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Real-time Underground Facility Map Production Using Drones™
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ABSTRACT

Between 1998 and 2010, the computerization of underground facilities was completed
in 84 cities. Since 2011, new pipelines have been laid or existing pipelines have been
maintained, renovated, and renewed. To measure the exact location and depth of the
exposure pipe, a map of underground facilities was created before filling the ground. This
method is based on the time when the underground facilities of the National Geographic
Information Institute Regulation No. 134 of the National Geographic Information Office
revised in 2010 were drafted. The process of the drone taking the video is based on a
theoretical basis of ground control points. The method works by removing all ground
control points located outside of the error range and re—processing it for calculating the
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best result. Furthermore, using a drone—based spontaneous measuring method allows
workers to obtain a high accuracy underground facilities map in error bound. The

proposed method could be used as a new way to standardize the processing.

KEYWORDS : Unmaned Aerial Vehicle, Underground Facility Map, Dron Photographic

Survey, Digital Elevation Model
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- The input drones and
Plan > )
Camera selection
\
National reference points and
Public reference point Investigation
\
Ground reference point selection > Al mgrker
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> Image post—processing
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Construction DB Real~time coordinate
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Post—survey coordinate Road pavement
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Construction of underground
facilities map
FIGURE4. Drone using working flow chart
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TABLE 1. Overview of research objects site

Position Myeongji—dong, Gangseo—gu, Busan, Korea
Site 4,476,271m¢(1.35 million pyeong)
Peri f
eriod 0 2003.10.30~2017.12.31
business
. National highway line2, Metropolitan road
Location ) . )
" line31 and Myeongji Bridge, Kimhae
condition :
airport, Namhae Expressway
Not more than 5 m altitude and 95 %
Natural The cultural assets protephon area
environment around Nakdong ngr,
natural ecosystem conservation area,
natural environment conservation area
Drone shot
) Can fly drone to an area more than
obstructive ) :
9.3km from Kimhage airport
factor
No—fly zone The distance from the airfield to
y the work position 9.2km
Developer Busan City Gas
2. g &L

F9ofe]) thet EHAOIE Thgolt vl
Asg theRsale] i Al diet WA
S ggska W 81 3l diek 24z

2 99 FkPyen, 2015). FHFFE]
30M
_> <7
Total
11
100M 33
scene
scene
10M
_> <7
1C 2C 3C

FIGURE 6. Drone flight plan diagram
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2 71 Ao wt 13 63 Po] njdATEA,
vle-Ar FFeE A DI, 2016).
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TABLE 2. Drone photograph design data

Category Content Note
Put drone PHANTOM4 Made in china DJI
Camera model FC330
Camera focus distance 3.61mm
Image sizes based on camera sensors 1/2.3" = 0.43" 3% For full frame
. ‘ . width (W): 30M
Size of research objects site height (H): 100M FIGURE 6
Flight track spacing (SP) = width (W) = [109= tranj‘(’)g”ance(%)] 5M Transversance 50%
width (W)

Flight number (NFL) ] +1=3 course

fight trackspacing(SP)

. 100 — deadpassage (%)
= height (H
Air base(B) eight () > | 100 ] dead passage 90%
=10M
Photo count per flight line (N/M) = % + 1=11scene ar base (B)
height (H) . photocount per _
Shutter gap (SI) = [ droncspeed(m/s)) © flight | = 1.81sec Shutter gap (SI)

SN
=

ey

sl b ANERE A
atgclol w5 wAlst] U p el
Obdvq /HJ,]._— _,4‘: _‘:]—

P)z50] ARV ug 5t
AR ek =

rTN
o
Ay
%

¥ 39 xﬂ%_o_fa GRS8O el A9} A eol=
I AEES SR X Z2A S 71AEIAA
AR 71 G AR, 2 AR & sto]
A$HES 29U,
TABLE 3. GPS processing data

Coordinate unit Meters
Angular unit DMS
Coordinate system GRS80-Zone 3
Datem WGS84
Geoid KNGeoid14
Time Korea standard time

5. SE AME &Y

- =
2Ee $go] Ho BImvd 94 @ 2y
W7, DF8, FFRusl AR So] 297

A8 AR BPeE B 7]
]

Aoz Aol I HARE AMdEn o
% 50m oJake] AHARN EAPIE 9l AR
5O AT A ERS] YXE =EoR #
Foh= 85 AFsd7Is0] e =Eolet ok

L 7 Satde] o HAZ &E
/do] "Wojxitt, AApt F94§ PHANTOM4 =
22 Ao w | &2l 7so] e
L oz el AAl Hl3E = Atele] HAE QL
J F Hando s Adg o 4 gl Hert
23 AellA AgE FHothDIL, 2016). A
71e] =29 AL A oA A=AV
2P MY Hol 9] viFE SR ® Bl
BAlgk] FEES Hulsh s ARluleE
o] vlg] Arkste] wkgeict wgh g
gk #]jo]7] wii H}%‘fﬂ ErE
aHete] FdE 1% fA4 #YE AT &
slojof St} 23] WA 33] wbE #EYJow o]
T2 A & 4 tk(Yeu, 2006)

A=2 rAC EE&l—Oﬂ gAatg TR A &
FEo|th(Agisoft LLC, 2012).
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New Project Open
[
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\ Add Photos
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Image Import
I

Align Photos

\ Work Flow

\ G.C.P Designate Creative Marker
\
\ G.C.P Load }—{ Filter Photos by Markers
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[G.C.P Enter Settings Value]
I

|
|
|
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Build Mesh \

Build Texture \

|

|

\ Photo Alignment \
I
G.C.P Setting
\
Optimize Cameras \
I

Build DEM \
[

}—{ Delete according to error

Build Orthomosaic \

FIGURE 7. Photo scan processing
working flow chart

e 2tk #5 20M chainell weh 2F SH&
Uizl HAgeteh(Agisoft PhotoScan, 2017a).
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FIGURE 8. Field check data editing pipe
network

FIGURE 9. Ortho image pipe network
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FIGURE 10. Installation status of piping
after Trench city gas piping ground
control point status map

FIGURE 11. City gas pipeline orientation
map by drone shooting
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FIGURE 12. City gas piping ground
control point index
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2) Survey data

= e Als Foll Huler] A AEREEE AlS- A& =] B R N
27 5 AEs AT TSR wE g if;]; ici]%; ohe Image Overlap
- _ _ - _ _ T o oL T ]1:]—

71 A 53 =ole HHARAE FS5ste] AEst

A, B Heler] 3 ¥ HF wm 2 ¢ o A image overlap 83] 0J4 100

& 539 wols WHEeiM HxESAstal, =4 S & Number of image

TABLE 4. Ground Control Point(C.P) LIST(T/S)
No X Y z Code Note
1 277896.950 191266.151 2.555 HJ196 ™™
2 277885.620 191367.663 2.807 HJ197 ™™
3 277905.906 191287.622 2.884 TPOO1 ™™
4 277900.766 191327.265 2.848 TPO02 ™™
5 277857.916 191322.732 2.752 TPO03 ™™
6 277863.068 191283.061 2.790 TPO04 ™™
7 277875.650 191272.489 2.689 TPO05 ™™
8 277906.509 191322.722 2.877 TPO06 ™™
9 277852.983 191317.058 2.765 TPOO7 ™™
10 277870.391 191341.818 2.4583 TPO10 ™™
il 277868.859 191354.173 2.499 TPO11 ™™
12 277893.475 191267.977 2.429 TPO14 ™™
13 277875.041 191255.730 2.474 TPO15 ™™
14 277890.743 191280.016 2.415 TPO16 ™™
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TABLE 5. Intermediate pressure pipe survey worksheet

No coordinates(GRS80) Kinds material Diameter Depth
' X(N) Y(E) Middle
Middle 277890.372 191282.534 pressure PLP #300 1.7
pressure

Real—time survey height Post—survey h

0o [Middle pressure001(1)] 0.741 Middle 001(2) 2:4%
' X(N) Y(E) Middle
Middle 277891.730 191270.709 pressure PLP #300 18
pressure - -
002 Real—time survey height 0.717 Post—survey h 0 467
[Middle pressure002(1)] ' Middle 002(2) :
' X(N) Y(E) Middle
Middle 277892.810 191262.466 pressure PLP #300 17
pressure - -
003 Real—time survey height 0.766 Post—survey h 0 465
[Middle pressure003(1)] ’ Middle 003(2) :
' X(N) Y(E) Middle
Middle 277894.760 191247.312 pressure PLP #300 1.7
pressure - -
004 Real—time survey height 0.797 Post—survey h 2543
[Middle pressure004(1)] ’ Middle 004(2) :
' X(N) Y(E) Middle
Middle 277897.876 191222.917 pressure PLP #300 17
pressure - -
005 Real—time survey height 0.842 Post—survey h 2 581
[Middle pressure005(1)] ' Middle 005(2) '
TABLE 6. Low pressure pipe survey worksheet
No Coordinates (GRS80) Kinds Material Diameter Depth
X(N) Y(E)
refsvnre 277889.804 191282.009 Low pressure  PLP 920 19
P 001 Real—time survey height 0.581 Post—survey h 2 456
[Low pressure001(1)] : Low—p001(2) :
X(N) Y(E)
Low 077891.071 191270.664 Low presswe  PLP p200 18
pressure Real—time survey height B
002 [Low pressure 0.723 i%j_s%rgg(y; 2.479
002(1)] P
X(N) Y(E)
refsvnre 277892.298 191261 431 Low pressue  PLP 9200 19
P 003 Real—time survey height 0.640 Post—survey h 2 490
[Low pressure003(1)] : Low—p003(2) :
X(N) Y(E)
refsvnre 277894.135 191247.355 Low pressue  PLP p200 17
P 004 Real—time survey height 0.819 Post—survey h 2556
[Low pressure004(1)] : Low—p004(2) :
X(N) Y(E)
prefsvnre 277897.284 191222.482 Low pressure - PLP 920 19
005 Real—time survey height 0.742 Post—survey h 2503

[Low pressure005(1)] Low—p005(2)
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TABLE 7. Survey data

Z Image Overlapd ALY st J3S
nxBR FEE FQ/do] §IFE Tt

a9 13 F4EY @ F59 Survey
Data®] Image Overlap ©]u]A] EXEo|th
Image Overlap®] 93] o)A} AFHlo] 95u), 9
3] 2vf, 837} 69, 73] olspr} 3wiEHA GSDE=
10.6mm/pixel Y-2.3. At} = Overlap 96% 2
FEolth F zgk exF= 1.2cm% Yo Qioh

-,  Tam

s

Shen | NN

AN whO O N® OV

FIGURE 13. Camera locations
and image overlap

\Qimf Number  Flying Stimes 5 Ground &

verlap  of  altitude Otime 8time 7-5 resolution . Projections ~ C.P

. - under . points (cm)

Number images  (m) mm/pixel
O] 9 19.8 43 " 9 19 16 7.38 516.284 1,572.810  3point 22.35
@ 54 20.1 15 10 1 26 2 7.64 264.756  778.793  bBpoint  5.05
® 98 19.9 43 " 9 19 16 6.93 516.284 1572.810 5point 16
0] 51 20.3 14 9 6 13 9 7.7 250.688  470.705  3point 24.85
® 9 19.8 43 " 9 19 16 7.4 516.284 1,572.810  3point 3.15
@ 7 20 65 - - 5 1 8.06 244549 1,152.533 (5)3point 8.9
®-1 7 20 65 - - 5 1 7.61 244,549 1,152.533 (6)3point 2.35
® 54 20.1 15 10 1 26 2 7.7 264.756  778.793  3point  9.15
54 19.3 49 - - - 6 14.6 230.908 1,093.207  4point 10
o) 50 28.9 46 2 1 1 - 10.5 258.334  886.689  8point 2.7
® % 28.4 85 2 6 2 1 10.3 490.426  1,819.134 11point 0.8
© % 28.4 85 2 6 2 1 10.3 490.426  1,819.134 14point 0.8
@ % 28.3 85 2 6 2 1 10.6 508.586 1,575.251  8point 1.2
® 97 - inoperable - - - - -
35 81.9 24 3 8 - - 17.6 31.468  434.412 5 10.4
23 84.3 16 1 2 4 - 20.9 92.733  288.310 6 3
@ 39 - inoperable - - - - -
® 54 63.7 54 - - - - 8.87 230.356  626.629 3 3.15
® 4 70.8 4 - - - - 9.21 144.053  387.080 3 4.85

3 KASM([Korean Association of Spatial information, Surveying and Mapping): standard judgment of pipe line depth tolerance is within 30cm
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TABLE 8. Intermediate pressure pipe survey point analysis table

X(N) Y(E)

SurveyZ—draw

X(N) Y(E) SurveyZ—draw

NO  TYPE pointZ NO  TYPE pointZ
GRS80 dz(cm) GRS80 dz(cm)
Survey  277890.341  191282.551 0.9 Survey  277890.341 191262.551 3.0
o Pholoscan 277890.230 191282.734 ' Phgtosca“ gggg%gg lgg%ggg
S 277891.683  191270.699 urvey : :
Pholosemn 277891704 151271156 2% Pholoscan 2TTEO1 683 191210973
Suvey  277890.341  191282.551 Suvey 277890341 191262.551 87
7.3 Photoscan 277890.230 191282.460
® Photoscan 277890.340 191282.825 ® S
uvey 277891.683 191270.699
Suvey  277891.683  191270.699 9.6
28 Photoscan 277891.905 191270.973
Photoscan 277891.461 191271.155 Survey 277890.341 191282.551
Suvey  277890.341 191282.551 261 Photoscan 277890.341 191282.078 00
® Photoscan 277890.230 191282.734 Suvey  277890.34 191282.551 61
Suvey  277891.683  191270.699 6.0 @ Photoscan 277890.451 191282.825 '
Photoscan  277891.683 _ 191271.338 ' Suvey 277891.683 191270.699 02
Suvey  277890.341  191282.551 29 Photoscan 277891.572 191270.881 '
« Pholoscan 277890.341 191262.369 ' Suvey 277890.341 191282.551 58
Suvey  277891.683  191270.699 207 g Photoscan 277890.340 191262.733 :
Photoscan 277892.016  191270.608 : ~ _ Suvey 277891.683 191270.699 39
Suvey  277890.341  191282.551 03 Photoscan 277891.794 191271.338 :
 Photoscan 277890.340  191263.007 ' Survey 277890341 191262.551 35
Survey  277891.683  191270.699 6.0 p Phgtoscan 277830541 181282152
Photoscan 277891.683 191270973 ' urvey 277801 0. 1.9
Suvey 277890341  191282.551 Photoscan 277891.683 191271.246
37.0 Suvey 277890.341 191282.551
Photoscan  277890.229  191282.916 0.7
® g, 577807 683 191270609 @ Photoscan 2778%0.340 191282.916
ey ' ' 33.0 ® _Suvey 277891683 191270.699
Photoscan 277891.794  191271.064 0.9
Photoscan 277891.794 191271.247
Survey  277890.341  191282.551 95 Suvey 277890.341 191282.551 03
Photoscan 277890.230 191282.734 @ Photoscan 277890.229 191282.916 :
Survey  277891.683  191270.699 13 * " Suvey 277891.683 191270.699 13
Photoscan 277891.572  191270.973 Photoscan 277891.793 191271.155 :
Suvey  277890.341  191282.551 I8 Suvey 277890.341 191282.551 26
(g Pholoscan 277890.230  191282.825 ' g Photoscan 2778%0.229 191282916 -
Suvey  277891.683  191270.699 29 @ Suvey 277891.683 191270.699 o

Photoscan 277892.127  191270.882

Photoscan 277891.904 191271.064
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TABLE 9. Control points RMSE
No Count X error(cm) Y error(cm) Z error(cm) XY error(cm) Total (cm) Image Pix
® 3 2.40009 4.98498 0.182131 5.53267 5.53567 3.410
@ 5 0.447392 0.833117 1.1731 0.945644 1.50678 2.312
® 5 3.50966 4.3756 4.82369 5.60882 7.39776 2.136
@ 3 20.9706 17.6539 0.490567 27.41122 27.4166 21.176
® 3 1.005 1.58 0.21 1.87 1.89 0.666
@ 3 4.555 7.499 0.20 8.77 8.77 15.088
5 2.377 3.13 1.82 3.93 4.33 1.647
®-1 3 4.55584 7.499% 0.206237 8.77486 8.77728 15.088
©® 5 2.377 3.13 1.82 3.93 4.33 1.647
6 10.905 12.614 3.18 16.6 16.9 2.921
® 3 0.4398 0.83955 0.0328 0.947 0.948 2.507
4 18.00 13.39 5.18 22.44 23.03 1.524
® 3 9.26745 3.32345 0.0876394 9.84553 9.84574 1.470
® 3 4.8791 2.66172 0.0580439 5.55791 5.55821 1.441
) 8 3.29076 1.96759 1.51427 3.83413 412232 1.220
® 11 1.65879 1.21626 1.13922 2.05691 2.35132 1.111
© 14 2.221423 4.37959 4.24324 4.90751 6.48758 1.934
@ 8 0.871425 1.96501 1.23286 2.14957 2.47802 1.856
TABLE 10. Comprehensive decision by verification item
tegory Drift angle Add photos & GCP Datum point arrangement Image  Synthetic
NO Error Align Photos Quantity RMSE P g overlap judgment
® 1‘Course 98scene OK 3 5.53 Lean to up arrangement 64%  Suitability
adjustment
® S‘Course 54scene OK 5 1.50 Up and down even arrangement  48%  Suitability
adjustment
® 1‘Course 98scene OK 5 7.39 Up and down lean to the right ~ 64%  Suitability
adjustment
® 2‘Course 51scene OK 3 27.41 Up and down even arrangement  56%  Incongruity
adjustment
1 Course 30
® ‘ 98scene OK 2Point 1.89 Up even arrangement 64%  Suitability
adjustment N
elimination
1 Course )
@ ‘ 71scene OK 3(5) 8.77 Up and down even arangement  83%  Incongruity
adjustment
®-1 ! Course 71scene OK 3(6) 8.77 Up even arangement 100%  Suitability
adjustment
1 Course _—
® ‘ 54scene OK 3(5) 0.94 Up and down even arangement  48%  Suitability
adjustment
2 Course )
, 54scene OK 4 23.08 Up and down even arrangement  90%  Incongruity
adjustment
) ! Course 50scene OK 8 412 Up7p, down1p even arrangement  98%  Suitability
adjustment ' ’
P 1 Course N
® 96scene OK il 2.35 Up8p, down3p even arrangement  96%  Suitability

adjustment
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TABLE 10. Continued

egory Drift angle Add photos & GCP Dat int " Image  Synthetic
NO Error Align Photos  Quantity RMSE alum point arrangemen overlap judgment
© aljjt?sottrjr:Zit 96scene OK 14 6.48 Up8p, down6p even arrangement  96%  Suitability
@ ! Course 96scene OK 8 2.47 Updp, down6p even arrangement  96%  Suitability
adjustment ’
1 Course _—
‘ 35scene OK 5 4.33 Up(2)down(3) even arrangement  100%  Suitability
adjustment
OK 23scene OK 6 16.9 Up(3)down(3) even arrangement  82%  Suitability
® aljjt?sottrjr:Zit 54scene OK 3(6) 9.84 Up(2)down(1) even arrangement  100%  Suitability
@® ! Course 41scene OK 3(6) 5.55 Up(2)down(1) even arrangement  100%  Suitability
adjustment

TABLE 11. Comparison table of drawn and actual manpower input

Existing method

(108M / 1day, Pipe 18EA, 2part)

A work unit In put manpower

Remark

Depth and location inni i
epth and locatio Beginning engineer 2

Intermediate level engineer 2

108M/team X 2par = In put 2team

Report and Edit Beginning engineer 1

0.5(p) X 2(part) = 1(p)

Total 5person Intermediate level 2, beginning 3
Using drone (108M / 1day, Pipe 18EA, 2part)
A work unit In put manpower Remark
Photograph Beginning 1 10(m)/1time X 18ea X 2ea = 180(m) X 2ea = 6hour
Processing Intermeqatle lovel 1 Processing time : 2hour, networking stroke reflection
Report Beginning 1
Total 3person Intermediate level 1, Beginning 2
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