Positioning System 
 
 The positioning task relies on two positioning systems: 
the global scale positioning system (GSPS) and the atomic 
scale positioning system (ASPS) [4]. The GSPS consists 
of a charge-coupled device (CCD) camera located on top 
of the platform to sense infrared signals sent through 
infrared transmitters located on each robot. Once guided 
with the GSPS to within the designated working zone, the 
ASPS mode takes over by using surface features and the 
embedded STM tip to determine the position of the robot 
[7]. Conceptually, atomic resolution can be achieved by 
"counting" the number of atoms. Due to the high 
sensitivity of the STM, an optical table is used to absorb 
any ground vibration. 
 



D. Actuation System 
 
 Initial design aimed to have at least 100 miniature robots 
operating in a pipelining fashion on a 0.8 m x 0.8 m 
platform. In an attempt to increase the overall operation 
throughput of the platform, a new actuation system has 
been designed which enables to increase the density of 
robots by reducing the overall dimensions of each robot.  
As shown in Fig 3, the robot relies on three embedded 
piezoceramic actuators (bimorphs) in a tabular form to 
travel across the platform. Using bimorphs to replace the  
previously used piezoelectric tubes enabled the reduction 
of the number of electrodes to be driven from 16 down to 
only 3 [8], which led to a potentially reduced dimensions 
of the robot of less than 10 mm x 10 mm x 10 mm.  
 

 
Fig. 3.  A prototype of the new NanoWalker robot 
 
 Such an intensive miniaturization has serious impacts on 
every aspects of the development of the robots, including 
but not limited to both the mechanical and electronic 
design. For instance, as the length of the bimorphs 
decreases, the displacement of the robots will decrease as 
well due to the reduction in the deflection and stretching 
amplitudes of the piezo-actuators. In order to achieve 
miniaturization while preserving the high-speed 
displacement speed of this new version of the NanoWalker 
robots, a software-controlled automatic vibrating platform 
is being developed to provide additional vertical force 
during motion. Synchronization will be ensured by a 
special inertial micro-switch embedded in each robot. 
 

III. VIBRATING PLATFORM 
 

 As shown in Fig. 4, the vibrating platform primarily 
consists of a surface on which the robots travel and a 
vibration source. As presented in [8], the locomotion of 
the new version of the NanoWalker robot is based on 
bouncing motion. This motion is the result of applying a 
saw-tooth driving signal on the piezo-legs of the robot 
forcing them to bend then to release quickly. Control 

algorithms instruct the variation in the driving signal so 
that the resulted force in each piezo-legs varies as well 
making the robot to move accordingly towards a desired 
direction. 
 

 
Fig. 4. Principle of the vibrating platform 
  
 To understand the principle of the vibrating platform, let 
us imagine the situation where astronauts travel in the free 
space of the universe. It is well known that in such a place, 
the gravitational force is almost or even completely null. 
That is the reason why with only a slight force, astronauts 
are able to jump easily from one mountain to another 
through a large distance. This is actually the main idea 
behind the concept of using a vibrating platform to help in 
the displacement of the robot. The vibrating platform 
creates a zero-gravity for the NanoWalker robots to travel 
around on the surface. Just like in the case of the 
astronauts, the robots would be able to jump easily over 
those nanometric holes (of a few micrometer high) of the 
surface. Thus, not only the vibrating platform helps to 
eliminate the effect of the gravity, it also provides a means 
to reduce or even avoid the complex effect of friction.  
 Such a locomotion would require a quasi-perfect 
accuracy in the synchronization between the bouncing 
robot and the vibrating platform. For the purpose of such a 
synchronization, inertial microswitches installed at each 
legs of the robot are considered to be used to launch the 
jumping motion of the robot at a precise instant of the 
vibrating cycle. 
 An experimental platform has been setup in view of 
proving the concepts presented in this paper. As depicted 
in Fig. 5, an electromagnetic shaker (DP-V011 of Data 
Physics Corporation) is used to provide the required 
vibration level. The shaker is supplied by a sine wave 
through an amplifier (A-120 of Data Physics Corporation). 
On top of the armature of the shaker, a homemade head 
expander is mounted to ensure an uniform transmission of 
force to the platform surface. An accelerometer sensor 
(SCXI-1000 of National Instruments) is installed on top of 
the head expander to evaluate the acceleration 



performance of the vibrating force. Finally, for good 
flatness and evenness, the test platform surface is made of 
a thin layer of silicon wafer as shown in Fig. 6. Finally, 
saw-tooth driving signals are supplied through extremely 
tiny wires to the piezo-legs of the robot. 
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Fig. 5. Experimental setup of the vibrating platform 
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Fig. 6. A prototype of the new NanoWalker standing on the vibrating 

platform surface 
 

VI. CONCLUSIONS 

 In this paper, a new actuation mechanism for a fleet of 
miniature instrumented robots designed to interact at the 
nanometer-scale has been presented. The three–legged 
embedded piezo-actuators and a software-controlled 
vibrating platform are synchronized to achieve higher 
displacement speeds. Such an actuation system has great 
potentials for high-performance platform. However, an 
adequate control strategy and automatism remain key 
issues for the success of this method. 
 
 
  

ACKNOWLEDGMENT 
 

 This work is supported by the Canada Research Chair 
(CRC) in Micro/Nanosystem Development, Fabrication 
and Validation, and in part by the Natural Sciences and 
Engineering Research Council of Canada (NSERC), the 
Canada Foundation for Innovation (CFI), and the 
Government of Québec. 
 
 

REFERENCES 
  
[1] S. Martel and I. Hunter, "Nanofactories based on a fleet of scientific 

instruments configured as miniature autonomous robots," Journal of 
Micromechatronics, vol. 2, no. 3-4, pp. 201-214, 2004. 

[2]  A. T. Nguyen and S. Martel, "Miniaturization of a piezo-actuation 
system embedded in an instrumented autonomous robot," 
Proceedings of the 4th International IEEE-NEWCAS Conference, 
June 18-21, 2006. 

[3] S. Martel, M. Sherwood, C. Helm, W. Garcia de Quevedo, T. 
Fofonoff, R. Dyer, J. Bevilacqua, J. Kaufman, O. Roushdy, and I. 
Hunter, "Three-legged wireless miniature robots for mass-scale 
operations at the sub-atomic scale," Proceedings of the 2001 ICRA 
IEEE International Conference on Robotics an Automation,        
May 21-26, 2001. 

[4]  S. Martel, S. Riebel, T. Koker, M. Sherwood, and I. Hunter, "Large-
scale nanorobotic factory automation based on the NanoWalker 
technology," Proceedings of the 8th IEEE International Conference 
on Emerging Technologies and Factory Automation, Special 
Session on Microrobotics in Manufacturing, Oct. 15-18, 2001. 

[5]  S. Martel, W. Garcia de Quevedo, and I. Hunter, "Techniques for 
continuous power delivery to a group of 15-watt +3.3 to ±150 VDC 
miniature wireless instrumented and fast stepping robots through 
several thousand intermittent contacts per second between the 
robots' legs and the walking surface," Proceedings of SPIE: 
Microrobotics and Microassembly, vol. 4194, pp. 82-93, Nov. 5-6, 
2000. 

[6] S. Martel, "Fundamental principles and issues of high-speed piezo-
actuated three-legged motion for miniature robots designed for 
nanometer-scale operations," The International Journal of Robotics 
Research, vol. 24, no. 7, July 2005. 

[7] S. Martel, T. Koker, and I. Hunter, "Main issues for embedding onto 
a wireless miniature robot, a scanning tunneling positioning system 
capable of atomic resolution over a half-meter diameter surface 
area," Proceedings of SPIE: Microrobotics and Microassebly, Oct. 
29-31, 2001. 

[8] A. T. Nguyen and S. Martel, "Embedded piezo-actuation system for 
automatic motion control of a fleet of miniature robots operating on 
a synchronized vibrating platform,"  Proceedings of the 6th World 
Congress on Intelligent Control and Automation, June 21-23, 2006. 


