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The Development of a Multi-sensor Payload for a Micro UAV and
Generation of Ortho-images

ABSTRACT

In general, RGB, NIR, and thermal images are used for obtaining geospatial data. Such multiband images are collected via devices
mounted on satellites or manned flights, but do not always meet users’ expectations, due to issues associated with temporal resolution,
costs, spatial resolution, and effects of clouds. We believe high-resolution, multiband images can be obtained at desired time points and
intervals, by developing a payload suitable for a low-altitude, auto-piloted UAV. To achieve this, this study first established a low-cost,
high-resolution multiband image collection system through developing a sensor and a payload, and collected geo-referencing data, as
well as RGB, NIR and thermal images by using the system. We were able to obtain a 0.181m horizontal deviation and 0.203m vertical
deviation, after analyzing the positional accuracy of points based on ortho mosaic images using the collected RGB images. Since this
meets the required level of spatial accuracy that allows production of maps at a scale of 1:1,000~5,000 and also remote sensing over
small areas, we successfully validated that the payload was highly utilizable.
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AEo = vt Jeee AR ZIciPrzybilla, 1979).
Wester (1980):= Schlueter model Bell 222 UAVe<|| )z
2 3kgH|o] Z=9] Rolleiflex SLX = Hasselblad MK 20 58
F MRS o] 83ke] sl Henri (2004)= 9230 2.6m,
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ol AA0kmE Hgate] s el DEMS ARt
t} 20040)] £ GPS/INSZg ol thgt ¢34/} UVS international
community (UVS-international, 2004)E Z41o 2 3hiks)] Hck
o] P FE AelFHE 288 Eck (2001), WITAS
(2004) and Conway (1995) S <J&f 7=k
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UAVSH= 2jglo] therk shulsh 45938 259keA)eke 57}

Table 1. Specification of RGB Sensor

Item Spec.
Focal length 6.1-30.5mm
Resolution 3548*2736
CCD 1/1.7inch (7.6*5.7mm)
Weight 170g
Shutter Lag 0.61sec

Fig. 1. Captured Images on the Calibration
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o ol S % UK geo-referencing), FFe] 5713k
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2.1 =90
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2.1.1 FAMIN

A UAVO] gjsie RS589 Laser (LIDAR), T4
SAA7, Hle]e e} o) alikalo]thEchard, 2005). LIDAR
= o) 2:32] UAVe] gl lolie =1 41 ]t
SR ods), 4 9 lQ1A FAnle) BAo] mvh B rolde
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2.1.1.1 RGB7h&}
RGBUAE PEh= F231zde] 7hsskaL Tl doln] 7t

Aol AR & A7} 2lolHee] 2E42 libgphoto2

Table 2. Calibration Coefficients

Parameter Value
Principal point X 11.2 pixel 22.996um
Principal point Y 17.6 pixel 36.136um
Principal point of symmetry (PPS)
Calib. focal length 3044.87 pixel 6.2517mm
Radial &, -0.00155232749 -
Radial %, 0.00001736336 -
Radial £, -0.00000019593 -
Tangential P, -0.00004914558 -
Tangential P, -0.00019476442 -

Radidl distortion : dr = kyr® +kyr® + k,r”
Tangential distortion :
d, = Prawy+ Pyra?, , = Pyay+ Pt
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Fig. 2. CCD Sensing Pattern of Sun Radiation and Human Eye
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Table 4. Ghost Eye Source Code for Interval Capture

ghosteye init camera (...); /* Initialize Canon PowerShot SX100 IS */
ghosteye extend lens (...); /* Extend camera lens */
ghosteye retract lens (...); /* Retract camera lens */

ghosteye extend lens (...); /* Extend camera lens again */
gp camera capture (...); /* Take a picture, but ignore the false return
value */

while (retval == GP OK)
{ retval = gp camera capture (...); /* Calling libgphoto2 function */

sleep (4.0); /* Sleep for 4 seconds */
}
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Fig. 8. Initial Application Template of Worldwind (http://goworldwind.
org/demos/)
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Fig. 9. Real-time Aerial Images Display

Table 5. Java API Customizing for gRAID

public override void Load ()

Control ToolButtonControl = new Control () ;
ToolButtonControl . Vi s ibl e = false ;
gRAIDButton=new WorldWind. WindowsControlMenuButton
("gRAID" , "Mainlcon.PNG" ,ToolButtonControl) ;
ParentAppl ication . WorldWindow.MenuBar .
AddToolsMenuButton(gRAIDButton) ;
ToolButtonControl . VisibleChanged += new
EventHandler ( ToolButtonControl VisibleChanged );
gRAIDButton . SetPushed ( false ) ;
}
public override void Unload ()

{
gRAIDWindow . Clos e () ;

public static gRAIDForm gRAIDWindow;
Control ToolButtonControl = new Control () ;
WorldWind .Menu .MenuButton gRAIDButton ;

ApplicationTemplate jnlp= A == WorldWind2] %713}
o]t} NASA, Bing Map, USGS ortho, street map,
2H-EA o8 = Stk
39 o] APFAAAIES] gRAIDY] the-2=5H UAV
GhostEyeol|4] HE& xmls}td & 2] geo-referencing =S o]-&
o] HQAsIL TASI] Worldwindol] T3 o] € 4= I
= Sehe Java APIE: 712Elulolgailct Bgel oPe] o)
djo]E Fig. 9ol Bt} HEgk Aol AHE Table 59 B3tk

2.3 Geo-referencing

A RAL 9sIx= IMUR HE pitch, roll, yaw, 123l
GPSZHE HH9A] X,Y,Z5 #P5tol S5kt ©] s
2 GhostEyeollx] 523 It} o] ©o|E]:= autopilote} 350
AFsHIE 913 HlolH 2% ARETE B8 Usol AAFY ARt
o= ARt} TEEE AAgelEE SDI=E 2 ATk
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Table 6. Flight Log for Geo-Referencing from GhostEye (XML File Format)

<?xml version="1.0" encoding="utf-8"?>

<AggieAirDatalLog System="CameraPayload" Verison="0.1">

<Capture Count="0">

<GPhotolmage Altitude="1816.969" CameraModel="Canon PowerShot S95" CameraName="NIR11" CaptureTime="2.79054 seconds"
GPSBufferIndex="6" GPSStatus="0x3" GroundSpeed="28.29" Heading="14.78067" IMUBufferIndex="150" ITOW="249775.750"
ImageName="IMG_0002.JPG" ImageNumber="1" Latitude="41.8140227" Longitude="-111.9790778" NumSV="9" Pacc="1.54" Pdop="1.94"
Pitch="0.777295" Roll="10.671217" Sacc="0.30" SerialNumber="8A7D67E6E17049D0B7C7391264DE7DAS5" VSpeed="-0.65"

Yaw="-4.179680"/>

<System CaptureTime="0.18436 seconds" FreeDiskSpace="6088596" Load="system load: 0.00 0.10 0.14 (45.4%)" Memory="memory
usage: 73920 kB of 501000 kB (14.8%)" Uptime="system uptime: 11 minutes 18.19 seconds"/>
<BombayDoor CaptureTime="0.00855 seconds" Position="1101" Status="Open"/>

</Capture>
<Capture Count="1">

Cache county

Hor. : NAD83,
UTM Zone 12
Ver. : NAVD88

N:4629736.97m
E: 419957.86m
H 1349.0m

Fig. 10. Test Field for Image Capture
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B de] geo-referencingE 913) Fig. 113} o]zt 744
Ao B9le 9 A Jela SHesE FEITE

2.4 HAIEXRIF AL HIZ

H2E A 9(Fig. 10) 1.8kmx2.5kme] AzpRedo 7 33
$82] B2E Sfsl Aalaon F 217E Hagsle] 1 5 1479
ARle 2 ANPE ARSItk A2 2zEs]ofe EnsoMosaic”
Ver. 7.5% ol 82l9ick AIERe wsxAe] Harker 49
47(Fig. 14)& GPS RTK=2pb# o & olgjon old i 7o

Sensor Displayed

Label Name MNew Layer

Data Directory  V:\20130625_CacheJunction\RGB { Choose Dir i
Data Filtering
W Capture# | Image Na.. | Camera.. |Camera.. |ITOW | Latitude | Longitude | Altitude | Heading | Roll | Pitch |
0 IMG_0002.. RGB11 CanonPo.. 24977575 41.81402.. -111.9790.. 1816.969 1478067 10.671217 0777295 |a
il IMG_0003.. RGB11 CanonPo.. 24978025 41.81508.. -111.9784.. 1811.535 26.63847 -8.597968 -1.384556
2 IMG_0004... RGB11 Canon Po.. 2497845 41.81611... -111.9777.. 1803.818 26.37126 -6.665271 -3.721136
3 IMG_0005... RGB11 CanonPo.. 249789.0 41.81728.. -111.9770.. 1800.065 2457275 -6.760178 1.446997
4 IMG_0006... RGB11 Canon Po.. 24979325 41.81836.. -111.9764.. 1796.556 22.49983 -4.158508 2.972896
5 IMG_0007... RGB11 Canon Po.. 2497975 41.81938... -111.9758.. 1795.244 21.40092 -4.663078 4.05386
6 IMG_0008... RGB11 CanonPo.. 2498020 41.82039.. -111.9753.. 1797.505 19.31761  -1.788171 -4.474632
7 IMG_0009... RGB11 CanonPo.. 24980625 41.82141.. -111.9748.. 1795639 1836979  -1.829698 0578174
8 IMG_0010... RGB11 Canon Po... 249810.75 41.82250.. -111.9744.. 1795.591 16.78232 -3.414566  1.550924
9 IMG_0011... RGB11 CanonPo.. 2498150  41.82352.. -111.9740.. 1794.965 1286049 -4332234 1.124146
10 IMG_0012... RGB11 CanonPo.. 2498195 41824615 -111.9737.. 1793.095 7.54838 -7.236373  3.168734
1 IMG_0013... RGB11 Canon Po.. 24982375 41.82560.. -111.9733.. 1795348 3328701 10.706291 3.016613
ResetList 12 IMG_0014... RGB11 CanonPo.. 249828.0 41.82633.. -111.9723.. 1791766 6461486 31.637057 -1.353882
13 IMG_0015... RGB11 CanonPo.. 2498325  41.82621.. -111.9713.. 1796.038 12662095 14.33599  4.064568
14 IMG_0016... RGB11 CanonPo.. 24983675 41.82574.. -111.9709.. 1793217 168.3896 2674286 7427419 &k
Import 15 IMG 0017.. RGB11 Canon Po... 249841.0 41.82527... -111.9709.. 1795.375 18127496 -6.246332 4744517 |¥
Leimport 1S S — 0

Fig. 11. Using Mission Control Software, Import the Image Log File
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Table 7. Standard Deviation of Bundle Adjustment

Tteration # SDy 8D, SD, SEUW
3 0.35m 0.40m 0.54m 1.76
4 0.29m 0.27m 0.41m 1.35
5 0.21m 0.24m 0.37m 1.08

SEUW : Standard Error of Unit Weight
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2.6 NIR HAIt Thermal FMEIE

NIR gt Qgdol theh 412 & 37-] thalpr] Hlop=
2 o7z 7 o] = el ofsf) e “delel] Psto] Tzt
Sk Fig. 15 TAeldddo= RGB7PE e} 593 shde
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Table 8. Difference Between Orthoimage and GPS Coord of Check

upo] AR UAV t5 Al sol2=rfdat Agaped gzt

Points
GCP No. Xars ™ Xorno (M) Yeps™ Yorn, (M)
1001 -0.13 0.15
1005 0.12 0.16
1006 0.17 0.19
1007 0.28 -0.32
1009 -0.24 0.26
1010 0.19 -0.20
1011 0.15 0.14
1012 -0.21 -0.25
1013 -0.21 0.22
1014 0.19 0.23
2015 0.18 -0.17
2016 0.14 0.15
2017 -0.17 0.19
2018 0.12 -0.15
2019 0.18 0.19
2020 -0.22 -0.27

Fig. 15. NIR Image in the Test Field

Fig. 16. Thermal Image in the Test Field
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15em= #G3H Aolek. F-Z &l Alele et sdies Kol
2 3% NDVIEE 3 EXuEER &8o] 7Fed Zolth

Fig. 162 ICI 76407} 2}= #gst P& 1Sl Zlejtk
A I7ehs Lut 7Rl vig] arto]7] wiZel 640*4803]
Pizo] Bafste] v AvehA] ot A=k} QI &4
Aol o3 Ege] FEE B AR 287k & Zlew
et 8520 wet aeld AR Al 7Fssick

o

e

e

2E

w

o

YA 0] AA4(GPS, IMU, magnetometer), 2K =7FE|
(Gumstix)9} A3 Flo| 222 Hatste] 3l Ao, 453
FTEHER HJuo] ALl S AR 4 9l%lom NIR,
thermal 3 =gk o] AARdEE I& & Stk

AR sl AtRA o] 9] Y wE S
A Xz F 0.181m, YA T 0203me] HAE
Holo 24 1:1,000~5,000522] FX|R|=A|Zto] 7158 A=
Fekdct

NASA<¢] WorldWind Java APIS 7|2EJnlo]d] o] A7k
2 VS HUEE & S gRAIDE g 24 24
of thet Aeks AN & = ATk

3tie] FHHElE o]8sle] HE|SHEY YIS B& F
w Fhjete] ol whe FEke] AR I arEAbeke] et
GA7F B7 stk ©]9) RGBoF NIR S shute] 7hreka
DE e RS ZRE T UTH W 22 AR FHHEE
A 5 kS Bloft) sk Fiele] shutter lagel] WhE #4002
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