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Sensors

Vehicles .

o

i h\ il ) (\1 : & GI? h
Data Acquisition | Georeferencing PASKESURENAL S B
Automated collection Put position and Obtam e | Appl |Cat|0ns
of all important features
of GPS, INS, and attitude P | Mappi DTM
: and store them as ! ap_plng e
CCD 1mage data stamp on images e : Environmental Monitoring GIS
o ¥ \\ o \ v Machine Control Accident Investigation
— = - << — 2w G

(EI-Sheimy, 1996)
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- [Object Editor
—énchorl—1:1 -2+ ranchor 2— 2: 1 2]+ —ﬂ.nchu:ur a— 2' 1 J_*I— — Aattribute
1 —
M ame | Clazz | Siale |i|
i Default Alwayps
% 63543 ¥ [15463 | | |BIBDE v [12577 | | |32500 v | 91.29 Default Always
Distance 16.82 m Distance 2452 m Digtance 269 m Foad Sign 40001
(&) School Zone W arning 40001 v|
— Position — Measure Wiew LI_I b
Latitude N35* 35' 35.66" Fropetties | Mew | Delate |
Langitude W04" 51 59 70"
Llip. Bzigit 172577 m M ame | Walue
Morth 4 382 B26.85 m I County Orange
East _ 511.456.70 m I Description Caorner of 4th and Industrial
Ortha. Height 174291 m I InventorlD “EBF-4554
Farallax 00593 I LastMaintenance  1987/06/23 00:00:00
Std. Dew. 035 m I Supplier Foadsign Corp. [Mew Jersey]
=
KN i
— Infa Attachment
Object D MHew Paoint 1D Hew Group IFh:uau:I Sign j
Sequence I-l _|; of 1 Beference |5T|:|U322 Text I
MHext Object | [dExt Bairt: | M ext Anchor | Meazure Only | Cancel |
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17572 5 il ELD-2000 RH _
(45 E:I.Di et/al., 2001) Lynx Mobile Mapper (& H
http://www.optech.ca/index.htm)

GoogleHV{TE %8 247
http://www.google.com/maps/about/ Applef N TENNIAE 2247
bﬂy,d -the-scenes/streetview/) (% (] http://appleinsider.com/) Hereff 78148 245

(% E https://www.here.com/)
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RIER(BPIEY) | 248(&500KHz)
= 200m
BARBER | oo mmrn®)
EWiRiEE 80Hz~200Hz
PR E 8mm (1 sigma)
FEHEE +5cm (1 sigma)
BE2ERE Class 1
TRBEN 44E(E50028 %)
ipgid: 4 ©]3%100km/hr
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Digital
Camera
GRS
Recelver

Laser Data

(% E Toth and Grejner-Brezezinska, 1998)

(7% E Skaloud et al, 1996)
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Full Frame Single 3-line Pushbroom Multiple Full Frame
Digital Camera Scanner Digital Camera

Applanix - Digital Leica - Airborne ZI - Digital
Sensor System Digital Sensor Mapping Camera
(DSS) (ADS40) (DMOC)
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o B NEZGE (T 0, 2009-mow)
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o S NEZLE A Mint Helicopton was applicd fon MMS aplications (Evnliios,

2008)(Insttute of Geodesy and Photogrammetny, ETH Zurich)

N
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~ LOCATION.
LOCATION
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Mini UAV-system Copter 1b

Parameter Value

Image scale 1:4000

Side /end lap 15% 75 %

Flving height above ground | ~80m

Camera Canon EOS 20D

Focal length (calibrated) 20.665, RMSE 1.5e-003 mm
Pixel (Image format) 8.25 megapixels (3520x2344)
Flving velocity Ims

Length 2m

Rotor diameter 1.8m
Maximum takeoff weight 15kg
Payload capacity kg

Flight endurance Max. 45min
Altitude 1500m
Range Skm

Left: Derived surface model from image matching, Middle: Zoom-in of an UAV-image_ Right: Point cloud of Helicopter-

based LiDAR projected on the derived surface model.

20



o fi N\ ZAGTE Multi-semsen integpation for UAY mapping (Nagai, et &L., 2008)(The
University of Tokoye)

Sensors Model Specification

3,072=2 048 pixels
Focus length: 24 0mm
Weight: 500z
4.368=2.912 pixels
Focus length: 15.0mm (Fish eye lens)
Weight: 500z
2,048=1,336 pixels
Green, Fed and NIR sensitivity with
IR Tetracam bands approximately equal to TM2,
Camera ADC3 TM3 and TM4.
Focus length: 10.0mm
Weight: 500g
Angular resclution: 0.25°
Laser SICK Max. Distance: 80m
Scanner LMS-201 Accuracy (20m) : 10mm
Weight: 4.000g
Fiber Optic Gyro
Tamagawa | Accuracy
Seiki Ceo.. | Angle: £0.17
Ltd Angle Velocity: £0.05%s
TATS44 Acceleration: =0.002G
Weight: 1,000g
Accuracy Differential: 40cm
GPS g?hzm:h Velocity Accuracy: 0.1(93%)
Weight: 130z

Digital Canon
Camera EOS 10D

Digital Canon
Camera EOS 5D

21
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o 4t N\ 2478 UAV Borme Dineet Georeerenced Plotogpammetric Platform [or GCP [ree

applications (Tnas, and Chus, 2012, 10N GNSS 2012 Beat Studesst Papen Auard) (NCKU)

Item

Specification

1/0 interface

Servos: 5 * GPIO: 2 * Analog Input: 2

Communication

RS232: 2 channels * CAN BUS : 1 channel

Transform frequency

900 MHz ISM, 1W (typical - LOS 50km+)

GPS module

5Hz * 510 m accuracy

Pressure sensor

-Ported Static. 15 - 115 KPa
-Ported Pitot. 4KPa Deferential, 280 Km/h airspeed

Waypoint

1000+ waypoints navigation saved in autopilot

Navigation and fly
control in horizontal

Error range

Waypoint £ 20m

+ 3° Pitch and Roll

Wing span 50m
Fuselage length | 3.5m
Endurance >6 hr
Range 500 km
Operationrange | 100 km
Payload 25 kg

Fly control in vertical

Error range

+20m

+ 8 km/hr

Support

Digital Camera * Speed Dome

Data record

Micro SD, 20Hz

Electrical system

Vin: 6.8~14 DCV
Power: 450mA @ 7.4DCV; 850mA with 900MHz RF

Size

Size: 90 x 60 x 30 mm
Weight: 220 grams with 900 MHz radio

Working environment

Operating Temperature: -40 to +85°C

s W AVA0s
2V |2 {MMQ |
Battery |=— P 5V Phase data
g v ol Antilog
o .
o Camera Time
=4 ark
Data Storage EVK-6T

Power switch

22
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2013)(EPFL)

Summary of integrated - sensor orientation
(AT+GPS+1 GCP)
Camera-lag statistics in a manual mode.

X[m] | Y[m] | Z[m] no.
Number of samples 88
Max, delay 0456 5 Awrborne GPS accuracy | 0.016 | 0.016 | 0.037 46
Min. delay 0.406 s Photo positions 0.017 | 0.025 | 0.024 46
Mean 0433 5 RMS (GPS-AT)
S1D 0.013 s Control point 0.000 | 0.026 | 0.002 1
Measured vs. estimated Lever Arm Check points RMS 0.036 | 0.022 ] 0.019 6
Lever Amm | Measured [cm] Estimated by Bingo [cm] - Variations in measured and AT-estimated camera
Ex 55 5.6 position.
Ey 10 0.1 " o
Ez 19.5 19.4

+ Higher redundancy

+ Better orientation for the pilot

rosiduals in position (m)

+ Compactness

+ More agile

! speed (ms) “
+ Wider field of view for a camera [\,Ieasured Vs estimated Lever Al’m
+ Better response to wind gusts ]
i c_‘r responise 1o WInS snee Lever Arm Measured [cm| Estimated by Bingo |cm]
- Efficiency loss 15-30%
- Slightlv worse stability Ex 5.5 3.6
. . e . Ey 1.0 0.1
Main characteristic of a coaxial setup i
Ez 195 194

23
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AR

paper award J(INCKU+ University of Calggnyt Purdine University )

o 4t \ fZ 4 UAV-Borse MMS Pagloads(Clu, 2014, ION GNSS 2014 Beot stedest

- | Wing span 3.8m -
;\i T *| Fuselage length | 3.3 m <
= ol B a
— 4 (F =19 height 0.8m -
oost - | [ 0 B g
& z —| Payload 40 kg + 2N
= ,{/ " Endurance >8hr '
po0 | Range 800 km ADIS16488 MMQG
Flight height | 4000 m item | ADIS16488 | MMQG | unit
Max speed 145 km/hr GYROSCOPES
range 450 +200 “/sec
Misalignment 10.1 +0.3 Degrees
. . . Initial Bias Error (16) 0.2 0.03 /sec
sl i i In-Run Bias Stability (1c) 6.25 100 /hr
L EEE————. Angular Random Walk (1c) 0.3 0.3 ‘N hr
Camera ADIS16488 AEK-6T e ACCELEROMETERS
EOS 5D AV.AO Code, Phase,
Mark 1T 2N Time Mark range 118 10 p
Battery 2 AntiLog Misalignment 0.1 +0.3 Degrees
AEK-6T ADIS16488 Initial Bias Error (16) 16 2.5 mg
In-Run Bias Stability (1c) 0.1 3 mg
Velocity Random Walk (lo) 29 0.5 mg/\/hr

L]
]}

Z ¥,

EOS 5D Ma -
S .

24

2017/2/183


video/ARFH1185.AVI
video/ARFH1185.AVI
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o
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i,

ZKF (Lim, 2016, 1ON GNSS 2016+ Best Studest pager anand)

UAV Trajectory for the Experiment

—~ 240806
]
o
[@)]
3]
NovAtel 2
GNSS Antenna %
2 24.0805 W
.|
120.39 120.395 120.4
Longitude (degree)
: 3 50 2UDT Mode
Pointer.POS GrafNav 2
INS/GNSS Integrated POS Solutions Combined Positioning Solutions E 20
(RTS Smoother) (Kalman Filter) o
T
B 0
= A 4 \4 Y v
| |
Rotation | _ Attitude DGNSS PPP £ 20, 500 1000 1500
Transformation Angles Position Position w Duration (second)

Only Helicopter Weight .
Max. Take-off Weight 30k | INS/PPP-GNSS [ INS/DGNSS |
: T

A

Battery Weight 5~10 kg L;‘;‘(P“' & m Mean 8.76 2.08
or !

Payload 15 kg Smoothing Process E ';ZaDn i.gi 1.28
Max. Operational Range 40 km Dynamic Kinematic Ermr Model STD 3.73 2.11
Max. Cruise Speed 85 km/hr Acceleration Acceleration - IMU biases Mean 5.45 3.16
- IMU scale factors STD 0.81 2.08

Power Voltage 45V~50V (125 Li-Po) Pointer.Gravimetry
\ 7, Estimated Gravity Disturbance Vector  [€ Tle statistios (mGal) of He Affrences between Hhe repes

(Kalman Filter)
mauminty

v
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video/8C6A2476.MOV
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'WADGPS
hermal Camera

Lo g : =
ADGPS

Attitude Sensors
¥ 4 m .

— / ; _— | e
mhermotcamers Didibdlbiuladin il K
. Hot spot/Fire
is detected __.V\_l_atEr Bombers
at Position ? T

Real-time reporting of the exact situation of fires
Assisting the Forest Fire Information Centers in accurately assessing the fire

Precisely directing water-bombers and fire-fighting crews

ll/gn

Q
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(¥#% H Zach et al.,2011)
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Digital Camera _

*Takes digital -

images and GPS Antenna

stores them

internally Logging Computer

*Records continuous
measurements of position and
attitude angles

*Records times of exposures

Flash signal at
time of exposure 3

MW

A

g ¥ aE 4,
d"’:_

GPS Receiver

. Roll, pitch and =Measures positions
Digital Compass / RoRaies *Time-tags attitude angles
Inclinometer *Marks times of exposures

=*Measures attitude angles

— NovAtel GPS Antenna
'\'-\_%Aemmunm ATZTTSIW)

Not shown:
Antenna cable
Flash cable
Camera power cable (optional)
DMC-SX serial cable
Duct tape

Leica DMC-SX
Digital Compass

,,,,,,,,

Tripod Mount Alumiram Bar

(4 p Ellum, 2001)
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W Men's Clothing B Access
smetics W
Fine Jewelry ® Cosmetic
s m
BP Shoes

: BP Shoes W T
)

],

The Tea G

Twin City
Harley Davidson
Life Is Good /

Relax.a.dasical W lIrish Blessings

B [Smart Massager

B Minnesota Bound
LoveSac

Alternative
Furniture

Love From
- Minnesota
= Sprint Store
tack at ey
ica
B European Gifts
100 ft

® [cing by Claire's
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Journeys Kidz = W Burger King [ ]

" Glitz

lled Subs

ey's W Sears

n Amazing
Mirror Maze u House of Hoops

Air Traffic

® ® T-Mobile

Professor Bellows
0Old Time Photos

Nickelodeon
Universe

by Foot Locker

W ATAT

MenS*Wearhouse

"
and Tux
4
M Alpacg Connection B Marshalls
3
Netlios @ Ingpulse ®
Pepper Palace ® X 2
u Hollywood Hair Quick Tied
Heakin R¢ 1 h
L) ‘
Rainbow
B The Gold Guys
B Dollar Tree
Almost Famous ACES FLIGHT
Body Piercing SIMULATION

©2013 Google - Map data

32013 Google

Best Buy &

=hLong John Silver's

Apple Store
Mall of America

&
LEGO Imagmatior
enter

>
<
)
&
Bloomingdale's

=

Games by Jar

Northwest Ct

West Market

Taco Bel

Mastercuts

Crave Restaur

Mall of Americ

"

N Ring Rd

a

Macy's

Court

Macy’
Desigual =

Holiday
Station Store

Magic Pan

Steve Madden =

Great Room

Hanna Andersson

We,, %

rket

and ™ Urban Outfitters Nordstrom

Nordstrom Court

-
L |P
" Micros o}
ealthy Express =
" - |
Jrt
LEGO Store 2
Disney Stare =
-
Gap/Gap Body = -I
@ = Burberry . °
-
Best Buy Mobile = ;
! LIDS & Aldo A
s o ~
lotunda Sears Court
Bloo Rotunda
= Old Navy . o

Tea Limited
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-I:[*'?FE"
s FNEERE
. Room Level Opportunities Challenges
QO
Enterprise- Eco-system: Physics:
Desk Level . Tracking Asset, Indoor maps & with Light 1ns error = 30cm
. Personnel, context RF Indoor propagation
= Security Methods:
J S ToF, TDOA, RSS, Sensors
opp.lr.1g Vegue Fusion, Beaconing
AGYEriEng Accuracy: ~5-10m
Floor Level — o
Assistant
! Social
z Gaming -
—— AP deployment

‘| M1 Analytics.., LSS Li
©2013 Google - Map data @2?:2 (:oo[:zle. Sanz&!m IVV:::T» - Fet: Range v”’
Goodle | < 1m accuracy, efficient and pervasive infrastructure are key
Courtesy of Google linc. attributes for adoption
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Directions

% [ Transit

Unknown road

Shibuya Station, Tokyo, Japan

©

12:44pm - 12:55pm (10 min)
+@

?

1503

Starting point
Walk to Shinjuku Station

v 5min (400 m)

Shinjuku Station

Board B JR Saikyo Line Ri& towards
Shinkiba

Departs at 12:50pm (Platform 1,2)

Shibuya Station
Get off

Arrives at 12:55pm (Platform 4)

oo FEHEEH

m FO EOlE
S
R »

36

Shinjuku
i

4TH

3
Q
FHEH - - 2
b rense nFoA-) [ ] Und'v.ynSHOP\ ,
\ R . 4
KA b33 m 6
BAM =
7504y B piam w 5
&,
6 0'{:9 \
>,
L 8 4
& m R Fi
s i 4 3
\;v:::(nto Shinjuku Station B Up>5T5H
3 Yy . :( n |2
MSEILF 14 A - S
bashi Camera ] § 1
BENYHAS
2 AT M
K—OFEE
B1

Rl

=T
2 - - 5 020)3Google - Map data ©2013 Google, ZENRIN

2017/2/183

o BNANRFREESA. x| ERAARIeTANED © Qi AMERFEEENER. x @0 X 4+
] e govi
A ATER & BISNEREA. @ EFLN T Geos+B// Websery
A e
Sa =F il B 8 E
map *
4 26 ]
=1 UAD gxrone @nssone
‘, ~ '
< £
" Copyright©2014 0"
B B - M
. P a7
l  ULRENEOEY
|| 7
» Snaus
KOrERENIRERE MNEE b
kML sHp | Gox | DxF | csv | @ L
‘
BEEMRENAML: | Add 1L o
ot any. v
o i v Mm £
c -
¥ CRENR 3 5
i H £
8 ] o)
> U] " L J
&) H )
& 5
.6 sl XEAmAsH ) ¥
xEnm
LA i
l\ D
&
0 D D ' nnive ¢
.
G %
3 Ry XEARD -
: \( e iy "e
il e
b < nan
-
v
[

=

N80 InS =

suavmiEns 8
-

BAZHSUARIEOAN
-

SLaNaR=R :a:»iul:{mu

nan &
LA v .
REAUERNENER
ENAINER
BAZHSUSRRERA N
-
[
n AR n
4 2 ®
I [
e % i
rASTARS
nwE
) P)
IAZESRBRILEAM by - g o RGRRERALE
- -
nan nsn
ERE x

ATT4 SRRBARA RGN

w -

-

s w

3



¥ PRINTE =%

§P§I§<EI% &t

== NIBSTENLFAM < e (&m,c%zoaz)
(S SEPIA R I

RFIR 2 P XE R A HEGPS I BEAE
Y S AR R A ] DU S
RS B (R 52 2 ]
RETRSE AT L BEIREEAI T - SAIRAL RS
I 3 PSR 1 | R 2 2R

[ [ [ ] [ ] [ ] [ J [ J [ [ ] II_.‘

BRSO Z KRR R
EEZHRH ikl‘ﬁ-ﬁkb*ﬁﬁ%%*ﬁﬁﬁ)@ H Bl
< ERIFCCIE 3% % I 2 PO L

. ﬁﬁ%ﬁlﬁj#[ﬁlﬁl

W//MWWWM{S

& 2010/2/13



P&IN [és<=%

= N RUE 2458

s BXENBEHE LM

* Toimd LT SR 52 PR B RLIE 2255 nintle Indoon Molie Mapping Solution) » %
GEECE SR - BICIREBERET | RA RS E A
> HEH > 7 DURE R RS TRONSS Bl

TIMMS™ COMPONENTS
Mobile Unit & Mast

TIMMS aquisition systern }
Inertial Measurement Unit (IML))
POS Computer System (PCS) T“‘
LiDAR Control Systems (LCS)
One LIDAR
Maoimum range =130m
Resolution at 10m <5mm
Resolution at 25m <12mm
Ranging emor +2mm
300° vertical field of view in 0.009° steps
Max vertical scan speed 97Hz
One spherical camera (& camera configuration)
Field of View (FOV) =80% of full sphere
2 MegaPixel (MP) per camera
Six () 3.3 mm focal length

@%fﬁ? E W://www.m&&.m) 1 meter/second (Up to 4 FPS) %6
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ACCURALCY

Relative accuracy

Absolute position
accuracy outdoor

Absolute position
accuracy indoor
{SLAM based without
control points)

Pegasus:Backpack

2 cm - 3 cm for outdoor and indoor

5cm

5 c¢m to 50 cm for 10 minutes walking
minimum 3 loop dosures or double passes
conditions

A variety of factors can influence a
trEIJE'EtD"'.‘ accuracy negatively including:
Small rooms or hallways

A need to pivot while walking

Stairs and uneven pavement
Extremely smooth or blank surfaces
Surfaces too far from the scanners
Fast vertical movement - elevators are
not supported

Under typical indoor conditions, the lower
range of the accuracy specification can be
achieved.

CAMERA SENSOR
Mumber of cameras
CCD size

Pixel size

Maximum frame rate

Lens

Coverage

SCAMNER

Type

FOV horizontal / vertical
Channels

Acquisition

Frequency

Range

NS B BUIE 24 (Tiomble Indoor Molile Mapping Solution)

5
2046 x 2046
5.5 x 5.5 microns

2 fps x camera, equal to 160 M pbels x
second

6.0 mm focal

360° x 200°

Dual Velodyne VLP-16

270% 30% |+ 157 per scanner
16

600,000 pts/sec

10 Hz

Usable range: 50 m

2
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System

Fast, Automatic
Reality Capture
Engine

Rich maps

Multimodal
Fingerprint
Generation

Multi-Sensor Fusion

for

Indoor Positioning

Slow, Labor-intensive
Floor Plan Generation

Manual, Slow
Fingerprint
Generation

v

Single Sensor
Indoor
Positioning
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http://en.wikipedia.org/wiki/Simultaneous_localization_and_mapping
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Check Pomts

20 minutes, about SO0 meters

Number: 24
(meter) E N H 2D 3D
AVG | 0.016 | -0.076 | 0.001 | 0.078 | 0.078
STD | 0.283 | 0.266 | 0.137 | 0.388 | 0.412
RMS | 0.278 | 0.271 | 0.134 | 0.388 | 0.41
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intro/video/Indoor MMS.mov
intro/video/Indoor MMS.mov
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3D mapping technology in Prometheus

Share View High Quality
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