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Surveyors in PNG are challenged W|th the country’s dlfflcult terrain wh|ch

g forces them to look for innovative ideas and latest technologies that could

§ reduce risks, field exposure time while upholding the set accuracy specified for
. such surveys.

The conventional survey methods used in the country requires surveyors to be
physically on the field/ground for data collections.

 These surveying techniques and equipment that requires surveyors to be
physically-on-field for data acquisition exposes surveyors to hazardous areas
like difficult terrain, dense vegetation, inaccessible areas and sometimes leads |
' to disagreements and ‘violent landowner actions’ due to misunderstanding. i
=

Thus, the safety of the surveyor is at risk most times.
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: Although the use of total station and GPS/GNSS receivers are widely accepted

in PNG for cadastral surveys, they are sometimes unfavorable in some
f conditions. When surveying crowded urban areas, total station would require a
point-to-point visibility and GNSS receivers would require enough satellite

. reception which is not that easy to meet resulting in time loss, increased cost
i and intense labor .
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One of those emergmg survey technology

. that a handful of surveyors are using in PNG
¢ is the Unmanned Aerial Vehicle (UAV),

- commonly known as Drone.

An increasing number of surveyors in PNG
' are using the UAV for many survey

applications and even a lot of GIS specialists

“are using it for mapping application. UAVs in

- PNG are mostly in mine surveying for
quantity/volume calculations and for
topo/As-built Surveys.
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Introduction/Background * When it comes to cadastral
surveying, the well-known and '

- PNG’s legally recognized surveys
tools remains Total Station and
GNSS receivers despite the
advancement in survey
technologies.

e Total Stations are mostly preferred
because it performs real time
measurement on the plain surface
or terrain and achieve mm level |

accuracies (3mm + 2ppm). r
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|ntr°dUCt|°n/BaCkgr°und » Researchers have confirmed that

UAVs have been able to deliver and
have met the cadastral surveying and
mapping requirements of many
countries in terms of its accuracy,
efficiency and the vast surveying and
mapping data outputs from one UAV
flight when surveying.

Can UAV satisfy/meet the -
cadastral survey requirements 5
the country (PNG) sets as

Md for such surveys?
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Th|s study was speC|f|caIIy carried out W|th |ts objectlves set to assess |
- the accuracy and efficiency of UAV against total station (TS) and
¢ GPS/GNSS to find out if UAV can meet the cadastral survey

specifications set as standards for such surveys in PNG grounds.
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A. This area was selected for
identification (ID) survey to
check for encroachment.
(UoT campus boundary and
road Easement)

B. This area was selected for ID
and topo survey of dense
urban areas that could
impose some sort of
challenge.

c. This area was selected for a
boundary survey for
customary land registration.

All sites were surveyed with TS, GNSS
and UAV respectively.



Methodologies !

All practices in data collection were done in accordance with the
country’s survey Direction (SD 1990) and this includes the standard
practices from datum adoption and positional accuracy, to
equipment setup, to field observation methods etc. All the
accuracies and precisions required for such surveys were all given

o

sufficient attention.
N N

i




Methodologies !
Phase 1 — Survey with Total Station (Sokkia Set 550)

a. ID Survey for Encroachment

- five control stations were placed
along the road

- three old cement pegs (OCPs)
were found through
Identification

- detail topography was done for
the 1.4km road length



Populated Area.
- Traversed 2.2km from two PSMs
- 5 GCPs founo




Methodologies
Phase 1 — Surveuvith Total Statiogj§pkl<:a Set‘iﬂf'

c. Boundary Survey for Customary 5" #§: 4% B 0w
Land Registration & i
- elght (8) boundary cement S&&S
negs were placed around the ot
oroperty boundary and were | B4
coordinated adapting datum

from two PSMs l




Methodologies
Phase 2 — Survey with GNSS (Topcon HiPer SR) _

- Same PSMs used as datum for TS earlier were
used as Base station for Static GNSS
Observations.

- Few Control Stations along the road and
Cement pegs placed for the boundary Survey
were observed using Static GNSS Obs.

- OCPs found through ID with TS were
picked up using RTK GNSS




Methodologies ’
Phase 2 — Survey with GNSS (Topcon.HiPer SR) " &

- The Static GNSS coordinates were reduced to the
plane surface through normal calculation.

- The RTK GNSS Picked-up coordinates (the Point cloud)
were reduced to plane surface through
transformations in Magnet Office software

- The bearings between stations/vectors were
converted to Grid Bearing.

- Plane Coordinates recalculated for all stations with'

reference to the datum PSMs (baseline)
B




Methodologies ‘
Phase 3 — Survey with UAV (DJI Phantom 4 RTK)

- All images captured at an overlap of 80%
(recommended = 70% (Kateryna, 2016))

- Flight speed — Default =9m/s

- Flight height = 60 — 80m resulting in
- GSD =1.5-2.5cm/px

- GCP boards were placed on control stations and
Cement Pegs/OCPs

- Some stations were used as GCP in Post-processing;
others were used as Check Points for QA/QC.
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Phase 3 — Survey with UAV (DJI Phantom 4 RTK)

T~

GECPS"and Check Points




Methodologies

Throughout the period of survey using
each of the equipment for each of the
sites, the number of human resources,
the total field survey and office
processing time period were also
recorded and noted during the data
collection and processing period for

efficiency assessment purposes.
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- TS survey carried out with an overall linear' 1
Accuracy of 1:70 000 (Above recommended)

« - Static GNSS observations with a mean positional |
precision of 7mm and 9mm respectively for allqﬁ
processed vectors. \
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ional Equipment Analysis — TS vs GINSS .
Mean Diffsrence in ‘- Portrays how accurate and useful GNSS receivers can be
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a.a09

1y | 0.005m for cadastral surveys in PNG.
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7 R R
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| ey e v | : g
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| o Water Pump Block

UAV Measurement
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Captured at an Height of 80m and
60m respectively

UAV has the ability to measure
unobstructed objects down to a level of
about 6mm (0.006m) error compared to
the true value at a height of 60m and |
about 10 to 30mm (0.01-0.03m) error at a
height of 80m

The lower the flight height and the lower
the GSD, the higher the accuracy in
Object/Feature measurement and vice
versa for a survey grade UAVs.
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o for Encroackeners - Control Stariors

Results & Discussions
c — UAV Vector Measuring Accuracy _ e

Bl - [\ sweteh 5] 898« i e— ] ¢ 8
: S ZOOMED OUT ;::::
Draw « Modify « B - -

LPG

by TS - Plan*®

[iF T

i1

8 ZOOMED OUT

IR A A

CP0S




‘Results & Discussions
c — UAV Vector Measuring Accuracy

S Te—— EEETe——_———

- @ [+ [suech B] 85 - - “pmrErEa®: | - at an average (13 vectors/lines), UAV measured

S AL LR
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- T P — LS

by TS - Pian’ y - distances deviated from that of total station by
: ' : 21mm (0.021m) and 33 seconds (0°00’33”)

- at an average (13 vectors/lines), UAV measured
distances deviated from that of GNSS by 25mm
(0.025m) and 44 seconds (0°00’44”)

- The UAV measurement, when compared against
pre-surveyed lines with total station and GNSS,
can drop as low 2mm to 3mm with proper GCP
coordination and georeferencing when post
processing UAV aerial data.




Results & Discussions
c — UAV Vector Measuring Accuracy

————

- EZ=XE®: | - The average deviation of 21mm
i and 25mm in distance and
33seconds and 44seconds in
bearing is within the country’s
tolerance of 30mm (0.03m) linear
error and 1minute 30secods
(0°01’30”) in bearing set as
standard for Urban class one
surveys as specified in the Survey
Direction 1990.
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Results & Discussions
c — UAV Relative Position/Point Measuring Accuracy

- The check points were the ones assessed for
the overall positional accuracy. Ground control
points are what actually geo-references/geotags
the images captured with the default GPS
module of the UAV. GCPS adjusts, corrects and
transforms the point’s positions on the image to
improve the accuracy of the data captured.

- However, check points do not affect the images
but are captured for the purpose of validating
the accuracy of the survey data. Check points are
just like any point on the map and how it co-
relates to the pre-measured/true values actually
portrays the accuracy of the UAV.




Results & Discussions

c — UAV Relative Position/Point Measuring Accuracy
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Results & Discussions
c — UAV Relative Position/Point Measuring Accuracy

the position of a UAV point can
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UAY againzt TS

UAY agaiszt GN55

AE

AN

ARL

AE

oN

A RL

0018

0.031

0.178

0.015

CLOEY

0027

Boundmry Swvey for Lavd Title — Boundayry Cement Pegz az Check point

UAY againzt TS

UAY agaiszt GN5S

AFE

AN

AEL

AE

AN

ARL

0012

0L00T

NA

0.051

0.021

0233

0019

0.012

NA

0.024

0022

0231

0.027

0027

NA

0.063

0.045

0204

0.002

0.011

NA

0.126

0.003

0.210
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differ from that of a total station
observed position by an average
of 28mm (0.028m) in easting,
24mm (0.024m) in northings and
about 8.3cm in elevation.

UAV coordinates differs from that
of GNSS established points at an
average by 52mm (0.052m) in
eastings, 26mm (0.026m) in
northings and 0.189m in

elevation.
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1. Beundary Swvey for Encroachmerns - Cortrel Station as Cheek point
ChikPy] UAY agam=t TS UAY agamst GNSS

AE AN ARL AE AN ARL
C53 0018 00381 0.17& 0.013 0087 0.027

2. Boundmry Swvey for Lavd Title — Boundayry Cement Pegz az Check point

ChkPt UAY agam=t TS TUAY agams=t GNSS

AE AN ARL AE AN ARL
CP02 0012 0007 NA 0.031 0021 0233
CP03 0.0l 0012 NA 0.024 0022 0231
CP04 0.027 0.027 NA 0.063 (0.045 0204
CPl6 0002 0011 NA 0.126 0.003 0210

3. Tapo Swvey of Densely Populated avea — Old Cament Pesr” (OCF) ar Cheek Point

ChkPt UAY agam=t TS UAV agams=t GNSS

AE AN ARL AE AN ARL
OCPL | 005 0.032 0011 0.024 0003 NA
OCE2 | 0077 0010 0.089 0.084 0.008 NA
OCP3 | 0012 0011 0.037 0.072 0018 NA

From those results, it can be seen
that UAV positions deviated from
that of total station by less values
(better) than that of GNSS receiver
and this is because of the fact that
Total Station coordinates were used
to coordinate the GCPs and were
used in geotagging the UAV aerial
data when post-processing.



Results & Discussions
c — UAV Relative Position/Point Measuring Accuracy

1. Beundary Swvey for Encroachmerns - Cortrel Station as Cheek point
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3. Tapo Swvey of Densely Populated avea — Old Cament Pesr” (OCF) ar Cheek Point
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It can be observed that the
difference in UAV point
positioning against total

station & GNSS receiver can

drop as low as 2mm to 5mm
if appropriate measures are
taken in carrying out the UAV
survey.




Results & Discussions
c — UAV Relative Position/Point Measuring Accuracy
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Results & Discussions
d — UAV Efficiency Measurement

Time Assessment for Survey Equipment
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M Control/GCP Establsihment { Mean Hrs) M Detail Pickup (Mean Hrs) M Data Processing (Mean Hrs)

UAV

For TS, the field exposure time for control establishment and detail survey were way more than the office/processing time
while for GNSS receiver, the field exposure time was less than that of the total station. The detail pickup part of the data
collection using GNSS (RTK) reduces the time for total station by almost 50% while the processing time is almost the same.

For the UAYV, field exposure time for GCP establishment is almost the same as that of Total station and GNSS but when it
comes to the detail pickup part of the survey, UAV takes only about 3.5% (reducing 96.5%) field exposure time taken for
total station and about 6.5% (reducing 93.5%) field exposure time of GNSS RTK pickups. However, the processing time is
way higher, almost 440% or 4.4 times more compared to that of total station and GNSS receiver.




Results & Discussions

d — UAV Efficiency Measurement

Human Resource Head Count

Am

Control/GCP Establsihment ( Heads)

Detail Pickup (Heads)

“ TS mMGNSS mUAV

Data Processing (Heads)

For total station, GNSS and UAY, it
would require almost equal
amount of people for the
control/GCP establishment but for

detail pickup, total station is more
laborious compared to GNSS and
UAV which would require 2 or 1

| human resource respectively.

“For UAVs with RTK GNSS that does not require GCPs, the time and human resources
needed for GCP establishment as displayed would go down to zero making UAV way

efficient in data collection in a fraction of time compared to total station and GNSS receivers

and would require only one person to carry out a whole survey project..”




Conclusion and Recommendations

With proper HD cameras/sensors, enough lighting, at a reasonably lower height of 60m to

80m with GSD ranging from 1.6cm/px to 2.2cm/px, proper coordination of GCPs (taking into

consideration the appropriate reductions and transformations either from total stations or

GNSS receivers) can deliver accurate cadastral survey data to sub-centimeter or even to
millimeter level.

Thus, yes, UAV can meet the cadastral survey specifications outlined in the country’s survey
Direction 1990 in terms of its accuracy and it can be used for cadastral surveys in the
country.

UAV does not only meet the country’s cadastral survey requirements but is concluded to be
the most efficient equipment in the market reducing field exposure and data collection
time to a fraction of an hour and reduces field surveyors down to 1 to 2 surveyor and thus
reduces redundant costs and labor associated with total station and GNSS receiver which

are PNG’s conventional survey tools.



Conclusion and Recommendations

Survey Principles in UAV Survey

UAV survey without GCP, even with RTK
connected is till on the default datum
(WGS84) and needs the assistance to GCP
in post processing to transform to local

coordinates.

- GCP coordinates on WGS 84
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Conclusion and Recommendations

Survey Principles in UAV Survey

| - UAV survey without GCP, even with RTK
-~ connected is till on the default datum

(WGS84) and needs the assistance to GCP
in post processing to transform to local

coordinates.

- GCP coordinates on AGD66

- 202m difference
(WGS84 and AGD66)




Conclusion and Recommendations

Survey Principles in UAV Survey

- RTK base for the UAV
applies positional
correction to the UAV

Satellite

RTK Drone

*{

which acts as the rover
collecting data in the

form of images.

Remote controller GNSS/RTK base station
with ground modem on known position




Conclusion and Recommendations

Survey Principles in UAV Survey

- Total stations uses PSMs/known marks for station orientation,

GNSS uses base stations, or IGS for corrections, transformations or
as orientation. Likewise, UAV uses GCPs for its orientation and
transformation to local datum.

- The internal accuracy of the UAV depends on the components of
the UAV, the absolute accuracy (correlation to the true value /
existing cadasta) depends on the accuracy of the GCPs

coordinated.




Conclusion and Recommendations

Survey Principles in UAV Survey

- TS does direct point-to-point pickups for DTMs, GNSS also does direct
pickups as points for DTMs. Likewise UAV does point-to-point pickups but in
the form of pixels which makes up the image. Through post-processing, the
individual pixels are coordinated as points and are exported as point clouds.

The point cloud contains points captured in 1-2cm intervals which creates a

very detailed model compared to TS and RTK GNSS that picks’ points in
meter intervals.




UAV Survey Results

1. Property boundary
Survey for Encroachment

30m wide road,
- 1.5 km long

Survey by Unmanned Aerial
Vehicle (UAV)
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UAV (Urban Class 1)

2 Customary Land
| Boundary Survey

Weather — Clear Sky

Survey area, flight path and
battery life. (30 minutes)
Ground Sampling Distance —

s o A recommended for higher

i A7 e accuracy. (Vision Aerial, 2021)
* i Area of 7.29 ha. A Overlap — FOL 80% & SOL 80%
vt = ¥ B N i ST b-£ / 80% and 70% recommended

(Kateryna, 2016)
Internal Accuracy — Internal
component/modules — GPS
module, sensor size,
gimble/camera stability..
Absolute Accuracy — accuracy
related to its true position,
greatly dependent on GCPs
v" Ground Control Points (GCPs)
- The image takes the coordinate
system of the GCPs, and the
T I accuracy of the Equipment used
i W= for the Establishment of those

Milinch of LAE  Fourmil of MARKHAM GCPS.
5 || Cat. No. 32/
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Survey by Unmanned
Aenal Vehlcle (UAV)
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f-- 3 Topography Survey of
"i Dense Populated Area

| Overlay Cadasta with
UAV survey Data. Best for
% DCDB
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leltatlons of UAV Survey
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> UAV wnth the mounted camera cannot capture features
| under canopies, unless camera is replaced by LiDAR Sensor.
{ > Processing higher resolution images captured at lower
" height or images of a large area may freeze laptops with
. lower than i7 processor or lower than 8GB RAM and may
.| crash the Laptop.
» Cannot deploy UAV during dull and rainy days or strong i
windy days. Day lighting affects the image texture and Wind |
% can deviate the UAV from its planned path.
| » Cannot deploy the UAV with 5km of geo-restricted zones
line Airports, unless access in granted.
» Careless villagers can shoot down the UAV if its flown at a
lower height for the sake of higher accuracy which can be
| costly to purchase again.

>Sky ammals I|ke eagle can also be a threat
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Recommendation * Emerging technologies like Unmanned
Aerial Vehicle (UAV) that diminishes the
exposure of cadastral surveyors to
hazardous areas through distant data
acquisition, fast and efficient, produces
additional mapping data such as high-
resolution orthoimages, coordinated
point clouds, three-dimensional (3D)
models of structures, elevation models,
DSM/DTM etc. needs to be accepted and
legally recognized by the country and be
used for its surveys for the overall good of
the surveying Profession.
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