
Chapter 2

Mobile Sensor Platform Design

As mentioned in Sec. 1.6, one of the objectives of this thesis is to construct a mobile

sensor platform testbed consisting of five nodes. These five nodes are then used to

implement a localization algorithm and sensor node distribution in an indoor environ-

ment. The MSP should also be able to apply image processing algorithms on images

taken by the platform itself. The wireless network in the indoor environment can be

utilized to facilitate communication between the nodes and a controller workstation.

2.1 Assumptions

Before the platform design can be started, a few assumptions must be made about

how the mobile platform will be used. These constraints are used to narrow down

the design requirements, and to guide the purchase of the parts required to assemble

the MSP. The Mobile Sensor Platform:

• will be designed for indoor use. Outdoor use may be possible as well, but it is

not a primary design consideration;

• must be able to move around in its environment at an acceptable speed of

about a foot per second. This means that motors will be required, and it is

also assumed that the flooring will be smooth, made of materials such as tile,

tightly woven carpet, vinyl, etc. Further, the MSPs will not have to deal with
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other dangerous conditions, such as as uneven surfaces, stairs and drop-offs, or

other moving objects (with the exception of other MSPs);

• will be required to carry out all actions autonomously. This means that the

testbed must have processing capabilities that are sufficient to poll the sensors

and make decisions individually;

• must be able to recognize and avoid obstacles in its path. Collisions should be

avoided at all cost. The appropriate sensors should be used to enable obstacle

avoidance;

• should cost approximately $500 per node, or less. It is desirable that future MSP

platforms would be cheaper, and be more powerful. Technological advances and

falling prices of hardware make this possible.

2.2 Initial Design Considerations

Before the design of the platform is started, so-called robotic “kit” solutions should

also be looked at. While some of the systems available met all of the outlined re-

quirements, they tend to be far more expensive than anything custom built. It was

therefore decided to build the new MSP platforms from scratch using individual parts.

The Advanced Imaging & Collaborative Information Processing (AICIP) [24] lab has

already built several mobile sensor platforms for target classification purposes, so

valuable lessons learned from those projects should be be considered in creating a

new design. Before the actual design process is started, shortcomings of the old plat-

form are discussed. The previous three designs are shown in Fig. 2.1. There were

issues with various components of the system:

• The MSP was equipped with a Mini-ITX motherboard, powered by a small

DC-DC power supply. This power supply was meant to snap directly onto the

motherboard itself, for a space saving design. Unfortunately, the Power Supply

Unit (PSU) did not fit, and it was therefore necessary to mount it separately.

Thus, an ATX power-supply cable was run from the PSU to the motherboard.
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Figure 2.1: Mobile sensor platform version 1

The use of this cable consumed a large amount of space and was therefore not

desirable for the more space-efficient new MSP.

• The second issue also has to do with the power supply. The motors, as well as

the motor controller chip, were connected directly to and driven by the computer

PSU. This heavy load, in addition to some accidental abuse caused several of

the PSUs to burn out. Since these power supplies are costly to replace, this

problem must also be rectified.

• All three of the previous platforms used a typical differential steering mechanism

for moving through the environment. This method featured a primitive non-

motorized caster as a third wheel. Depending on the prior orientation of this

caster, it would sometimes resist rotating in a new direction, thereby throwing

off the path of the platform. This was especially problematic because the robots

were not equipped with any wheel-encoders, and therefore were unaware of

this condition when it occurred. Three different types of casters exhibited the

undesirable behavior described above; thus, a new third-wheel solution should

be found.
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(a) Dayton gearhead mo-
tor [10]

(b) H Bridge IC

Figure 2.2: Drive system components

• Finally, the batteries used as power sources for the first generation of MSPs

were quite bulky; this hindered the mobility of the platforms as well as requiring

more current to be provided to the motors to overcome the additional mass. It

is desired to reduce the physical size and mass of the MSP power source to

improve mobility and reduce motor load.

2.3 Hardware Design

Since this is the second version of the Mobile Sensor Platform for the AICIP lab,

the first platform will guide the design of this project, taking into consideration the

problems outlined in Sec. 2.2. This section will discuss each component individually

and explain why it was selected.

2.3.1 Drive System

The previous drive system consisted of two Dayton gearhead motors, shown in Fig. 2.2(a),

used in a differential steering configuration. This arrangement performed very well;

thus, it was chosen as the basis of the new drive system, as well. The motors are

12VDC, but also work at lower voltages. The motors are driven by a dual H-Bridge

chip, the SN754410 (Fig. 2.2(b)). The IC requires a 5V logic power supply, and is

able to drive two motors at up to 36V with a continuous current of up to 1A, and
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Figure 2.3: Omni-wheel

Figure 2.4: Logitech QuickCam 4000 Pro

a peak current of 2A for very short times. Pulse width modulation (PWM) can be

used to run the motors at different speeds.

As stated in Sec. 2.2, the casters used as third wheels on previous designs prevented

the platform from turning properly and consistently. The problem worsened when a

larger caster was implemented. This malfunction is solved on the new sensor platform

design by using an innovative omni-directional wheel, as shown in Fig. 2.3. This type

of wheel is composed of eight smaller rollers. The unique construction allows the omni

wheel to roll naturally by rotating about its main axis while also gliding smoothly in

a lateral direction.

2.3.2 Sensing

The imaging sensor of choice remains the Logitech QuickCam 4000 Pro, shown in

Fig. 2.4, as the newer 5000 series model is not yet supported by any Linux drivers. The

driver for the QuickCam 4000 Pro is now maintained by a different individual than

during the construction of MSP version 1, and kernel support has improved greatly.

This should result in better performance and integration when writing software for the
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(a) Devantech SRF04 (b) Beam pattern

Figure 2.5: Ultrasonic range sensor

camera. The camera is able to take pictures at a resolution of up to 1.3 megapixels,

with a default setting of 640× 480 pixels, and interfaces with any computer via USB.

There is also no change in the range sensor that is used. The Devantech SRF04

Ultrasonic Ranger (Fig. 2.5(a)) is easily controlled via the parallel port. The only

problem with this device is the small size and difficulty in soldering the connections.

The range sensor works by transmitting a pulse of sound outside the range of human

hearing. The sound wave is reflected back to the ranger by any object in its path.

The distance of the object is then obtained by measuring the time it takes for the

sonic wave to bounce back to the sensor. The range sensor has an approximate beam

pattern that is 60 in width (Fig. 2.5(b)), and less than 10 feet deep.

2.3.3 Computation and Storage

The motherboard used on the MSP version 1 was the VIA EPIA ME-6000 running at

600Mhz. The new motherboard is the VIA EPIA M10000 running at 1Ghz, shown in

Fig. 2.6. The board is only 7×7 in and features one memory expansion slot, integrated

audio, video, and ethernet, and one PCI expansion slot. This kind of motherboard is

excellent for this type of application because it is powerful, yet very compact. Due

to the faster processor and improved system architecture, significant improvements

can be expected in execution time of computationally intensive algorithms. This may

make it possible to run some image processing algorithms in realtime, where this was

not possible using the slower motherboard. It is reasonable to expect that this new
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Figure 2.6: VIA EPIA-M10000

board will also reduce the runtime of the battery, since a faster processor tends to

consume more power.

The motherboard uses DDR266 memory. The old platform was outfitted with

256MB; for the new platform it was possible to obtain 512MB for about the same

price. Doubling memory should reduce use of the swap file, and therefore also signif-

icantly increase performance.

There is not a great need for storage on these Mobile Sensor Platforms. Therefore,

a cheap 20GB hard drive is used just as before.

2.3.4 Communication

It is typical for wireless sensor networks to have slow communication links due to

energy and cost constraints. For this reason, the MSP will keep using the older

802.11b wireless cards that were used previously, the Netgear MA311. This card is

easy to use, and works well with the wireless network in the testing environment. This

wireless device is natively supported in Linux by the PRISM driver. Other cards have
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Figure 2.7: Power distribution circuit

been tested using the ndiswrapper utility for windows drivers, but this resulted in a

significant performance decrease.

2.3.5 Power

The old system used a power supply that had a limited range of input voltages

(11-14V). To make the new system more resistant against voltage fluctuations and

accidental damage, a power supply with an 11-30V input range was selected. The

new power supply also attaches directly onto the motherboard, which saves space,

and is more aesthetically pleasing.

Both versions of the system use 12V sealed lead acid (SLA) batteries. The ad-

vantage of using these batteries is that they are much cheaper than other types of

batteries. Unfortunately they are very heavy and make up about half of the weight

of the platform. The new MSP design is going to have a few added features for power

distribution. Two SPDT (Single Pole Dual Throw) switches are used to make it pos-

sible to switch between powering the MSP from the battery, or an external power

source, and to either use the internal battery, or to charge it. A circuit schematic is

shown in Fig. 2.7. It is also possible to charge the battery while the MSP is being

powered from an external source. Having these switches also means that the battery

can be disconnected without actually removing it, which is useful because the sys-

tem consumes power even if it is not booted up. Further, the ability to now charge

the battery without removing it from the MSP chassis is a major improvement; the

installation and removal of the battery in the previous iteration of MSPs was the
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primary source of accidental damage to the platforms. The potential for accidental

damage to the platforms is further reduced by utilizing different sized connectors for

the external power and charging jacks; this eliminates the possibility of an accidental

polarity reversal.

2.3.6 Mounting Platform

The first version MSP was built using 12 × 12 inch PVC sheets which are easily

machinable. Since this material is filled with tiny air bubbles it is also very light. Its

small amount of flexibility allows easy assembly of all parts even if something does

not fit perfectly. Because this material is easy to work with it is also used on the new

MSP. Various angle brackets are needed to attach everything to the PVC sheets.

2.4 Hardware Installation

Since a compact design is highly desirable, various configurations were considered to

achieve the smallest possible layout. Of the three previous designs, the blue robot

was the most compact. It was the only one that had the motors attached in between

the two PVC pieces, whereas the other two designs mounted these below the bottom

platform, causing the MSP to be much taller. This compact design is used as a

starting point for the new MSP configuration.

2.4.1 Chassis Assembly

In version 1 the hard drive was mounted essentially between the wheels in the back of

the platform, with the battery installed from the front. This required two metal rods

as support near the front of the platform. In the new layout, the hard drive is moved

to the front of the MSP, and acts as the support for the upper platform in place of

the rods, saving both weight and space. This means that the upper platform is held

entirely by the motor mounts and the hard drive. Furthermore, the battery will now

be located directly in between the motors, which results in better weight distribution

overall.
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Figure 2.8: Mounted omni-wheel

Next, two angle brackets are used to mount the omni-directional wheel in a slot

at the front of the base platform, as shown in Fig. 2.8. Since the battery is placed

in between the motors in the back, there will be less weight bearing down on this

third wheel, and therefore it should rotate and glide with ease on almost any type of

surface. In addition, because this setup is very low to the ground, it should make for

a very stable platform base.

Previously the driving wheels were attached to the gearhead motor shaft by drilling

a hole through the shaft, or by gluing the wheel directly to it. The wheels come with

a small plastic sleeve inserted in them that holds a manufacturer’s label in place. It

turns out that this plastic sleeve is easily glued onto the motor shaft (Fig. 2.9), and

the wheel fits quite snugly onto that sleeve.

2.4.2 Motherboard and Sensor Placement

Good placement of motherboard and sensor components is critical to building an

effective and compact MSP. It is obvious that the sonar ranger and the camera should

be placed near the front. The camera comes with a small stand that is easily glued to

the PVC. To place the range sensor, a notch is made directly in front of the camera.

The notch will hold the sensor securely in place, whereas on the first platform it was

merely taped to the chassis. The first MSP design then placed the motherboard such

that the ports were facing the back of the platform, causing the connecting wires to
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Figure 2.9: Wheel sleeve mounted on motor shaft

be routed over the edge of the PVC down to the lower deck. Not only did this look

bad, but it made the MSP more fragile, and therefore handling of the MSP more

difficult. To remedy this situation, the new design takes advantage of the fact that

the PVC is very easy to cut. The mainboard is placed so that the parallel port and

the IDE connector are facing the right and the left side of the chassis respectively.

Wires coming from these ports are routed through holes in the PVC directly to the

lower platform.

2.4.3 Motor Driver and Circuitry

As discussed in section Sec. 2.3.1, the MSP utilizes an H-Bridge to control the motors.

This IC is able to drive two motors at up to 1A each. This 16pin DIP is mounted on a

small PC board, so connections are made easily. Input signals to the IC come from a

parallel port connection, and the output signals run directly to the motors. Because

the IC has internal clamp diodes and current limiters, no discrete components are

required for safe operation without causing short circuits or overheating the chip.

The H-Bridge has two inputs for each motor, for a total of four data inputs. To

cause a motor to move, one of the motor’s inputs must be held high, the other low.
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Figure 2.10: H-Bridge circuit

Reversing the polarity reverses the direction. The software must supply the proper

high/low levels to move the motors in the desired direction. In addition, PWM is

used to drive the motor at speeds less than 100%. Parallel port pins two through five

are used to send these signals to the H-Bridge. The chip also has an enable/disable

pin for each motor driver, which was permanently tied to 5V on the previous MSP

design. The new setup adds an additional signal wire from the parallel port (pin 6)

to these enable/disable pins, so that the H-Bridge IC can be turned on/off via the

software. This can be used to conserve power when the MSP will not be moving for a

while. The H-Bridge has four ground terminals that also serve as a heatsink. All four

of these pins are soldered together to facilitate heat dissipation. The ground pins are

also tied to a ground pin 25 on the parallel port. A basic schematic showing how the

H-Bridge is connected to the parallel port is shown in Fig. 2.10, and a picture of the

actual implementation is given in Fig. 2.11.

The IC has a recommended logic supply voltage of 5V, so a voltage regulator is

used to convert the 12V supplied by the battery. As mentioned previously, hooking

the IC directly to the motherboard power supply is undesirable, because it may draw

too much current, which in turn may damage the power supply. Furthermore, there
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(a) H-Bridge Mounted on a small circuit board,
next to the voltage regulator and capacitor.
Input signals(yellow) and motor outputs(cyan)
are labeled

(b) H-Bridge pin assignments. The four
ground pins also serve as heatsink

(c) Parallel Port pinout

Figure 2.11: H-Bridge signal and motor connections
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Figure 2.12: Power connections

is a separate pin for the motor power supply. However, since the motors run a bit too

fast at 12V, they will also be connected to the 5V supply from the voltage regulator.

Each motor can draw in excess of 500mA at full speed, so it is necessary to use at

least two voltage regulators, each having a maximum current rating of up to 1A. Two

voltage regulators hooked up in parallel are able to provide up to 2A of current to

the H-Bridge and the motors, which should be adequate.

In Sec. 2.3.5 it was also explained that two switches are used so that the system

can be powered either from the internal battery or from an external power source.

To make this feature even more useful a 1000µF capacitor is added which allows

switching between the two modes even while the system is running. The capacitor

and the voltage regulators are both mounted on the PC board with the H-Bridge

IC, as shown in Fig. 2.12. The PC board is also where all ground and 12V wires

are connected. The trace running along the center of the PC board is ground, so all

components have convenient access to it. The ground wires for the external power

jack, the battery, and the motherboard are all attached on the left, and the ground

wire for the charging jack is soldered to the right side.

This completes the hardware design discussion for the MSP. A picture of one of

the completed sensor platforms can be found in Fig. 2.13, and a complete circuit

schematic is shown in Fig. 2.14.
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Figure 2.13: Fully assembled MSP
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Figure 2.14: Complete circuit schematic
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2.5 Software Setup

This section describes a few of the details of the software configuration. Several of the

software packages have been updated significantly since the last version of the MSP

was configured, so there are some interesting new features that can be made use of.

2.5.1 Operating System

Each MSP is configured with the most current version of the Fedora Linux operating

system that was available at the time of installing the system. Fedora Core was

chosen because many people are familiar with it. Also, Linux is available for free

under the GNU software license; thus, software will not contribute to the cost of the

MSP. Further, an earlier version of Fedora Core worked well on the first generation.

2.5.2 Camera Driver

As mentioned previously, there have been some changes in the maintenance of the

camera driver. In fact, the new kernel that comes with the latest version of Fedora no

longer supports the older driver. The Phillips Webcam (PWC) driver is now being

developed by a different individual; kernel support has improved greatly. Video4Linux

(V4L) is the software package that provides streaming video support to the Linux

family of operating systems. The PWC driver is designed to be used through V4L,

which means that any software that uses V4L is ready to use the camera.

2.5.3 Motor and Sonar Drivers

The parallel port is used to interface with the H-Bridge and the sonar ranger. Writing

commands to the parallel port is fairly simple. On Linux the port must be opened

using the ioperm() function. Individual bytes are then written to the port using the

outb() function. There are two points that must be noted when writing software to

use the parallel port: Compiler optimizations must be enabled in order to pull in

the correct libraries on all platforms. Also, access to the parallel port requires root

privileges. A work-around using the sudoers mechanism would be preferred, but so

far that does not work properly. The motor driver that was written for the first
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generation MSP is used, with some minor modifications. A few lines are added to

enable support for enabling the H-Bridge through pin six of the parallel port. The

sonar ranger driver is used exactly as it was on the first MSP. A signal is sent to

the sensor via the parallel port to obtain a reading. The parallel port driver then

measures the time for this signal to return on a different pin. A trivial calculation is

then performed to obtain the actual distance that was measured.
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