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ABSTRACT

Keywords : MMS, Land use investigation, Common electronic map

Technologies of surveying and spatial information are progressing
unceasingly. Combined with the technologies of integrated navigation systems
and multi-imagery sensors, the spatial information has been collected for road
facilities inventory, navigation map construction, and urban modeling. In recent
years, the mobile carrier (Mobile Mapping System, MMS) has been more
widely used in the field of surveying and mapping to acquire and analyze spatial
data more efficiently and to provide up-to-date spatial database.

The National Land Surveying and Mapping Center, Ministry of the Interior
(NLSC) has endeavored to perform the land information infrastructure works
such as the projects of land use investigation, common version electronic map,
and basic topographic map updating in the past years. In the mean time, NLSC
has also tried to introduce the latest technology for performance promotion. The
aim of this study is to learn more about MMS images applications and hopefully
to combine with the existing operating procedures of NLSC for feasibility study
of map updating.

This research shows that the MMS imagery used for updating maps is
feasible. The varying attributions of ground features can be interpreted and
edited directly through measuring captured images. The high resolution images
taken by MMS with the non-measurement purpose camera have been proved
helpful for land use investigation results updating. Besides its clear imagery and
road tracking ability, the MMS provides fast and easier way to identify
landmarks for inventory works indoors. It really has decreased field
investigation and survey time and personnel expenses as well.
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Mapping scanner
Van [2007]
Lynx Mobile -
4 CCD digital camera, laser
Mapper Optech Van GNSS+INS
scanner
[2008]
VMX-250 . 4 CCD digital camera, laser
Riegl Van GNSS+INS
[2009] scanner
- ~INS# B 42
5B INS @ % RIRE SR P B H RS AR &R
T MMS ¢ o deBl 2 %7 oo 1980 & 42 0 B3 (strapdown) ff 1

B £ & (Inertial Measurements Unit, IMU ) 2_%
v B EAEFE L 2 A ks 5 A0 i

CE M deB 2 24T
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FIgE " fE R B FEp= e gk
) 5B (INS)

B 2~ %S INS & BN HR R R R

B ESPE T B A dohin g 2 X
Fo oM nin B T LS B R E (doirh i) B fe

ZRILAPER-F10 3 15 4 495 4043 % (alignment ) 542 5 > 4~

B A B g e 2

“E

ek T E GV %ﬁr’ e BRI AER 2 RGN T m%l MR- @ A
it R AR RS ERRERE IR g B AP Y TSRk p &
g R T ERH BARIRR (R R2ZBWABE 10 R/ ) 15 7%
R T BAPE IR Had R ke T R R R 8 R
INS 7 & 3 f o Eauhst o gt e INS 7 Guirh e & 3 & Byt &
hip SLE 7 Hae > K5 INS ehit 4 v e 7 p 2 H4n (autonomous
navigation) ( Titterton and Weston,2004 ) - f 1 FFeppir L 5 3 B
FEEPER N B R ZFM T AR KRR T g R
DU S MR BRAE S RT3 AT PR U] o i INS fdbp
FefirsN T H 2 A A S A4 P N BT 2 St e R
S e @ BE S N RNE R A R JRE - M2 4y BE (R
oo d B At - ff.;,,'ijs I T A
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Accumulated
Errers

o Errors Clese Errors Close
--------- ToZero ToZero
IMUZHET —
H b fF' i T =
- % 2 g % 3 g5
T St zs 7
Gl D B

Bl 3~INS 234 75 (Rpsz: > 2008)
- MMS % E iF f2

MMS # B iAo 23kt L ALAPM > ZFIRA Y X207 3
MMS B e 2 Tk S LR ALY OB F g o MMS BEE
B * fuirde B R P B dofe B K (gyroscopes )~ 4r ik & 3+ (accelerometers )
% B fg23t i B (odometer ) & o | * 4p 4 T R 3L R B 2 f# ( Schwarz
etal, 1993 ) ot EHp r1 e £ & &7 193f 4 FORE + 4o ) % & (University of
Calgary ) E Alberta MHIS % # % > 4[] 4 (Lapucha, 1990 ~ /¥
FE,2009) o TF R RIE S AV AR P ohs BEEORK X
7 fER

o

i

w
\\\

MOBILE HIGHWAY INVENTORY SYSTEM

Video Cameras Videologger Inventory System
Positioning System

Events Kevboard

Vertical Gyroscope Wheel Sensor
Gyroscopiec Compass and Targets
Accelerometer Proecssing Unit
Odometer Dictaphone
Video | . | Magnetic
Casselle ~1 Tape
Recorders

B 4 - Alberta MHIS (4% p Lapucha, 1990 )
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Alberta MHIS # 1988 £ & * GPS Z 4 # i+ (Differential GPS
DGPS) %4t &= % %% ¥ & 1990 £47F 2 INS & &% fi 8%
GPS & H 5 fzpFv 3 B =% %% (Lapucha, 1990) - 1991 # 2 W& 7
4 (' The Ohio State University ) | B # = (Center for Mapping )
THBER eSS Hoai
P 3% AR B R PR

CIRT

% GPS Van» 3%t % * GPS % 2 423
HETZO03532¢F L #2RA MMS £
S22V B LR FhE W BT EY

w7 B &4 (Grejner-Brzezinska, 2001 )

RENRIEL T

JE 17 g o=
‘v £ & F 44+ & (University of Calgary) *t 1993 # #- INS/GPS
7 MMS

4SS 3 Alberta MHIS ¢ » % B 1) VISAT Van( B 5) ¥ <

He iR i: 0131 2% 58 %

#7112 2 (Schwarz et al, 1993 )
%i)igtag ~ %24 CCD #B %}& %‘ﬁ 1‘}&—“-‘; mﬁfr ‘fﬁ‘

L ik (Ring Laser
BREALE =8

-

PR o 2Rl
(El-Shiemy, 1996 ) » & 31 » &% & INS» & * T &4 43
Gyroscope, RLG) - S 28 45<0.01 & /-] PF o 3% % 3L E &
i# B (100km/hr) -

B IE 22 i3 m«‘fﬂ%f"

B 5~ VISAT Van (http://www.amsvisat.com/ )
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"% £d (LIDAR) g B > R R EY Fr 7 HFH &
%k i# (Lietal., 2001 ) 4c £ * Optech = # 7 ISPRS 2008 # E i! Lynx
Mobile Mapper (Bl 6) » 1 & & A2 L B HAE DT T o 5 5L~ ki
BE IR BT RAPES o TixTw Lk Sty 5 Applanix/Trimble POS
LV > &7 i % § 5 ik 2 %ﬂ’rbfﬁ&} MRl E k2 ¢t > INS/GPS &
e1% < #i§8 POSPac Land 7~ $% & i R e p) s 4{# R T R
ForEs  FRAPFRTED 005 R

B 6 -~ Lynx Mobile Mapper (http://www.optech.ca/)

# 3 4] RIEGL 2 # 2009 £ 4 % VMX-250 MMS (B 7) » = 4
Bk BB BT oo PREVRIEE S 2 BT M A & IMU - GNSS
RKAG FRPEZFHIRDPEY - BHORFIPBT L7 E
2t et EoR B S 6 BHBPIS AT T L E AL F -
BRAPBE BRBIAP PE RAF - PEHFELFHAS AT R 2
Ay o BRELI R R (el eEDE BT B/ RE R IRD

P
i%’?) » BN ”L 5138 - MMS ’7/}\‘ "ta]? AR 0 Ark 2o
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B 7 - Rigel VMX-250

# 2~ MMS 3;;% &% B 47 (Kim, Gi-Hong, 2006 -

¥~ %.2010)

24 Ehy P Em #E SHEE A BRI
£E hEE |13 GPS 24 24 CCD#4m
GPSVan 1991 | ZmMIr K& 2MEEFrRIEA | AR
2{EE 2t 2EHEMBR
1993 | i X EE | 1 3R44E GPS 84 24 CCD#m
VISAT | F Av i K& %M 12 B gren IMU | 4848
1999 | FxT 42 % 1 éFeMmPp®
EX f£4ari | 128 GPS 14 CCD # {48 #
GLEYE | 1998 | Gavsvs aa) | @#E& |1%5@A4 IMU
Transmap %> 3) NEE 1 3¢ GPS 546 CCD % {sr 48 4%
ON-SIGHT | 2002 | 4 greg IMU
. Lambda Tech SEE |14 GPS 24 CCD #4848
GPSVision 2003 | 1 48 freg IMU
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A 2006 1 s
B F) $#s 1 2} GPS 2 AR
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72
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B 20 -~ #4535+ (http://www.optech.ca/)

(z) RE4W
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= ~MMS #4£ (P 5&$%,2012)

% INS/GNSS #7# i BP w3 A2 R S WURBHAE T RO F %
Bz ¢ = & FE T LR # b 2 3 > ek B~ (El-Sheimy,
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e P EER R p D R P 2 B (Scale) ’%A#B%;&nﬁ'g.u;
FEE WD S 2 ¢ Rizga # o

3

c
RS- 4 EILE -



BIR s EpFET L F P IMU/GNSS ¢ o A@EEY T2 2 gk
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P B AR B2 kgg et (RY) o b - PR 538 IMU/GNSS 2 p

P
|

M- o

EA 1T IMU/GNSS i@ ms T 0P 7 BF 44 & 32 i

£ (Rh) > Bt o dp g0t IMU 2 % B v defza @ o
BN (2) 2 (3) 0 wiEepEy (t) 4p B PES 6 IMU/GNSS

2 RPN EE TUY 2 RY 4o T e R AP ALY 2R

<1c ) bti'f,}ﬁ,ﬂ_:vxg_ (R ) sy 1 F’ff;}gt& ek 3 Zijg(a bt ?’r’?jg

g ARG TR L B AP B R RS KA R L8 G
WL AR AT kR 0 d 3t CCD AR * B H % e ok X Ay
PR EIT o m AT e PR L ROTRE TR ERA TR K T
o ARG e Slcp SRR T L FARS L RS
B (Th4e 28k /2 (Fraser, 1997) » 4rov 38 (4) 57 S H AP
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Xa = Xp—20C

ri(Xa— Xo)+ra(Ya—Yo)+r3(Za— Zo) LA
ri3(Xa— Xo)+ra(Ya—Yo)+ rs(Za— Zo)

ri(Xa— Xo)+ro(Ya—Yo)+ rn(Zis— Zo) N

a = —C
Yoz ris(Xa— Xo)+ru(Ya—Yo)+ri(Za—Zo)

Ax=X+(K,7* +K,r* + Kg*)x + P(r* +2X°)+2Bxy +bx+b,y

Ay =y +(K* +K,r* + Kp*)y +P,(r* +27%) +2Px
\y =Yy 1 2 )Y T4 Y Xy

H¢ XO,Y0,ZO 5 4p 7 & 4%

XA, YA, ZA % ¥ 6 L1

T~

K1, K2, K3 * 1245 it 45 6435 40v¢ % (Radial Distortion ) % #c ;
(

P1, P2 * 1y it i wvd % (Decentric Distortion) % #«c ;

bl,b2 * ridy it T 6 2%k o
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FipFEE P GBS Pl o B 29 T ARk ik
AR 18 e AR Y o Gl Cj e A @ (Epipolar geometry ) B %
(HE,2010) > d 3> Z FenBL P RZARPP Y w Cigr G 7 -2~
% (Epipolar plane ) > B/ 1f® % #=2heig e ¥ 5 %4 (Epipolar line )
%ﬁﬂmﬁLﬁ%waﬂﬁ‘if*#ﬁF°,%@é?%ﬁ*ﬁﬁ
RMiT BTN FEwp T L2 }}?r Zhang (1988 ) ¥* Yan and Zuxun
(1988)

Target Point P(X, Y, Z)

Image (j)
Image (1) - P

Bl 29~ 2@ R

HEPR AN ORA AL LG N ER S B A S AR g
BRI A ALY MR T E e o (1) E G EE AN AT
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RAGEPECEIF 2 Tt S SRR TES €8 3 DA AT LS
Pty BB AR 0 LT R Y F P FI G 4p B B i

’ﬁ
Top-down % Bottom-up = f& °

(- ) Top-down

F R B i Rl (Xo, Yo, Zo,0,0,K) FIF AR 5 g

Top-down #i# # §I* Ray-tracing 2 5% (11) 2 AJZAA 40T > X
PR A (ZA) < o fI* Fior B EF2 PG L% (xasya) 2 p
2 fE T REEEREIE G 2 SR (XAYA) o 4ot TR
F1* DIMPEET- BipG2 0 a3 B (ZA) > FI B2 Jf i
TR AT B P Tach ob 0 I B R ERE ek G L HE (XA YAZA) o
Pihr BAFEARARELE TV A ERFG AL G 2 KB FR-

X,-X,=(Z —Zc)m”(x“ — X, +6,)+my(y, Vo +5y)+m31(_f)

my(x, —x,+6)+myu(y,—y,+6,)+my(—f)
m,(x, — X, +6,)+my(y, -V, +5y)+m32(_f)
m13(xa_xp+5x)+m23(ya_yp+5y)+m33(_f) (10)

(= ) Bottom-up

Bottom-up = Z R E3- % k- P RETE 3 WEIF G E 0 02
P T AR AR ED TR N LEPREY Y L2



FEGEE G e (12) AT 0 B B P2 P B4R
(XAYA,ZA) # % » 2D GIS Bl& DTM » 56 8L # B 19 5% 8L 2
PrELE (XAYAZA) > BFTPP % HRiEE N 5H 45 -
SRR 2 LR (xarya) o F et E G AR AR - R R
pIT AT SR dp R T B 2 (F 242,2000) -

my (X, = Xe)+m, (Y, =Y )+my(Z,-Z;)
my (X =X )+my,(Y, =Y ) +my(Z,—Z)
my (X, =X )+my (Y, =Y )+myu(Z,-Z;)
my (X = Xe)+my, (Y, =Y ) +my(Z, - Z;) (11)

8. =x,(kr*+kr?)
5, =y, (kr’ +knr?)

X,—x,+6,=—f

Yo=Yy +0,==f

e (12)
m,, = cos(¢)cos(k)

m,, = sin(w)sin(@)cos(x) + cos(w)sin(k)

m,; = —cos(w)sin(¢) cos(x) + sin(w) sin(x)

m,, =—cos(¢)sin(k)

m,, = —sin(w)sin(¢)sin(x) + cos(®) cos(k)

m,; = cos(®)sin()sin(x) + sin(@) cos(x)

ms, = sin(@)
= —sin(®) cos(p)

m,, = cos(w)cos(e) (13)
Xa~ya % 7 P ikt e o dx~ Oy £ T AR AT S 3T A x B

By AL s E kI k2 k3 -P1L P2 bl ~b2 & Wi
o~ s B B S e Sl £ 5 S PR EEE > Xpryp R AP
Sl BhAiR > B IR R ERT o i BRAORAR T & 5 AR T 5
2. BE R o XASNYA~ZA Z #E3DGIS F 4 k4% Xe~ Ye~Zc
SHARLY w2 2 medE o mll~m33 SAABELE 0@k TSz
HRAEL A F o0 2 X SRz el b oo 5 ¥ Y SR phz e &
Ka¥ Z dthghz g & > Xer Yo Zer o~ ¢k fE5 Bk
P v e
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AR EARE N E R fdp FpF AP 0 2 = % 8k (Exterior

Orientation) » & 5 G4 ¢ {2 A T » A bF Rt 357 ik

BARIER A FEN - kA F B HEEPE G S BT 5
R R T RRIL R 2 P B i T AR R
B~ #icit s A - BB > 22 - BREGSDGIS kit

ZRRHEN LR AR GISEH
(Data Acquisition) {Post Process) {GIS Application)
Image (.stm) Camera Position 3D measuremnent
_‘____-__‘!_-—""""--._
GNSS GPS - Extracting -
e characteristic point AddCG
i Y Add Attribute
- = georeferencing
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