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ABSTRACT

Image processing has always been a task left fstesys
that have a considerable amount of computing ressirto
provide any reasonable functionality. These systeypially
require fast processors, lots of RAM for storingagas, and
large amounts of power while images are being @eed. The
end result is a fairly complicated, expensive systeat is out

of reach for many developers who have moderate émag

processing requirements.

In this paper we describe a functioning prototype o
AVRcam [3] which we have modified and reconfigufed
better performance. A novel method of dealing withges is
presented to make the system simpler and easilgti&éao the
environment.

Presence of dark regions in the workspace of théilmo
robot makes it difficult to plan the optimum pathréach the
destination. In this paper, a new approach for guodution of
the path planning problem has been developed with o
onboard vision module. A potential function is deped to
model the Intensity of light in the workspace of tiobile
robot. Thus, the optimum path is determined usimmpténtial
function, namely for distance between the robot tred goal
point, for the obstacles present in the environnsrd for the
intensity of light. A prototype mobile robot “VizaB is
constructed and the path planning algorithm is ddsfor an
online, real time task.

KEYWORDS
On Board Vision System, Variable Intensity Domaiath
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1. INTRODUCTION

There are many simple computer vision algorithmshim
literature proving to be extremely useful in a eari of
applications [2], [5], [6], [7]. However the usefigiss of these
algorithms is often limited by the cost and comjfiexf the
hardware needed to implement them. Such systenhisidrally
consist of a camera, a frame grabber, and an asedci
computer to interface to the frame grabber and wrethe
algorithm. Recent technological advancements novkemia
possible to greatly simplify and reduce the cost tioése

systems. The two developments which we take adgaréin
this work are low cost CMOS color camera moduled high
speed, low cost microcontrollers. The idea of us@idOS
camera module is to avoid designing complex systath
frame grabber and high end computers. Insteaddpghd, Low
cost microcontrollers can be used to interface thenera
module and future compute for pixel informationisTeuggests
that it should be possible to team a CMOS camei@ whh a
low cost microcontroller to design an on-board osissystem
we have constructed a functioning system basedhisnidea
and a novel approach of vision based complex pkthning
algorithm is implemented.

Among the many open issues to be addressed in the

development of the mobile robot navigation systguath
planning is one of the major issues. A great nunabelifferent
techniques have been and are still being develapedder to
carry out efficient robot path planning (OhnishQ0B. Liang,
2005. Cagigas, 2005). One of the most popular pkthning
method is the one based on the Potential Functishsre the
robot is modeled as a moving particle inside arifica
potential field (U) that reflects free collisionaspe structure into
robot workspace. Oussama Khatib initially developetificial
potential methods in 1980. Such potential fields developed
by superposing an attractive potential that atsrélce robot to
the goal configuration and a repulsive potentidijch repulses
the robot away from existing obstacles. The negagnadient of
the generated global potential field is interpredscan artificial
force acting on the robot and causing variations itn
movements. A large number of papers focus on dpuetat of
potential functions to model the artificial potettenergy based
on distance between the robot, obstacles and thé munt
(Khatib, 1986, Bortoff, 2000, Agirrebeitia, 2005jowever, it
becomes difficult on the part of the robot to detiee a safe
path in case of varied intensity of light unlessippged with an
infra red sensor. In such cases, the robot may dimaptimal
path avoiding the obstacles, but the path maysatdrthe dark
regions within the workspace in which case, it Imees unsafe
for the robot to tread that path [4]. In this pa@enew approach
for mobile robot navigation in a distributed intépslomain is
presented. The work elaborates the generation cdrtiicial
potential field based on intensity values obtaifredn an on-
board vision module. The region in the workspaceicivh
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receives light has higher intensity values compé#oatie darker
regions. These regions are modeled as obstaclessaighed ON BOARD CANE RA GRS
repulsive potential, i.e. the dark areas repelrtf®t. Thus, the
robot moves towards the goal while passing thrahghighted t
region and avoiding the darker region within therkgpace. J?
Thus generated potential field is superimposedhenpbtential
field which uses distance as a parameter. Thisderdial since ATMEGAS . - ATTINY 12 BASIC STAMP 2
the robot has to reach the goal. This also setsa@e-off
between the optimality of the path based on digtarriterion
and the quality of the path considering the intignaithin the
workspace. The robot is equipped with a ParallaxS Giit
which directs the way to the destination. This Gi8dule
outputs the instant latitude and longitude posgiofthe robot P3OVE1 RD2
at that position. So the module is programmed &chiehe pre- T
defined location by comparing the present latituded |
longitude position with predefined latitude, longle position.
The 3-D solid model of the proposed robot is shamd the External Sersors Motors
algorithm is implemented in real time to test théability of
the robot for a real environment.

The resulting system makes it possible to utilingpte low Figure 1. Communication Block Diagram
cost on-board vision module for implementing patanping
Algorithm for GPS based vision guided navigation.

]

L 4

2. COMMUNICATION BETWEEN MODULES

This is the crucial part of the system which israportant
as arteries and veins of our body. The communicatiad
synchronization of data between the modules plagsnbajor
role for getting the system work as expected. Bldiggram in
Figure 1, explains the working of otivizzBot”. Bayer Data
from Camera is sent to ATMega 8 and is future pseed for
pixel information. ATTiny 12 is used to synchronigise
communication between Camera (OV 6620) and AT Mgga
This synchronization is very important to avoid thes of any
pixel information by grabbing full image from tharoera. Figure 2. Parallax GPS Module

GPS Module form Parallax [8] Shown in Figure 2used

to guide the robot from one location to anotheratm. The designed vision system provides high-level aet
Latitude and longitude information in real time $ent to information extracted from the camera image to atereal

parallax BS2 for future processing, to decide tireation of processor P89V51RD2 that controls a mobile robetvinid the
travel. The processed direction of travel informatin BS2 is obstacles.

decoded to 2 bit binary data and is send to thia lofaVizzBot P8OV51RD?2 the brain of VizzBot uses the obstacle
(P 89V51RD2).

information from vision module and direction infaation from
L _ GPS to process the path planning algorithm and/atetithe
Decoded Direction of Travel Information: respective motors accordingly.
00 - Straight Condition 3. ALGORITHM IMPLEMENTED IN AVRCAM

01— L?ﬂ Condm_o_n The AVRcam, shown in Figure 3, is a real-time image
10— Right Conqr_uon processing engine that utilizes an Omnivision OMBH2]

11 - Stop Condition CMOS image sensor, mated with an Atmel AVR mega8
microcontroller to perform all of the image prodagsasks.
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Figure 3. AVRcam Top and Bottom View Figure 5. Image in YUV Color Space

One of the key issues in Image processing is tfeetedf 3.2 IMAGE PROCESSING ALGORITHM IN AVRCAM
changing light conditions in the environment. Tiéds to

complex the algorithm even for simpler applicatioaad ( )
implementing image processing algorithms on a lesolution START
image with varying light conditions makes it vemsdious to
develop a real time adaptive system. v

We propose a novel method of dealing with varyiigitl
conditions by using YUV color space so as to wirerothe Set Registers for
major issues of Image processing. This enabled dstelop an AVR Cam to operate
easily adaptive system with high repeatability &easibility. in YUV Color space

3.1 ADVANTAGE OF YUV COLOR SPACE

Y

Raw Bayer data from camera module is send to ATavig Eliminate Data
and future processing of pixel information is dam& UV color in'Y' Plane
space. Usage of Intensity- Value (Y-Luminance, WV
Chrominance Value) color space adds two advantamesur
model. 1) To over come the effect of varying ligianditions.
2) Reduce the computation cost of processing, buaiag the
no of bits to be processed per each pixel. Get Raw Bayer ‘UV'

To process an image in RGB color space, shownguarEi image data
4, we need to process all the 8 bits of each mkelhch ‘R’ ‘G’
‘B’ planes, so in total 24 bits of data has to becpssed for one
pixel information. This is huge amount of data t fdrocessed
for an image of size 176x144. i.e. 176x144x24 (& dits of Y
data.

Y

Process for pixel
information

\ J
( STOP )

Figure 6. Algorithm Implemented in On Board
Vision Module (AVR Cam).

Figure 4. Image in RGB Color Space

) . ) Running along this Algorithm will get us an image a
Processing image in YUV color space stores all the ghoun in Figure 7, which is free from all luminangelues

luminance Values in Y plane and chrominance value (.y—qy |t means that what ever be the lightingnditions the
information in UV planes. So just by not considgrihe data  pixe| values in Figure 7 will be almost all constaFhis way we

from Y plane we can eliminate the effect of lignmion the can avoid implementing complex algorithms for siemphnd
environment and since we are not considering the oha'Y adaptive applications.

Plane, total no of bits of data to be processedofwe pixel
information will be reduced by 8 times. This helssin saving
lots of processing power.
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Figure 7. Image with No Luminance Values

4. HOW AVR CAM WORKS

An external processor first configures the visigstem’s
streaming data mode, by specifying the tracking entar a
particular bounded set of RGB values. When AVR Cam
connected to external processor through AVR CamwVia
Dumped Frame will be displayed on the screen. B&ipg up
the color to track and sending the particular colap to AVR
Cam we can get the system work stand alone to tthak
particular color.

£ AVRcamVIEW

File View Device Window Help

Capture Frame: 09/252007 03:59:03

File

Add to Color Map

Red: 224 Green: 16 Blue: 16

Figure 8(a). AVR Cam View Software which
Configures the Colors to be Tracked

£ AYRcamVIEW - Color Map

Color Index: £

1 1 1 1 1 [ 1 1
112 128 144 160 176 192 208 224 240

1 1 1 1 1 1 1 1 1
96 112 128 144 160 176 192 208 224 240

furto Check

Fiaure 8(b). Color Map for the Color to Track

Figure 8(b) shows the color map for the color tarbeked.
Once this color map is send to AVR Cam, it thenksan stand

| Clear Indicies || Clear Al || Reset || Send |
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alone and will process the data in real time tackrahat
particular color. The high level information frahis processed
data is send to P89V51RD?2 for future decision mgkin

Command

BRAIN AVR CAM

P89V51RD2 [* ASSEMBLY

Referenc

Figure 9. Data Communication Between AVR
Cam and P89V51RD2

Figure 9 shows the diagrammatic representation até d
handling between different modules installed on ieatobot.

Commands Responses
PG\r (PING) ACK\r
ET\r (Enable Tracking) Track specified blobs
DT\r (Disable Tracking) ACK\r

Table 1. Command Reference for AVR Cam

All the commands are sent to AVR Cam from P89V51RD2
and responses from AVR Cam are sent back to P8981RD

To awake AVR Cam from Sleep Mode or to start the
tracking, first we need to ping the vision moduléhwPG\r
command. If the system is ready for tracking itl wédspond
back to P89V51RD2 with ACK\r. To enable trackingl\Eis
send to AVR Cam and long serial data string is deack by
Cam with a predefined protocol.

Predefined Tracking Protocol
When the command ET\r is send to AVR Cam it respsns
back with
AVRcam: Ox0A 0x05 0x04 0x12 0x09 0x36 0x38 0x01
0x25...0xFF
Byte 0: OXOA — Indicating the start of a trackinacget
Byte 1: Number of tracked objects (0x00 — 0x08vaaiéd)
Byte 2: Color of object tracked in bounding box 1
Byte 3: X upper left corner of bounding box 1
Byte 4: Y upper left corner of bounding box 1
Byte 5: X lower right corner of bounding box 1
Byte 6: Y lower right corner of bounding box 1
Byte 7: Color object tracked in bound box 2

Byte x: OxFF (indicates the end of line, and wal §ent after all
tracking info for the current frame has been sent)



5. MODELLING OF INTENSITY

A new potential function is proposed to model thiensity
of the image captured by a camera. This potentiattfon is
analytically simple and is continuous over the remtvorkspace.
The workspace is characterized by arbitrary locatid dark
and bright regions. The lighted regions give arraative
potential to the robot, while it is under the imhce of a
repulsive potential at the dark regions of the gpdce. Thus,
due to the combined effect of the two potentidtfe the robot
always moves along the lighted areas (Fantoni,
Postylyakov, 2005). The generated potential fumctis a
function of the intensity of light at the robot'srent position.
On Board Vision module is configured to operat& WV color
space. Not considering the luminance values, buosidering
the chrominance values alone we have a gray scelge with
no effects of lightning conditions. These gray edatages has
chrominance values of the order of hundreds andamngerted
to 0's and 1's by setting a threshold value ottireminance. In
other words, darker area is given all 0's and ghter area is
given all 1's. The mathematical formulation of tpetential
function is based on the assumption that the vafluetensity of
light at the goal position is equal to 1. Also, tlaet that the
force generated by the potential function at thal gmsition is
equal to zero is also taken into consideration. Ppbeential
function, thus developed, casts a combined efféctttoactive
potential function and the repulsive potential fime on the
robot. This implies that unlike many existing acidl potential
functions, the potential function proposed here sdaet
comprise of individual attractive and repulsive dtions.
Rather, a single function is developed which hasdbmbined
effect of both the attractive potential functiordahe repulsive
potential function. Equation (1) below shows thetepdial
function

U()=kp[l(q)-1"2(a)/2] )

where ¢ is a spatial point in the robot workspadeciv

defines the robot's current position, 1(q) représéne intensity
of light at the point g and U(q) is a positive atohtinuous
function which becomes zero when g=qgoal. The Bitgn
values here represent the values pertaining tar@sl's. Here
kp is the position gain, if using™ ™" a conventibrservo. The
force generated by this potential field is giventlaes artificial

force thus acting on the robot is then given as

F=kp[1-1(q)] )

The robot moves under this artificial forard the force
becomes one when the intensity at a spatial pgilesis than the
threshold value and at a lighted region, the fdreeomes zero.
The planning of the path of the robot is then dsneh that the
robot follows the zero-force path.
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6. IMPLEMENTATION IN AMOBILE ROBOT

Figure 10(a) show the 3-D solid model of the mobdlkot
designed to test this algorithm. Figure 10(a) shoes side
isometric view of the robot. Two metallic basesrectangular
cross-sections are provided for mounting the ormdb@amera
and the circuit board. A castor wheels, in the fieimounted to
provide free motion to the robot. The motors alavith the
clips to hold the same are shown to drive the vehdeigure
10(b) is the prototype built for this purpose.

Fiaure 10(b). Prototvpe Mobile Robot

7. ALGORITHM SIMULATION FOR PATH PLANNING
AND MODELLING OF OBSTACLES

This section is to show the simulation of our Aiglum for
path planning and image processing which was impieet on
a low cost, on board vision module. Because itspussible to
visualize how the image is changing in the embedaedroller.



So the same algorithm is implemented in MATLAB
demonstrate the simulation.

to

As discussed in the previous section YUV color spic

implemented on vision module for reduction in cotagion

cost and to avoid the drastic effects of lightnaanditions in

the environment. The real time RGB image is captdrem on
board vision module and is shown in Figure 11(a).

Figure 11(a). RGB Image Showing the Working
Domain

Figure 11(a) shows a colored image acquired froboard
vision module showing the workspace where the meotmbot

has to find a path. Note that in this figure thetables and the

shades of these obstacles are pointed out. Fidi(t® $hows
the working domain in YUV color space. In this figu the
shades of the obstacles are converted to darkrregiih the
aim of converting them into obstacles. Using edgéection
technique, edges of the obstacles and also thaheofdark
regions are determined and shown in Figure 11(d).

Figure 11(b). Same Working Domain in YUV Color
Space
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Figure 11(c). Modeling of O's and 1's in the Working
Domain

Figure 11(d). Edges of Obstacle and Dark Regions

Plotting of potential function: The points genecdhia the
edge detection are projected on the potential fonctthe
results of which are shown in Figure 11(d). In thgure, the
plain region represents a free space where thet islalowed
to navigate. The robot treats the plain regionhasdttractive
potential field and the peaks as the repulsive mi@efield.
With respect to the real image acquired, the pegesent the
regions having intensity values less than the tuigsvalue.
The plain region shows the areas having intensityes greater
than the threshold value. Figure 11(e) shows thmlseve
potential field which represents the obstacles #ma dark
regions. Modeling of the dark regions is discussesiction 5.
Figure 11(f) shows the obstacles and the free sjacie
working domain of the image shown in Figure 11{Ehe red



circles, in this Figure 11(f) are the obstacles &hne white ( START )
background is the free space where the robot cagata.
Y

Store destination’s
Latitude and Longitude
information.

Yy
Configure UART parameters (baud rate,

polled/interrupt driven mde,stop bits, parity)

Transmit 'ET\r" through the UART

UART Receive v
Interrupt

Is the received
char 0 x0A

Figure 11(e). Plotting of Potential function

UART Receive
Interrupt

yes

l yes

Read the second char for
No of obstacle blobs in the
environment

Store tracking parameters
corresponding to all the
obstacle blobs

Process the information with

i | | the path planning algorithm

i i i ‘
5 10 15 20 25 30 35 40 45 50 mentioned above

MNow the path tracing by the robot is STRAIGHT

Figure 11(f). Obstacles and Free Space of the
Working Domain Shown in Figurel0 (a)

Check if the present GPS
reading's matches
the destination readings

8. ALGORITHM IMPLEMENTED IN VIZZBOT BRAIN

Figure 12 explains the algorithm implemented inBinain
of VizzBot (P81V51RD2). This takes the obstacl®infation
from camera and direction information from GPSdalitime at
every instant and computes the direction of trasaig path
planning algorithm discussed above so as to rdeech t

destination in th timal path. . . . .
estination in the optimal pa Figure 12. Algorithm Implemented in the Brain of

VizzBot.
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9. CONCLUSION

In this paper, a novel approach of dealing withgemis
discussed and AVR Cam Algorithm is modified and riaysed
for optimized performance. A new approach to plgrath of a
mobile robot in a varying intensity field is pressth This is
particularly suitable for cameras having no inftasensors in
which case the robot may not distinguish betweeghbrand
dark regions. In the absence of this distinctitme, tobot cannot
view the obstacles in the dark regions or if by ehgnce if the
robot is into the dark regions then it may not alse any of
the obstacles out in the environment clearly amitéehe robot
may collide with the obstacles. Thus, a potentiaicfion is
proposed to model varying intensity of light in thverkspace
such that the robot moves only along the lightezharof the
workspace and, at the same time models the obstantétread
an optimal path. Thus, there are three potentiattfans used
to model the environment completely: a potentiaiction for
the obstacles, a potential function for distanca ame for dark
regions. A GPS is interfaced to have the directidarmation
S0 as to guide the robot to the final destination.
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