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WIRELESS SENSORS NETWORK/INTERPOLATION/SPATIAL DATA/THIN

PLATE SPLINE/OVERFITTING

Wireless Sensor Network is one of widely used wireless technology for
environmental monitoring. The aim of this paper is to study and to propose a
prototype system of spatiotemporal variables interpolation on ZigBee. According to
communication standard by IEEE committee, ZigBee is developed for low-energy
consumption, cost-effective and various networking protocols, making it suitable for
many industries. This paper adopted surface approximation algorithm based on Thin
Plate Spline to interpolate temperature surface from spatiotemporal data acquired by
ZigBee. Each node in the network was implemented by an Arduino MCUs equipped
with temperature sensor. The sensed value and its current location were continuously
transmitted to the base station, whose role is to dynamically compute the underlying
surface. As the acquisition proceeded, the amount of information flown within the
network enormously increased and thus inevitably causing over fitting. Our
contribution is thus to remedy this pitfall by developing an optimal surface modeling
based on Minimum Description Length algorithm. The results reported herein suggest

an appropriate number of control temperatures at a given instance, whose



corresponding surface is generated with the best compromise between approximating

error and computational complexity, effectively enhancing the WSN performance.
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2.9 ZigBee Networking Protocol Layers (Gislason, 2008)
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2.5 MU (ZigBee Speak) (Gislason, 2008)

a g
FnALN.
Tduaaalyi
2.1 Tagandaw

Y
MAUATUIN

NUDUANUY

I®ATIUANT (ZigBee Alliance, 2008) Vo501 Iasdavt dauaasluaisnan
9

ad A 9 <3| (J v v &
wnalulagouanune lumslsaudluvesaes Tuivetiay

1 dy o U . . . = . . I Y
MHUALHATUYNNIH Y a3l ZigBee Specification ¥4 ZigBee Alliance 11w 7]

A159% 2.1 Zigbee Glossary Terms (ZigBee Alliance, 2008)

Description

802.15.4, or simply 15.4

The IEEE 802.15.4-2003 MAC and PHY
specification used as the foundation for all

ZigBee communications.

AES 128-bit Security

An application of the Advanced Encryption

Standard to ZigBee authentication and encryption.

Attribute A data item within a cluster, for example the
state of an on/off light (is it on or off) or the current level of a dimmable light.
Authentication Verifying that a packet came from the node it claims it did.
Bandwidth Use of the RF spectrum. When the full bandwidth is used, no more messages
may be transmitted at that time.
Broadcast A mechanism to send the same packet to some or all of the nodes in a
network.
Cluster A collected set of commands and attributes.
The ZigBee Cluster Library specifies common clusters.
Command A single command within a cluster causing some specific action.
Commissioning The process of connecting everything together in the network so that the

normal application can run. For example, connecting a switch to a light,

wirelessly.

Data Confirm

A confirmation that a data request has been delivered.

Data Indication

An application (or other portion of the ZigBee stack) is receiving data from

another node. Basically, the other side of a data request.

Data Request

An application (or other portion of the ZigBee stack) is requesting to send

data to another node in the network.

Descriptor

A description of some object in the node. For example, a simple descriptor

describes an endpoint, a node descriptor describes a node.
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A13197 2.1 Zigbee Glossary Terms (ZigBee Alliance, 2008) (ﬁiﬁ))

Term

Description

Encryption

Encoding a packet in such a way it cannot be understood by nodes without the

security key.

Frame

An over-the-air sequence of bytes (octets) defined by the ZigBee or IEEE

standards.

Groupcast

Not a ZigBee term. My term used when sending a command via groups which

is broadcast across the network.

Hop

Or single hop. Passing a message from one node to a neighboring node.

MAC

Media Access Control. This layer knows about networks’ a node addresses,

but not much else. Defined by IEEE.

MAC address

A 64-bit number uniquely identifying this node
from all other nodes in the world. Also called a long address, IEEE address or

EUL

Mesh

The term used for ad-hoc multi-hop networking.

Mesh Network

A network which discovers routes to other

nodes in the network.

Multi-hop

The ability for the network to pass messages
from one node to another, ultimately to the

final destination node.

Neighbors

Other nodes within radio range.

NHLE

Next Higher Layer Entity, basically the layer above the current layer being
discussed. For

example, the network layer in ZigBee passes

information to the NHLE, also known as the

APS layer.

Node

A device that contains a single 802.15.4 radio.
A node may control or monitor multiple things.
For example, a bank of four light switches would need only one 802.15.4

radio.

OUul

Organizational Unique Identifier, the top

24 bits of the MAC address.
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A1319% 2.1 Zigbee Glossary Terms (ZigBee Alliance, 2008) (919)

Description

PAN ID A unique 16-bit number identifying the PAN.

Profile

SAP

Unicast

Generally referring to an Application Profile, or
an agreed upon set of messages so applications from different vendors can

interact.

Service Access Point, the API between layers
within the ZigBee stack. ZigBee is layered
similarly to the common OSI networking layered

model.

A bandwidth-efficient mechanism to send a
packet from one node to another node, even if

it multiple-hops away.

ZigBee Cluster Library. A library of common

clusters.

A networking protocol standard aimed at

wireless control.
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2.6  Bnadluga (ZigBee Module)
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The Range Test utility is used to test the real RF range and link quality between two radio modules in the same
network. Before starting the Range Test session you need to select a local device and a remote one or specify a
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?15199 2.2 Arduino Board $HAA1)
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M5197 2.4 UAAINUTNITAVDY Arduino Duemilanove 1% luauite

Microcontroller ATmegal68
Operating Voltage 5V
Input Voltage
7-12V
(recommended)
Input Voltage (limits) 6-20V

Digital I/O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6

DC Current per I/0 Pin 40 mA

DC Current for 3.3V Pin 50 mA

16 KB (ATmegal68) or 32 KB (ATmega328) of which 2 KB

Flash Memory
used by bootloader
SRAM 1 KB (ATmegal68) or 2 KB (ATmega328)
EEPROM 512 bytes (ATmegal 68) or 1 KB (ATmega328)
Clock Speed 16 MHz
druvesenfiiilFlunswauiersaTufe Arduino IDE fevevaua’sildiden
wazenTnaadeyaasllumersaTuvesa fauaalugud 2.15 TaeTdsunsuiiannaur

Arduino IDE ugaz TsunsuEeni difie (sketches)
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sketch_jan23a | Arduino 1.6.5 =nliE
File Edit Sketch Tools Help

sketch_jan23a

Jroid setup() { -
// put your setup code here, to run once:

void loop() {
// put your main code here, to run repeatedly:

Arduino Uno on COM1
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13199 2.5 uaaddaeg1amaAou Tuunsuine 1%1ana LED YU Arduino La@AININIEWIU

TAeH2oLAIMINTLNIUHINNY 1 IUN

void setup () int led = 13;
{ void setup () {
statements; // initialize the digital pin as an output.
} pinMode (led, OUTPUT) ;
void loop () }
{
statements; void loop () {
} digitalWrite (led, HIGH) ; // turn the LED

on (HIGH is the voltage level)

delay (1000) ; // wait for a second

digitalWrite (led, LOW) ; // turn the LED
off by making the voltage LOW

delay (1000) ; // wait for a second
H

o 4 L] a < 9 4 [ { 4
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Y o v o @~ o T A o a &
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[
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=~ dy . . 4 1
AT 19N 2.6 me”lamﬁwugm (Standard Libraries) EUE]\‘]E]ﬁ@I'Ll

e EEPROM - reading and writing to "permanent" storage

o Ethernet - for connecting to the internet using the Arduino Ethernet Shield

e Firmata - for communicating with applications on the computer using a standard serial

protocol.

e GSM - for connecting to a GSM/GRPS network with the GSM shield.

e LiquidCrystal - for controlling liquid crystal displays (LCDs)

e SD - for reading and writing SD cards

e Servo - for controlling servo motors

e SPI - for communicating with devices using the Serial Peripheral Interface (SPI) Bus

o SoftwareSerial - for serial communication on any digital pins. Version 1.0 and later of

Arduino incorporate Mikal Hart's NewSoftSeriallibrary as SoftwareSerial.

e Stepper - for controlling stepper motors

e TFT - for drawing text , images, and shapes on the Arduino TFT screen

e WiFi - for connecting to the internet using the Arduino WiFi shield

e  Wire - Two Wire Interface (TWI/I2C) for sending and receiving data over a net of

devices or sensors.
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float **kMat;
kMat = new float*[n];
for(int i=0;i<n;i++)
kMat[i] = new float[n];

float **pMat;

pMat = new float*[n];

for(int i=0;i<n;i++)
pMat[i] = new float[3];

float **pMatT;

pMatT = new float*[3];

for(int 1=0;i<3;i++)
pMatT[i] = new float[n];

float **LMat;

LMat = new float*[(n+3)];

for(int 1=0;i<(n+3);1i++)
LMat[i] = new float[(n+3)];

float ** LMat;

_LMat = new float*[(n+3)];

for(int i=0;i<(n+3);i++)
_LMat[i] = new float[(n+3)];

float **RMat;

RMat = new float*[(n+3)];

for(int i=0;i<((n+3));i++)
RMat[i] = new float[(2)];

float **_ LMatR;
_LMatR = new float*[(n+3)];
for(int 1=0;i<(n+3);i++)
_LMatR[i] = new float[(n+3)];
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//===== K Matr‘ix =—=======
for(i=0;i<n;i++){
for(j=0;j<n;j++){

X
y

xi[i]-xi[]];
yi[i]-yi[j];

if(x == 0 && y == 0){
kMat[i][j] = ©0.0
telse{

xt = x*x;

yt = y*y;

r = sqrt (xt + yt);

kMat[i][]j] = (r*r) * log(r*r);

//===== P Matrix ========
for(i=0;i<n;i++){
for(j=0;7j<3;j++){
if(j==0){
pMat[i][J]=1;
telse if(j==1){
pMat[i][j]=xi[1i];
telse if(j==2){
pMat[i][j]=yi[i];

//===== P Transpose Matrix ========
int count=0,count2=0;
for(i=0;i<n;i++){
for(j=0;j<3;j++){
pMatT[count][i] = pMat[i][count];
count++;

}

count=0;




81

count=0;
for(i=0;i<n+3;i++){
for(j=0;j<n+3;j++){
if( (i>=088&i<n) && (j<n) ){
LMat[i][j] = kMat[i][]];
telse

if( (i>=088&i<n) && (j>=n) ){
LMat[i][j] = pMat[i][count2];
count2++;

telse

if( (i>=n&&i<(n+3)) && (j<n) ){
LMat[i][j] = pMatT[count][j];

telse {
LMat[i][]] = @;
}

}
//printf("\n");
if(i>=n&&i<(n+3)){

count++;
}
count2=0;
¥
//::::: V Matr‘ix ====Sae

for(i=0; i<2; i++){
for(j=0; j<n+3; j++){
printf("%.4f ",vMat[i][j]);

}
printf("\n");
}
//===== V Transpose Matrix ========

int num=0;

float temp=0.0;

for(i=0;i<2;i++){

for(j=0;j<n+3;j++){

temp=0.0;
temp = vMat[i][]];
vMatT[num][i] = temp;
num++;

}

num=0;
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void MatrixInversion(float **A, int order, float **Y)

{
// get the determinant of a

double det = 1.0/CalcDeterminant(A,order);

// memory allocation
float *temp = new float[(order-1)*(order-1)];

float **minor = new float*[order-1];
for(int i=0;i<order-1;i++)

minor[i] = temp+(i*(order-1));

for(int j=0;j<order;j++)

{
for(int i=0;i<order;i++)
{
// get the co-factor (matrix) of A(j,i)
GetMinor(A,minor,j,i,order);
Y[i][]j] = det*CalcDeterminant(minor,order-1);
if( (i+j)%2 == 1)
Y[i1[3] = -Y[i][3]1;
}
}

// release memory
//delete [] minor[0];
delete [] temp;
delete [] minor;

}

// calculate the cofactor of element (row,col)
int GetMinor(float **src, float **dest, int row, int col, int
order)
{
// indicate which col and row is being copied to dest
int colCount=0,rowCount=0;
for(int i = @; i < order; i++ )
{
if( i !'= row)
{
colCount = 0;
for(int j = @; j < order; j++ )
{

// when j is not the element
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if( j != col )

{
dest[rowCount][colCount] = src[i][]];
colCount++;
}
}
rowCount++;
}
}
return 1;

}

// Calculate the determinant recursively.
double CalcDeterminant( float **mat, int order)

{

// order must be >= 0
// stop the recursion when matrix is a single element

if( order == 1)
return mat[0][0];

// the determinant value
float det = ©;

// allocate the cofactor matrix

float **minor;

minor = new float*[order-1];

for(int i=0;i<order-1;i++)
minor[i] = new float[order-1];

for(int i = @; i < order; i++ )

{

// get minor of element (0,1)
GetMinor( mat, minor, @, i , order);

// the recusion is here!

det += (i%2==1?-1.0:1.0) * mat[0][i] *
CalcDeterminant(minor,order-1);

//det += pow( -1.0, i ) * mat[@][i] * CalcDeterminant(
minor,order-1 );

¥

// release memory

for(int i=0;i<order-1;i++)
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delete [] minor[i];
delete [] minor;

return det;

(Y] a ¢
MINUNUUYDAUNNINGY

void MatrixMultiplication(float **a, float **b,int row, int
colA, int colB,float* ptr_x, float* ptr_y)

{

int i,7j,k;

float **RMat;

RMat = new float*[(row)];

for(int i=0;i<(row);i++)
RMat[i] = new float[(2)];

for(i=0; i<row; i++){
for(j=0; j<colB; j++){
RMat[i][]j] = ©.0;
}
}
float g2=0.0;
for(i=0; i<row; i++){
for(j=0; j<colB; j++){
for(k=0; k<colA; k++){
gq2=gq2+1.0;

RMat[1][j] = RMat[i][j] + (a[i][k] * b[k][3]);

}
}

float *cof x;
cof x = new float[row];
float *cof_y;
cof_y = new float[row];

for(i=0; i<row; i++){
for(j=0; j<colB; j++){
if(j==0){
cof_x[i]=RMat[i][]];;
}else{
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cof _y[i]=RMat[i][j];
}

}

gen_grid(row,cof_x,cof_y,ptr x,ptr_y);

for(int i=0;i<row;i++)

delete [] RMat[i];
delete [] RMat;
return;

Y. a
NITAINNINA

void gen _grid(int n, float *cof_x, float *cof_y, float* ptr_x,
float* ptr_y)

{

FILE *p;

p = fopen("data.txt","wt");
FILE *p2;

p2 = fopen("data2.txt","wt");
FILE *p3;

p3 = fopen("data3.txt","wt");

float x0,xn,xmarko,xmark=0;
float y@,yn,ymarko,ymark=0;

int col; //x axis grid scale
int row; //y axis grid scale
int i=0,j=0;

printf("The coefficients of f(x) W, al, ax, ay :

for(i=0;i<n;i++){
printf("%f ",cof x[i]);
}

\n");

printf("\n\nThe coefficients of f(y) W, al, ax, ay : \n");

for(i=0;i<n;i++){
printf("%f ",cof_y[i]);
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printf("What's your x origin: ");
fflush(stdin);

scanf("%f",&x0);

printf("What's your x ending: ");
fflush(stdin);

scanf("%f",&xn);

printf("How many points per row: ");
fflush(stdin);

scanf("%d",&col);

printf("\n\nWhat's your y origin: ");
fflush(stdin);

scanf("%f",&y0);

printf("What's your y ending: ");
fflush(stdin);

scanf("%f",&yn);

printf("How many points per column: ");
fflush(stdin);

scanf("%d",&row);

printf("\n\n%f %f %d\n",xn,x0,col);
xmark = (xn-x0)/col;
printf("\nxmark = %.1f\n",xmark);

printf("\n\n%f %f %d\n",yn,y0,row);
ymark = (yn-y0)/row;
printf("\nymark = %.1f\n",ymark);

Xmarke=x0;
ymarko=yo;

float **xMat;
xMat = new float*[col+1];
for(i=0;i<col+l;i++)

xMat[i] = new float[row+1l];

float **yMat;
yMat = new float*[col+1];
for(i=0;i<col+1;i++)

yMat[i] = new float[row+l];
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float **zMat;
zMat = new float*[col+1];
for(i=0;i<col+1l;i++)

zMat[i] = new float[row+l];

printf("\nHello CPE® %d %d!\n",row,col);
for(i=0;i<row+1;i++){
for(j=0;j<col+l;j++){
xMat[i][]]=0;
yMat[i][]j]=6;
zMat[i][j]=0;

}

printf("\nHello CPE2!\n");
float r=0.0,x=0.0,y=0.0,tmpx=0.0,tmpy=0.0,temp=0.0;

printf("\n\nDisplay All Grid ....\n\n");
for(i=0;i<row+1;i++){
for(j=0;j<col+l;j++){
xMat[i][j] += xmarke;
yMat[i][j] += ymarke;

for(int k=0;k<n-3;k++){
x = ptr_x[k] - xMat[i][j];
y = ptr_y[k] - yMat[i][J];

tmpx = x*x;
tmpy = y*y;
r = sqrt (tmpx + tmpy);

temp += cof_x[k]*((r*r) * log(r*r));
}

zMat[i][j] += cof_x[n-3] + (cof_x[n-
2]*xMat[i][j]) + (cof_x[n-1]*yMat[i][]j]) + temp;

zMat[i][]j] += temp*5;

temp = 0.0;

xmarko+=xmark;
tmpx=0.0,tmpy=0.0;

printf("{%.2f,%.2f,%.2f}," ,xMat[i][j],yMat[i][j],zMat[i][]]);
fprintf(p,"%10.4f ",zMat[i][j]);
fprintf(p2,"%10.4f ",xMat[i][]j]);
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fprintf(p3,"%10.4f ",yMat[i][j]);

if(j == col){
fprintf(p,";");
fprintf(p2,";");
fprintf(p3,";");
}
}

ymarke+=ymark;

Xmarko=x0;

//ymarke=0;

puts("\n");
}

printf("\nHello CPE!\n");

for(int i=0;i<row+1;i++)
delete [] xMat[i];
delete [] xMat;

for(int i=0;i<row+1;i++)
delete [] yMat[i];
delete [] yMat;

for(int i=0;i<row+1;i++)
delete [] zMat[i];
delete [] zMat;

printf("\nHello CPE ©@0!\n");
fclose(p);

fclose(p2);

fclose(p3);

return;
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ABSTRACT

Wireless Sensor Network is one of widely used wireless technology for environmental
moenitoring. The aim of this paper is to study and to propose a prototype system of
spatiotemporal variables interpolaticn on ZigBee. According to communication standard by
IEEE committee, ZigBee is developed for low-energy consumption, cost-effective and various
networking protocols, making it suitable for many industries. This paper adopted surface
approximation algorithm based on Thin Plate Spline to interpolate temperature surface from

spatiotemporal data acquired by ZigBee. Each node in the network was implemented by an
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Arduine MCUs equipped with temperature sensor. The sensed value and its current location
were continuously transmitted to the base station, whose role is to dynamically compute
the underlying surface. As the acquisition proceeded, the amount of information flown within
the network enormously increased and thus inevitably causing over fitting. Cur contribution
is thus to remedy this pitfall by developing an optimal surface modeling based on Minimum
Description Length algorithm. The results reported herein suggest an appropriate number of
control temperatures at a given instance, whose corresponding surface is generated with the
best compromise between approximating error and computational complexity, effectively
enhancing the WSN performance.

Keywords: wireless sensors network, interpolation, spatial data, thin plate spline, overfitting
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