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LINE RECOGNITION SENSORS

Urgency of the research. There is a need from industrial practice for developing of methods for linefollowing naviga-
tion of automated guided vehicle (AGV) for logistic task in factories without operators.

Target setting. Various types of navigation methods are used for vehicles.

Actual scientific researches and issues analysis. Navigation of this automated guided vehicle can be made through the
color line on ground or through the inductive sensed cable located underground. Also magnetically guided method is used.
Various types of optical markers can be also used. Nowadays this type of autonomous robot applications grows up, because
there is a need from industry.

Uninvestigated parts of general matters defining. Next generation of automated guided vehicle is navigated via using
laser scanners and they are also called LGV — Laser Guided Vehicle. This type is not covered in this paper.

The research objective. The main aim of paper is to design the sensing system for color line sensing. There are several
problems in using of these types of sensors. Manufacturer notes that there is placed daylight filter, but first experiments
shows sensitivity to daylight. This problem can occurs when vehicle goes to tunnel. Next problem is when vehicle moves up-
hill and downhill on a bridge.

The statement of basic materials. The color of sensor can be sensed with sensor - reflection optocoupler working in in-
frared light range. The optocoupler includes the infrared LED transmitter and infrared phototransistor, which senses the
reflected light. Optocouplers are placed on bottom side of vehicle. Navigation line is black and other ground area is white.
Optocoupler located over the navigation black line has no infrared reflection.

Conclusions. The selected sensor system has been adapted for line detection application. Also ramp problems have been
solved. Sensors have been successfully installed on linefollower vehicle. Results shows visible difference between the voltage
levels related to black and white color line. Future plans is to add camera vision system for automatic recognition of line
before vehicle and continuously path planning. Vision systems are also frequently used for obstacle detection and mapping of
environment and consequently for path planning.
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Introduction. Automated guided vehicle (AGV) is an industrial application of mobile ve-
hicle for line-following. It means that AGV vehicle has task for transport any material in fac-
tory without operator access. Navigation of this vehicle can be made through the color line on
ground or through the inductive sensed cable located underground. Also magnetically guided
way 1s used. Various types of optical markers can be also used. Nowadays this type of auton-
omous vehicle applications grows up, because there is a need from industry. The applications
are related to material or parts transport between operations places. The AGV saves the pro-
duction costs in logistic process mainly in large mass product productions, because there is
less human work. Automated production lines or warehouse can work fully continuously
without any delay. Automotive production industry is also one of the possible applications of
AGYV vehicles. AGV can have a concept of more towed vehicles like wagon train. Also fork-
lift stacker can be arranged into AGV system. The concept of AGV systems is older. It comes
from fifty years of last centuries.

Fig. 1. Automated guided vehicle [1; 2]

Color line is one of the possible way of navigation, but there is a risk of dirties on line and
fault detection of line. In case of using the underground wire, there is a frequency modulated
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method is used for navigation. Installation of cables needs many initial costs before installa-
tion and it is not so flexible when change of the road is needed [1-10].

Next generation of AGV is navigated via using laser scanners and they are also called
LGV — Laser Guided Vehicle. Method of simultaneous localization and mapping (SLAM) is
used for navigation. This method also allows using in environment with dynamically changed
obstacle. SLAM algorithms need more powerful computation system and more sophisticated
sensors. SLAM makes a topological map of environment and generates the estimate of next
move direction [6, 7] through the using of statistical methods.

Next way of navigation is using of inertial navigation systems or inertial measurement
unit (IMU), which includes accelerometers, gyroscopes and compasses. This method is more
flexible but it is necessary take into account navigation errors which can occur.

There are several robotic competitions with linefollower category which is as analogy to
automated guided vehicle navigated through the color line or underground wire. Our testing
model uses the differentially driven two wheeled undercarriage with third castor wheel for
stability. For better simulation of real conditions we have built the training road with obstacle,
tunnel, bridge with up and down ramps, line junction and line interruption.

Designed vehicle (fig. 2) uses two DC motors with wheels directly placed on output
shafts. Castor wheel is substituted with ball. The aim was to design lightest undercarriage. For
this reason there is no frame and all parts are directly placed on printed circuits boards (PCB).
Vehicle is controlled via using of microcontroller. Key parts of the vehicle are sensor for line
detection. This vehicle is used primarily for educational purposes.

Fig. 2. The model of the linefollower vehicle

1. Color sensors. The color of sensor can be sensed with reflection optocoupler working
in infrared light range. The optocoupler includes the infrared LED transmitter and infrared
phototransistor which senses the reflected light. Optocouplers are placed on bottom side of
vehicle (fig. 3). Navigation line is black and other ground area is white. Optocoupler located
over the navigation black line has no infrared reflection (fig. 3).

} }

IR LED DETECYOR IR LED DETECTOR IR LED DETECTOR
Ll Wheel
Wheel
Y
Distance
Black
color
Wh|te color Wh|te color
Color

navigation line
Ground

Fig. 3. Optocouplers on mobile vehicle for linefollowing
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There are several problems in using of these types of sensors. Producer notes that there is
placed daylight filter, but first experiments shows sensitivity to daylight. This problem can
occurs when vehicle goes to tunnel. Next problem is when vehicle moves uphill and downhill
on bridge. Bridge ramps cause the change of distance between the sensor and ground. These
types of sensor are not primarily dedicated for this purpose. That is the reason, why there is
no mention about linefollowing functionality in datasheets.

Experimental testing has been done with three selected type of sensors QRDI1114,
LTH209-1, CNY70 (fig. 4). All theses sensors are designed as reflective optocoupler sensor
for detection of objects.

Fig. 4. Tested infrared optocouplers
All tested sensors have been placed on movable platform (fig. 5) with white reflective area.
The distance has been adjusted in range from 0 to 20 mm for all sensors together with step 1 mm.
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Fig. 5. Testing of various types of optocouplers

Figure 6 shows results of testing for all sensors. All sensors react to white reflective sur-
face. The measured current depends on excitation of infrared LED diode. The circuit (fig. 5)
used the same resistors before LED diodes and this resistor should be adjusted for every cou-
pler LED. The maximum measured current shows the optimal distance of sensor during the
detection white surface. Experiments shows that all tested sensors are suitable for line detec-
tion. QRD 1114 has been selected for next experiments.
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Fig. 6. Results of optocoupler sensors testing.

Next tested property was the difference between the black and white colors of reflective
surface. Also next question was if the every piece of sensor has the same behavior. Two piec-
es of these sensors have been placed on the same movable platform (fig. 7). Figure 7 shows
difference electrical current during the sensing black and white surface. There was a different
behavior for tested pieces on black surface. The results show the optimal detection distance

value 2 mm.
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Fig. 7. Results of testing for two pieces of optocoupler

Vehicle has to go uphill and downhill on bridge ramps (fig. 8). The sensors are
to ground and there was a sensors collision on bridge ramps. Also distance between
sors and ground is decreased and sensors are not able to detect line.

P |

Fig. 8. Ramp problems of sensors for line detection
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One possible solution is to move up sensors to distance more than 7 mm for ensuring of
functionality of sensors. All line sensors have been installed on movable platform on front of

vehicle (fig. 9).
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Fig. 9. Movable platform for sensors for line detection and passing the bridge

Range of distance between the 7mm and 21 mm has been measured again with modified
circuits. The output of the sensor has been measured on analog input of microcontroller with
10 bit resolution. Results in decimal value of analog 10 bit reading are shown on fig. 10. It

shows difference between the sensing white and black color.
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Fig. 10. Analogue readings from optocouplers placed on movable platform

Conclusion. The selected sensor system has been adapted to using of line detection. Also
ramp problems have been solved. Sensors have been successfully installed on linefollower
vehicle. Figure 9 shows visible difference between the voltage levels related to black and
white colour line.

Future plans is to add camera vision system for automatic recognition of line before vehi-
cle and continuously path planning. Vision systems are also frequently used for obstacle de-
tection and mapping of environment and consequently for path planning [6-14].
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VIIK 004.4
Onexcandp I mumepko
JTABAYI JJISI PO3II3HAHHS JITHIHN

Axkmyansnicmes memu 0ocnioxncennn. 3 supodHUY0i npakmuku icCHye nompeba 8 po3pobyi memoodie nodanbuloi nagicayii
ABMOMAMUZ08AHO20 KEPOBAHO2O MPAHCNOPMHOZ0 3ACO6Y ONisl BUKOHAHHS TOSICMUYHUX 3A80AHb HA 30600aX 6e3 Onepamopie.

Ilocmanogxa npoonemu. Pizni 6uou nagizayii GUKopucmogyomucs 0isl MpaHcnOpmMHUX 3acoois.

Amnaniz ocmannix docnioxcens i nyonixkauii. Hagicayis yboeo agmomamus08ano20 KeposaHoeo mpaHcnopmHo2o 3aco-
6y Mmodice 30TUCHIOBAMUCS Yepe3 KOAbOPO8Y JiHil0 HA 3emli abo uepe3 iHOYKMuUGHUI Kabenb, po3mauioganull nio 3emaiero.
Taxooic BUKOPUCIIOBYEMBC MASHIMO-KepYeMuUil cnoci6. Takoxc Modicyms Oymu 6UKOPUCNAHI THULE MUNU ONMUYHUX MApKe-
pie. B oanuii wac maxe 3acmocy8ants aBMOHOMHO20 poboma 3p0CMae, MOMy wWo € nompeoa 6i0 NPOMUCIO80CHII.

Buoinenns neoocnioscenux uacmun 3azanvnoi npoonemu. Hagieayis nacmynnoeo nokoainHsa agmomamu3o8ano Kepo-
BAHUX MPAHCNOPMHUX 3AC00I8 30IUCHIOEMbCS 34 OONOMO20K JIA3EPHUX CKAHEPI8, 5KI MOMY HA3UBAIOMbCS JIA3EePHO-
Keposanumu mawunamu. Llei mun ne pozenanymuil 6 yiii cmammi.

Ilocmanogka 3ae0anns. Ocnosna mema cmammi - po3pooKa CeHCOPHOI cucmemu 0I5l BUSHAYEHHS KONbOPOBUX AiHild. €
Kinbka npobnem y gukopucmanui yux munie oasawie. Bupobnuk 3aznayac, wo mam ecmanosienuil Qinomp oennozo ceimia,
ane nepuli excnepumMeHmu NOKA3yome Yymaugicms 00 0enHozo ceimaa. Ls npobiema moogice UHUKHYMU, KOTU ABMOMOOINb
6'ide ¢ mynens. Hacmynua npobnema, konu mpancnopmuuii 3acio pyxacmocs 6 2opy i 6HU3 O MOCHY.
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Buknao ocnoenozo mamepiany. Konip oasau modcna po3nisnamu 3a 00NoMo2010 ceHcopa - 8iobusaia onmonapu, ujo
npayioc 8 ingpauepsonomy odianazomi ceimna. Onmonapa éxuouac 6 cebe inghpavepsonuti c8imnodioonuli nepedagay ma
inghpauepsonuii pomompanzucmop, sxuil cnpuiimac 8iobume ceimno. Onmonapu posmiujeHi Ha HUNCHLOMY 60Yi a8Momooi-
as. Jlinia nasieayii yopna, a inwi Oinanxu nogepxwi oini. Onmpou, posmauioganuli Haod HagieayiliHoI0 YOPHOIO TiHi€I0, He Mac
iHpauepsoro2o 8i000padicer .

Bucnogxu gionogiono oo cmammi. Obpana cucmema oasaig 6yia adanmo8ana O GUKOPUCMAHHSA NPU GUABLEHHI Jii-
nii. Taxooic supiweni npobnemu 3 nanoycom. Jlagadi 6ynu ycniwuno 6cmanogieni Ha Hagizayii mpancnopmmoeo 3aco6y. Pe-
3YIbMamu HOKA3yloms UOUMY DI3HULYIO MIDIC PIGHAMU HANPY2U, NOB'A3AHUMU 3 YOPHO-OIN0I0 MA KOAbOPOBOIO TiHicio. B mail-
6YMHbOMY NIAHYEMBCA  000AMU  CUCIEMY B8I0e0CNOCMEPediCeHHs Ol  A8MOMAMUYHO20 PO3NI3HAGAHHA NiMii neped
mpancnopmuum 3acobom i 6e3nepepsnoco naanysanus winaxy. Cucmemu cnoCmMepediCeHHs MAaKodC 4aACmo SUKOPUCTIOBY-
0mMbCsL 015 GUAGNEHHS NEPEUK00 I 8i000PANCEHHS HABKOIUUHBLO2O Ceped0sUIYa a, omaice, 01 NIAHYBAHHS ULTAX).

Kniouosi cnosa: oasay; mobinvHuil mpancnopmuuil 3acio, ninis; Konip.
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