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Abstract - In recent years, dangerous materials and gas leak accidents have been frequently
occurred. The hazardous materials storage facility accidents are not rapidly controlled when a leak
is detected, unlike other chemical plants can be controled. Externally, the human has to approach
and respond to the source of leaking directly. As a result, the human and material damage are likely
to larger result in the process. The current approach has been passive response after ringing the
alarm. In this study, the suggested tracking system of the leak resource is designed system to track
the resource actively by utilizing the mobile sensor robot platform ,which can be made easily
through recent rapid development technology, is verified through prototype system. Thus, a sug-
gested system should pave the way for minimizing the spread and damage of the accident based on
the exact site situation of the initial leak and quick and early measures.

Key words : hazardous materials, leak monitoring, source tracking, disaster response robot, ro-
bot-cooperative problem solving
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Table 1. Comparison of leak detection methods (adapted from [4])

. M Negati . .
Vapor Ultrasonic ass ceative Pressure Digital signal
Features Cable sensor samplin flow meter /volume pressure int analvsis rocessin
ping balance wave PO Y P £
Cost High High High Low High Low High
D .
ctection Fast Fast Fast Fast Fast Fast Fast
speed
Easy' No No No Yes Yes Yes No
retrofitting
Easy usage Yes Yes Yes Yes Yes Yes Yes
L?ak. Yes Yes Yes No Yes No Yes
localization
Leak si
? S.lze No Yes No Yes Yes No No
estimation
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Table 2. OPRoS vs. ROS [8]
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Fig. 1. Gas tracker robot developed in Univ. of
Tiibingen [5]

Simulator

Item ROS OPRoS
Components
OO0 g0 0
Architecture Components
Robot MW
MW
H/W, OS H/W, 0S
Operating M/W size 13.69 MB 0.35 MB
Component/Node editor Linux-based Intrinsic editor
Component composer Result-view only Intrinsic editor
Task(app) editor None Intrinsic editor
Developing
tool None Intrinsic simulator

(Interactive open source code)

(Interactive open source code)

Validation tool

None Intrinsic tool

Debugger

LINUX debugger Intrinsic debugger
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Fig. 2. A* algorithm simple test path finding [11].
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Table 3. Concentration measure and target-search algorithm of the robot Pseudocode

Let the openList and closedList equal empty list of nodes

Put the startNode on the openList (leave it’s f at zero)

while the openList is not empty {
let the currentAngle(coordinate, direction, time=0), concentration measurement 8 directions equal node of least f value
remove the currentAngle from the openList
add the currentAngle to the closedList

/| moving direction for path finding
measure the concentration of current grid and eight grids adjacent to current grid
calculate the concentration gradients(G.) of the current grid and the eight adjacent grids, G, = [g,"* g5
if any ¢, >0, (¢,€G.)
if no obstacle in the grid of argmax(G,)
then move to the grid of argmax(G,)
if no obstacle to the current direction
then move to the preset direction in x step

while obstacle detection in 8 directions from the currentAngle {
if currentAngle is the goal
Done ! You’re found the end ! Backtrack to get path

/| Create the f, g, and h values
let the children of the currentAngle equal the adjacent nodes
for each child in the children {
if child is in the closedList
continue to beginning of for loop
child.g = currentAngle.g + distance between child and currentAngle
childh = distance from child to end
child.f = child.g + child.h
}
// Child is already in openList
if child.position is in the openList’s nodes positions {
if the child.g is higher than the openList node’s g
continues to beginning of for loop
}
/| Determination of reaching to the target
if currentValue is the highest among measured concentrations {
then determine reaching to the leak source
} else continue search of the moving direction
if(currentAngle = ! nodeGoal) exit with error (the openList is empty)
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Table 4. Technical specifications and features of the proposed gas sensing robot

-32-bit ARM7 microprocessor
256 Kbytes FLASH, 64 Kbytes RAM

Technical ‘Bluetooth wireless communication (Bluetooth class II V2.0 compliant)

e ‘Four input ports, six-wire digital platform
specifications . ..

‘Three output ports, six-wire digital platform
‘Loudspeaker, 8 KHz sound quality
‘Power source: Rechargeable lithium battery or six AA Batteries
Item No. of items
NXT(CPU) 1
Ultrasonic sensor 3

Features
Camera 1
T-IR 1
Interactive servo motors 2

. ‘Interactive servo motors control with sensors

Functions . .

-Signal processing of sensors by CPU

I Moving algorithm of the robot I

}

Vehicle type Sensing
method
Ultrascnic

sensor

| ]

Unable to
Available avoid Ability to rotate rotate in small ‘ *
obstacles in small space space
P P Measurement Measurement
| of time to » of distances to
l obstacles obstacles
Convert time information
Obstacle inte distance information
detection by
ultrasonic wave
8 angle 360°

obstacle check

ultrasonic
wave

After moving cbstacle

avoidance
Gas density
I S— level
Proceed to Judgement
target node
Fig. 3. Flowchart of moving system of robot
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(d) ti = 4min, obstacle*2

(c) ti = 1.5min, obstacle*2

Fig. 6. Simulation of concentration gradient, obstacles, and measurement rate path robot (1/ti)
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Table 5. The result of experiment

Robot path to obstacle Time to reach Verification process / error rate
1* Obstacle 30 sec
2" Obstacle 1 min 6 sec
3 Obstacle 1 min 58 sec
4™ Obstacle 2 min 40 sec
Total 3 min 14 sec 20 / £10

/ 3min T4sec *\
% . 1min 6sec Imin S8sec
3
3
30sec .i 2min 40sec .
£
2 Leak source =
2 Chase robot 200mm
260mm Route: — s
K / Distance : 2100mm
T Running time : 3min
| 1800mm | Mdsec
! |
Fig. 7. Test experiment using leak source tracker robot
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