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SCENE LEARNING/RECOGNITION/SIMPLIFIED FUZZY ARTMAP/SENSOR

FUSION

Scene learning and recognition system has been developed and focused to
increase its precision for efficient usage in daily life. This work proposes an automatic
scene learning and recognition using sensor fusion including GPS, digital compass,
and camera. These sensors are mounted on a test vehicle and used for system input to
establish patterns for learning and recognizing. The learning and recognizing
processes are carried on using artificial neural network which aims to learn and
recognize places. The system can then recall the place once the vehicle is back at the
nearby place. The position and direction of the vehicle are fed from GPS and digital
compass as the input to neural network while visual information from camera is
utilized for displaying and validating the result. This work presents the application of
vehicle navigation in which desirable results are achieved. The proposed system can
effectively be used as an initial module priori to fine searching for target in a complex

environment where the on-board computing power is very limited.
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1/1ﬂmﬂﬂ"lﬂmmsﬂsmmmwum NIUUBNINANHULAINAAL ITM5UsENIananielu
4 1 Ju A A @ = Y [
waalseamuaazisaadiunIsTveIgnIoanIUIAVeId UYIUDNAY Tﬂﬂﬁﬂgﬂgwmmnmu
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T =Dendrites

Myeln
Axon sheath

Termiral button

{ ¥
31U 2.12 Tnsead19seuu1)szam (2M910 hitp:/www.mindereators.com/NeuronBasics.htm)

[ [ 9 [ 1 1 [
w3ovwlszamieuliauanyueadienumsdaiudyaudszamluduesves
o 1 A ~ 9 v =~ Y
YYBINAIAL UAMNA NI TUNITIIVIINAING (knowledge) TABHIUNTEDIUNITFOU]
. 9 1 dy v 3 ] A ' v 3 o . =
(learning process) uazmmgmam%ﬂmﬂuagsl,umiamaslugﬂgmumumuﬂ (weight) a3
d‘ 1 4 ~ Q' 1 1 9OI % [+] {
awnsnlfulasum Iailelimsizouiaalu q W ldanhmindmihinSeualounaug
A Y A Y kY ' 4 1 a éf ]
35w e ldlumsuddyvwuawizedisvesyudnisldszuiananie q mavulumiig
1 ~ [ X I o [ o 4
szunanados iTon11 11HUA (node) 34 141 UANUATTIA0IANHAULNTHINUNINNLEAANIT

[ [

dedoyaIa (signal) 521119 THUANIFONADAY (connection) $1ADIUININNITFONADYD AU
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J 4 = Jo o o '
lasnuazuenvouluszuvlszamuesuysd neolulvuazlifensuimuadyaiudiesn
' 'y D) . . . ) . % o Y A
TN ﬁﬂﬂ%uﬂizﬁ]u (activationfunction) wIoWanFUMITHag (transfer function) Faanin
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nSeuaiounszurumsiauluaad digUi 2 w3 evrelszaniisntsznendie 5 eafise
Y
neY Al
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1. Yoyailowd (inpun) Wudeyaniluduay mindudoyaiguain deiladli
pglugidulSsunainnieviedsamiionseninla
9 U A v JA a dg! a ~ 9
2. 903ad199n (output) AD HAGNFAAATUIII (actual output) MINATZVIUMIFEU]
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vounsouelsea gy
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3 o . A A ¥ a v A = A A A
3. AMUIHUD (Welghts) o ﬁﬁ‘ﬂ‘lﬂﬁnﬂﬂqilﬁﬂu m@ﬁlﬂﬁ@mTﬂﬂﬁgﬁTﬂlﬂﬂﬂJ HIvLIYNAN
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2 <
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suuRgINY
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Y I [
4. ManFuUHasIN (Summation function: S) HunasINvesdayailowdn (input) nazen
Y
UINUN (weights)
J o . < o o o A Il
5. WanTUN15uad (transfer function) (HUMIAMUINMTTAOINTTINIUVDIUATOUY
1 a 4 J o J o 4 a 4
Usea oy 15U TnUoeANINTU (sigmoid function) WanFu latlos Tuanunuiaua

(hyperbolic tangent function) Hudu

v A v =
2.6.3 anymzmmmiﬂmmﬂizammﬂu

A 1 = Y 4 ~ A o
Lﬂi'ﬁ]ﬂ]’lﬂﬂig’ST’]'V]L‘VIﬂuﬂjgﬂﬂﬂﬂjﬂlcﬁaaﬂigﬁ'lﬂlﬂElll Wﬁaiﬂu@ﬁnugun’lﬂ

= A
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v o 9y

U 2 Y . 1 3’, =1 U 3’, 1 9
Fon11 Fusuveyailowin (input layer) mumu’qﬂﬁﬁmmmwuﬁwayaaaﬂ (output layer)

U

?zl/ A v J g),z [ Y Y 9 g’/ vo9 ~ 1 g’.: .
uamu‘nagismwﬂmmmayaﬂammmaz%uﬁwayaaanwmm SATIGSIIAR (hidden layer)

= o g = 1 Y any v g ] A 1
GINTﬂfﬂ/l'Jul‘]JGD'uLL'E]‘]JLWh'ﬂ'H]iJ?J']ﬂﬂfJ'] 1 (’]fuﬂ]lﬂ AWUINAU i]Qamﬁaumﬂizmmlmm‘imnﬂ
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(single layer) L1 IATOUIULU NI (multi-layer)
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=
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' a J @ v - @ {
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Input Layerl Output

1 Y
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2.6.3.2 !ﬂ%ﬂﬂhﬂ!lﬂﬂ?‘iﬁ]ﬂ‘iﬁ!
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2.64  Uszanvesmsidauiveunsetneszarmiien

2.6.4.1 M3i3eUFuVUNAaY (Supervised learning)
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o . . 4 . (] o
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@ U [ [ ] a d
5.11799N QU (clustering) AL NITIANY (categorization) LY U ﬂﬁ?llﬂﬁ%ﬁéﬁj?JQEIMﬂ

ANOBAUNYY 130NN IINIDINA

v v = J v v Y = 1 v
2.7 mﬁmwquygﬁimmummuﬂmmmﬂﬁmmamum

v 9

mIaderungus IsuuuguoulSudadedados19d1o (Simplifies Fuzzy ARTMAP:

=KX R

I A ] = a % Yo o 1 [ =
SFAM) LﬂulﬂieﬂnﬂﬂizﬁmmfJ:JGb'uﬂ‘Viu “]Nllﬂillﬂ13WﬂJu’]3J’m’]ﬂﬂ1§ﬁQW’]u1ﬂi]E;]Lii"]f
4 o v 9 = a Y
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. g @ & o A
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v
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Y Aao = A 1 A

“lmm@uwm Tuvazianlszian (category layer) (HuFUNTTMIUUTZANF a1 INAT 0V 100

185un1538us wisilineidead e (vigilance parameter: p ) 1AZA1TAAAINAIINAR Y

I ] % 1 1
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MURUUIIATEITHIANA Tagdiulnaimsliu p Timgailneseviellszansamly
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271 pszUIuMsMsHnaeu (Training procedure)
N5LUIUMSHNAOUVDI SFAM (S. Rajasekaran and G.A.V. Pai, 2006)
91
TuaeumssuiunIAal
1y g’; 1 a 4 1 Yy
1 dugammanimesaeadedliim o< O <1
J J @ { Jd o o <3|
2. nmesdlszneunan (o) ildnnmsmennmesansmzihliily
a [] an I a
dunavounsew e [ =(a,, a ..., a,)vedild d uaziudunavesszian C,

[ a 4 1 A .
3. AMNUIUDUNANNIADTUAIAY (augmented input vector)
el l—aid) (2.3)
I a [ o I 3 o
4. 1 L idudunausnvounievisszgnimualiiuaniminlssamou-

an (top-down weight)

° Jd o . . .
5. MUIUMININTUNITINGIU (activation function)

‘I/\W‘

r(1)=

2.4)
0(+‘W |

4 ] 90} 9 1 .
11D W, Ao ANMINUsTaIMUU-a19 (top-down weight)

a o s IndgudTaenatiaszuns 0.0000001



28

9 1 J v o A A
6. 1’7’]&1)‘])'143‘1]’]ﬂﬂ’]ﬁ\1ﬂslflJﬂTiVHQTU'ﬂ'QQVIﬁ:ﬂ

T;C(Ii) :maxT/_(Il_) (2.5)
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Tumstloudunadusn azdlldsiunoui 9
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o Jd o .
7. MU FUARIY (match function) YBIRAUZNYA & 910

q

)

mF,(1,) " 2.6)

A s
8. asyaaeuRen luis Ty
< v o
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1
4 1 o @ s @
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k
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v
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aoa 'l



29

=

' ?7' £ 1
9. adreAniminlszamuu-a1 vesdauzNye &

/—\

v
FUAY ﬂ‘l‘WTinJmE]i’dE]ﬂ’dEN
0 < p <1

*ﬂauauwm (ﬂﬁﬂﬂi”ﬂ@ﬂﬂﬁ)

m

o <o o
MUUHINFUNTIU

N O

AUIVTUNAUAUAY ]

V{"I‘Ll’JSi‘J’ﬂN‘H'N“‘ w
-
-

T(Al) = maxTJ (Al; )J

=

5
afethmiiniszam L o .
adiiasead v

Wj= i

MR (Alj) > p

NAINIINN DS TR B
p=MR(Al))+¢&

Gl‘i’!ﬁ]ﬁ’f)‘].lﬂ’ﬂllﬂﬁ%ﬂ

o
Cﬂﬁ”ﬂﬂiﬂmﬁmﬁﬂﬂizmw]

57 2.16 wwuRINMsIIUYINTHNdoU SFAM



30

272 Meg1eMININuYes SFAM
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Serial.println{"
for (int 1=0;1<12;14H)

switch(i){
case 0 :Serial.print("Tiwe in UTC (Hhlmis ") sbreak;
case 1 :Serial.print("Status (A=0K,V=H0): ") break;
caze 2 :Serial.print("Latitude: ") ;break;
case 3 :Serial.print(“Direction (N/5): ")shreak;
case 4 :Serial.print("Longitude: ");hresk;
case § :Serial.print("Direction (E/W): ");hresk;
case € :Serial.print("Veloeity in knots: ") rbreak:
case 7 :Serial.print("Heading in degrees: ") rbreak;
case § :Serial.prinec("Date UTC (DdMuka): ") break
caze 9 :Serial.print("Magmetic degrees: ") bresk:
case 10 :Serial.print("(E/W): ")break;

case 11 :Serial.print("Mode: ");bresk;
case 12 :Serial.print("Checksun: ")shresk;

i

for (int j=indices[il:j<(indices[i+l]-1):3++){
Serial.print(lineal3+111:
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$EPVIG, 57.51,T, ,M,0.170,N,0.315,K, %04

$GPGER, 050931.00,1452.59503, N, 1020100833, E, 1, 04,8.30, 325.0,M,-26.5,}, , 7"
$GPESA, A, 35GPRMC, 05093200, A, 1452 59454, ¥, 1020100846, £, 0.158, 61.00, 09071;

$EBVIG, 61.00,T, ,¥,0.158,N,0.292, K, A*0F

$GPGGR, 050932.00,1452.59454, N, 1020100846, E, 1, 04,8.31, 322.5,M,-26.5,}, , T+

$GPGSR,R,3,03,23,19,27,,,,,,,,,17.1%,8.31,15.04%03

$GPESV, 1,1,04,03,59,030,50,23,70,253, 36, 19, 80, 087, 48, 27, 49, 038, 43+7E

$GPGLL, 145259454, N, 10201.00848, E, 050932 .00, &, A%67
$GPZDR, 050932.00,09,07,2013,00, 00465

$GERMC, 050933.00,3, 145259410, N, 1020100858, F, 0_030, 64.71, 090713, , , A*5F

Time in UTC (EhMmSs): 050833.00
Status (A=OK,V=K0): A
Lavitude: 145%.53410

Direction (N/8): N

Longitude: 10201.00858
Direction (E/W): E

Velocity in knots: 0.080
Heading in degrees: §4.71

Date UTC (DdMmRa): 030713
Magnetic degrees:
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-180
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180

3 1/ 3.6 Latitude and Longitude of the Earth
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34 DsWnAMIMIENegaIiNTiaAdnea (Digital Compass Module)

Digital Compass Microcontroller Data Base

Module #Mc6352) (Arduino ATMEGA168) (Program C++)

= g 9 Y ..
314 3.1 JuvumsnuTeYanIy Digital Compass Module (HMC6352)
A Y < Aa aa 9 AA o < <

FTVUMIMNANNABUegaINNAAInea vz 1Fueganilsiadn HMC6325 1wy
a aa Aa Y < A <3 ~ v ¥ & A
naRIneanimsasuna e uneganlvia@n Hee 6 mm. x 6 mm. 1Y FaTVUIA
A& o A ¥4 S 1AM A A Yo a v a
annn awnsaduin ldeasiglnsairu Jedenzeeumvug laniui gluuumsldand
[ o J 4 J [
anuuzAd18nD GPS Module Taal4U05@ Arduino ATMEGA 168 ieuaany HMC6325 Tay

] 9
I¥nisiwonaodoya uDU 12C 2 wire serial interface Hoga HMC6352 oz 1Hn15uonifAn1g

a . 2 ax da X A P4 a A o
HUUBEEHYN (Azimuth) FuiludFmsnaavuyuieldlumsveniianie Avdavuiaveayunig

Ao a v A < a @ A a

Huidannuuimmilenandeuauivuinuussaunuuuathuueidesnis fianig

a 2 2y 1 § o a @ a < a
UUYUDSHEYNU %ﬁmmm 0-360 93/ uamﬁm@ummm’ﬁugmﬂﬁmﬁﬂwaﬂ%uﬂiﬂ ﬂﬁﬂﬂ‘ﬂﬁ
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ginclude <iire.h>
int HMCE352hddress = OxdZ;

int slavehddress:

int ledPin = 13;

boolean ledState = false;
byre headingData[2]:

int i, headingValue;
void setwp ()

{

slavehddress = HMC6352Address >> 1;
Serial.begin(9600) ;
pinliods (LedPin, OUTRUT);
Wire.begin{):

}

void loop ()

'

// This is caloulated in the setup(] function

// Shift the device's documented slave address (0x42) 1 bit right
#/ This compensates for how the TWI library only vants the
// 7 most significant bits {with the high bit padded with 0}

/4 et the LED pin as output

/4 This results in 0x2l as t

< i
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T

4

rent heading: 21.7
rrent heading:
rent heading: 28 ¢ degrees

rent hesding: 4.3 degrees
rent heading: 3.4 degrees
rent heading: 133 degrees
reat heading: 17.7

-4 degrees

310 degrees
ing: 31 8 degrees
ing: 22.1 degrees
34.4 degrees

| Autoscrol

Nolineending | [9600baud |

3U7 3.12 @regmsudana 1sunsunsnnen1987e Digital Compass Module

3.5 LUUNMIHOUAY (Vision)
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| Frame=700, Vehicle (14.874449,102.027241,235) |
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#include <string.h>

#include <ctype.h>
int ledPin = 13; // LED test pin
int rxPin = 0; // RX PIN
int txPin = 1; /I TX TX

int byteGPS=-1;
char linea[300] ="";
char comandoGPR[7] = "$GPRMC";
int cont=0;
int bien=0;
int conta=0;
int indices[13];
void setup() {
pinMode(ledPin, OUTPUT); // Initialize LED pin
pinMode(rxPin, INPUT);
pinMode(txPin, OUTPUT);
Serial.begin(9600);
for (int i=0;1<300;1++){ // Initialize a buffer for received data

linea[i]="";
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void loop() {
digitalWrite(ledPin, HIGH);
byteGPS=Serial.read(); // Read a byte of the serial port
if (byteGPS == -1) { // See if the port is empty yet
delay(100);
}else {
linea[conta]=byteGPS; // If there is serial port data, it is put in the buffer
conta+t+;
Serial.print(byteGPS, BYTE);
if (byteGPS==13){ // If the received byte is = to 13, end of transmission
digital Write(ledPin, LOW);
cont=0;
bien=0;
for (int i=1;i<7;i++){  // Verifies if the received command starts with
$GPR
if (lineali]==comandoGPR[i-1]){
bien++; }
}
if(bien==6){ // If yes, continue and process the data
for (int i=0;1<300;1++){
if (linea[i]==",){ // check for the position of the "," separator
indices[cont]=i;
cont++; }
if (linea[i]=="*"){ // and the "*"

indices[12]=i;
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cont++; } }
Serial.println(""); // and write to the serial port
Serial.println("");
Serial.println("--------------- ");
for (int i=0;1<12;i++){
switch(i){
case 0 :Serial.print("Time in UTC (HhMmSs): ");break;
case 1 :Serial.print("Status (A=0K,V=KO): ");break;
case 2 :Serial.print("Latitude: ");break;
case 3 :Serial.print("Direction (N/S): ");break;
case 4 :Serial.print("Longitude: ");break;
case 5 :Serial.print("Direction (E/W): ");break;
case 6 :Serial.print("Velocity in knots: ");break;
case 7 :Serial.print("Heading in degrees: ");break;
case 8 :Serial.print("Date UTC (DdMmAa): ");break;
case 9 :Serial.print("Magnetic degrees: ");break;
case 10 :Serial.print("(E/W): ");break;
case 11 :Serial.print("Mode: ");break;
case 12 :Serial.print("Checksum: ");break;
}
for (int j=indices[i];j<(indices[i+1]-1);j++){

Serial.print(linea[j+1]);

Serial.println("");
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Serial.println("----

conta=0;

for (int i=0;i<300;i++){
ineali]="";

h

}

// Reset the buffer
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Arduino IDE

#include <Wire.h>
int HMC6352Address = 0x42;
int slaveAddress;
int ledPin = 13;
boolean ledState = false;
byte headingData[2];
int i, headingValue;
void setup() { // Shift the device's documented slave address (0x42) 1 bit right
// This compensates for how the TWI library only wants the
// 7 most significant bits (with the high bit padded with 0)
slaveAddress = HMC6352Address >> 1; // This results in 0x21 as the
address to pass to TWI
Serial.begin(9600);
pinMode(ledPin, OUTPUT);  // Set the LED pin as output
Wire.begin();
H
void loop() { // Flash the LED on pin 13 just to show that something is
happening
/I Also serves as an indication that we're not "stuck"
waiting for TWI data
ledState = !ledState;

if (ledState) {
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digitalWrite(ledPin, HIGH);
} else {
digitalWrite(ledPin,LOW);
} // Send a "A" command to the HMC6352
// This requests the current heading data
Wire.beginTransmission(slaveAddress);
Wire.send("A"); // The "Get Data" command
Wire.endTransmission();
delay(10); // The HMC6352 needs at least a 70us (microsecond) delay
// after this command. Using 10ms just makes it safe

// Read the 2 heading bytes, MSB first

// The resulting 16bit word is the compass heading in 10th's of a

degree
// For example: a heading of 1345 would be 134.5 degrees
Wire.requestFrom(slaveAddress, 2); / Request the 2 byte heading (MSB
comes first)
1i=0;
while(Wire.available() && i < 2) {
headingData[i] = Wire.receive();

it+; }

headingValue = headingData[0]*256 + headingData[1]; // Put the MSB and

LSB together

Serial.print("Current heading: ");

Serial.print(int (headingValue / 10)); // The whole number part of the heading

Serial.print(".");
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Serial.print(int (headingValue % 10)); // The fractional part of the heading
Serial.printLn("degrees");

Delay(50);
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Automatic Scene Learning and Recognition System
using Sensor Fusion

A. Srikaew, K. Attakitmongcol, P. Kumsawat, and N. Potprarinya

Abstract—Scene learning and recognition system has been devel-
oped and focused to increase its precision for efficiently using in daily
life. This work proposes an automatic scene learning and recognition
using sensor fusion including GPS, digital compass, and camera.
These sensors are mounted on a test vehicle and used for system
input to establish patterns for learning and recognizing. The learning
and recognizing process are carried on using artificial neural network
which aims to learn and recognize places. The system can then recall
the place once the vehicle is back at the nearby place. The position
and direction of the vehicle are fed from GPS and digital compass as
the input to neural network while visual information from camera is
utilized for displaying and validating the result. This work presents
the application of vehicle navigation in which desirable results are
achieved. The proposed system can effectively be used as an initial
module priori to fine searching for target in a complex environment
where the on-board computing power is very limited.

Keywords—scene  learning,
ARTMAP, sensor fusion.

recognition,  simplified fuzzy

[. INTRODUCTION

cene learning and recognition is one of the most compli-
S cated tasks for automatic vehicle navigation system. Using
artificial intelligence techniques can elevate such problems in
which complex scenes can be leamed and recognized effi-
ciently. Many research works utilized cameras as a main input
sensor for detecting traffic signs [2] or objects/buildings [7].
Image processing is then very crucial for such systems. The
next process of vehicle navigation system is to be able to
identify resulting objects or buildings for both position and
direction with respect to the vehicle. Global Positioning Sys-
tem (GPS) has been widely used [L1], [12], [13] for vehicle
positioning, tracking, navigation, path finding, etc. This work,
however, has applied a combination of sensors [8] including
GPS, digital compass and camera, for scene learning and
recognizing through the moving vehicle. The system deployed
GPS to locate vehicle position [16], [17] in order to move
toward target [9] while the digital compass [10] was used to
compute direction of the vehicle. The camera in front of the
vehicle, as the computer vision module [14], [15], is the main
sensor for recognizing the target within the image. Searching
methodology for recognizing the target within an image is
computationally expensive. The main goal of the proposed
system is to reduce region of interest in input image for
improving performance of scene learning and recognition with

A. Srikaew, K. Attakitmongcol, and N. Potprarinya are with the School of
Electrical Engineering, Suranaree University of Technology, Thailand, 30000,
e-mail: rakitti@sut.ac.th, npsut13@ gmail.com

P. Kumsawat is with School of Telecommunication Engineering, Suranaree

University of Technology, Thailand, 30000, e-mail: prayoth@sut.ac.th.

camera. The process of leaming is performed by artificial neu-
ral network (ANN). The simplified fuzzy ARTMAP network
is applied for the learning propose [1], [6]. The network can
efficiently memorize patterns while still can learn new pattern.
This ability is suitable to apply in real-world environment
(moving vehicle) where scenes always change from frame to
frame [4]. Details of the proposed system are described next.

II. METHODOLOGY AND SYSTEM IMPLEMENTATION

Scene learning and recognition utilize combination of input
from GPS, digital compass, and images for creating patterns
to recognize by ANN. All of these sensors were installed
on a vehicle together with onboard computing unit. Details
of values from these sea National Research grant from the
Institute of Research and Development,nsors are explained in
the following sections.

A. Global Positioning System (GPS)

Global positioning system can locate position of itself as ref-
erence to the earth surface. Present GPS devices can calculate
velocity and direction to utilize with the map for navigation.
In this work, latitude and longitude in degree/minute/second
(DMS) are used for network input such as 38° 53’ 23" N, 77°
00" 32" W. These values are transformed to Decimal Degrees
(DD) as 38.889722°,-77.008889° by the following equation.

M 5
60 3600

DD =D+ (H

B. Digital Compass

Digital compass was additially applied in this work to obtain
direction/orientation of the vehicle. The value for system input
is an azimuth which is the angle from North direction to the
direction of the vehicle on the same plane as the reference
direction (North). Its value is varied from 0 to 360.

C. Distance and Direction Computation

The system can learn and recognize position of the place
within the predefined distance. This distance can be com-
puted [5] from distance between latitude/longitude of the
moving vehicle position and the target place. The distance D
is computed between two points: P (¢, A1) and Py(¢a, Aa)
where ¢ is latitude and X is longitude using equation 2.

(Ad)? + (cos P AN)? (2)
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a National Research grant from the Institute of Research and
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Fig. 1. Pattern of direction 6;
where
A¢ = ¢y — ¢ (radian)
AN = Ay — A; (radian)
Gm = 2522 (mean latitude)
1° = <& (radian).

Direction (f;) of the vehicle can be calculated as dis-
played in Fig. 1. The value of f; is an angle between
geometry position P(¢p1, A1) and P;(¢2, A2) which is defined
within four quadrants. All four quadrants are represented
by (1,1),(-1,1),(—1,—1) and (1, —1) in counter-clockwise
direction, respectively. The value of @; is computed using
equation (3). Each quadrant has value 0-90 degree with 10
degree resolution. Consequently, each quadrant can have 10
patterns of direction input where the output value are 0-360
degree as displayed in Fig. 2.

f; = arcsin % 3)

For example in Fig. 3, position P; (vehicle) is
(14.87184,102.019246) and moving 145 degree toward posi-
tion P, (place of interest) which is (14.872941, 102.023699).
Distance value (D) between P; and P, is 0.49 km and
direction value () is 14 degree. The input for the system is
then equal to [(1,1) 0.14] where the output value is 76 degree.
This allows the system to know that the target P, is on the
left of the vehicle P; by 69 degree.

Once the vehicle moves, its position P; and direction
are then changed to (14.870511,102.021498) and 30 degree,
respectively. The value of distance D and direction ¢ are equal
to 0.36 km and 49 degree, respectively. Consequently, the
position of place P, has 11 degree on the right of vehicle
Py (see Fig. 4).

&/

EN
L AR
Nl .
(-1-1) a3 Py S By (1,-1)

061 081 O\ °

Fig. 2.

Pattern of direction input and output

Fig. 3. Example of direction between P and P>

D. Geometric Position and Camera Field of View

The main goal of this work is to visually recognize and
locate target object, which can be buildings or traffic signs,
on the image taken from the camera in front of the vehicle.
This can be computed from global geometric position and
direction (digital compass). Fig. 5 demonstrates relationship
between camera’s field of view (FOV) and visual distance.
This relationship can be used to create pattern for searching
target within the image. Once the vehicle moves, both distance
and direction of the target are then changed. A new searching
boundary must be found to be able to track target within
the image. a National Research grant from the Institute of
Research and Development,

Normally, the change of target size depends on change of
distance and FOV of the target. This FOV has three axes:
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W &

Fig. 4. Example of direction between P; and P» after vehicle moving

WSO [BIOA

Fig. 5. Camera field of view

vertical, horizontal, and diagonal, which relate to width (w),
height (), and depth (2). This work focused on finding field
of view in the horizontal axis in which 'OV = 2-0,, where
0,, is computed from equation (4).

1w

f,, = arctan

C))

Fig. 6 displays the FOV setup for measurement. The
mounted camera has h/2 = 54 inches in height and z = 180
inches in depth while the projection has w = 144 inches in
width and h = 108 inches in height. The field of view can be
calculated as FOV = 2 - (21.8°).

Boundary of target searching within the image has FOV <
43.6°. There are two quadrants for this boundary within the
image with —21.8° < FOV < 21.8° as can be seen in Fig. 7.
Using this approach, information of buildings or objects’
direction can be mapped onto positions in the image which
has relationship between FOV and image coordinate as shown
in Fig. 8.

E. Route Learning and Recognition

The scene/place learning and recognition system was de-
signed to detect target within the image from any direction

~
3

Camera

h/2

Fig. 6. FOV measurement setup

1-640 pixel
-21.8 < FOV <218

1x1d 08

A\
B/
\\\\l///
v

Fig. 7. Actual FOV with camera used in this work

during the vehicle moving. Distance and direction of the target
can be obtained and superimposed on displaying image. Input
set for learning contains vehicle’s path information including
vehicle’s position from GPS, vehicle’s moving direction, and
distance as can be shown in Fig. 9. Output of the system is
horizontal position of the target boundary (in pixel) which is
obtained from relationship in Fig. 8. The example of the output
is displayed in Fig. 10. From this example, the vehicle’s path
A are those positions that the target is within the image’s field
of view. Both input and output data are used for learning by
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Fig. 9. Learning input set

SFAM network. The diagram of recognition system based on
SFAM network used in this work is shown in Fig. 11.

III. EXPERIMENTAL SETUP

The proposed system was designed to recognize huge ob-
jects (place or building, etc.) from long distance and small
object (traffic sign, etc.) from close distance. The resulting
patterns of learning and recognizing are then categorized into
two patterns: long and close distance target. Process of scene
finding within the image can be outlined as follows:

1) The system looks up targets within 1 km radius in order
to reduce memory searching which can contain many
objects in memory.

Input set from sensor systems is fed into SFAM network
including position, direction, and distance. The target
with global position in the network memory is located

2

~

Fig. 10.  Output pixel coordinate
Positions Finding the Distances
- GPS , Compass
Database and Direction
|
|
3 SFAM : SFAM
.5 Training | Inference
é |
T +
£ I
|
Output category
New Route Leaming and Recognition
Display Field of View
and Positions on Map
Fig. 11.  Scene learning and recognition system diagram

and output with position within the image is computed.
If no output is given, the current vehicle position was
not learned any target insight. The system continues
searching for other targets in new path.

In order to search for new path, the system automatically
reads input from all sensors and manually selects target
while vehicle is moving toward new target. Both input
and output are then used for additionally learning by
network. Fig. 9 shows new path B created as new target
for updating network memory.

3)

IV. EXPERIMENTAL RESULTS AND DISCUSSIONS

The resulting output displays target found from long and
close distance. For long distance target such as places or
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Fig. 12. Results of long distance target learning

buildings, results are demonstrated in Fig. 12 and 13. The
left column figures show target position superimposed on
images from camera where the right columns display target
and vehicle position in 2D satellite map view from various
directions of moving vehicle. Fig. 12 show output during
manually learning process while Fig. 13 demonstrate output
from automatically learning and recognizing new path.

For close distance target recognition, traffic signs are used
for testing the system. The system learned distance of target
based on the position of vehicle and provided boundary for
target searching within the image. Both position (GPS) and
direction (compass) of the vehicle are used for network input
to learn and recognize the target from the image. Output of
the system is the indication of left and right boundary (no
vertical output is considered). Fig. 14 and 15 displays results
of traffic sign localization based on distance and direction of
vehicle on the satellite map. From the results, if the target was
not in range or no visual contact, the network can pick up the
closest target and identify the boundary of the target within the
image. Once the vehicle moves inside the range, the network

[Tore: B

[Torget |8

Suranapa Tower
Distance 0.22 km

Fig. 13.  Results of long distance target recognition

gives boundary and searches target inside the boundary. The
results of this system help considerably reducing region of
interest in which the image processing module must search for
target. From the examples, more than 60% of the image area
can be neclected for finding traffic sign while SFAM network
still can track target during the vehicle moving. The distance
range for the network to search for target can be varied by
adjusting vigilance parameter (p) of SFAM network. This
distance range also depends on specific camera parameters
such as focal length and sensor resolution. After the system
can detect target within the range, the calculation of vehicle’s
distance and direction is then performed to track the target
inside image FOV.

There are two experimental results in this work. The first
experiment was testing the system to recognize long distance
objects which were buildings or visible landmarks such as
Suranapa tower located in the area of Suranaree University of
Technology, Thailand. This tower is 82.30 meters in height
which can be spotted from any location within approximately
a kilometer in clear sky day. For this experiment, two paths,
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Fig. 14. Results of close distance target learning
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Fig. 15. Results of close distance target recognition

A and B, were tested with 10 samples for each path. Table 1
shows results of these two test set. The boundary for target
searching was clearly 100% accurate in which it contains the
target within the boundary all the time. For path A, which was
a curve road, the recognition accuracy was about 81% where
the distance range for found target was 0.203 - 0.532 km. For
path B, which was a straight road, the recognition accurary
was about 94% where the distance range for found target was
0.201 - 0.608 km. This recognition accuracy was measured
from the center of the target inside the two dash lines (see
Fig. 13). The accuracy was superior for vehicle moving on the
straight road toward target because the more accurate direction
data was consistently acquired from the sensors compared to
the case of the curve road test.

TABLE 1
RESULTS OF LONG DISTANCE TARGET (SURANAPA TOWER) RECOGNITION
ACCURACY WITH 10 SAMPLES

Path  Distance Range (km)  Recognition Accuracy (%)
A 0.203 - 0.532 80.58
B 0.201 - 0.608 93.5

TABLE II
RESULTS OF CLOSE DISTANCE TARGET (THREE DIFFERENT TRAFFIC SIGN)
RECOGNITION ACCURACY WITH 10 SAMPLES

Traffic Sign  Average Distance (km)  Recognition Accuracy (%)

A 0.085 80
B 0.063 80
C 0.021 75

The second experiment was testing the system to recognize
close distance objects which were mostly installed along the
road such as traffic signs or traffic lights. Three different
traffic signs were tested in this experiment as reported in
Table II.The recognition accurazy was about 75 - 80% while
the boundary for searching target always contains target inside
(100% accurary).

From experimental results presented in this section, the
process of target searching was handled by a simple wavelet
based object recognition which yields a rather low recognition
accuracy. Additionally, consistency of direction data obtained
from digital compass directly affected performance of the
recognition part of the system, especially when vehicle was
moving on the curve road. However, the boundary for tar-
get searching efficiently contained target inside with 100%
accuracy. This outstanding performance was resulted from
the SFAM network which is mainly capable of leaming the
outdoor environment and adapting to the changing view of the
vehicle moving. This resulting boundary for target searching
can dramatically reduce image region of interest for searching.
This is suitable for real-time image processing in which
onboard hardware and software are computationally expensive.

V. CONCLUSION

This work presents scene learning and recognition using
sensor fusion and artificial neural network. The simple and ef-
fective learning capability of this SFAM network allows using
small number of sample for training. The proposed algorithm
in this work can compute position and direction of the moving
vehicle from using combination of sensors, including GPS,
digital compass, and camera. New path of the moving vehicle
can be created for leaming automatically which has two types
of pattemns for recognition: long distance target (buildings,
landmarks, etc.) and close distance target (traffic signs, traffic
lights, etc.). The resulting searching boundary provides 100%
accuracy where the target is always found inside the boundary.
The acceptable recognition accuracy still depends on other
factors, which mainly are accuracy of sensors (GPS, compass)
and the methodology of the recognition itself. Another factor
is the type of road in which straigt road gives more accurate
results. This is because direction data from sensors has less
effect on its accuracy than the data from the curve road. The
proposed system yields desirable performance, especially for
using as an initial module priori to fine searching for target in
a complex environment where the onboard computing power
is very limited.
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