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ABSTRACT

Internet-of-Things(IoT) is the computing environment to provide valuable services by interacting with multiple devices, where
diverse devices are connected within the existing Internet infrastructure and acquire context information by sensing. As the concern of
IoT has been increased recently, most of the industries develop many IoT devices. And, many people are focused on the IoT application
that is utilizing different technologies, which are sensor network, communication technologies, and software engineering. Developing
on-ground IoT application is especially even more active in progress depending on increasing of on-ground IoT devices because it is
possible for them to access dangerous and inaccessible situation. However, There are a few studies related IoT. Moreover, since
on-ground IoT application, which is different from typical software application, has to consider device's characteristics, communication,
and surround condition, it reveal challenges, decreasing reliability. Therefore, in this paper, we analyze reliability challenges related to
maturity and fault tolerance, one of reliability attributes, occurring in developing on-ground IoT applications and suggest the effective
solutions to resolve the challenges. To verify proposed the challenges and solutions, we show result that is applying the solutions to
applications. By presenting the case study, we evaluate the effectiveness of applying the solutions to the application.
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Fig. 1. Difference between Estimated and Actual Path
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Fig. 2. NXT Moving Error Caused of Inertia
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bearing = (%) —atan2(y, —y,, v, —x,) (1)
distance = \/(:L(, -2+ (y,—v.)?
z,

¢tz coordinate of current Ld:z coordinate of destination

Ye: y coordinateof current Ya: y coordinate of destination

Distance and Direction for 2-Dimension

)

A AL Fted, A tupol2RRE EX AH7A Y
Aot Waks 7 £ 9ok ek fufola xpAQ] X
AA €5 QA AAME B3l GPS#s 7HHevd e
2] Equation (2)¢} Equation (3)= S8 At waks +

@ % gk

bearing= atan2(sin AX X cosg, X cosg, X sing, 2)
— sing, X cosg, X coSAN)

6.t currentlatitude ¢,: destination latitude
A :currentlongitude Ay: destination longitude

Direction Based on GPS value

a= sin? (A¢/2) + cosg, X cosg, X sin? (AN/2) 3)

c= 2><at0m2(\/a—, \/(1—(1))

distance= RX ¢

R:earth's radius(6,361km) ¢ : latitude X : longitude

¢.: currentlatitude ¢,: destination latitude
Ao currentlongitude A ,: destination longitude

Distance Based on GPS Value
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Begin
while(remainingDistance > 10) { // 10cm
if(currentRemainingDistance
> preRemainingDistance) {
// recalculate bearing and distance
bearing = getBearing(curX, curY, tarX, tarY);
}
drive(bearing, deviceSpeed);
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Begin
var criterionDistance
= getDistance(curX, curY, tarX, tarY);
var criterion = criterionDistance * 0.1;
criterionDistance *= 0.4;
while(remainingDistance > 10) { // 10cm
if(currentRemainingDistance < criterionDistance) {
criterionDistance —= criterion;
deviceSpeed *= 0.2;

}
drive(bearing, deviceSpeed);
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var period = 10 // initial value
var isConntected = TRUE
while(end of application) {
period = checkNetCondition()
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}
sleep(period)
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1 public void returnBall()

2 {

3 double criterionDistance = Math.sqrt
(Math.pow(lastX, 2) + Math.pow(lastY, 2));

4 double criterion = criterionDistance * 0.1
5 criterionDistance *= 0.4
6 double remainingDistance = 0,

preRemainingDistance = 0;

7 double speed = INIT_SPEED;
8 statusManager.setSpeed(speed)
9 while(remainingDistance > STOPPING_SCOPE) {
10 preRemainingDistance = remainingDistance;
11 remainingDistance = Math.sqrt

(Math.pow(lastX, 2) + Math.pow(lastY, 2));
12 if(remainingDistance < criterionDistance) {
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13 criterionDistance —= criterion;

14 speed *= 0.2f;

15 statusManager.setSpeed(speed);

16 }

17 if(remainingDistance > preRemainingDistance) {

18 angle 1= calculateAngle();

19 statusManager.setHeading (angle);

20 }

21 )}

22}
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Fig. 9. Reduced Error Distance after Applying the Algorithm
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