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Fhoto-laboratorv,portable analvtical plotter and tolal
station suwvaving-personal compuber svsbtem are installed on
a microbus as a continuous operation svstem.

This svestem is named PADRAS (FADRAS-FASTD Automobile DRAwWL g
SGvetem)and applied.at first., in the field of archaesclogical
(oultural properties) photoogrammebry. This paper reporbs
functions, accuracy level and potentialities of PADRAT in
Industrial photoogrammebry.
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L.Preface

Standard aerial photogrammetry,as a tool of topoographic
mapping.has plaved an important role and oglven verious
preconcentl ons.

It seems Lo bhe a complete image that phobtoogrammebtrists are
eing metric camera.plotters,asrial briangulation only for
aerial photogrammetry.

Does any oremizes make enainesrs in other fields keep away
from phobogrammetry? We can point out figed foocal
lenagth,vertical photography and strip block formation as
sxamples for such premis
(n the other hand, archagsoloaists have paid attention to the
me-its of photoographv.because of good positioning to the
ohiect and recordable characteristics.They have beesn
pionesrs in the fisld of cultuwal properbies photoogrammetery
#@e well .,

FEECD has completed a consitent svstem to summerize the
whole regquirement “"on the spot-photogerammetry” in
archasclongical research.This svetem is called PADRASFABCO
Archasological DRAwiIng Svystemd .

By the wav.FReal time photoogrammetry or YVideo-grammebtry have
basrn s0 much hiagbhliohted as hiaoh-tech fisld of
photogrammetry that we are pursuing on-lineg or real-time
aspect of photogrammetry from different approach based on
o @dperiences of PADRASIPASCO Archaesological DRAwWing
Svstem) .

We now introduce an expanded general concept of automobile
tvpe of photogrammetry as FPASCD Avtomobile DRAWINN

Svatem (FADRASY .

Z2.8vetem Conetroction
Pl Frebistory of PADRAS

FABCO has made a lot of practices in most of the compornsnts
in photogrammetry.

Zel=1 . Non-metric camsra

' Cultwral properties photogrammetry, not specitied
cameraman takes different size of photos o like
archaeclogical site., ruin and relic.

They simply reguire to use their photos for 2D measuwremant.
there are quite number of researchs from this point of view
(1.
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Pl Fhioto Films

Archasological obidects include so many
varieties,l.e.interior exhibite, outdoor sxcavated remains
and artistic handicraftts and works that cameraman showld
melect adeguate tvpe of films,.like hiogh-sensitibitvy.hiah—
resclution and infrared/positive colowrs.

SGometines developing edposed films is done on the spot wsing
soms modern types of film (Kodak Techpan stoc.)for drawinogs.

2=1-EZ.(rientation methods

Corresponding to non-metric camsras, LT Direct Linear
Transgformation) orientation method i successfully
introduced in some cases o other, since this method does
ot nesd any fiducial marks and focal lenagth valus.

E=1~-d,.Gnalvtical plotters
fralvitical plotter i & photoogrammetric 2D measuwring
instrument { digitizer) to provide photoogrammetric 3D model
in o an analvbtical way. As a 2D measwring tool.analvitical
plotter has an applicable ranoge for medium or laroe
structwes. High precisiorn (multi axis) 3D measuring
instrument 15 applised for small size structure (2m) and
multi theodolite measuring system i still suffering from
disadvantage of time consuming. Compareing with analogue
plotter, portable analyitical plotter has an advantage that
person who measuwrs photogrammetric obischs can simnly follow
the shape stereoscopically by measuring marks without any
gpecific training in photogrammetric orisntation.Nearly 10
types of portable analvtical plotters have been developsd in
sOMe countries.

B-l-BLPlatforms
M the field of cultural properties photoorammetry, several
tvpes of platforms which cover full range of photoscales and
photoangles have been developed and wused in practice. Mainly
for low altitude photogrammetry, aivrcoratt with FMOD camera,
Melicaopter, RO aircraft, air baloon and TV camera bhooms are
handled on an ad hoo basis.
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2edLDirections of ouw development.
-2l . Topographic mappino

In our ordinary photogrammetric works we bhave bheen pursuing
to hiagher precision mapping, #specially in large scale
mapping projects ().

Apart from accuracy aspect.topooraphical mapping needs Lo
et aerial btrianaulations.compilation wusinog analvitical
plotter and personal computer based CAD system on the spob.
especially in overssas proiects.

Therefore we planed to introduce aerial trianogulation
proagrams and obher components on a personal computer basis.
This direction cowid bhe characterized as topooraphic mapping
of a movable mode with consistent procedures,.which differs
from a stationary mode with indoor and seperated procedures.

AR Industrial phobtogrammebry

We are proceeding to next stage in close rangeg
photogrammebry .

frig we have already mentioned.ws have sxamined movable mode
af photogrammetric procedures in the fisld of cultwal
properties photogrammetry and succoeeded to realize most of
it to a areat extent. '

In a similar way we applied ouwr movable mode of
photoogeammetry in other ftields of close-ranogs
photogrammetry,

we have found it feasible that ouwr movable mode can be
applicable at the real construction spobt with full range
from reference surveving, photoography and processing to 20
photogrammetric measurement and data processing like
computing strike and dip of aeclogical laver (stratum)and
el oume .

a-ZLPADRAS~ total svestem of automobile analvitical
photogrammatiry .

Farallel with actuaslizing the above mentioned
requirenents, FABCO has established a total svstem for aesrial
and close-ranoge photogrammetry on the spot.

This svstem i quite competitive to the obthsr seasuwring
means on a on-line hasis.

This svetem is ambodied by a "Mobhiles photo laboratory and
measwring-plotting room” which consists of 7 powerful
outfits in & microbus,after traditional Japansoss
favorite,l.e.platforms,cameras.,terrestrial surveving
instruments, photo laboratorv.portable analvhical
plotter..personal computer, XY-plotter for photoogrammetric
MAPEING.
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Fiag.l shows the whole svstem carried on a microbus.

[ PHOTOGRAMMETRY [apPLICATION -]

| PHOTO PROCESSING ©

PASCO BALLOON CRC-1(9") PHOTO LABORATRY AERIAL
‘ TRIANGURATION @EIE"
(NAXIA/PC)
(PASCO BUNDLE)
CIVIL ENGINERING
. DESIGN
RC-AIRCRAFT {BRONICA  SQAM) ROUND D/ PORTABLE
(HASSELBLAD ANALYTICAL
W ) TOTAL STATION SLOTTER
MK70) SURVEYING SYSTEM (MACO 35/70)
{ PADRAS-T3D)

Fig.1l PADRAS CAR Svstem«~"FPatent applied for”.

At First this svstem has been completed as PADRAS(FASCO
Archaelogical DRAwing Syetem) for mediovm accuracy level.
Then after improving orientation method.metric specification
for camera and servo-encoder svestems in analvtical
plotter,thise svstem has evolved into FASCO Automobile
DRAwing Bvstem (PADRAS) as higher precision and oeneral
mgaswringsvstem in industriasl photogrammetry.
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Z.8vstem components

Pofuest of hioher precision measwement .
Ty mowvabhle mode of photoorammetry is established on oa basis
of portable analvtical plother $MACG ZE/700ZENIA BRONICA
MO 35570 in Japarn? .
It has a lot of advantages of analvtical plotter as it is,
comparing with the other large size-stationary analvbioal
prothers,

Bedl=1 . Comparator Stage Unit

l.eft and riaoht stages are constructed svmmetrically so as bo
maintain baiance and to make bthe svstem compact.

Material used for the moving parts {(leadsorasws) is SUS 440
which is processed (for hardrness and anti-rust) so it will
ltast long.

F=l-Z L Encorder Unit

Fotary encoders are fived to fouwr ades (left X, left ¥,
right X and right Y2 and the positioning resolution of the
mymbem is O.15&25 o m.

Fel-B ptical Bvetems

For optical wunit, comfortable viewing, size of floating
mark , and magnification are importeant for preclss

ME RS BmEN T .

Here, in order to start with the "positive orientation’ we
have made the size of floating mark vopam and the
magrnification ranage aoing from 88X to 40¢ with 10X evepisces.
With this, we were able to minimize the effsct of the
vigwing errors and were able to decide acowrste orientation
factors.,

Keed=d Gl ase-plate Calibration

e vsed a reseau Dlate which has 25 reseasu marks
: 2 Fmim plane glass. those 25 reseau marks are marked
vaouum evaporated ohrome.

The diztances bhetween reseau marks are 12.5mm and those 25
reseal marks are positioned 5 marks in a row and in B rows.,
Feseauy marks were measuwred by using edos detection method
ina the LAaMPAS MICRD which is & me ued i souiloment for
the line widbh of IC {dintegrated circuit?) and its acouwracy

im less than 9.5 um.
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mel=-S o Emlid Calibration Proorams

Foe ] =S Meagurement
Measured 25 reseau marks on 53mm o2 53mm oo 3mm plane alass by
setbing it on MACD 28770, We have measured 3 btimes per sach
resealt marks and have taken the averaoge of 2 measuremenits as
measured value.
However , when measuwring same marks 3 times and i the
differences of I measuwrements were more tharn 1.3apm, we have
taken it as viewing error exists considerably and have
remesasured them again.
In this case, instead of one more additional measwrement, we

have alwaves measursd 2 times.

S

p-E-2.Glass Flate

e used aglass plate which we have mentionsd in
Flate Calibration above.

e
»

Ey Glass

Eed B Computation
Fagsed on measured values of reseau marks by MASCOIZE/70 and
the measuwred valuwes of the reseau marks by LAMPAE MICRD, ws
ohtained 8 cosefficients of guagi-affine transformation by
the lsast sguarse and have computed the standard deviations
of residuals of each marks and have made this standard
deviation as the stage acouracy.

Fel B4 Results of the Computation
As we have measwred X svsbems, we have obtained following &
results of computation shown in btab.l.

1 1R #h 2F A AR
X Q.65 ym 1.177 0. 885 1.11é 0.867 1.115
Y o, 858 1.266 LL170 1. 084 0,951 1.RLE

Tab.l Grid calibration results

.

E-2uFree selection of orientation mode

The central part of FADRAS svstem i§ a photoorammetric 3D
meazmuwring digitizeriportable analvtical plotter) to show ihts
ability on the spot in movable mode.

D measwring methods,in other words photoorammebrio
orientation methods, in other large size-stationary
analvtical plotters are restricted within either 3
ateps (inner relative and abs -

olute ocrientationslor o
sheps{inner and sxterior orientabtions!.

B far orientation parameters and deivinog parameters of
analvtical plotter measwring devices are concealed in a real
time closed loop.which realizes central projesction concept.
Recentlyv,manufacturers tend to make users select arbitrary
orientation method(®) , (4) .,
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On owr portable amalvtical
arientation methods are being developed

MODEL
ORIENTATION

model
, orientation pt.
orientation coor.

DLT method
model

orientation para.
(11x2/model)

orientation

model
orientation pt.

U

orientation coor.

2 step method:
exterior
orientation

orientation para.

(6x2/model)

model
orientation pt.

]

erientation coor.

(lcontrol cucr.l)

[ Eontrolcoor.l)

®

‘ IcanCrol coor.l’

®

plotter MACO 25/70,some obher
as shown fiag. 2.
!
AERIAL
MEASUREMENT I TRIANGULATION
Ai', H
comparator |
coor. H
measurement I
1]
comparator
coor.
comparator
cali.
correction
: model

U

calibratedpara.

corrected
CONPa.coor.

DLT method
aerial
trianaulation

orientation pt.
orientation coor.
all photos

2(3)step
method
inner
orientation

{ lCOntrol coar1 )

orientation para.
all photos
{11/photo)

{

inne
orient.para.

‘ohoto coor.
pricipal pt. oriql

Bundle
adjustment
aerial
trianaqulation

3 step method
relative
orientation

model
orientation pt.
orientation coor.
all photos

orientation para.
all photos
{&6/photo)

((:ontrol :oorJ )

relative

]

orient.para.

model
orientation pt.
orientation coor.

T step method Independant all models
ab:olut? model aerial tentati
orientation para. orientation trianqulation origntation para.
{7/model ) oAyt ®
{7/model )
‘orientation
para. ;—®
setting corrected
MODEL comparator coor.
{ REORIENTATION
.
MEASUREMENT DLT method : :
PLOTTING orientation para.
madel (11x2)
orientation
- MEASUREMENT.
’iﬁ? ' PLOTTING
( photo coor. '\
LEGEND principal pt. oriain
[ weasurement
2 step method orientation para. orientation
(::::::::) OUTPUT exteriar (6x2) para.
orientation settina
@ CONTROL PT. -
COOR. ﬁ—f
bxd ORIENTATION
COCR. ( )
d .
— Procedures on model coor
MACO 35/70
3 step method : .
sbaolute ____<?;;entat\on para.
orientation
- - - .
Fig.2 Orientation process
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Ee-RL 0 the spot aerlal triangulation

For metric cameras,like Bromnicse S06M or Hasselblad ME7O MW,

MACO 25700 s equipped with personal compubter based bhundle
adiustment proogram{NAXIA|C) for aerial triarmgulation.
Lp to now,photoogrammetric block with several handreds of

photos has been adiusted by laroe computers in the office.
e compared with other programs. this NAXIA/FC proogaram
adopts sparse matrix aloorism to matbtrix calculation of
normal equations.

This program has proved the efficiency of computing time
syven on o a lébit personal computer (8) .,

Figes shows the flow-chart of MAXIA/FD program.

NAXIAPC® ANALYTICAL
AEROTRIANGULATION

INPUT OPERATIONS

1. INTERACTIVE INPUT/EDID
2. BATCH INPUT

3. INTERACTIVE/BATCH INPUT
4. BACK-UP FILE GENERATION
S. EDIT ENTERED DATA

1
3
DATA BASE
NETWORK STRUCTURE FILE SYSTEM
T 1
3 Y
IMAGE COCORDINATE STRIP RELATIVE
TRANSFORMATION ORIENTATION BY THE
ArL REFINEMENT THREE PHROTO METHOO
3 2
BUNDLE BLOCK plinibossianendi
ADJUSTMENT
POLYNOMIAL STRIP/BLOCK
ADJUSTMENT

Flowchart disgras indicating the besic compones
and their murnu:mm? for MA:C (c)e e

Fig.® Flow-chart of NAXIA/APC proogram
Ze-d Consistency of compilina.editing and plotting
Fe-de-1 L Belection of persornal computer CAaD

On & portable analvtical plotter,mapped(dicitized) daty
should be displaved on sither a computer graphic display or
a X¥-plotter as a monitoring shape.

We call this step of mapping as a compiling stage in the
whole process of digital mappino.Digital Terrain Measw ing
ard Divil snginesring desian.

For this purpose we investigated & popular and established
personal computer CAD svstem in 05 market.

We have selected AutolAl as favorable for the time beingid).
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el Data compatibility

Llsimg AutoCan we are constructing compatibility with
DXF £ile of SutoldAD svstem to other main photoorammetrico
plotters and 50 svetems.

Aleo AutolaAl svestem hes its own wide ranae of apnlications
iromome ] fields like civil esnaoinssring and
,.r‘r‘h'; i“(.t'cr'! e,

4. FResul te
A-1 . Provisional automobile method specification

Fig.4 shows ow provisional working flow-chart of FPADRAS.
Fecently we have added asrial triangulation
ﬁwmQWﬂmwaﬁlﬁfPE) toy bthe central part of MACD E5/70
analvhtical olotter.

Arrival on the spot
T

t

U \

f [ . .
f Signalization ;Tbtalstatlon surveving

: ) )
i Photography ' Coordinate computation |

S A | DESK-LAP TOP PC

© | Photo processing [DPE jLLiJLlﬁﬁ ; :

. I J O :
' | Model orientation,Aerial triangulationCompilation ;
E ! . T
; | Portable analytical plotter :
: | o | 5
; ; Graphical editing : CAD iDigital data acquisition

; L } ‘
: i ! :
: | i ' r ;
: Plottingé XY Plotter ;Data processing ‘
S : :

. LN A BUS

éLeave from the spot

Fia.4 Automobile method Flow-chart
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d-Z.PracticalitviFrocessing speed) of PC- asrial
triangulation program

Fig.9 shows processing time{forming and solvinag reduced
normal equetiont on oowe FOOIEM POAATY using NAXTASPD
LECIr am.

Strips Photos Images Unknowns Time Average
3 26 512 738 2"38° 6”/ph
4 45 913 1272 13739°¢ 18”
5 67 1375 1 872 35m32°¢ 31”7
5 146 3 190 4 338 157" 48”
10 213 4 565 6 144 5718" 89”

Fig.3d Processing time on I1BM POC/AT

4-G.Results of orientating.compilinag.editing and pleotting
mocel s

Fia.éd shows 2 representative evamples of oriented models
et - A

using MACO ZE/70 orientation programs (DLT.imner/esteriord .

Photographic condition

camera HASSELBLAD MK70 distance | 1.3.1.80
film KODAK PANATOMIC-X shutter speed I 1/2 |F l 16
focal distance 64,19mm control frame |0.5mx0.5mx0.5m

Orientation accuracy

unit in (m)

Orientation method DLT 2 step
Control residual X o} 0.35mm o 0.27mm
MAX 0,73mm MAX ~0,58mm
Control residual Y o 0.3 1mm o 0.38mm
MAX 0.7 1mm MAX 1.07mm
Control residual Z o 0,33mm o 2,26mm
MAX =0,96mm MAX -7.61mm
Analitycal plotter MACO 35/70 MACO 35/70
3D control frame was measured by 0.5"theodolite,
Each point has an accuracy of 0.lmm,

Fig.bh-~1 Orientation results 33D control frame; Tinker—-tov
model )
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Photographic condition

camera Bronica SQAM distance I 400m
film KODAK PLUS-X shetter speed | 1/500 [f | 5.6
focal dist., 41,52mm photo scale | 1/10,000

Orientation accuracy
unit in {(m)

Orientation method 2 step (25fiducials) 3 step
Cntrols redidual X 6 0,145 HAX-0,276 )G' 0,3] MAX - 0.k
y 0,122 -0.185 -0.33
z 0.623  0.859 .56 ~1.8%
Check point X o 0.168 MAX-0.395 6 on2 MAX -0.14
discrepancy y 0.225 0,380 040 672
z 0.445 0.890 IR 1.5
Analytical plotter MACO 35/70
Controls were measured on 1/2000 aerial photo,
triangulated by PAT-M, wusing DSR-11,

Fig.éd-2 Orientation results (Aerial photogrammetry)

Fiog.7 shows oriented photos,compiled,edited and plotted
model . (Nippon-marug Japanese memorial sailing boat)

Fig.7-1 (risnted and plotted model (Nippon-maru)
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T PLANINETRIC

Loaded menu: CNACADNACAD ik
Comaand :

-~k

Fig.?-2 Compiled and sdited model (Mippon-maru)
Su¥Merification

We are going to verity the whole developing proce
SOME [l of view acooroding o ouwr Fundamesnt
that oy what extent have we hed bo o

establishing movable modes (automobile method) .

H-l.targets of ow technical specification

Judaging from oour provisional specification. we make it oa
first task fto train phobtogrammetriszts or re s cher in ob
fimlds to manage ow total svsbem.

HedaFractical asrial triangulation on the spot

We nesd soms support from GRS swrveyving I some over
HEITEA .,

We are still swuffering from rather long processing bime in
industrialized countriss whers we can ubilize obher

computer baged asrial btriangulation programs in bhe

i

EuMulti-puwrpose orientation programs

satisfied with ow present orientation proograms
for obther appl o phot oo amr s
We mneaed orientation prooram for miceor ohotoogrammatery ,Dase-
Vines orientation and ship-borne analvtical plotber
measuwring marine animale eto.

S-d Civil engineering desiagn on the spob

For process control in civil enoginsering works, ows syvstem
has paths to civil srnginescring desion in some wavs or obher,
based on coordinate gsometry and popular personal compuber
CAHD svetem.
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& Lonoclusions

We have succeeded to some extent to actualize avtomobile
method in pchotogrammetry by introducing portable analvbical
plotter.

&1L Mew combinations of avtomobile measuring svystem

Conseguently.for topoaraphic mapping of wide areas.ws propos:s
to introduce GPS surveving syvstem plus total station
survaeving syvstem added to ouwr present PADRAS.

For industrial photoorammetry,we may introduce economical 2D
digitirer instead of portable analvtical plotter to a
certain level of application.

G2 NMideo-grammetry ve phoboorammetry

Video-grammatry.in other words real time photogrammetey 18
ar uwltimate mode of actomobile method in photoogrammebry andd
will produce(create) a Yideo analvtical plotter in the near
fubture as Lthe gap in resolution between phobto particle and
viden pivel would be reclaimed.

Feor the time being ow FADRAS will plav a roll as &
tramgitional stvle of real time photoogrammetry.
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