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Code based Phase based

RTK/

NetRTK

1. Based on a network of reference stations

2. Two way communication

3. Use obs & corrections from RTK network

4. Mass data transfer 

PPP/

PPP-RTK

1. Based on a global or regional network

2. One way communication

3. Rover uses state space information

4. Less data transfer
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Satellite Positioning Service of the German Land Survey (SAPOS)

➢ Satellite corrections

– Satellite orbit correction

– Satellite clock correction

– Satellite code bias

– Satellite phase bias

➢ Atmospheric corrections

– Ionospheric correction

– Tropospheric correction

State Space Representation (SSR) for PPP

Low rate

(30s)

High rate

(5s)
Satellite clock correction 
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Phases
Positioning accuracy
(Horizontal)

Phase 1,5 10cm

Phase 2
1cm (Bow), 
10cm (Stern)

Phase 3,4 1cm

GNSS (10cm) GNSS + Near field sensors (<10cm) GNSS (10cm)

Navigation Information of the Vessel

‒ Position

‒ Velocity

‒ Rate of Turn

‒ Heading

‒ …
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𝑿𝑘|𝑘−1 = 𝑭𝑘𝑿𝑘−1|𝑘−1 +𝑾𝑘 , with 𝑿 =

𝒂
ሶ𝒂
𝒃
𝒏

, 𝑭𝑘 =

𝑰3×3 𝑰3×3
𝑰3×3

𝑰 𝑙+1 × 𝑙+1

𝑰2𝑙×2𝑙

,

Kalman Filter for PPP:

Assuming there are totally 𝑙 single-differenced satellite-pairs:

𝑷𝒐𝒔𝒊𝒕𝒊𝒐𝒏: 𝒂 = 𝑑𝑥, 𝑑𝑦, 𝑑𝑧 𝑇 , 𝑪𝒐𝒗: 𝑷𝒂𝒂

𝑽𝒆𝒍𝒐𝒄𝒊𝒕𝒚: ሶ𝒂 = 𝑑𝑣𝑥, 𝑑𝑣𝑦 , 𝑑𝑣𝑧
𝑇
, 𝑪𝒐𝒗: 𝑷 ሶ𝒂 ሶ𝒂

𝑻𝒓𝒐𝒑. 𝒂𝒏𝒅 𝑰𝒐𝒏𝒐. 𝒅𝒆𝒍𝒂𝒚𝒔: 𝒃 = 𝑇, 𝐼1𝑝, … , 𝐼𝑚𝑝, 𝐼1𝑞, … , 𝐼𝑛𝑞 𝑇 , 𝑪𝒐𝒗: 𝑷𝒃𝒃

𝑨𝒎𝒃𝒊𝒈𝒖𝒊𝒕𝒊𝒆𝒔: 𝒏 = 𝑁𝐺,1
1𝑝
, … , 𝑁𝐺,1

𝑚𝑝
, 𝑁𝐸,1

1𝑞
, … , 𝑁𝐸,1

𝑛𝑞
, 𝑁𝐺,𝑤𝑙
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, … , 𝑁𝐺,𝑤𝑙
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, … , 𝑁𝐸,𝑤𝑙
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, 𝑪𝒐𝒗: 𝑷𝒏𝒏

Get Free PPP Solution.



PPP Mathematical Model

> NAVITEC 2022  > Xiangdong An • Real-Time Multi-GNSS Precise Point Positioning with Instant Convergence for Inland Waterway Navigation > 04 – 08 April 2022DLR.de  •  Chart 11

PPP with Integer Ambiguity Resolution:

Function:  MLAMBDA(𝒏, 𝑷𝒏𝒏)

X. W. Chang., X. Yang, and T. Zhou. "MLAMBDA: A modified LAMBDA method for integer least-squares estimation." Journal of Geodesy, 79.9 (2005): 552-565.

(Fix failure rate is set as 1%)

Construt Kalman filter

Get the float ambiguities

Extract ambiguities and their

variance-covariance matrix

Resolve the SD amb. 

by MLAMBDA and 

Partial LAMBDA

No
Get free solution

Derive fixed solution

Yes

Next Epoch

Next Epoch
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Positioning, Navigation and Timing (PNT) Unit Setup of the Antennas

Bow Antenna

Back Antenna

GNSS Receiver 1

GNSS Receiver 2

PNT Unit

A10 Receiver
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Reference Stations Used by Geo++ to

Generate SSR Corrections
Area of Measurement Campaign 

Conducted on 2021-11-17

Starting Point

Ending Point
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Ground Track over Waterway Lock for Bow Antenna

Upstream Downstream
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Ground Track over Waterway Lock for Back Antenna

Bow Antenna

Back Antenna
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Compared with the CSRS PPP Results

Item Our PPP Solution CSRS PPP Solution

Processing 
mode

Real-time Post processing

GNSS GPS+Galileo GPS+GLONASS

Sampling 
interval

1s 1s

Obs Used

GPS: 
C1W,C2W,L1W,L2W

Galileo:
C1X,C5X,L1X,L5X

GPS:
C1W,C2W,L1W,L2W

GLONASS:
C1P,C2P,L1P,L2P

Ambiguity
resolution

GPS+Galileo Fixed
GPS Fixed

GLONASS Float

Processing Strategies Compared with 
Canadian Spatial Reference System (CSRS) PPP
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PPP Performance When Crossing Bridges
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Difference between Our and CSRS PPP Results during Bridges Passing
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Conclusion and Outlook

❑ Conclusion:

• For inland waterway navigation, when the GNSS satellites are blocked by the lock chamber or

bridges, we cannot expect to derive precise positioning solutions.

• After passing the waterway lock and bridges, the PPP can realize an instant convergence within

several seconds.

❑ Outlook:

• Combining Multi-Sensor to realize a reliable and precise navigation for waterway lock and bridge

passing
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