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1 Introduction

The Tersus Post-Processing Kinematic (PPK) and RTK systems are dual
frequency GPS/GLONASS/BeiDou receivers. They allow cm-level position
referencing of orthomosaic photos and 3D models without the Ground Control
Points (GCPs). It saves hours of mission planning and setup time for
surveying.

When using the BX306 board in aerial survey application, you typically set the
BX306 into the PPK mode, despite the BX306 can output the real time
kinematic results. In such mode, you can eliminate the datalink between the
airplane and base station.

All GNSS positioning data are stored on board in the BX306 PPK system,
without a real-time data link with reference station. The BX306 connect with
hot shoe with the camera, we could get camera cm-level locations during the
post-processing procedure after flight. The corrected image positions are
directly added to the image EXIF and can be imported to photogrammetric
software packages such as Pix4Dmapper or Agisoft Photoscan.
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The objective of the test is to validate the accuracy and precision of the BX306
PPK solution.

Fliaht Controller

v

Event

Figure 1 Connection of the BX306 with Camera
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2 Survey Area

The test site is located in Shanghai of China.

Figure 2 Location Map

2.1 Information about acquired data

> Altitude: 120m
» Average Ground Sampling Distance (GSD) 2.34 cm
> Area Covered 0.0239 km?.

3 Equipment

The BX306 is a cost-efficient GNSS RTK board for cm-level positioning and
accurate raw measurements output, which can be integrated with autopilots
and inertial navigation units.

In parallel the BX306 receiver records the shutter events of the camera and
logs the GNSS raw measurements information during flight on an on-board
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memory /SD card.

TY-M400 PPK drone carried the Sony A6000 camera with a 16mm wide angle
lens providing a nominal Ground Sampling Distance (GSD) of 2.34cm at 120
meters.

4  Data Collection and Processing

The accuracy of UAV PPK system is validated by comparing the results of
aerial surveys with precisely measured verification points (GCPs). The
verification workflow includes following steps:

4.1 Surveying the Control Points

The majority of the control points were selected in the crosswalk line and it was
very easy to find. All points were measured by a Tersus David GNSS survey
grade device using RTK corrections from local QXZW VRS. The ground
survey produced a horizontal accuracy of 8mm and a vertical accuracy of
10mm.

Figure 3 Tersus David GNSS Receiver
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Figure 4 Surveying the GCPs

i E C . D
1 FT1 N21. 167797774 E121. B0RA50556 14. B4
2 FTZ N21. 167700728 E121. B0R525457 14. 68
3 FT3 N21. 167302628 E121. B0RTI0463 14. 88
4 PT4 N31. 16F541793 E121. 09155887 15. 41
5 PTG N21. 166109647 E121. B09A1Z9TE 15. 41
B FTH N21. 165924077 E121. 09393613 15. 79
7 FIT N21. 16R0456T2 E121. 609189010 16. 25
8 PTS N21. 1679R3353 E121. B0R392907 14. 59
9 FTO N21. 168797658 E121. B0TIEE002 15. 88
10 FT10 N21. 168843687 E121. 08021910 16

Figure 5 Position of the GCPS Surveyed by Surveyor
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Figure 6 GCPs

4.2 Reference Base Station

The PPK does not need a real-time data link with a base station during a flight.
However, GNSS raw data has to be recorded by base station in rate 1HZ. (We
set the BX306 in the drone with 5HZ refresh rate)
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Figure 7 Base Station Recording GNSS Data

4.3 Aerial Survey

Flight altitudes: 120 meters

Image overlap: 65% side lap 70%

Camera settings: Auto/ shutter priority

Camera lenses: 16mm wide angle lens

Flight time: 7 minutes

A total of 46 pictures have taken during the flight.
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Figure 8 Base Station Recording GNSS Data

Figure 9 Base Station Recording GNSS Data

4.4 Post-Processing

After flight, camera’s positions were produced by combining GNSS recordings
of the aircraft with the corresponding information of the reference base station
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on the ground. We use the software Waypoint to process data in this test.
Below figures has shown the positions of the camera after processing.

Figure 10 Positions of the Camera
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Figure 11 Pos of the Camera

H-E11 5DHori SDHeig

15

121,
122,
121,
121,
122,
123,
123,
1235,
124,
123,
125,
125,
126,
125,
125,
126,
124,
124,
126,
125,
125,
125,
124,
123,
1235,
124,
123,
1235,
123,
123,
1235,
124,
123,
123,
125,
126,
125,
125,
125,
125,
125,
125,
124,
124,
124,

(m)
023
946
Q20
821
TEO
214
224
823
aTh
1035
327
171
a84d
432
645
471
273
=lay
j=13e]
154
631
516
274
245
635
878
O]
893
837
BEE
243
893
Q55
hhz
380
262
748
530
100
233
139
153
338
BGE
652
739

OO PO OO 0RO OPOR 0L DR oL 00RO00000000R0RDRD

(m)
013
016
0186
018
018
014
010
010
010
Qog
Qng
00g
Qog
Qng
o0g
Qog
Qng
o0g
[o]uf=]
Qng
Q0g
Q0E
00g
Q0g
Q0E
00g
Q08
Qng
00g
Q08
Qng
008
Q08
Qng
Q0g
Q08
Qng
Q0g
Q0E
00g
Q0g
Q0E
00g
Q08
Q0E

008

PO PO PO PO PO PO P OP 0L DR OP OO O00R0R0R0R0RDRD

tm)
[oNEE]
018
Q1T
018
015
014
013
011
010
015
015
015
015
0185
015
015
0185
015
015
0185
015
015
015
015
015
015
015
014
014
014
014
014
014
014
014
014
014
014
014
014
014
014
014
014
014

.014

;=]

RPFRHRHERHRRHRRRHRRRRRRRRHRRRRRHRRRRRRRRHRRRRRRRRRRRRRR S

We try to show two results, one is without GCP. The other one is with 4 GCPs.

A: With 4 GCPs

We just use the 4 Control points to Process the Photogrammetric by Agisoft

PhotoScan software.
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Figure 12 DOM and DEM

B: Without Control Points we use the Smart 3D Capture Software to get
3D model.

Figure 13 3D Model

5 Results

Figurel4 contains the full list of errors for each point, with Smart 3D, No GCPS
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4 E & D E F G H I J

Control Polints smart3D no GCFP Accurancy
X ¥ Z X ¥ Z X ¥ z
FT2 367388, 3445021 14,68 367388.5 3449021 14.89 —0.1479 L1176 -0, 21
FT3 367413, 3448977 14,858 367T413.2 3443977 15.13 -0.1148 . 1345 -0, 25
FT4 367446, 3448892 15. 41 367447 F44B852 15.69 -0.0721 . 0851 -0, 28
FT5S 367489, 3448843 15,41 367489.7 3448843 15. 66 0. 0708 L1156 -0, 25

PTT 367449, 3448837 16. 25 367449.3 3448837 16.58  0.0346 . 1576 —0. 33
FT8 367376, 34430580 14. 58 367376. 2 34430500 14.81 -0.1133 . 0878 —0. 22
FT9 367356, 3449143 15. 88 367336.7 3449143 15.88 -—0.1575 . 1352 0

4 0
1 0
9 0
g 0
FTh 367468, 6 3448823 15. 79 367468.6 3448823 16.01  0,0881 0.1694 -0, 22
3 0
1 0
] 0
FT10Q 367342 3449148 16 367342 3449148 16.2 -0.086  0.1469 -0.2

Figure 14 The Accuracy of PPK without GCPS

Figurel5 contains the full list of errors for each point, with Photoscan with 4
GCPS

1 Control Points Photoscan with 4 GCPs Acocurancy

2 X ¥ Z i ¥ Z i K Z

3 [PT2 367388, 4 3449021 14. AE 36T3E8. 4 3449021 14. 76 0. 0321 0. 0076 -0.
4 |PT3 36T413.1 3448877 14. 88 367413 3448977 15 0,07 0. 0345 -0
5 |PT4 367446, 9 3448802 15,41 367446, 9 34488052 15.4% -0, 0221 0, 0541 -0,
E |PTS 367489, 8 3448843 18.41 367489, 7 35448844 158,47 0. 0605 -0, 0344 -0,
T |PTA 36T4RB. 6 3448823 15. 7% 36T4RE. 6 5448823 15. 88 0. 0581 -0, 0406 -0,
a |PTT 367449, 3 3448837 16. 25 3674459, 3 3448837 16. 37 -0, (0454 0. 0676 -0,
o9 |PTR 367376.1 3449080 14.5% 367376.1 3449080 14. 68 -0.0338 -0, 0322 -0,
10 PTS 36T356.6 5449143 15. 88 36T35A.6 53449143 15.95 -0.0475 -0. 0648 -0.
11 |PT10 367342 3445148 16 367342 3445148 16.07 -0.025 -0, 0621 -0

Figure 15 The Accuracy of PPK with 4 GCPs

6 Conclusion

Resultl shows that the accuracies are 8cm (planar) and 20cm (vertical)
without the use of any ground control

Result2 shows that we could reduce a lot of the GCPs with BX306 PPK.

Our test have shown that the BX306 PPK device is an efficient and reliable
system for high accuracy aerial surveys without or use less of physical Ground
Control Points. Our PPK workflow allows to easily combine high-resolution
aerial images with high-precision GNSS data during the post-processing
phase and to create high-quality orthomosaic and digital surface models.

All the test results, pictures and raw data, processing data can be downloaded
at the following links: https://pan.baidu.com/s/1Zx_velLnRpz6Br6200A54Iw
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https://pan.baidu.com/s/1Zx_veLnRpz6Br620OA54lw

7 Appendix: Glossary

DSM: Digital Surface Model

GCP: Ground Control Point

GIS: Geo-Information System

GNSS: Global Navigation Satellite Systems
GPS: Global Positioning Systems

PPK: Post Processing Kinematic

RTK: Real Time Kinematic

UAV: Unmanned Aerial Vehicle

Proprietary Notice

All Information in this document is subject to change without notice and does not reflect
the commitment on Tersus GNSS. No part of this manual may be reproduced or
transmitted by all means without authorization of Tersus GNSS. The software described in
this document must be used in terms of the agreement. Any reverse software engineer or
modification without permission from Tersus GNSS is not allowed.

14/14



