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A High-speed Automatic Mapping System Based on
a Multi-sensor Micro UAV System
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Abstract We developed a micro UAV based rapid mapping system that provides geospatial information of target
areas in a rapid and automatic way. Users can operate the system easily although they are inexperienced in UAV
operation and photogrammetric processes. For the aerial data acquisition, we constructed a micro UAV system
mounted with a digital camera, a GPS/IMU, and a control board for the sensor integration and synchronization. We also
developed a flight planning software and data processing software for the generation of geo-spatial information. The
processing software operates automatically with a high speed to perform data quality control, image matching,
georeferencing, and orthoimage generation. With the system, we have generated individual ortho-images within 30
minutes from 57 images of 3cm resolution acquired from a target area of 400m x 300m.
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Table 1. UAV categories
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UAV Classifications Mass(kg) Range(km) Flight Alt(m) Endurance(hour)
u Micro <5 <10 250 <1
Mini Mini < 25/30/150 <10 150/250/300 <2
CR Close Range 25-150 10-30 3000 2-4
SR Short Range 50-250 30-70 3000 3-6
MR Medium Range 150-500 70-200 5000 6-10
LALE Low Alt. Long Endurance 15-25 > 500 3000 > 4
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Table 2. UAV specification

Table 3. Sensor specification
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Figure 1. Control board for sensor integration and
synchronization
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95

1B

A5 o)

ot

al Al 2~ H]

AN 24y FAFE7] 718

ol 7Hs ol shgon e AHgA Edol
= Figure 29} 2tk o)) AL87} QIEjTo] S o
WGS84(World Geodetic System 1984) 7|50 2 | #
Wl A, SlE Aot Bt WO RE Y ol

el EnE NET 5

u)R A= Phe] Eeade] Qe
3 3, ARle] 4 7 A
712, ulRAIzL, Fhejet 2 714 So] Auvt 2gE
PEE wholo] AT

222 AZF71% 4 dlole YeH

ARFE718HE 913) GPS AlofnEet AEz o1
Hof Yol 44lo] ZRs St 5, IMUL FH|
ofmEo] Wy ow gastel doly 44 U A%
o] 7HsstEs Ak tY sehs Ao mEo A
SEHE Ao wet 274 0R BYS SstES
sheich WA AoJHETF GPS 47|25 H AR
71817} o] el itk Z19k Aol GPS Hlo]Elt= 10Hs
1402 Yolgrt Aol Hm, AojRayy T

g shd|ete]] &G A5 FH, 7HErr #9S o
W SRR vew ASE W "ok v=w A
S5 A =Y oA IMUR ol 85 A1s dYe
g8kl AHA| o8& S8 ek sHAIRE Al
HEo|A dEstar ME7F &3] 7 | Aol A
Y& SHER 12002 = A A Zke] AR 5}

AHE Q1719 HL =S 10m/s= 7H s, 1/200
=01 0.05mA = 2Zo|2 2, GPS2o] AUE7} 3m
Aerehd FAIE o] eatolrh A AlE]
9] ARFE718} M-S Figure 30j|4] FeFsiA| ozt

Figure 42 414 S5 Hlo]ele] AR Bolch. GPS
dolel 85 A7ie A%, Axo A S 22
gtcl 12]31 CAM_AHRS(Camera Attitude and Heading
Reference System)7} IMU H|o|E]2A EE A|7H} &
H 3} Roll, Pitch, Yaw 59| AHA] g5 Aediz &9
gt

oo B

KR
=

GPS Time synchronization
Save data atan

b

interval of 10Hz 1

Figure 3. Time synchronization



Figure 4. Output of control board
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Table 4. Processing time

Processing time
Classification Photoscan Home grown
(min) software (min)
Image matching 7
Bundle block 62 P
adjustment
Orthoimage
generatio%l 43 6
Total 475 29
Hardware OS : Window 7, RAM : 8 GB
CPU : Intel i7 940
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Figure 10. Enlarged tie-points photo

Table 5. Comparison accuracy of exterior orientation

X(m) | Y(m) | Z(m) |a(deg) | d(deg) | k(deg)
Mean | 5.03 | -0.79 | 596 | -2.67 | -2.57 | -1.77
STDEV| 1.47 | 2.70 | 3.19 | 126 | 1.01 | 0.75
Figure 8. Orthoimage and DEM RMS | 524 | 280 | 6.74 | 297 | 2.78 | 1.93
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Figure 12. Compare to the edges of some buildings
with Photoscan(right)

Figure 13. Generated orthoimage & detail in the edges
of some buildings
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