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fBhestract

Very laroge scale mapping (LAZ250) was ewperimented on the
basis of FMO camera.Hioh resclution film and total station
LT VEY LM .

The futwre atbtractive combimation of precision
photogrammetry and personal computer assisted berrest
surveying was investigat from the point of view of
aceuwracy, time effectiveness and total procedures control.

LoFreface

In the field of photoogrammetry,nowadavs..poractices of asrial
photography using FMROD cameras are the stats of ths acrh
techrnigues.ferial Filme of hioh resclution guality have been
developed in few countyis

s @ oWl l,

fg For photoogrammetric larae scale mapping. 1t is inevitable
to o utilize low altitude- largs scele photoography bobh o with
Figh resolution Films andgd FHRD cameras.

Fortunatel v.we have analvhtical plotters,which combing o
Line asrial triangulation.diaoitael compilation and total
station surveying svsbtem to ensuwre the wlibtimate acowracy.

at il on,which
al dabta of

In this report we deal with acowracy-—-verific
compares photogrammetric data with terrested
mapped points,

Then we have added comparisons of ssveral = of asrial
trianogulation,to maks suwre of a feasibility Ffor very laros
srale mapping from an anouracy point of :

Fimnally we set up our practical owids limness for very laras
moale mapning.
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solutlines of Studv-Buest for modern combination of
photogrammebric componsnbs

Pl L Working Flow chart

To realizre practical larage scale mappinog,we have
investigated the whole procedures of acouwracy-verification
process as fFiag.l.

fe shonn at the right hand side column,we have improved the

ordinary procedures into rather up-to date ones,

Fallowing the steps. we will explain the contents in detail.
MAPPING PROCESS VERIFICATION ITEM
Mapping planning & preparation [ --eemeeeeness New targets

New tasks

New materials

Ground control surveying Free-network adjustment

Photography : FMC camera

High resolution film

Low-speed aircraft

Aerial triangulation - | Independent model/Bundle
adjustment

Model orientation Analytical plotter

Compilation

(Photogrammetric Data Acquisition)

Total station surveying

(Terrestrial Data Acquisition)

Fig.! Accuwracv-Verification Process
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E-duPlanning and preparation

Our acowracy varification was concentrated on comparison
bretwesn photoorasmmetric and terrestrial data.,

I photogrammetric processes FMO camera.hiobh resolution
+ilms and armalyviical plotter for digital compilation were
vaed, In terrestrial processes fres-network controls and
al station surveving s gm oware applied to supply
precision aground control data.

During a practical project of 178500 mapping for fundamental
maps, We nlanmed to take photos of scale of 172000 for 1/25C
mapping.we estimated this kind of mapoing to bhe performed in
A dense wrban ares in the near fubure.

Films we considered as favorable were Fodak Techniocal Pan
film.fofa Gevasrt Aviphoto-pan 200 and Fodak Ploas-—s,

We indtially considered & svetematic Fliaoht plan fto snsure
reqular pattern of taken photos in &n oares of Fio.2.

Une of the characteristics is the coincidence of principal
points with map centers to gt bthe common coveraoge of
Cortho)photos and ma

TN MAPPING AREA

s
/ NS MAP SHEET
/ S (150m x 200m)

/ PHOTO fREA! \

: | _PRINCIPAL POINT
I : ! i e
OB 00D ED

Fig.d Fliaoht planming
2-E . Free network oground controls

Im Japan.even a national ground control has sometimes an

@reor o more than 20 oms.

We meed acourate ground controls with smallest errors in
O BCALe mMapDing.

1" theodolite has usually an obsavation acouracy of around

k @ bthe adiustment .,

G EOM b arm acouracy of B ommebe

The averags obssrvesbion distancs wa o BOOms throuoh

the mapped area,then we have oot error @l lipsoid of 2 om

(maijor axis? in bthe Fres nehwork solution.
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Basaed omn thesse oround control socouracies. we oan ast
several kinds of acowracies in mapping procedures and
consecguantly egtimate the final error within 0.5 mms on the
Yyl .es 1205 om oon the oground.

Sround contral surveving 2ME oom
fAerial trianaoulation 1 (HEY10 um?
Mode] compilation g (2040 um)

v

Final dratting .5 (D% mm oon bthe map!

Total amount 82.7%11.5 am
We hope to reduce the error of Final dratting by dntroduacinog
cligital mapping technigus.

A FMD camera

Forward Motion Compensation camera (LME cameralwe have 1s
the sarliest ong in Japan.

FHO camera can conpensate slip of the image position on the
+ilm surface caused by the expeosure interval during the
+1lioht,

Fin.3 shows the sche
the amount of Forwsee

matic idea amnd caloculating formula of
d Mobtion.

PRINCIPAL POINT PRIRCIPAL POINT <

L g 1 < d ! o—L. .....

b g epm &===== 5
N ] AN LN !
W / | ! LN / /D = {74 =S (Phpto scale)
N LAY ]
\.....-o‘...l D o) \.....()‘_-l Yo! .
AN » AN d : Awount of slip

N i ® D : Awount of camcra movement

\ \ - f s Focal length

S | AS 11 : Flying height

Fig.? Schema of Forward Mobtion

For sxperiment ., we sstimate the amount of compensabion as
Téaoum undeer the condition of the fliohbht as follows,

the amount of compernsation = photo ie % shift of
atvroratt during esdposurs

ahift of airoraft during exposwrs = Flving speedishutter
sEnee]

whers Flying speed = 200km hiPhoto scale = /72000 shutter

speed = 1175 seo.

Judaing from bthe size of & floatinog mark,it is necessary fo
correct the amount of slip of the image position.

SGimnce this function is most distinct to laroge scale

i
photos , FMO camsras are respected as indispesnsabe component
in photoogrammetry in Japan.
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He-SoHioh resolution £ilms

There are wvarious kinds of 2 omm oand &b Films in the
market. but photoorammetrist has been restricted within the
madium level of resolution Films in the field of asrial
photogrammatry bacause of forward motion of airoratt doring
G ICHELAT 6 .

Uging FRD cameras.we can make use of hiogh resolution and low
sernsibtivity films in wider ranag of weather condition.

We ocan select slower shutter speed than wsual and get more
miarn imanse for ohotoogrammeteric compil labtion.

Fvern with medium resolution Films.we can find & merit to use
no shadow imagery in a oloudy weather.

Al these thinos are the breakthrough of aerial photoaraphy
in an image qualilty sense.

Fim.d4 shows the comparison of various tvpes of asrial films
we have investigated during ouwr experiment.

We still nhave some problems in photo-processing staae
siem.facilities,chemicals and experiences,to use hiah
resolution films in Japan.

Designation Manufacturer Type ASA AFS Resolution
Plus-x 2402 Kodak Pan 250 100 50
Double-x 2405 Kodak Pan 320 100 50
Panatomic-x 3400 Kodak Pan 64 200 80
High Defi, 3414 Kodak Pan 8 630 250
Aerocolor N 2445 Kodak CN 100 80 40
Aerial C So-242 | Kodak cCP 6 200 100
Aviphot Pan 200 Agfa-Gevaert Pan 80 160 100
Aerial HS Fuji Pan 320 100 100

Fiag.4 ferial Filmes lUsed
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Feed L, Total station surveving svyshbem

For terrestrial around control surveving.in obther words
araund coomrdinate scquisition.we have selectesd to use the
total station surveving svestem.which is a8 svsbem Lo acoulre
cooprdinates in 2 steps in one svstem.ft the first step we
measure anogles and distance at a time using electro-
fachyvmeter , then in either inside of the tachymeher or

outside of it micro-processer computs the 2D coordinates of

respectlve point.
Fim.5 shows the technical specification of ouwr tobal station

Sy st eem .

Length 169mm Measuring method Electronic absolute reading
Objective lens 40mm( EDM; 55mm) Least count 1”7 (5cc)
Magnification 30x Accuracy 1” (standard deviation

Image Erect based on DIN 18723)

Field of view 1° 20’ Display unit 1” (5cc)

Resolving power 37 5”7 (10cc)in tracking mode
Minimum focus distance 1.5m Measuring time 0.4sec,

I1lumination is provided on the reticle 0.2sec.in tracking mode

Graduated circles 80mm¢ (both horizontal and

Accuracy + (5mm+2ppm)m, s.e vertical),coded graduation

Measuring Time

Single measurement and repeat Leveling Liquid compensator
measurement 4sec, Working range +5’
Tracking mode 0.6sec, Setting Accuracy 17

Least Count
Fine mode 1mm(0,0051¢t) Plate level 20” /2mm

Prism constant correction -80to+20mm(bylmm)

Fim.5 Techrnical specification of ow total station surveying
= 4 BT
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FaMethods of accouwracvy-verification
Fe-1LFormer achievemsnts and FPresent goal
During ow previous superimaents glven below.we seek to find
the present agoal in confirming the point-scowracy of mappso
moints.
CLILME —~with FMO device-camera ex
G Eodak Panatomio—y, Tech-pan, so-—
@umerl ment
(3 Total station FADRAS-TED development

veal i ment
2 oand so on

F

(4iDinital compilation,editing and Plotting using
analvtical plotter.

For the above mentioned goal qwe have decided to investigate
the acowacy of asrial trianguwlation and photoorammelric
modals as a basis of large scale mapping.

ZoVerified dbems dn asrial briangulation
(DiEffeotive size of block adiuvstment

For this puwrpose we treated larae block asrial treianoul ation
crf 1400 models in oa block.

Several kinds of sty were done to find the bhest
accuracy under the present practical conditions.

(B Aocouwracy of small block ageial triasroulation of laros
soale photos
In & similar way that we applied in a larqae block, we
confirmed the present accuwracy level of largs scale nhotos.

T.¥eridied items in photogrammetric models

i Test field for laroe scale asrial photoogranhy
Tt was fortumate $for us o wuse Free-netbwork oround conterol
survey data for the control points.

(Yl timate acouwracy of minor controls in &
photogrammebric model

(3 How accurate are the photoogerammebric model-points o
£ CHT nwiwmm with ground conterol
Accuracy standard for other mapping procecdures
Fmr {Hrfhnr consideration we checked 2 obher ks
mithar mapping proceduarss.,

Y Acowraoy of Photoorammetric minoe conteals for
supplemental suwrvey

{MVEFFiciensy of total station surveving svsbem.as an
altermative tool of plans surveying
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doResults of acouracy-verification
-1 Acowracy level of mapped points
~ Domparison betwesn large and small block adivstments -

Unit in (m)

Block Adjustment Case Al| Case A2| Case B3| Case B4| Case B5| Case B&| Case B?| Case C8| Case C¥
Photo Scale 1/4000 1/4000 1/4000 1/46000 1/4000 1/4000 1/4000 1/2600 1/2000
NO.of Photos 1422 1422 214 214 214 214 214 28 28
Controls Distribution
P.L 283 283 44 44 44 44 44 10 10
H 1621 1621 248 248 248 248 248 10 10
NO,of Controls
P.L 283 81 44 21 11 14 32 10 5
H 1621 165 248 29 16 42 42 10 5
NO.of Checking Points
P.L 0 262 0 23 33 30 12 0 5
H 0 1456 0 219 232 206 206 0 5
00,P.L 0.038 0,035 0.035 0,035 0,035 0,015 0,014
oOH 0,064 0.063 0,063 0.063 0,063 0.011 0,010
Residuals of Controls
(R.S.M) P.L 0.05 0.06 0.04 0.04 0.04 0.04 0,04 0,006 0.008
H 0.04 0,02 0,04 0,03 0.02 0,03 0.03 0.014 0.005
Residuals of tie Points
(R.S.M) P.L 0,03 0,03 0.03 0,03 0.03 0,03 0.03 0.012 0,009
H 0.03 0.03 0,03 0.03 0,03 0,03 0.03 0,010 0,005
Residuals of Checking
Points (R.S.M) P.L 0,18 0,14 0,16 0.13 0,11 0.020
H 0,15 0.17 0,28 0,13 0,13 0,054
Residuals of Controls
(Max) P.L | 0,17 | 0,12 0.07 0,08 0.07 0,08 0.08 0,010 0.013
H 0,17 0,07 0,15 0.09 0,06 0,08 0,08 0.033 0,009
Residuals of tie Points
(Max) P.L 0.18 0.17 0,17 0,16 0,15 0.15 0.17 0.022 0,018
H 0.18 0,23 0,13 0.13 0,13 0,13 0,13 0.013 0,009
Residuals of Checking
Points (Max) P.L 0.51 0,27 0.27 0.29 0.23 0.027
H 0,92 0,59 0.73 0,50 0,50 0.099
Fioeoh  Case study of laraos.medium and small block adivstment
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42 Acouracy of detaill survey (mapped points) wsing hotal
shation

Unit in (m)

Electric Walls Manholes Traffic Road House All

Poles Sign Corner Points

No.points 12 13 27 7 35 2 96

o X 0.038 0,036 0,031 0,032 0.038 0,028 0,034

oy 0,098 0,077 0,088 0,088 0.092 0.107 0.087

o Xy 0,105 0,085 0.094 0.093 0.100 0,110 0,094

oz 0,064 0.118 0.073 0,060 0.078 0.125 0.079

Fig.7 Standard deviation of classified mapped points

Accoarding to F.Methods of accuracy-varification we oan
ceri ve me characteristics out of Fig.d and Fia.?

et ivel v.

(13 For larae block case B4 is a standard application of
Japanese surveving requlations.Residuals of checking points
nlay some apparent errors included in some parts of

: Jhud RME values appear to be much acowate than usual.
Came Be shows that incrsasing bthe nusher of heiablh controls
compensate or imperove the acouracy even in the case of
decreasing the number of planimetric contraol
Conseguently we are satisfisd with the number of controls of
larae block (X1000 models) for larae scale mapping (175000,
that we can oget the acouracy of 2%5om (RMS)
e oof laros scale photos.

sle us ho osht the
aoe WElng

on

(M Dase o ¢

At & present staogs in the o

CE) Cveral l acocuracy of mapped points en
acouracy of 1 . than 10 om at compilation ¢
analvitiocal olother.

(ke have not velt succeeded to confirm the uwltimaaate
photogrammetric accuracy.because we are shtill ashort of

o control acowacy of Loom.

I E v owith checking surveving using total
svatem, we have realized the sfficiency of total
soame exbant.

i

station svatesem for detall survey to
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Heveritication

Bl .Targets of very laroe scale mapping
fhyr present tarogets are the Following items.
1Y To satisty &1 olass accocuwracy standard in Japaness
ter swrvevinog reoul ations.
- Mo apply this method for cadaster oround conterols in a
dense wrbhan area.
EY To produce basiciasrial photogrammetricimaps for civil
argd rnsering desian.
From these points of view,our results are very close to the
satisfactory lasvel .

HeZoTasks of wvervy larags scale mapping
We nesd further improvements on matters mentionsd below.
To acouwire & stable platform.like & airship ceamera station.
Fiag.8® shows a plan of airship-borne Camera.

zqa ] :
P VA ITERY..
_Mcx_// . /) /Sfff?i
P .
/ . ) > = ] ”

~
T s . CABE_ pveT ..

P00
b
3

1

Fig. 8 firship-borne camera

To get more precise oround controls,. such as silther fres
retwort ground controls or sinultaneous adiustoment controls
of aerial and terrestrial surveving daba
To get economical spatial oround controls
chnigus wsing total station survey

...... ides.

and resection

QO: Terget points
1 gAy Point of obserbalion

2 ° \/: Controle points
Fim.9 Spatial controles ancd resectl o

402



To inmovate the whole procedure,using lap-top personal-
computer plane survevino syesbtem with CAD displayv.

e Frovisional technical specifications
Hers we proposs a provisional technical specification as
Figalo,

Planning and preparation

Free Network ground surveying

FMC/Stationary aerial photography
(High resolution film)

High precision aerial triangulation

(Online triangulation)

Digital Compilation

Total station surveying

Map Editing with CAD system

Lap top PC plane surveying

Map sheet production/GIS data manupilation

FieL. 10, Frovisional Working Flowohart
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e Donolusions

As Far as anourasy s concerned.ws have aloost succeeded to

aet satisfactory resulits using 1/ 3 photo aseial

triarnagul ation.

Bome provisional approsches.like hioh resclution films,

total station survevinag. are bhecoming more popular to

rhotoarammetrists as well .

Data requirements from geooraphical information svetem will

accaelerate cadaster swvey in dense whan area.

fhar photoogrammetric efforts will contribute to control kev
d a breakthrough for very large scale mapping

Faforenceans

W B.Geological Survey Mational Mapping Division
1984 "aroge-Scale Mapping Guidelines" USGE Upsn File Report

o (Y

elGeographical Suwrvey Institoube 19710"Study of laroe scale
photogrammetry in construction projsct”,25th techniocal
reasearch presentation report of ministry of comnstrouction
ZoRlachut tod.oet a1.197%, "Urban Surveving and
Speeinoer—-Yerlaa, New York, Heidelberog, Berlin.

404



	S42BW-110051409340

