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THE CADASTRAL SYSTEM
IN THE PHILIPPIKES

T AND registration in the Philippines is based
L on the Torrens System which originated
in Australia and presently has been used in
the State of Massachusetts, U.S.A. The title
to the land rather than the evidence of owner
ship is registered in a registry of property. The
underlying principle of the Torrens System is
the indefeasibility of titles. Once a certificate
of ti tIe is issued by offices of registry on order
of our courts after due hearing, the technical
descriptions of the land for which the title was
issued become fixed and inal terable. This
principle is necessary for the permanency of
land ownership, The title issued contains
among others: (1) the directions and lengths
of boundary lines, (2) the adjoining lots or
owners, (3) the direction and distance of
corner one of each lot to a location or conser
vation monument, and (4) the area of the
land. With these descriptions, the identity of
the property-i ts location and orien tation on
the ground, its size and shape, and its relation
to other lots or property-becomes defini teo

The Philippines, though consisting of
several thousands of islands, is subdivided
into provinces. Each province in turn is sub
divided into municipalities. All the unregis
tered land in a municipality may be the sub
ject of mass registration. \,"hen in the opinion

of the President of the Philippines the public
interests require that the titles to the lands in
that municipality be settled and adjudicated,
he orders our Director of Lands to execu te a
cadastral survey. Upon the completion of the
survey, the maps or plans of the cadastral
survey and the technical descriptions of all
lands su bject to registration are forwarded to
the Court for the settlement and adjudication
of titles.

THE PRESENT METHOD OF
CADASTRAL SURVEY

In the technical descriptions of a piece of
land contained in our titles, the directions of
boundary lines are given to the nearest min
ute of arc, the lengths to the nearest centi
meter, and the area of each lot to the nearest
square meter. These data are all derived by
computation from ground corner coordinates.
\Ve also require in the position of a lot corner
a precision of ±30 cm. in our agricultural
regions and ±10 cm. in our urban areas.
Towards these end results we execute our
cadastral surveys. Ours, therefore, is a purely
numerical cadastre.

Once an order of a cadastral survey is issued
by the President of the Philippines, the fol
10\\'ing are the steps we take:

1. Notification of the survey.-The cadas
tral survey is pu blished in our Official Ga-
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zette, notices are posted in the location of the
land, and individual notices are sent to
owners or clai man ts of landed properties in
the municipality, these notifications are im
portant so that each one having interests in
any property is afforded the chance to protest
his rights. Since the underlying principle of
the Torrens System is the permanency of land
ti ties, whatever descriptions of the land are
placed in the title should be the result of the
agreemen t of all concerned or the resul t of
\\'hat is just under the circumstances.

2. Control survey for the project.-Only a
small portion of the Philippines is covered by
either 2nd order or 3rd triangulation controls.
\Vhen there is a cadastral survey of a muni
cipality, therefore, we run a control traverse
survey for each project, connecting it, where
possible, to the nearest triangulation stations
or to stations of traverse con trol for previous
cadastral projects. The precision of control
traverses depends on the area of the project.

3. Lot Sketching and Identification.
Owners or claimants are required to indicate
on the ground their boundary corners and
together with the adjoining claimants to agree
on the com mon boundaries. Simul taneously,
agree men ts are sketched by our field men pro
ducing what we call lot sketches. Sketches are
made by means of a plane table and are tied to
control traYerses. This, then, is one of the
more tedious parts of the work. Besides show
ing the layout of all the lots, the lot sketches
serve as the guide for our final lot survey and
plotting.

4. Final lot sU'Yvey.-In that part of the
project where lot sketching has been com
pleted, we then execute the final lot survey.
Traverses are run from stations of traverses of
higher order covering all lot corners.

5. Computations and Jl!Iaps P'Yeparation.
After the fll1al lot survey, the tremendous
amount of work of computing the coordinates
of corners and subsequently the directions
and distances of boundary lines and areas of
lots is undertaken. At the same time the
lots are plotted on the final cadastral maps,
which are l' quadrangles at the scale of from
1/1,000 to 1/4,000. All these records are
subsequently prepared for submission to our
Courts.

Cadastral surveys as described above
started in the Phili ppi nes in 1909. To date
about 10..5 million hectares of the total 30
million hectares area of our country had been
surveyed. Based on the statistics of cadastral
survey projects already completed we Il<l\'e

averaged thus far 268,000 hectares per year.
There remains approximately 19.5 million
hectares; apparently if we were to continue at
the same rate, at least another century would
be required to finish the survey of our
country.

THE PHOTOGRA~D!ETRIC:\1ETHOD

I t is no mere coincidence that developmcn t
in areas of our country where titles have been
cleared has been faster. The issuance of land
titles accelerates the economic develop men t
of an area. Since cadastral survey is a prereq
uisite to title issuance, the rate at which we
execute cadastral surveys sets the pace of
economic developmen t. Our government,
therefore, has turned to photogrammetry-to
find out whethcl' with this method we can
attain (1) the desired acceleration of cadastral
survey, (2) a decrease in the cost of cadastral
survey, and (3) a better assurance of the
accuracy of the results, which is very impor
tant because of the requirement that tech
nical descriptions are permanent and inalter
able.

In 1958, we started to undertake the cadas
tral survey of the Province of Bulacan, as a
pilot photogrammetric project. The project
has an area of 149,000 hectares involving 15
municipalities and approxmiately 61,000 lots.
After our President issued the necessary order
for cadastral survey, negotiations were con
ducted for the acquisi tion of photogrammetric
instruments and equipment, resulting in our
now having two first-order stereoplotting
machines equipped with electronic coordinate
registering devices and card pu nching ma
chines, and two automatic aerial film cameras.
At the beginning of our project we also had at
our disposal an aerial plate camera. Recently
we acquired a rectifier-enlarger having a lens
of high resolving power. Together wi th an
electronic data processing machine, this
equipment forms the bulk of our photogram
metric installation.

The Project is a joint undertaking of the
Philippine Air Force, which takes charge of
the aerial photography, and the Bureau of
Lands, which takes charge of the photogram
metric work including the requisite ground
work. In greater detail, this division of work
is as follows:

Philippine :\ir FOI'ce: (a) flight-planning,
(b) the taking of aerial photography. and (c)
photographic processing. Bureau of Lands:
(a) assisting in Hight-planning, (b) preparing
notification of urvey and lot sketching, (c)



no PHOTOGRAMMETRIC ENGINEERfNG

monumenting and signalizing lot corners,
(d) establishing photo-control points, (e)
aerial triangulation, (f) stereoplotting and
stereocoordinating, (g) transforming coordi
nates and adj ustmen ts, and (h) final lot com
putations and maps preparations.

\Ye shall now discuss how we have adopted
photogrammetry to our local conditions:

1. A erial photography. The choice of the
scale of our photography has been guided by
practical considerations rathel- than by the
size of our corner monuments or by the pre
cision we require of the position of a lot cor
ner, although the latter has not been sacri
ficed. Vlie are using corner monuments with
a diameter of 15 cm. Preliminary estimates
were that a scale of 1/6,000 would be required
for their recognition. vVith our requirement
of ±30 cm. in the position of a corner and
considering 10M as the attainable overall
mean square error in the plane of the negative
for the whole photogrammetric procedure,
this scale is clearly acceptable from the stand
point of precision. But, is this the most eco
nomical scale?

Before we started photography in the proj
ect, we had test flights using different flying
heights over a test area where we had placed
different sizes of signals. The test flights
showed that the 15 cm. signals were still
visible at a photo scale of 1/12,500 and some
were even identifiable at 1/15,000 photo
scale. This perhaps is attribu ted to the very
high resolving power of the camera lens and
also to the good contrast between the white
signals and the surrounding area. Based on
the experience in the test fligh ts, we decided
that photography for the final survey flight,
taken by the plate camera with wide-angle
lens, should be 1/8,000, and that to be taken
by the film camera with a normal-angle lens
1/7,500. Both will have 60% forward overlap
and a 30% lateral overlap. These are the
scales of photography we took in the first area
of Bulacan. In the other areas, we subse
quently used the plate camera for photog
raphy at the scale of 1/12,500.

I t was also first decided that our flight
planning \\'as to be done on available 1/50,000
U. S. Army Map Service maps. \Ve found
that these maps were ou tdated and that some
planimetric features were not correctly repre
sented. Thus they \\"ere not suitable for the
flight plans for the final survey flight. Conse
quently photographic coverage at the smaller
scale of 1/15,400, \\"hich we called preliminary
photography. \\'as taken of each area. This

was assembled into semi-controlled mosaics
and then reproduced at a scale of 1/25,000.
On the resulting reproduced mosaic, the
flight plans for the final survey flight were
drawn.

2. Lot identification on photographic en
largements. The preliminary photography
served a second purpose. vVe di"ided each
photograph into quadrants, each quadrant
was enlarged to a scale of 1/4,000. These en
largements, mounted on a hard board, were
used for our lot sketchi ng. Boundary corners
agreed upon by the owners were simply lo
cated and pricked on the enlargemen ts. This
made lot sketching much more convenient
and increased the I'ate of work four times.
Even more heartening was the psychological
effect on the owners when they saw that the
details of the ground definitely corresponded
with those on the photographs. The lot
sketches attained more meaning than mere
points and connecting lines representing their
properties. These lot sketching enlargements
became the guide for stereoplotting, insuring
the coverage of all points visible in the stereo
plotting machine. It should be noted that be
fore the lot sketching, notification of claim
ants were made in the usual manner.

3. Signalization. One queston which we
were not able to resolve during the test
flights was that of signalization. Since one
frequent source of error is the mis-identifica
tion of points, signalization of corner monu
ments is important. But what should be the
minimum amount of signalization that will
give no mis-identification or at least mini
mize it? In order to answer this question, the
first area photographed was divided into two
sectors. I n one sector we signalized corner
monuments by whitewashing the top with
carbide waste so that they were simply white
spots 15 cm. in diameter. I n the other sector
we signalized monuments by whitewashing
the top and painting cross bars of 15 cm.
width and 70 cm. length radiating at a dis
tance of 80 cm. from the corner monument.
We signalized without the cross bars because
usually boundary corners in our agricultural
areas were also in tersections of rice field dikes
which, we reasoned, would make them easily
identifiable. However, in the actual stereo
plotting we found that there were many other
dike intersections that were not corners at all,
and white spots on them sometimes led to
mis-identification. In that area where we used
cross bars we were able to identify almost all
('or11('rs rasily. In the subsequent areas of
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the project, therefore, corner monuments
were signalized with cross bars.

4. Photo-control point survey. Each model
was provided with at least four control points,
either surveyed on the ground or by aerial
triangulation. 'vVe had to select photo-control
points following the photography. The Philip
pine Air Force has not had experience in the
exacting requirements of cadastral survey
Rights so that it was not possible to pre-select
points and employ pinpoint navigation.
Selection of control points in the common
overlap of models was made in the office from
the diaposi tives using mirror stereoscopes
with 8X magnification. The layout of the
photography allowed the formation of fLve
blocks for aerial triangulation to reduce
ground survey of points. For models not
included in the blocks, full ground-control
was provided.

Simultaneously with the other ground
preparation, field parties were extending our
triangulation work until there were stations
every 2.5 to 5 kms. Traverses run for the
survey of photo-control points were connected
to triangulation stations or to traverses of
higher order. Elevations of points were deter
mined either by running level lines or simul
taneously wi th the traverses.

5. Aerial Triangulation. Strips were all
provided with full ground-control in the first
and last models. In addition, the first and
last strips of each block were also provided
with ground-control at the outer edges. Since
our stereoplotting machines are first-order,
aerial triangulation was carried on continu
ously along a strip with the base-in base-out
method.

6. Stereocompilat-ion. Models with full
grou nd-con trol were immediately plotted
after the ground coordinates of the photo
control points were computed. Both relative
and absolu te orien tations were done \\·i th the
use of the numerical method. I n the process
of stereocoordinating, which is done twice for
each model, machine coordinates of points
were automatically punched on cards, and
in stereoplotting, poin ts were directly plotted
on map sheets. \\'1' had to maintain two
shifts with two persons per shift in each ma
chine--an operator and a cartographer assist
ing hi m on the plotting table.

7. Transform.ation and adjustm.ents. Trans
formation of machine coordinates into ground
coordinates was done either with the Helmert
or aninI' t!'ansformation. For the ac1justment

of three blocks of aerial triangulation, a new
method called the "Sequential Least Squares
Affine Adjustment" (or SELESAFF) was
developed by one of our photogrammetrists.
'vVe are now conducting research on another
method of adjustment for the other two
blocks which might be less cumbersome than
the first method. To all these new procedures,
also, we dovetail our adjustment of previ
ously approved surveys that are scattered
among lots undergoing survey, so that all
coordinates are transformed into one uniform
system, This phase we have termed "old
surveys adjustment." All these computations
are done by means of an electronic data
processing machine (EDPM).

8. Final lot computations and Map Prep
aration. After points had their transformed
ground-coordinates, there followed computa
tions of the directions and lengths of bound
ary lines, the areas of lots and the directions
and lengths of the line from a location or
conservation monument to corner one of
each lot followed. These computations are
programmed and done in our EDPM. At
the same time, the cadastral maps are final
ized, inked, and prepared for the signature
and approval of the Director of Lands. Rec
ords will then be ready for submittal to the
Courts for the land registration proceedings.

9. Personnel Requirements. Photogram
metry being a new method in our cadastral
survey, we had to take stock of the availabil
ity of the required technical personnel and
their training requirements in the different
work operations of the project. The Univer
sity of the Philippines since 1937 has been
offering the degree course in geodetic engi
neering including theoretical subjects in pho
togrammetry. From the pool of graduate
geodetic engineers we drew the technical
personnel for the project including our in
cumbent Director of Lands. He was sent in
1952 on an MSA grant to the U. S. and
Europe to make studies and observations in
photogrammetry, geodesy, and cartography.
Eight Colombo Plan scholars took up the
diploma course in photogrammetry at the
University College London from 1953 through
1955. At the beginning of the project, how
ever, two European photogrammetric firms
made available two of their photogram
metrists to help us during the initial work
stages as no one in our country had had a
considerable experience in such a large under
taking. \Ve retained one of them as a techni
('al ('onsll1t'<1nt; he together with our engineers
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trained abroad formed the working staff that
guided, and trained other personnel for, the
project. During the progress of the project,
we were recipients of fellowships and scholar
ships abroad, such as from the Netherlands,
Australia, the UN FAO, West Germany,
Switzerland, Italy, and France. Thus we have
taken advantage of the offers of the more
ad vanced coun tries of the world to assist the
developing areas. Their readiness to render
such assistance is a great source of encourage
ment.

ADVANTAGES OF THE PHOTOGRAMMETRIC

METHOD OVER THE CONVEN

TIONAL GROUND METHOD

In the beginning of this paper we gave a
tri pie purpose for our adoption of photogram
metry, namely, (1) accelerated rate of survey,
(2) lower costs, and (3) more confidence in the
accu racy of resu Its.

On the rate of doing the work, our overall
performance is not spectacular. There are
even observations that if the project had been
executed by the conventional ground-method
we would have accomplished more by now.
But because a pilot project we have been
beset and delayed by all sorts of problems
technical, administrative, and other practical
considerations. But it seems noteworthy to
state that if we are able to stick to our time
table, we hope to finish the project by this
year. This will be a record of completing 15
municipalities in four years, whereas for the
conventional ground-method we spend from
three to five years to complete a cadastral sur
vey of one municipality alone.

As to the unit cost, to date, our computa
tions for that part we have completed show
that we are getting a unit cost of $22.01 per
lot or approximately $9.00 per hectare. For
our surveys on the conventional method we
are, at present, averaging $35.00 pel' cadastral
lot or approximately $12.00 per hectare.
Photogrammetry has, therefore, proved to
be cheaper. When the procedures of the work
have been systematized further as a result
of our experiences in this project, there is
reason to believe that this unit cost will be
even lower.

The most encouraging part of the work is
the accuracy we have obtained. Of the models
we so far completed we are obtaining an
average mean square error of ± 23 cm. in the
position of a point. However, a number of big
discrepancies have been discovered hetween
positions of points obtained by the photo-

gram metric method and positIOns of the
same points from conventional ground sur
veys of several years ago. Studies we have
made attribute this to the precision of the
previous surveys. This is one of the technical
problems that considerably delays the proj·
ect.

One distinct advantage of photogram
metry is that one can prescribe checks at the
various stages of the work that will insure
the maintenance of the overall precision of
the work. Such checks are not very conven
ient with the conventional ground method.
Also the au tomation of several phases of the
work greatly minimizes chances of human
errors. All these cannot but lead to a greater
confidence in the accuracy of the result, and,
therefore, a flrmer foundation for our Tor
rens System of land registration.

Besides these advantages in cadastral sur
veys, photogrammetry offers more far-reach
ing benefits not obtainable with the conven
tional method. The photographs can also be
utilized in the compilation of topographic
maps vital to the socio-economic development
of the coun try. Furthermore, photographs
contain an unlimited wealth of information
that can be analyzed through photo-inter
pretation for various requirements of fores
try, soil conservation, geology, and others.

FAVOR ABLE EFFECTS OF ADOPTION OF

PHOTOGRAMMETRY ON SOCIO

ECONOMIC DEVELOPMENT

OF THE COUNTRY

The Philippines is basically an agricultural
country. Agriculture for many years to come
will be the base of our economic progress. The
survey of a property and the consequent
issuance of the title to it obtains for the owner
the security of his possessions. Delimitations
of land boundaries, therefore, become a neces
sary condi tion to a well ordered society.

In such an atmosphere of settled conditions
in our communities there arises a faster tempo
of economic activity. As more landowners
obtain their titles, lending institutions have
brisker business operations because more
properties will be available as collaterals for
loans that may be needed in agricul tural,
commercial, or industrial undertakings. Idle
capital is therefore released for productive
en terprises.

A speedy survey of the country also be
comes in effect a faster assessment of the land
resources of the country resulting in (1) a
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more accurate assessment of the sources of
revenues for the government; this when chan
neled to the different development programs
of the country leads to more improved facil
ities and conditions of living for all citizens;
(2) the utilization of every available piece of
land to production which together with the
intense application of scientific methods in
agriculture will lead to a greater agricultural
production and thus, to national self-suffi
cIency.

PROPOSED LOI\G RANGE PROGRA:\{ OLe
PHOTOGRAMMETRIC SURVEY

As a result of our experience in the Bulacan
Pilot Photogrammetric CadastraL Project, our
Director of Lands has drawn up a long range
plan for a nationwide survey of the Philip
pines. He proposes a IS-year period within

which to finish the remaining two-thirds of
the country's area. Under this plan we hope
to achieve a unit cost of less than $6.00 per
hectare. To implement this program, we are
recommending to our Congress the passage
of a bill appropriating $25 million for this
purpose. \Ye are also looking forward to pos
sible aid from the UN Special Fund which we
are negotiating through the local UNTAB
represen tati ve.

Thus we have shown how we are utilizing
science and technology in our cadastral sur
veys. And in proposing to do it in a nation
wide scale we are striking at the heart of our
coun try's socio-economic program of alleviat
ing the living conditions of the masses of our
people and seCLu-ing continued prosperity for
them, their children and their children's
children.

Development of Programs
for Strip and Block Adjustment
at the National Research Council of Canada*

G. H. SCHUT, PhotogrammetricResearch,

Div. of Applied Physics,

National Research Council, Ottawa, Can.

ABSTRACT: A description is given of recently developed programs for strip and
block adjustment. The strip adjustment consists in three-dimensional trans
formation of strip coordinates by means of various polynomials. Conformal
transformations are used systematically. Block adjustment consists in trans
formation of the coordinates of the individual strips by means of polynomials.
It is performed separately for horizontal coordinates and for heights. Use is
made of a direct solution of the complete system of normal equations for o.ll
strips. Results obtained with a block of RC9 super-wide angle photography are
shown.

AT THE National Research Council, the use
1"1.. of analytical methods in photogram
metry has been a subject of research since
19S3.

First, a method of analytical aerial tri
angulation was developed and programmed
for electronic compu tation. In addition, a
three-dimensional strip transformation was
programmed for the conversion of strip co
ordinates to a geodetic coordinate system.

This transformation did not incl ude correc
tions for strip deformation. Subsequently,
methods were developed for the adjustment
of the horizontal coordinates of single strips
and of blocks of overlapping strips. Here,
stri p deformation was corrected by means of
conformal transformations. Reports about
these methods were pu blished in PHOTO
GRAMMETRIC ENGINEERING and in The Cana
dian Surveyor [1, 2, 3] in 1960 and 1961.

* Presented at 1953 Semi-Annual Meeting of the Society.


