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 ABSTRACT 

This paper discusses the basic concepts of a driver assistance system as well as the utility of a 

Position, Navigation and Timing (PNT) Unit for inland water vessels. In the context of the PNT-concept 

in inland water traffic, first analyses of data collected during measurement campaign at the Moselle River 

will be presented. It will be shown that the application of GPS in combination with the used dual 

frequency Real-Time Kinematic (RTK) software entails issues complicating the provision of reliable, 

accurate, continuous and therefore integer position, navigation and timing (PNT) data for safety critical 

manoeuvers as formulated by the International Maritime Organization (IMO). 

KEYWORDS: Precise Positioning, Reliable Navigation, PNT-Unit, Integrity, Driver assistance 

system, Inland water traffic 

1 INTRODUCTION 

Transport capabilities are a key precondition to an efficient and smoothly running economic 

system. In the European economic area the inland traffic carriers are road, rail and inland waterways. 

Several studies that examine the cost per ton-mile ratio of these carriers arrive at the conclusion that 

inland waterways are the most efficient means of freight transport [PLANCO 2007, Transport Research 

Board 2002]. This assessment is made for direct transport costs as well as external costs such as noise and 

air pollution [U.S. Government Accountability Office 2003].  

Inland waterways as a sustainable and competitive means of transport have been recognized by the 

European Commission through the programme NAIADES as well as by the German Government in the 

context of the national ‘Nachhaltigkeitsstrategie’ (Sustainability Strategy), aiming to increase the 

percentage of goods transported via inland waterways to 14 % until 2015.  

With the consequent increase in traffic, new and advanced traffic management systems and 

technologies will be necessary, to aid maintain smooth, safe and efficient passage along the waterways. 

Basis of these systems is the knowledge of navigational parameters such as position, heading, and speed 

over ground of the own vessel as well as other relevant traffic along the waterways. 

The utility of Global Navigation Satellite Systems (GNSS) in maritime applications has been 

widely recognized over the last decades to deliver navigational parameters, and is today an essential part 

of almost any maritime navigational or tracking solution. This is on the one hand due to favourable 

reception conditions on open water, and on the other hand to the relatively low accuracy requirements to 

navigation on the open sea.  
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When it comes to inland waterways, GNSS has been recognized as an important tool for the 

measurement of navigational data and position, but in critical situations navigation by sight as well as 

radar-imaging are considered as the standard approaches. While radar is a powerful aid to a skilled pilot, 

the automated analysis of the data for advanced driver assistance applications proves difficult. 

In this context, a reliable GNSS-based navigational solution is a possible basis for the 

implementation of applications for advanced assistance during berthing as well as bridge and lock 

passing. However, exactly these applications pose a challenge to a GNSS-based positioning solution, 

since the areas that are critical to navigation are in many cases also those with restricted reception 

conditions. 

One of the goals of the German Federal Ministry of Economics and Technology funded project 

‘Precise and Integer Localisation and Navigation in Rail and Inland Water Traffic’ (PiLoNav) is the 

development of a driver assistance system, providing advanced assistance functions tailored for these 

critical navigation scenarios. Since the driver assistance will be based on absolute positioning (as opposed 

to relative positioning via radar), accurate position data for all environment structures and the vessel 

dimensions are required as well as the accurate vessel position. Based on the aggregation of all relevant 

data, the driver assistance system consists of several modules, creating data products of increasing 

abstraction levels. The intended final data product is a full plan for an optimal manoeuvre, which is used 

by the assistance system to propose corrections to the pilot. 

To supply the necessary vessel-data, a so-called Positioning, Navigation and Timing-Unit (PNT-

Unit) will be designed based on the fusion of GNSS and inertial sensors. Even for crucial manoeuvres in 

maritime environments, such as automatic docking, the application of a PNT-Unit is widely discussed in 

literature and committees [IMO 2007a]. 

The remainder of this paper is structured as follows. Chapter II briefly describes the goals of the 

project PiLoNav. Chapter III then discusses the concept of a PNT Unit and a driver assistant system in 

maritime applications with focus on inland water traffic. Before concluding the paper in Chapter V, 

collected data during a measurement campaign will be analysed in Chapter IV. 

2 PROBLEM STATEMENT 

The navigational tasks and corresponding requirements to the pilot of a vessel can be divided 

according to the scenarios the pilot encounters. This paper considers three distinct scenarios. The standard 

scenario is the passage of an inland waterway clear of particular obstructions. The borders of the 

waterway are given by physical structures like bulkheads, by fairway limits defined by buoyage or by 

depth contour lines that can be extracted from nautical charts. The IMO requires an accuracy of 10,0 m 

for inland waterways [IMO 2001]. As these requirements do not take several scenarios (such as high 

traffic etc.) into account, the demanded position accuracies within PiLoNav have been increased to 3,0 m 

in standard waterways. In favourable conditions, this accuracy can be achieved with a standard 

Differential-GPS Receiver, which is a prevalent part of the navigational equipment of commercial inland 

vessels. Its use as input to an Electronic Chart Display and Information System (ECDIS) is widespread. 

Combined with a receiver for the Automatic Identification System (AIS) this combination provides the 

pilot with an easily accessible overview of the ships position along the fairway as well as the positions of 

other ships. However, the accuracy of the underlying data cannot be measured in this setup. 

The second and third scenario, which both have considerably higher requirements to position and 

navigational data are the entrance, docking and exiting of locks as well as the passage of bridges. The 

IMO requires a position accuracy of 0,10 m for maritime automated docking applications [IMO 2001]. 

This value is also considered as minimum accuracy requirement for inland shipping scenarios like lock 

and bridge passing [IRIS 2009]. Since inland transport vessels are built specifically to make the best use 

of the spatial capacity of the locks in the intended waterways, the manoeuvres during lock entrance have 

to be performed with extremely small clearance distances.  
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As described below, these accuracy requirements cannot be satisfied with the described common 

DGNSS equipment. Consequently, the current mode of operation for the mentioned high-accuracy 

scenarios is based on radar and visual navigation.  

It is one of the goals of the project PiLoNav to overcome these limitations and to provide accurate 

and integer position and navigation data based on GNSS observations. In order to enhance GNSS-based 

positioning, PiLoNav aims on utilising additional sensor hardware. Moreover, as an additional output 

PiLoNav delivers integrity information of the determined positional and navigation data. This information 

will then be used in a driver assistance system, the development of which is also one goal of this project. 

Both concepts, PNT and the driver assistance system, will be explained in the next section in more detail.  

3 CONCEPTS OF PNT-UNIT AND DRIVER ASSISTANCE SYSTEM 

3.1 PNT concept 

In 2006 the member states of the International Maritime Organization (IMO) started the so-called 

´e-Navigation Initiative´. Hereby this initiative is defined as a harmonised collection, integration, 

exchange, presentation and analysis of maritime information. This collection includes on-board as well as 

ashore components by electronic means to enhance berth-to-berth navigation and related services for 

safety and security at sea and protection of the marine environment [IMO 2007a]. In a first step the 

concept of a shipside PNT-Unit has been developed, taking the user needs ‘improvement of reliability’ 

and ‘indication of reliability’ as a basis and to satisfy these with respect to the on-board provision of PNT 

data [IMO 2009]. Currently, vessels subject to the International Convention for Safety of Life at Sea 

(SOLAS) can either use single sensors to provide the PNT parameter individually or use an Integrated 

Navigation System (INS) [IMO 2007b]. Both concepts are depicted in Figure 1(a) and (b). 

Figure 1(a) represents the single sensor approach. The associated PNT data will be generated and 
displayed via an interface to applications where the on-board staff has to fuse the information from the 

different sensors manually. In the current INS approach, the sensors deliver their individually determined 

PNT output data to a shipboard-processing layer, which is illustrated in Figure 1(b). The INS is 

performing plausibility checks on the incoming data and consistency checks on different sensors.  

Integrity is expected, if plausibility and consistency checks are passed [IMO 2007b]. For instance, 

the integrity monitoring of heading requires a comparison with a second heading sensor and a comparison 

with Course Over Ground (COG) information from another sensor. However, the two heading sensors 

might have common failure modes and hence it is unlikely to detect all possible failures by comparing 

both sensors. Therefore, the reliability of the INS output cannot be guaranteed even if the plausibility and 

consistency checks are passed. 

Figure 1: Concepts of single-sensor approach (a), current INS approach (b) and PNT Unit approach (c) 

P – Position; V – Velocity; T – Time; N – Navigation; I – Integrity [Dai et al. 2012] 
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In order to overcome these problems, a PNT data processing unit is introduced into the shipboard-

processing layer of the future INS, as illustrated in Figure 1(c). By means of sensor fusion techniques, the 

PNT-Unit integrates all available PNT data and if available also the raw data from the on-board sensors in 

order to provide the optimal PNT output data. The main advantage of this approach is the capability of 

improved integrity monitoring by using sensor fusion techniques. Finally, integrity information for each 

PNT output data is generated based on the error estimation technique [Ziebold et al. 2011]. 

Whereas the explained PNT concept is mainly focused on maritime traffic, the goal of PiLoNav is 

to extend this approach to inland water applications.  

3.2 Driver Assistance System 

For a complete approach to manoeuver planning, apart from the position of the own vessel, data on 

the surroundings must also be available. One distinguishes between static (bridges, locks, quay walls) and 

dynamic (position and heading of other vessels) factors. Both have to be analysed to be able to predict the 

development of the traffic situation and respond in a timely manner. Hereby digital maps such as 

Electronic Navigational Charts (ENC) can be used as sources of static data, which act as boundary 

conditions to the calculation of an ideal trajectory. Dynamic factors can be obtained via the Automatic 

Identification System (AIS). Nevertheless, highly accurate position and navigation information of the own 

vessel is the basis of a reliable driver assistance system. 

If the required data (static and dynamic) is available, optimisation functions can be used to derive 

an optimised manoeuvre planning [Miele and Wang 2006]. The optimisation and monitoring process is 

based on following functions: 

• situation awareness, 

• short-term planning, 

• monitoring and adaption. 

Based on the aggregation of these data, the driver assistance system provides the elements of the ideal 

trajectory consisting of velocities and heading information as well as strategic navigational tasks such as 

encounters with other ships as well as tactical tasks like bridge and lock passing. The goal of this system 

is, in the first step, to compute a plan for an optimal manoeuvre for the next route section. The planned 

manoeuvres will be optimised in terms of the criteria safety as well as time- and resource-efficiency. 

In the next step, the driver assistance system will supply the pilot with navigational data and 

comparisons between the provisioned and the actual navigational state, thereby allowing him to closely 

follow the optimised manoeuvre. 

4 MEASUREMENT CAMPAIGN AND DATA ANALYSIS 

In October 2011 first measurements have been conducted during a measurement campaign near 

Koblenz, Germany on the Moselle River. The demonstration area covers all scenarios relevant for the 

PiLoNav project (see Figure 3). On the one hand Moselle River is, with 11.500 ships in 2010, a busy 

waterway so that oncoming traffic is common [WSDSW 2010]. Furthermore, three bridges of different 

height and width span the Moselle River in a small section of only 2 km followed by the lock Koblenz. 

The first, most westerly bridge is the newest, tallest, 4-lane car bridge ‘Europabrücke’. With a width of 40 

m and a clearance height of 13,9 m it covers a relatively wide area. It has to be mentioned that the 

clearance height may differ with changing water-level. The clearance height mentioned here refers to the 

day of the measurement campaign. The following bridge is a railway bridge, 25 m wide and a low 

clearance of only 10,2 m with an oval profile. The profile is an additional challenge on the manoeuvre 

planning as the clearance height available for crossing the bridge does not only depend on the ships height 

and the water-level. It also depends on the offset of the ship’s position from the centre line (and therefore 

the highest point) of the passage. Here, it is not sufficient to calculate one clearance height only. Instead a 
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corridor of safe passage, that becomes narrower for higher ships or water levels, must be calculated for 

each hull geometry individually. The last ‘Balduinbrücke’, with a width of 10 m and a height of 12,1 m, is 

small in comparison and higher than the railway bridge. To the west of the three bridges a lock bounds the 

demonstration area 3 km after the confluence with Rhine River. During the measurement campaign 

several passes under the bridges and the lock of Koblenz have been realised. Goal of this first 

measurement campaign was to investigate the usability of GPS (Global Positioning System) including a 

dual frequency GPS RTK service as standalone localisation technique in order to determine accurate 

positions and navigational data in these crucial scenarios. 

The sensor system consisted of two independent GNSS receivers with individual antennas. Firstly, 

a Javad Delta receiver connected to a TopCon PG-A1 antenna has been used as fore antenna. Second, an 

Applanix system was installed at the aft antenna position, where the GNSS part consisted of a Novatel 

Receiver connected to a second TopCon PG-A1 antenna. The distance between the antennas was 16.48 m. 

The Applanix system has been equipped with an additional Inertial Measurement Unit (IMU) to ensure a 

continuous delivery of position data in case of loss of GNSS measurements. Moreover, a standard 

commercial GPS-compass and rate of turn-indicator were on board. This work focuses on the 

investigation of GNSS positioning with RTK post-processing only. The correction data required for RTK 

post-processing has been downloaded from the SAPOS service. In the following, the Javad sensor 

combination will be denoted as 1s with antenna 1a and the Applanix system with 2s and antenna 2a

respectively.  

Data for all of three scenarios has been collected during a test drive of approximately two and a 

half hours. RTK Solutions were calculated in post-processing using the RTKLib software package in 

version 2.3.0 [Takatsu 2009]. 

As the experimental setup does not provide redundant position measurements, which could be used 

as a reference, some tools will be presented which may help to assess the integrity of our measurements. 

4.1 Method of Integrity and Accuracy Assessment 

By using the experimental setup explained above, integrity from redundant and by definition 

uncorrelated measurements cannot be derived. Therefore, a set of extended plausibility checks will be 

introduced and explained. A plausibility check is a test, whether the received measurement falls inside the 

interval of plausible values e.g. between 0 and 360 degrees for a heading sensor. If the interval of possible 

values is derived from knowledge of the experimental setup, special properties of the application and/or 

previous measurements, one speaks of an extended plausibility check [Ziebold et al. 2011]. For each 

plausibility check, a relative measure  will be defined as a measure of how well the measurement meets 

the criteria ( ), or for how much the criteria are violated ( ). Measurements passing all extended 

plausibility checks will be defined and marked as integer. This incomplete approach to integrity will not 

suffice for a real application. However, in this context it is expected to yield a reliable picture of the 

performance of the chosen sensor system. 

The first check is the check of constant height. While the vessel is en route, its height with respect 

to the Geoid remains constant. The variation in the difference between ellipsoidal and geoid height in the 

demonstration area amounts to a few millimetres. Changes in height resulting from natural movement of 

the vessel are expected to remain within a few centimetres. Therefore it is assumed that the main 

contributions to changes in height are positioning errors. The measure αt (n)
h

 for a height measurement nh

will be defined as: 

h

nnh

nt

hh

β
α

|| 1
)(

−−
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with the tolerance parameter β h . 

The second check tests if the velocity derived from two consequent position measurements 

surpasses the vessels maximum velocity of 7 m/s. The measure αt (n)
v

for the positions pn and the 

preceding position pn−1will be defined as: 

,
1

)1()(
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max

1
)(

vntnt

pp nnv

nt
−−

−
= −α  (2) 

with the time tn  and the ships maximum velocity of vmax = 7m / s. In order to measure a precise velocity 

Doppler measurements are used.

  
In the third test the three-dimensional distance d  between the two antennas is calculated for every 

position measurement 
2,1

tp  and compared with the true value %d .  
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~
|| 21
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=  (3) 

with tolerance parameter β a . 

4.2 Data Analysis and Results 

In the first part of the data analysis the extended plausibility checks will be tested. They will be 

applied to all 9502 two-antenna position solutions collected during the test drive of roughly 2.5 hours. 

The tolerance parameters used were β h = 0.15  m and 1.0=aβ
 
m and are derived directly from the 

accuracy requirements of horizontal and vertical accuracy for critical manoeuvres. The collected data 

encompassed 13 bridge passages and 6 lock passages, and therefore shows a high density of reception 

conditions with heavy shadowing. 

 

Figure 2: Histograms of highest α -values for all measurements. Values greater two have been 

summarized at 2=α . 

For each two-antenna measurement, there are five plausibility checks (velocity and height for each 

antenna and one distance check). The checks have been applied to the data, and an α -value for each 

check, according to the definitions (1), (2) and (3), has been received. For each measurement the highest 

α -values out of the five have been selected. A histogram of the selected α -values is shown in Figure 2, 

where the right figure outlines an extract of the left figure with refined bins for α -values between 0 and 

1. The histogram shows that the measurements fall into two groups. The first group 6.0≤α contains 

measurements that clearly passed all checks. The second group 2≥α  contains values that clearly failed 
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at least one of the tests. Only 5% of all measurements do not fall into one of these groups. From this 

empirical study it can be concluded, that the proposed method of plausibility checks yields clear 

statements on the quality of the measurements. The choice of the tolerance parameters β  within a given 

range results in very little change. For example, the reduction of 
ah ,,ββ  by one third would only affect 

the combined check result of 1.6 % of all measurements.  

Out of all measurements 38 % did not pass at least one of the plausibility checks. Among all 

measurements, 33 % contained a float or single point solution (SPP) from at least one antenna. Out of 

these measurements 3 % still passed all plausibility checks. On the other hand, out of the measurements 

that did not pass the plausibility checks, 15 % resulted from two fixed solutions. In this respect, the 

extended plausibility checks can be considered as a stronger requirement then simply requiring two fixed 

solutions. 

After these preliminary observations on the performance of the proposed concept of plausibility 

checks, these checks will be used to analyse the positioning performance for two representative sections 

of the test drive.  

The demonstration area and the trajectory of the investigated test drive are depicted in Figure 3. 

The test drive starts west of the lock in east-wise sailing to the lock and taking the southern lock chamber. 

Before entering the lock chamber, the vessel is crossing a small pedestrian bridge. The difference in 

altitude between headwater and lower course is approximately 4.5 m. After leaving the lock east-wise the 

three bridges will be crossed before entering the harbour 500 m before the Moselle River opens into the 

Rhine River. The antenna positions are calculated by RTK post-processing as mentioned in Section 4. 

 

Figure 3: Demonstration Area and Trajectory Hour 14 DOY 293 Year 2011 (source aerial 

photograph: GoogleEarth) 

The measurements collected during the locking are shown in Figure 4 (upper and middle graph). 

The solution quality meets the requirements at the start of the passage. As the lock is approached, there is 

a significant amount of inaccurate measurements, represented by red dots. Solution quality decays until 

the receiver connected to the fore antenna ceases to supply position solutions. This outage produces a gap 

of 69 seconds between two accepted solutions. It can be attributed to infrastructure located at the lock 

entrance, especially the pedestrian bridge (see Figure 3). After the ship has docked, the locking process is 

accompanied by accurate measurements as can be seen from the height measurements. As the ship is 

lowered interference by the surrounding walls of the lock chamber increases, and again leads to a 

significant number of inaccurate measurements as the ship reaches the destination level. As the ship exits 

the lock, the interference quickly subsides and measurements again meet the requirements.  
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The measurements for a passage of the bridges in eastern direction are shown in Figure 4 (lower 

graph). Red points mark measurements that did not pass at least one of the plausibility checks. As the plot 

shows, the quality of the position measurements suffers massively under the bridges, as well as some ten 

metres before and up to 95 meters after the actual bridge passage. The longest absence of measurements 

that pass all checks occurs during the first bridge passage and has a length of 49 seconds. 

 

Figure 4: Measurement data for lock passing and bridge passing scenarios. Top: Measured Antenna 

distance during lock passing. The first vertical broken line marks passage of the top gate, second line 

marks the moment of docking in the lock, third line marks unmooring of vessel, fourth line marks passage 

of the bottom gate. Measurements that passed all checks are marked blue, others red. Middle: Measured 

height of fore antenna. Vertical lines as in top plot. Measurements that passed height check are marked 

blue, others red. Bottom: Distance between antennas during lock passing. Colors as in top plot. Vertical 

broken lines enclose times at which part of the ship was under one of the three bridges. 

5 CONCLUSION 

In this paper the concept of inland water based PNT-Unit has been presented, crucial areas for 

determining accurate PNT data have been identified and the need and demands on the positional accuracy 

were discussed.   

Furthermore, first investigations regarding the usability of GNSS in connection with RTK solutions 

in inland water traffic have been presented. Therefore measurement data has been collected during a 

measurement campaign along the Moselle River. 
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In order to assess the accuracy of the collected data, a set of extended plausibility tests has been 

introduced. The application of these tests has shown that for the most part, position measurements are 

either clearly plausible, or clearly implausible. Based on this observation, measurements and plausibility 

check results during one lock passage and one passage of three subsequent bridges were evaluated. It was 

shown that the application of the used dual frequency GPS RTK service leads to a loss of reliable GNSS-

positions of more than one minute length in our examined scenarios. Hence, in our investigations the 

IMO accuracy requirements could not be satisfied during restricted reception conditions.  

Future work intends to overcome the outlined issues. Therefore different strategies exist. On the 

one hand, we intend to extend the ship-side sensor system by inertial and other ship-based sensors (IMU, 

AIS) in order to apply sensor fusion techniques enabling the improvement of positioning accuracy and to 

support the ship’s master with improved integrity information about the ships navigational state. On the 

other hand, we aim the enhancement of reliable ambiguity resolution and validation playing the key role 

within RTK. Therefore, for instance the exploitation of the on-going GNSS modernisation, allowing the 

combination of multiple GNSS (e.g. GPS, GLONASS & GALILEO) observations within RTK, is 

planned. By means of the increased availability of GNSS satellites and GNSS observations on several 

frequencies, the enhancement of reliable ambiguity resolution can be facilitated [Odijk-2007, Verhagen-

2010]. 
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ABSTRACT 

Adding GLONASS observations to GPS is not a straight forward process. Some challenges 

arise. Relative receiver clock errors and inter-channel biases cannot cancel as for GPS-only. 

Therefore, GPS and GLONASS RTK users will experience ambiguity fixing challenges. 

The mathematical modelling of combined GPS/GLONASS observations is not performed 

as in the case of GPS-alone. This paper reports on the issues related to the mathematical 

modelling of a combined GPS/GLONASS RTK system. Two experiments, static RTK and 

kinematic RTK, were carried out to compare the two strategies for dealing with the 

GPS/GLONASS combinations. In the static positioning, two short baselines of 24-hour 

data set among five CORS stations in a network located in the Sydney region, Australia, 

were processed on an epoch-by-epoch basis. 

Special care should be paid to such integration. Not only is the software part affected but 

also the hardware. Recent research has identified one of the challenges users may face if 

precise positioning is sought. A user of heterogeneous receiver pairs will experience 

ambiguity fixing challenges due to inter-channel bias which cannot be cancelled by 

differencing GLONASS observations, pseudo range or carrier-phase. The study aims to 

compute GLONASS carrier phase and code inter-channel biases from zero-baseline 

processing, and to assess the influence of calibrating GLONASS observations on RTK 

solutions for mixed receiver baselines. It proposes an effective algorithm which transforms 

a RTK solution in mixed-receiver scenarios from a “float” (~100%) to a “fixed” (~94%) 

ambiguity solution. Moreover, the influence of calibrating GLONASS observations on 

RTK solutions for mixed receiver baselines is assessed. 

This paper outlines the challenges of seamlessly combining two currently fully operational 

GNSS systems (GPS and GLONASS) for precise positioning solutions. Discussion and 

analysis considering mathematical modelling challenges and users‟ selection of hardware 

constraints will be performed. 

KEYWORDS: GPS, GLONASS, inter-channel bias, RTK 

1 INTRODUCTION 

The performance in terms of accuracy, 

availability and reliability of GPS is 

largely a function of the number of 

satellites being tracked. Thus, the GPS 

real-time kinematic (RTK) positioning 

solution is degraded in urban canyon 

environments or in deep open cut mines 

where the number of visible satellites is 

limited. Adding more functioning 

satellites is one of the aiding solutions.  

Augmenting GPS satellite measurements 

with those made on GLONASS satellites 

would benefit high precise positioning 

applications in both real-time and post-
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mission modes, especially in areas where a limited number of GPS satellites are

visible(Al-Shaery et al., 2011). Such an 

aiding solution is increasingly attractive 

due to the successful replenishment of 

the GLONASS constellation. The 

Russian GLONASS system control 

center declared full operational 

capability of the system, with 24 

satellites being set to „healthy‟, on 

December 8, 2011. Another motivation is 

the availability of improved GLONASS 

orbits from the International GNSS 

Service (IGS).   

Adding GLONASS observations to those 

of GPS is not a straightforward process. 

This is due to the fact that GLONASS 

satellites broadcast signals based on a 

frequency division multiplexing strategy 

(FDMA-Frequency Division Multiple 

Access) whereas GPS signals are based 

on a code division multiplexing strategy 

(CDMA-Code Division Multiple 

Access). Another difference between 

both systems is in the coordinate and 

timing reference frames. This difference 

can be easily dealt with using well-

defined conversion and transformation 

parameters (El-Mowafy, 2001). 

However, the former difference should 

be given special care.  

The main consequence of the difference 

in signal structure is negating the use of 

the double-differencing approach to 

eliminate relative receiver clock error 

from GLONASS carrier phase 

observations. Unlike GPS, the 

mathematical modelling of double-

differenced GLONASS carrier phase 

observations is more complex (Leick, 

1998; Leick et al., 1998; Wang et al., 

2001). Several researchers have 

examined the combined mathematical 

modelling of GPS and GLONASS and a 

number of models have been proposed to 

overcome this challenge (Dai et al., 

1999; Leick, 1998; Pratt et al., 1997; 

Wang et al., 2001). Li and Wang (2011) 

compared mathematical modelling of 

GPS/GLONASS integration for short 

sessions and for static positioning. 

However, as far as the authors are aware, 

no comprehensive comparison between 

different approaches of mathematical 

modelling for combined 

GPS/GLONASS-RTK solutions has 

been published. Al-Shaery et al. (2012a) 

attempted to bring an answer to which 

approach is better for GPS/GLONASS-

RTK implementations by carrying out 

static tests for longer sessions and 

kinematic tests. 

The consequence of signal structure 

differences is more complicated when 

receivers of different brands are used. An 

attempt to mitigate this challenge has 

been made by several researchers (Al-

Shaery et al., 2012b; Wanninger, 2012; 

Yamada et al., 2010; Zhang et al., 2011). 

The improved GPS/GLONASS solution 

is assured for baselines employing 

receivers of the same brand. In contrast, 

ambiguity resolution between receivers 

from different manufacturers is 

challenging. This constraint hinders the 

practicability of multi-GNSS RTK.  

This difficulty is mainly caused by inter-

frequency bias. Receiver hardware 

design is responsible for this bias, and 

consists of two parts: constant part and 

frequency-dependent part. Both parts 

will be eliminated in the data double-

differencing process typically used for 

GPS (Takac, 2009; Yamada et al., 2010). 

However, as the GLONASS signal 

structure is based on a frequency division 

multiplexing strategy the frequency-

dependent part will not be eliminated 

from double-differenced observables.  

Carrier phase and pseudo range 

observations suffer from this bias with 

different values (Wanninger, 2012). 
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However, both frequency bands L1 and 

L2 are influenced by similar amounts. 

The pseudo range inter-channel bias may 

reach a maximum value of 5m (Yamada 

et al., 2010). The carrier phase inter-

channel bias can exceed the L1 or L2 

wavelengths with a maximum value of 

up to 73cm (Wanninger, 2012). 

Consequently, ambiguity resolution 

becomes impossible.  

There are a few attempts by researchers 

to overcome the challenge of fixing 

ambiguities in combined 

GLONASS/GPS processing of mixed 

receiver baselines. Yamada et al. (2010) 

estimated the pseudo range inter-channel 

bias with a view to improving 

GPS/GLONASS RTK performance, but 

assuming that the pseudo range and 

carrier phase inter-channel biases are of 

the same magnitude. However, he was 

unable to fix GPS and GLONASS 

ambiguities, as a consequence only float 

GLONASS ambiguities are estimated in 

these solutions. Furthermore, a 20% 

improvement in the success rate of GPS 

ambiguity resolution was reported using 

such an approach.  

Wanninger and Wallstab-Freitag (2007) 

estimated the GLONASS carrier phase 

inter-channel bias from a very short 

baseline (2.5m). However, the study did 

not report what the ambiguity fixing rate 

was before applying the estimated inter-

channel bias.  

Zhang et al. (2011) estimated GLONASS 

carrier phase biases using a short 

baseline of about 8km and calibrated 

GLONASS carrier phase observables in 

a NRTK scheme. However, there was no 

comparison between a solution with 

calibrated GLONASS observables for 

inter-channel bias and one without 

corrections. From the above mentioned 

studies, there appears to be no study that 

estimates both pseudo range and carrier 

phase inter-channel biases, and calibrates 

or corrects these observables for mixed 

receiver multi-GNSS RTK solutions.  

However, in (Al-Shaery et al., 2012b) 

both GLONASS  carrier phase and 

pseudo range inter-channel biases were 

estimated and then both GLONASS 

observables were calibrated. Moreover, 

comparison is carried out between before 

and after calibration.  

The aim of the paper is to outline the 

challenges to a seamless combination of 

GPS+GLONASS for RTK applications. 

Using homogenous receivers, different 

approaches for modelling relative 

receiver clock error are compared. Static 

RTK for longer sessions and kinematic 

RTK tests were carried out to assess the 

effect of different approaches on 

ambiguity resolution and coordinate 

accuracy. The paper also examines the 

additional challenge, inter-channel bias, 

when different brands of receivers are 

used. Firstly, it computes GLONASS 

carrier phase and pseudo range inter-

channel biases from zero-baseline 

processing, then it assesses the influence 

of calibrating GLONASS observations 

on RTK solutions for mixed receiver 

baselines. 

2 MATHEMATICAL MODELING 

For high precision applications of GNSS, 

carrier phase observables are used to 

ensure centimetre-level positioning 

accuracy. The carrier phase observable 

of GPS or GLONASS is modelled 

(Hofmann-Wellenhof et al., 2008; Wang 

et al., 2001): 

 

 1 1 1
,1 ,1 1 ,1 ,1

,1

p p p
p p p p p p p

r r r r r r

p p p

r r r

f f f
N f dt dt I T

c c c
 

  

     

  

 (1)       (1) 
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Where subscript r refers to a user-

receiver located at station r. Superscript 

p refers to a satellite (GPS or 

GLONASS). The symbol ,1

p

r     
 

refers to 

a carrier phase measurement (in units of 

cycles) from receiver r to satellite p 

made on L1 frequency, 1

pf    
 
indicates 

the L1 frequency of the carrier signal 

transmitted by satellite p. In the case of 

GPS satellites the carrier frequency is the 

same for all satellites. For GLONASS 

satellites the carrier frequency of each 

satellite is slightly different because the 

FDMA signal structure is used to 

distinguish between the different satellite 

transmissions. The term 
p

r   
 
is the 

geometric distance in meters between 

satellite p and station r, 

p

rN 1,     
 

is the  unknown integer 

ambiguity in units of cycles in the carrier 

phase measurement between satellite p 

and station r, pdt and rdt           are 

satellite and receiver clock errors, 

respectively, ,1

p

rI  is the ionospheric delay 

in the carrier phase measurement with 

respect to frequency 1

pf expressed in 

meters, 
p

rT 1,   
 is the tropospheric delay 

expressed in meters,  
p

r    
 
refers to the 

inter-channel hardware bias due to 

different frequencies of each GLONASS 

satellite – it is ignored for GPS satellites, 
p

r   
 
is the initial phase and     

 p

r 1,

denotes the measurement noise (receiver 

noise, multipath). In differential GNSS 

positioning the unknown coordinates of 

station r are determined relative to a 

precisely known reference station using 

carrier phase observables. In order to 

obtain accurate estimates of the 

coordinates, the ambiguity parameters 

are required to be correctly fixed to their 

theoretical integer values. What makes 

the process difficult is that the unknown 

integer ambiguities are contaminated by 

measurement errors such as ionospheric, 

tropospheric, satellite clock and orbit, 

receiver clock errors, and measurement 

noise. An additional challenge to fixing 

ambiguities is the presence of 

GLONASS inter-channel biases in mixed 

receiver baselines. Therefore, the 

reduction or mitigation of these errors is 

a pre-requisite for accurate coordinate 

estimation. This is traditionally achieved 

by using the data double-differencing 

approach.Double-differencing is an 

effective means of mitigating or 

eliminating common-mode errors 

affecting GNSS observations. The 

double-differenced (DD) observable is 

formed by differencing a single-

differenced (SD) observable associated 

with satellite p from a SD observable 

associated with satellite q. It should be 

noted that both measurements are made 

at the same time epoch. The GLONASS 

double-differenced observable is 

different to that of GPS. This is due to 

the fact that GLONASS satellites, as 

already mentioned, transmit signals at 

different frequencies. Therefore receiver 

clock and inter-channel hardware errors 

cannot cancel as frequencies of the two 

GLONASS satellites involved in the DD 

are not the same. In contrast, receiver 

clock and inter-channel hardware bias do 

cancel despite there being different types 

of receivers at both ends of a baseline in 

the case of GPS. The initial phase bias is 

cancelled in both observables of GPS 

and GLONASS.  

2.1 Receiver Clock Bias 

The double-differencing operation is 

carried out in two steps: SD observables 
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are firstly formed, and then the DD 

observables. The traditional way to form 

a SD observable is to difference 

measurements of the rover r from that of 

the reference station m made at the same 

time epoch to the same satellite (Leick, 

1998; Rizos, 1999). This is the between-

receiver SD. It is assumed here that the 

distance between the two receivers is 

short enough to assume the effective 

cancellation of the distance-dependent 

errors (ionospheric, tropospheric and 

orbit errors) (Rizos, 2002).  

The SD equation for either the GPS or 

GLONASS carrier phase observable is 

expressed in units of cycles as: 

1
,1 ,1 1 ,1

p
p p p p p p

rm rm rm rm rm rm

f
N f dt

c
       

 

 (2)        (2) 

In both the case of GPS or GLONASS 

SD observables the atmospheric 

(ionosphere and troposphere) delay 

biases/errors are typically significantly 

reduced for a “short” baseline which in 

most cases can be defined as one whose 

length if <20km. Orbit errors are largely 

mitigated for baselines up to 100km in 

length. Satellite clock errors are 

cancelled no matter what the baseline 

length. This reduces the errors which are 

required to be estimated or assumed to 

have been cancelled in order to reliably 

resolve the integer ambiguities. Inter-

channel biases are cancelled assuming 

both receivers are from same 

manufacturer. However, receiver clock 

errors and the initial phase bias still exist. 

These errors will be accounted for in the 

DD observable: 

 

 1 1
,1 ,1 1 1 ,1

p q
pq p q pq p q pq

rm rm rm rm rm rm

f f
N f f dt

c c
        

     (3)        (3) 

As already mentioned, double-

differencing GNSS observations is an 

effective means of mitigating or 

eliminating common-mode errors. 

However, this is not straightforward for a 

multi-GNSS solution when GLONASS 

observations are used. The GLONASS 

DD observable is different to that of GPS 

because receiver clock errors do not 

cancel as the frequencies of the two 

GLONASS satellites involved in the DD 

are not the same. On the other hand, the 

initial phase bias does cancel in both 

GPS and GLONASS observables. To 

overcome this problem the bias can be 

either estimated or eliminated. 

The first strategy is to estimate the 

receiver clock error and to then correct 

the associated carrier phase observable, 

as suggested by Raby and Daly (1993), 

Pratt et al. (1997) and Leick (1998). 

Another approach was implemented by 

(Wang et al., 2001) and (Dai et al., 

1999), by which the DD GPS and SD 

GLONASS pseudo range and the DD 

GPS and GLONASS carrier phase 

observables are used together to estimate 

relative receiver clock error, integer 

ambiguities and baseline components as 

seen in the following functional model 

(System 1):   

 

 

,

,1 ,1

,

,1 ,1

, 1
,1 ,1 ,1

, 1 1
,1 1 1 ,1 ,1

GPS pq pq pq

rm rm rm

GLO p p p

rm rm rm rm

GPS pq pq pq pq

rm rm rm rm

p q
GLO pq p q p q pq pq

rm rm rm rm rm rm

P

P cdt

f
N

c

f f
f f dt N

c c

 

 

  

   

 

  

  

     

 

 (4)        (4) 

where the symbol  ,( )

,1rmP
 

 stands for an 

L1 pseudo range measurement (in units 

of meter) for the two receivers and  GPS 

or GLONASS satellites involved, and 
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,1

pq

rm  represents the measurement noise 

(receiver noise, multipath).   

The second strategy requires scaling of 

the carrier phase observation into 

distance (Leick, 1998; Takasu and 

Yasuda, 2009). This method successfully 

eliminates receiver clock errors from the 

DD observable. However the DD integer 

ambiguity becomes a non-integer 

number as seen below: 

,1 ,1 ,1 ,1

1 1

pq pq p q pq

rm rm rm rm rmp q

c c
N N

f f
     

 (5)        (5) 

Takasu and Yasuda (2009) overcome this 

problem by transforming the SD integer 

ambiguities into DD form using a 

transformation matrix just before the 

ambiguity determination method, 

LAMBDA. LAMBDA stands for the 

least-squares ambiguity decor relation 

adjustment method which is used to 

convert the float ambiguities to their 

integer values (Teunissen, 1995). Adding 

pseudo range observables ensures single-

epoch fixed ambiguity solutions as seen 

in the following functional model, which 

represents the second strategy to 

overcome GLONASS DD challenges 

(System 2): 
,

,1 ,1

,

,1 ,1

,

,1 ,1 ,1 ,1

1 1

,

,1 ,1 ,1 ,1

1 1

GPS pq pq pq

rm rm rm

GLO pq pq pq

rm rm rm

GPS pq pq p q pq

rm rm rm rm rmp q

GLO pq pq p q pq

rm rm rm rm rmp q

P

P

c c
N N

f f

c c
N N

f f

 

 

 

 

 

 

    

    

  

                                                           (6) 

Approach 1; and so will not be 

considered here. Li and Wang (2011) 

stated that Approach 1 is better than 

Approach 2 for static positioning on the 

basis of short duration of time for no 

more than 20min.The following two 

sections compared both approaches for 

RTK implementations by carrying out 

static tests for longer sessions and 

kinematic tests. Two experiments, static 

RTK and kinematic RTK, were carried 

out in order to compare the two strategies 

(System 1 and System 2) of addressing 

the GPS/GLONASS mathematical 

challenges. Several quality measures 

were used to compare the strategies. The 

influence of system selection on 

ambiguity resolution (AR) was assessed 

using some of the commonly used 

measures for ambiguity validation (AV), 

such as F-ratio (Frei and Beutler, 1990), 

R-ratio (Euler and Schaffrin, 1991), and 

W-ratio (Wang et al., 1998). Baseline 

precision was also investigated. 

2.1.1 Static RTK Experiment  

Three short baselines between five 

continuously operating reference stations 

(CORS), CHIP, UNSW, PBOT, BATH 

and RGLN, of the CORSnet-NSW 

network located in the Sydney region 

were processed on an epoch-by-epoch 

basis. The CHIP CORS was used in two 

baselines as the reference station while 

UNSW and PBOT were assumed to be 

user receivers. BATH was used in the 

third baseline as a reference station with 

RGLN as the user receiver. The 24 hour 

data set used in this test was from 29 

January 2012 for the first two baselines 

and 29 February 2012 for the third 

baseline. Table 1 summarises the data set 

information. Several discrimination tests 

were used to assess the performance of 

the two strategies in terms of AR. F-ratio 

with critical value of 2 (Landau and 

Euler, 1992) was used, as well as R-ratio 

test with critical value of 3 (Verhang, 

2004) and W-ratio with critical value 

chosen based on the student‟s t-
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distribution (Verhang, 2004; Wang et al., 

2000). Table 2 summarises the success 

rate for the two strategies and the 

baselines. 

 

Table 1 Summary of static RTK test parameters. 

 CHIP-

UNSW 

CHIP-

PBOT 

BATH-

RGLN 

Data length 24hr 24hr 24hr 

Obs. Type L1+L2 L1+L2 L1+L2 

Baseline 

Length 

4.4km 9.7km 8.3km 

Receiver 

Types 

Leica Leica Trimble 

Elevation 

mask 

15º 15º 15º 

Interval 15s 15s 15s 

 

In the case of the first baseline (CHUN), 

the System 2 achieved slightly higher 

success rate over all AV measures than 

that of the System 1 except for W-ratio 

test, where System 1 is better by an 

insignificant amount. In contrast, System 

1 performs better than System 2 for all 

baselines for all validation tests except 

the W-ratio in CHIP-PBOT. A clear 

conclusion of which approach is better 

cannot be drawn from these results. 

 

Table 2 Success rate of tested baselines processed by both strategies. 

Baseline 

GPS-

GLO 

Model 

Success rate (%) 

F R W 

CHIP-UNSW 
System 1 98.53 97.54 94.71 

System 2 99.09 97.57 94.64 

CHIP-PBOT 
System 1 93.48 87.53 90.81 

System 2 92.57 86.81 90.70 

BATH-

RGLN 

System 1 70.85 76.98 80.17 

System 2 67.66 76.90 81.55 

 

 

With respect to the coordinate precision, 

both approaches achieved exactly the 

same ambiguity-fixed solutions for each 

baseline (Table 3).  

 

The standard deviation values listed in 

Table 3 are from ambiguity-fixed 

solutions only. No difference between 

the approaches can be noted(Figures1-3). 
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Fig. 1 CHIP-UNSW (29/01/2012) baseline processing of Systems 1 and 2. 

 

Fig. 2 CHIP-PBOT (29/01/2012) baseline processing of Systems 1 and 2. 

 

 

Fig. 3 BATH-RGLN (29/02/2012) baseline processing of Systems 1 and 2. 
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Table 3 Standard deviation summary for tested baselines. 

Baseline GPS-GLO 

 Model 

Standard deviation 

(m) 

E N U 

CHIP-

UNSW 

System 1 0.006     0.005       0.013 

System 2 0.006    0.005       0.013 

CHIP-

PBOT 

System 1 0.008      0.006       0.019 

System 2 0.008      0.006        0.019 

BATH-

RGLN 

System 1 0.007         0.010            0.021 

 

System 2 0.007         0.010            0.021 

 

 

 

2.1.2 Kinematic RTK Experiment 

Two kinematic tests were carried out on 

21/12/2011 using LEICA GX1230GG 

dual-frequency receiver mounted on a 

car, and forming a baseline with the 

CORS station (UNSW) located on the 

roof of the Electrical Engineering 

Building at UNSW. The first trajectory 

(Traj1) started from Maroubra Junction 

to the UNSW campus (Figure 4). Signal 

environments of the trajectory can be 

categorised as a moderate Cut-off 

elevation angle which may reach 30 

degrees at maximum.  

The second trajectory (Traj2) was 

generated by driving the car around the 

university campus (Figure 7). The sky 

view for some parts of the trajectory was 

almost blocked, especially the east and 

west sides of the campus. The number of 

fixed epochs according to R-ratio test 

with critical value 3 was used in this test 

to assess the performance of both 

systems.   

 

Fig. 4 Trajectory of kinematic test 1 (Traj1). 
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Fig. 5 Traj1 processed by System 1. 

 

Fig. 6 Traj1 processed by System 2. 

 

 

Fig. 7 Trajectory of kinematic test 2 (Traj2). 

 

From Figures 5-6, almost the same 

characteristics can be seen in Traj1 from 

both strategies (System 1 and System 2). 

However, System 2 produced a slightly 

larger number of fixed ambiguity epochs 

than that of System 1. The same holds 

for the second kinematic test (Figures 8-

9). The signals from satellites in the 

second test were frequently obstructed by 

trees and tall buildings, whereas 

environment was relatively benign in the 

first test. The consequence of which can 

be seen in the number of gaps in both 

tests. The minor difference between the 
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Fig. 8 Traj2 processed by System 1.  

 

Fig. 9 Traj2 processed by System 2. 
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number of ambiguity fixed solutions 

between the strategies is of little 

significance. 

2.2 Inter-channel hardware bias 

Modern receivers generate inter-channel 

hardware biases because they assign a 

channel for each satellite signal 

(Hofmann-Wellenhof et al., 2008). These 

timing variations affect pseudo range and 

carrier phase observables. The inter-

channel bias consists of two parts: 

constant part and frequency-dependent 

part. The constant part is eliminated in 

the double-differencing process, whereas 

the frequency-dependent part is lumped 

together with the receiver clock error 

(Povalyaev, 1990). For GPS, the 

frequency-dependent part is also 

eliminated by either single-differencing 

if a homogenous receiver pair is used, or 

by double-differencing if a 

heterogeneous receiver pair is used, 

because the GPS satellites transmit on 

the same carrier frequency (Takac, 2009; 

Zinoviev, 2005). In contrast, this bias can 

only be ignored for GLONASS satellites 

if a homogenous receiver pair is used as 

it will be eliminated by single-

differencing but cannot be eliminated 

when different receiver brands are used 

in a baseline, because of different 

satellite carrier frequencies. The 

existence of this hardware bias is of 

increasing importance because of the 

increasing number of mixed receiver 

baselines in multi-GNSS high precision 

positioning.  

A kinematic test was carried out on 

21/12/2011 to examine the effect of 

GLONASS inter-channel bias on 

GPS/GLONASS RTK solutions. Three 

commonly used GNSS receivers 

(LEICA, TRIMBLE and TOPCON) were 

connected to one antenna (Trimble 

Zephyr Geodetic 2) mounted on a car. 

The car was driven around the University 

of New South Wales campus. Data 

collected at 1sec interval was processed 

to obtain single-epoch solutions. The 

baseline which is less than 500m in 

length was formed by the roving receiver 

and a reference station equipped with a 

LEICA receiver located on the roof of 

the Electrical Engineering Building. 

Some details of the receivers and antenna 

used are given in Table 4 (Al-Shaery et 

al. 2012). 

Table 4 Details of dual frequency 

receivers used in zero-baseline 

experiment 

Receiver Antenna 

LEICA GPS1200 Trimble Zephyr 

Geodetic 2 TRIMBLE R7 

TOPCON GRS1 

 

The experiment showed that the 

homogenous receiver (LEICA-LEICA) 

baseline produced the largest number of 

fixed ambiguity epochs (40.44%). Lower 

numbers of fixed epochs were obtained 

when heterogeneous receiver pairs 

(LEICA-TRIMBLE, 22%, or LEICA-

TOPCON, 16.73%) were used.  

This bias affects both carrier phase and 

pseudo range observables, but by 

different amounts. Yamada et al. (2010) 

and Kozlov et al. (2000) estimated the 

pseudo range inter-channel bias between 

heterogeneous receivers. Similarly 

Zinoviev et al. (2009), Wanninger and 

Wallstab-Freitag (2007) and (Zhang et 

al., 2011) determined the carrier phase 

inter-channel bias. The following section 

will describe the estimation of both the 

GLONASS carrier phase and pseudo 

range inter-channel biases. 
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2.2.1 Estimation of inter-channel 

hardware bias 

The effects of the biases can be mitigated 

by correcting the carrier phase (Zinoviev 

et al., 2009) and pseudo range (Yamada 

et al., 2010) observables to increase the 

probability of fixed GPS and GLONASS 

ambiguities, and hence obtain more 

accurate multi-GNSS RTK solutions. 

Medium to short baselines can be used to 

estimate such bias (Wanninger, 2012; 

Zhang et al., 2011). However, a more 

precise estimation can be obtained from 

zero-baselines utilising mixed receivers.  

In this investigation three receivers 

(LEICA, TRIMBLE and TOPCON) were 

used to form a zero-baseline (Table 1, 

same hardware as in the kinematic tests). 

The receivers are connected to a Trimble 

Zephyr Geodetic 2 antenna which is 

mounted on the roof of the Electrical 

Engineering Building at the University of 

New South Wales, Sydney. The data 

were collected for a 23hr period on 2012 

with 15sec interval. A functional model 

of scaled carrier phase (to metric units) 

with pseudo range observations of 

GLONASS and GPS were used to 

estimate the GLONASS inter-channel 

bias as follows: 
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 (7)       (6) 

Where: 

rmc  Carrier phase inter-channel bias 

expressed in meters.  

rmc  Pseudo range inter-channel bias 

expressed in meters. 

pk  GLONASS channel number for 

satellites ranges from -7 to 6 

 

In this model, the inter-channel bias was 

assumed to be equal on both carrier 

frequencies. Moreover, the bias is 

assumed to be frequency-dependent 

(Wanninger, 2012; Yamada et al., 2010; 

Zhang et al., 2011), therefore channel 

number dependence is utilized here. The 

bias was calculated between LEICA and 

the other receivers TRIMBLE and 

TOPCON. Figures 12-13 show the 

results for the LEICA-TRIMBLE zero-

baseline, for carrier phase and pseudo 

range respectively. Note the different 

vertical scales. 

 

Fig. 10 Time series plots of carrier phase 

inter-channel bias (LEICA-TRIMBLE)  

 

Fig. 11 Time series plots of pseudo range 

inter-channel bias (LEICA-TRIMBLE). 
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Tabel 5 

These estimates are from fixed ambiguity 

solutions. As it can be seen, the carrier 

phase inter-channel bias rmc      is 

smaller than the pseudo range bias rmc

    . DD of L1 or L2 inter-channel 

biases can exceed the wavelength of the 

signal carrier of a  

 

 

given L-band, which complicates 

ambiguity resolution and makes it nigh 

impossible in the case of mixed receiver 

baselines (Figures 14-17). Table 5 shows 

pseudo range and carrier phase inter-

channel bias estimates of both mixed 

receivers used in this study.  

 

 

 LEICA - TRIMBLE  LEICA – TOPCON 

carrier phase (m) -0.031 -0.024 

pseudorange (m) -0.173 -0.115 

 

Fig. 12 Double-differenced L1 pseudo 

range inter-channel bias (LEICA-TRIMBLE 

29/01/2012). 

 

Fig. 13 Double-differenced L1 carrier 

phase inter-channel bias (LEICA-

TRIMBLE 29/01/2012). 

 

Fig. 14 Double-differenced L2 pseudo 

range inter-channel bias (LEICA-TRIMBLE 

29/01/2012). 

 

Fig. 15 Double-differenced L2 carrier 

phase inter-channel bias (LEICA-

TRIMBLE 29/01/2012). 
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2.2.2 Calibration of inter-channel 

hardware bias 

The presence of the GLONASS inter-

channel bias can make ambiguity 

resolution of combined GPS/GLONASS 

processing systems an impossible task. 

Figures 18-21 show mixed receiver 

baseline solutions before and after 

applying the corrections for the bias. 

GLONASS carrier phase and pseudo 

range observations were corrected with 

the estimated bias values. The baseline 

studied was formed between  a reference 

station (CHIP) of the CORSnet-NSW 

network equipped with a LEICA receiver 

(GRX1200GGPRO) and the station 

located on the roof of the EE building to 

which TOPCON and TRIMBLE 

receivers were connected to the same 

antenna via a splitter. The baseline is 

4.4km in length. Dual-frequency 

GPS/GLONASS Static RTK solutions 

were obtained from corrected and non-

corrected GLONASS observations. The 

24-hour data set used in this test was 

from 29 January 2012. 

Figure 18 shows that dual-frequency 

GPS/GLONASS ambiguity fixing is not 

possible between LEICA and TRIMBLE 

receivers if the GLONASS inter-channel 

bias was not corrected for. However, 

after applying estimates of the 

GLONASS carrier phase and pseudo 

range inter-channel biases, 92.6% 

ambiguity success rate was achieved 

(Figure 19). Higher precision was also 

achieved after bias calibration (Table 6).  

 

Fig. 16 RTK solution of baseline 

between CHIP (LEICA) and South 

Pillar UNSW (TRIMBLE) receiver 

without bias correction. 

 

Fig. 17 RTK solution of baseline 

between CHIP (LEICA) and South Pillar 

UNSW (TRIMBLE) receiver with bias 

correction. 

Table 6  Standard deviation of LEICA-TRIMBLE baseline with and without bias 

corrections applied to GLONASS observations 

LEICA-

TRIMBLE 

Standard deviation 

(m) 

E N H 

With 

Correction 

0.006 0.005 0.013 

Without 

Correction 

0.242 0.193 0.568 
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Between LEICA and TOPCON, dual-

frequency GPS/GLONASS ambiguity 

fixing was also not possible before 

applying GLONASS inter-channel bias 

corrections for carrier phase and pseudo 

 range observations. Figures 20-21 show  

mixed receiver baseline processing, the 

number of GPS/GLONASS ambiguities 

of the corrections. As with the previous 

the solutions before and after application 

that were fixed after applying the 

GLONASS inter-channel bias 

corrections is significantly larger than if 

the corrections were not applied. 

Consequently a higher standard deviation 

was assured after applying the 

corrections.  

 

 

Fig. 18 RTK solution of baseline 

between CHIP (LEICA) and South 

Pillar UNSW (TOPCON) receiver 

without bias correction. 

 

Fig. 19 RTK solution of baseline 

between CHIP (LEICA) and South Pillar 

UNSW (TOPCON) receiver with bias 

correction. 

 

3 CONCLUDING REMARKS 

Receiver clock error cancellation in the 

double-differenced GPS and GLONASS 

carrier phase observations is a challenge 

for straightforward processing of 

combined measurement. Two main 

approaches for integrated 

GPS/GLONASS mathematical 

modelling to overcome such challenges 

were analysed. The first approach is to 

estimate the error, while the second one 

is to eliminate the error. There is similar 

performance of both approaches for 

dealing with receiver clock error Field 

static and kinematic RTK experiments 

were carried out to assess the 

performance of the two approaches to 

cancelling the effect of receiver clock 

bias in terms of ambiguity resolution 

success rate and the coordinate accuracy. 

The static test indicates that there is an 

insignificant advantage of one approach 

over the other even though the estimation 

approach performs better than the 

elimination approach in two baselines of 

the three tested in terms of ambiguity 

validation results. However, similar 

results of coordinate accuracy were 

obtained from both approaches for the 

tested baselines. In contrast, the second 

approach appears to have a slightly 
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higher performance than the first in the 

kinematic test by producing slightly 

larger number of fixed epochs. However 

the difference is not significant to 

support the conclusion that one approach 

is clearly superior to the other. Another 

challenge to GPS/GLONASS RTK for 

mixed receivers is the inter-channel bias. 

Several attempts have been made by 

different investigators to estimate 

GLONASS carrier phase and pseudo 

range inter-channel biases. However, as 

far as the authors are aware, no attempt 

has been made to estimate both biases at 

the same time, and to assess the impact 

of correcting GLONASS observations 

for these biases on ambiguity fixing. This 

paper proposed an enhanced algorithm to 

estimate both carrier phase and pseudo 

range inter-channel biases in mixed 

receiver baselines. Significant 

improvement in the success rate of 

GPS/GLONASS ambiguity fixing was 

achieved. The estimated carrier phase 

inter-channel bias is smaller than that of 

code (pseudo range) observations. 

However, it can exceed the wavelengths 

of the carrier signal. Therefore ambiguity 

resolution of a combined 

GPS/GLONASS system becomes 

impossible in mixed receiver baseline 

mode. It was shown that the pre- 

calibration of both GLONASS carrier 

phase and code observations can assist 

RTK users seeking centimetre-level 

positioning accuracy. Receiver 

manufacturers and GNSS service 

organisations can make high accuracy 

GNSS RTK solutions possible and 

efficient by providing information of 

inter-channel bias information in RTCM 

messages, or RINEX files in the case of 

post-mission multi-GNSS positioning. 
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 ABSTRACT 

Adding GLONASS observations to GPS is not a straight forward process. Some challenges arise. 

Relative receiver clock errors and inter-channel biases cannot cancel as for GPS-only. Therefore, GPS 

and GLONASS RTK users will experience ambiguity fixing challenges. 

The mathematical modelling of combined GPS/GLONASS observations is not performed as in the 

case of GPS-alone. This paper reports on the issues related to the mathematical modelling of a combined 

GPS/GLONASS RTK system. Two experiments, static RTK and kinematic RTK, were carried out to 

compare the two strategies for dealing with the GPS/GLONASS combinations. In the static positioning, 

two short baselines of 24-hour data set among five CORS stations in a network located in the Sydney 

region, Australia, were processed on an epoch-by-epoch basis. 

Special care should be paid to such integration. Not only is the software part affected but also the 

hardware. Recent research has identified one of the challenges users may face if precise positioning is 

sought. A user of heterogeneous receiver pairs will experience ambiguity fixing challenges due to inter-

channel bias which cannot be cancelled by differencing GLONASS observations, pseudorange or carrier-

phase. The study aims to compute GLONASS carrier phase and code inter-channel biases from zero-

baseline processing, and to assess the influence of calibrating GLONASS observations on RTK solutions 

for mixed receiver baselines. It proposes an effective algorithm which transforms a RTK solution in 

mixed-receiver scenarios from a “float” (~100%) to a “fixed” (~94%) ambiguity solution. Moreover, the 

influence of calibrating GLONASS observations on RTK solutions for mixed receiver baselines is 

assessed. 

This paper outlines the challenges of seamlessly combining two currently fully operational GNSS 

systems (GPS and GLONASS) for precise positioning solutions. Discussion and analysis considering 

mathematical modelling challenges and users‟ selection of hardware constraints will be performed. 
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mailto:shaocheng.zhang@rmit.edu.au


 
2 

 

1 INTRODUCTION 

The performance in terms of accuracy, availability and reliability of GPS is largely a function of the 

number of satellites being tracked. Thus, the GPS real-time kinematic (RTK) positioning solution is 

degraded in urban canyon environments or in deep open cut mines where the number of visible satellites 

is limited. Adding more functioning satellites is one of the aiding solutions.  

Augmenting GPS satellite measurements with those made on GLONASS satellites would benefit 

high precise positioning applications in both real-time and post-mission modes, especially in areas where 

a limited number of GPS satellites are visible(Al-Shaery et al., 2011). Such an aiding solution is 

increasingly attractive due to the successful replenishment of the GLONASS constellation. The Russian 

GLONASS system control center declared full operational capability of the system, with 24 satellites 

being set to „healthy‟, on December 8, 2011 (IAC, http://www.glonass-center.ru/en, 2011). Another 

motivation is the availability of improved GLONASS orbits from the International GNSS Service (IGS).   

Adding GLONASS observations to those of GPS is not a straightforward process. This is due to the 

fact that GLONASS satellites broadcast signals based on a frequency division multiplexing strategy 

(FDMA-Frequency Division Multiple Access) whereas GPS signals are based on a code division 

multiplexing strategy (CDMA-Code Division Multiple Access). Another difference between both systems 

is in the coordinate and timing reference frames. This difference can be easily dealt with using well-

defined conversion and transformation parameters (El-Mowafy, 2001). However, the former difference 

should be given special care.  

The main consequence of the difference in signal structure is negating the use of the double-

differencing approach to eliminate relative receiver clock error from GLONASS carrier phase 

observations. Unlike GPS, the mathematical modelling of double-differenced GLONASS carrier phase 

observations is more complex (Leick, 1998; Leick et al., 1998; Wang et al., 2001). Several researchers 

have examined the combined mathematical modeling of GPS and GLONASS and a number of models 

have been proposed to overcome this challenge (Dai et al., 1999; Leick, 1998; Pratt et al., 1997; Wang et 

al., 2001). Li and Wang (2011) compared mathematical modelling of GPS/GLONASS integration for 

short sessions and for static positioning. However, as far as the authors are aware, no comprehensive 

comparison between different approaches of mathematical modelling for combined GPS/GLONASS-

RTK solutions has been published. Al-Shaery et al. (2012a) attempted to bring an answer to which 

approach is better for GPS/GLONASS-RTK implementations by carrying out static tests for longer 

sessions and kinematic tests. 

The consequence of signal structure differences is more complicated when receivers of different 

brands are used. An attempt to mitigate this challenge has been made by several researchers (Al-Shaery et 

al., 2012b; Wanninger, 2012; Yamada et al., 2010; Zhang et al., 2011). The improved GPS/GLONASS 

solution is assured for baselines employing receivers of the same brand. In contrast, ambiguity resolution 

between receivers from different manufacturers is challenging. This constraint hinders the practicability 

of multi-GNSS RTK.  

This difficulty is mainly caused by inter-frequency bias. Receiver hardware design is responsible for 

this bias, and consists of two parts: constant part and frequency-dependent part. Both parts will be 

eliminated in the data double-differencing process typically used for GPS (Takac, 2009; Yamada et al., 

2010). However, as the GLONASS signal structure is based on a frequency division multiplexing strategy 

(FDMA-Frequency Division Multiple Access), the frequency-dependent part will not be eliminated from 

double-differenced observables.  

Carrier phase and pseudorange observations suffer from this bias with different values (Wanninger, 

2012). However, both frequency bands L1 and L2 are influenced by similar amounts. The pseudorange 

inter-channel bias may reach a maximum value of 5m (Yamada et al., 2010). The carrier phase inter-

channel bias can exceed the L1 or L2 wavelengths with a maximum value of up to 73cm (Wanninger, 

2012). Consequently, ambiguity resolution becomes impossible.  

There are a few attempts by researchers to overcome the challenge of fixing ambiguities in 

combined GLONASS/GPS processing of mixed receiver baselines. Yamada et al. (2010) estimated the 

pseudorange inter-channel bias with a view to improving GPS/GLONASS RTK performance, but 

http://www.glonass-center.ru/en
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assuming that the pseudorange and carrier phase inter-channel biases are of the same magnitude. 

However, he was unable to fix GPS and GLONASS ambiguities, as a consequence only float GLONASS 

ambiguities are estimated in these solutions. Furthermore, a 20% improvement in the success rate of GPS 

ambiguity resolution was reported using such an approach.  

Wanninger and Wallstab-Freitag (2007) estimated the GLONASS carrier phase inter-channel bias 

from a very short baseline (2.5m). However, the study did not report what the ambiguity fixing rate was 

before applying the estimated inter-channel bias.  

Zhang et al. (2011) estimated GLONASS carrier phase biases using a short baseline of about 8km 

and calibrated GLONASS carrier phase observables in a NRTK scheme. However, there was no 

comparison between a solution with calibrated GLONASS observables for inter-channel bias and one 

without corrections. From the above mentioned studies, there appears to be no study that estimates both 

pseudorange and carrier phase inter-channel biases, and calibrates or corrects these observables for mixed 

receiver multi-GNSS RTK solutions.  

However, in (Al-Shaery et al., 2012b) both GLONASS  carrier phase and pseudorange inter-channel 

biases were estimated and then both GLONASS observables were calibrated. Moreover, comparison is 

carried out between before and after calibration.  

The aim of the paper is to outline the challenges to a seamless combination of GPS+GLONASS for 

RTK applications. Using homogenous receivers, different approaches for modelling relative receiver 

clock error are compared. Static RTK for longer sessions and kinematic RTK tests were carried out to 

assess the effect of different approaches on ambiguity resolution and coordinate accuracy. The paper also 

examines the additional challenge, inter-channel bias, when different brands of receivers are used. Firstly, 

it computes GLONASS carrier phase and pseudorange inter-channel biases from zero-baseline 

processing, then it assesses the influence of calibrating GLONASS observations on RTK solutions for 

mixed receiver baselines. 

 

2 MATHEMATICAL MODELING 

For high precision applications of GNSS, carrier phase observables are used to ensure centimeter-

level positioning accuracy. The carrier phase observable of GPS or GLONASS is modelled (Hofmann-

Wellenhof et al., 2008; Wang et al., 2001): 

 1 1 1
,1 ,1 1 ,1 ,1

,1

p p p
p p p p p p p

r r r r r r

p p p

r r r

f f f
N f dt dt I T

c c c
 

  

     

  

        (1) 

where subscript r refers to a user-receiver located at station r. Superscript p refers to a satellite (GPS or 

GLONASS). The symbol ,1

p

r refers to a carrier phase measurement (in units of cycles) from receiver r to 

satellite p made on L1 frequency, 1

pf  indicates the L1 frequency of the carrier signal transmitted by 

satellite p. In the case of GPS satellites the carrier frequency is the same for all satellites. For GLONASS 

satellites the carrier frequency of each satellite is slightly different because the FDMA signal structure is 

used to distinguish between the different satellite transmissions. The term 
p

r is the geometric distance in 

meters between satellite p and station r, 
p

rN 1, is the  unknown integer ambiguity in units of cycles in the 

carrier phase measurement between satellite p and station r, 
pdt and rdt  are satellite and receiver clock 

errors, respectively, ,1

p

rI  is the ionospheric delay in the carrier phase measurement with respect to 

frequency 1

pf expressed in meters, 
p

rT 1, is the tropospheric delay expressed in meters,  
p

r  refers to the 

inter-channel hardware bias due to different frequencies of each GLONASS satellite – it is ignored for 
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GPS satellites, 
p

r is the initial phase and 
p

r 1, denotes the measurement noise (receiver noise, multipath, 

etc.).  

In differential GNSS positioning the unknown coordinates of station r are determined relative to a 

precisely known reference station using carrier phase observables. In order to obtain accurate estimates of 

the coordinates, the ambiguity parameters are required to be correctly fixed to their theoretical integer 

values. What makes the process difficult is that the unknown integer ambiguities are contaminated by 

measurement errors such as ionospheric, tropospheric, satellite clock and orbit, receiver clock errors, and 

measurement noise. An additional challenge to fixing ambiguities is the presence of GLONASS inter-

channel biases in mixed receiver baselines. Therefore, the reduction or mitigation of these errors is a pre-

requisite for accurate coordinate estimation. This is traditionally achieved by using the data double-

differencing approach. 

Double-differencing is an effective means of mitigating or eliminating common-mode errors 

affecting GNSS observations. The double-differenced (DD) observable is formed by differencing a 

single-differenced (SD) observable associated with satellite p from a SD observable associated with 

satellite q. It should be noted that both measurements are made at the same time epoch.  

The GLONASS double-differenced observable is different to that of GPS. This is due to the fact 

that GLONASS satellites, as already mentioned, transmit signals at different frequencies. Therefore 

receiver clock and inter-channel hardware errors cannot cancel as frequencies of the two GLONASS 

satellites involved in the DD are not the same. In contrast, receiver clock and inter-channel hardware bias 

do cancel despite there being different types of receivers at both ends of a baseline in the case of GPS. 

The initial phase bias is cancelled in both observables of GPS and GLONASS.  

 

2.1 Receiver Clock Bias 

The double-differencing operation is carried out in two steps: SD observables are firstly formed, 

and then the DD observables. The traditional way to form a SD observable is to difference measurements 

of the rover r from that of the reference station m made at the same time epoch to the same satellite 

(Leick, 1998; Rizos, 1999). This is the between-receiver SD. It is assumed here that the distance between 

the two receivers is short enough to assume the effective cancellation of the distance-dependent errors 

(ionospheric, tropospheric and orbit errors) (Rizos, 2002).  

The SD equation for either the GPS or GLONASS carrier phase observable is expressed in units of 

cycles as: 

1
,1 ,1 1 ,1

p
p p p p p p

rm rm rm rm rm rm

f
N f dt

c
                 (2) 

In both the case of GPS or GLONASS SD observables the atmospheric (ionosphere and 

troposphere) delay biases/errors are typically significantly reduced for a “short” baseline which in most 

cases can be defined as one whose length if <20km. Orbit errors are largely mitigated for baselines up to 

100km in length. Satellite clock errors are cancelled no matter what the baseline length. This reduces the 

errors which are required to be estimated or assumed to have been cancelled in order to reliably resolve 

the integer ambiguities. Inter-channel biases are cancelled assuming both receivers are from same 

manufacturer. However, receiver clock errors and the initial phase bias still exist. These errors will be 

accounted for in the DD observable: 

  1 1
,1 ,1 1 1 ,1

p q
pq p q pq p q pq

rm rm rm rm rm rm

f f
N f f dt

c c
                  (3) 

As already mentioned, double-differencing GNSS observations is an effective means of mitigating 

or eliminating common-mode errors. However, this is not straightforward for a multi-GNSS solution 

when GLONASS observations are used. The GLONASS DD observable is different to that of GPS 

because receiver clock errors do not cancel as the frequencies of the two GLONASS satellites involved in 

the DD are not the same. On the other hand, the initial phase bias does cancel in both GPS and 

GLONASS observables. To overcome this problem the bias can be either estimated or eliminated. 
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The first strategy is to estimate the receiver clock error and to then correct the associated carrier 

phase observable, as suggested by Raby and Daly (1993), Pratt et al. (1997) and Leick (1998). Another 

approach was implemented by (Wang et al., 2001) and (Dai et al., 1999), by which the DD GPS and SD 

GLONASS pseudorange and the DD GPS and GLONASS carrier phase observables are used together to 

estimate relative receiver clock error, integer ambiguities and baseline components as seen in the 

following functional model (System 1):   

 

 

,

,1 ,1

,

,1 ,1

, 1
,1 ,1 ,1

, 1 1
,1 1 1 ,1 ,1

GPS pq pq pq

rm rm rm

GLO p p p

rm rm rm rm

GPS pq pq pq pq

rm rm rm rm

p q
GLO pq p q p q pq pq

rm rm rm rm rm rm

P

P cdt

f
N

c

f f
f f dt N

c c

 

 

  

   

 

  

  

     

         (4) 

where the symbol 
 ,( )

,1rmP
 

 stands for an L1 pseudorange measurement (in units of meter) for the two 

receivers and  GPS or GLONASS satellites involved, and ,1

pq

rm  represents the measurement noise 

(receiver noise, multipath, etc.).   

The second strategy requires scaling of the carrier phase observation into distance (Leick, 1998; 

Takasu and Yasuda, 2009). This method successfully eliminates receiver clock errors from the DD 

observable. However the DD integer ambiguity becomes a non-integer number as seen below: 

 ,1 ,1 ,1 ,1

1 1

pq pq p q pq

rm rm rm rm rmp q

c c
N N

f f
               (5) 

Takasu and Yasuda (2009) overcome this problem by transforming the SD integer ambiguities into 

DD form using a transformation matrix just before the ambiguity determination method, LAMBDA. 

LAMBDA stands for the least-squares ambiguity decorrelation adjustment method which is used to 

convert the float ambiguities to their integer values (Teunissen, 1995). Adding pseudorange observables 

ensures single-epoch fixed ambiguity solutions as seen in the following functional model, which 

represents the second strategy to overcome GLONASS DD challenges (System 2): 

 

,

,1 ,1

,

,1 ,1

,

,1 ,1 ,1 ,1

1 1

,

,1 ,1 ,1 ,1

1 1

GPS pq pq pq

rm rm rm

GLO pq pq pq

rm rm rm

GPS pq pq p q pq

rm rm rm rm rmp q

GLO pq pq p q pq

rm rm rm rm rmp q

P

P

c c
N N

f f

c c
N N

f f

 

 

 

 

 

 

    

    

         (6) 

Dai et al. (1999) proposed a three-step approach, which is an extension of Wang‟s model, by 

combining the estimation and the elimination approach. In the first step, relative receiver clock errors and 

baseline components are estimated using DD GPS and SD GLONASS pseudorange. Then these values 

with their variance-covariance information are used to fix the integer ambiguities of DD GPS and 

GLONASS carrier phase observations. Then the fixed ambiguities are used in the third step to estimate 

the GLONASS SD integer ambiguities involving the reference satellite and baseline components using 

DD carrier phase expressed in units of metres. The third step was proposed to exclude the effect of 

receiver clock error on the estimation of baseline components. However, Li and Wang (2011) found that 

the performance of this approach is identical to the optimal model identified in (Wang et al., 2001) and 

represented by Approach 1; and so will not be considered here. Li and Wang (2011) stated that Approach 

1 is better than Approach 2 for static positioning on the basis of short duration of time for no more than 

20min.The following two sections compared both approaches for RTK implementations by carrying out 

static tests for longer sessions and kinematic tests.  
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Two experiments, static RTK and kinematic RTK, were carried out in order to compare the two 

strategies (System 1 and System 2) of addressing the GPS/GLONASS mathematical challenges. Several 

quality measures were used to compare the strategies. The influence of system selection on ambiguity 

resolution (AR) was assessed using some of the commonly used measures for ambiguity validation (AV), 

such as F-ratio (Frei and Beutler, 1990), R-ratio (Euler and Schaffrin, 1991), and W-ratio (Wang et al., 

1998). Baseline precision was also investigated. 

 

2.1.1 Static RTK Experiment  

Three short baselines between five continuously operating reference stations (CORS), CHIP, 

UNSW, PBOT, BATH and RGLN, of the CORSnet-NSW network located in the Sydney region were 

processed on an epoch-by-epoch basis. The CHIP CORS was used in two baselines as the reference 

station while UNSW and PBOT were assumed to be user receivers. BATH was used in the third baseline 

as a reference station with RGLN as the user receiver. The 24 hour data set used in this test was from 29 

January 2012 for the first two baselines and 29 February 2012 for the third baseline. Table 1 summarises 

the data set information. 

Several discrimination tests were used to assess the performance of the two strategies in terms of 

AR. F-ratio with critical value of 2 (Landau and Euler, 1992) was used, as well as R-ratio test with critical 

value of 3 (Verhang, 2004) and W-ratio with critical value chosen based on the student‟s t-distribution 

(Verhang, 2004; Wang et al., 2000). Table 2 summarises the success rate for the two strategies and the 

baselines. 

Table 1 Summary of static RTK test parameters. 

 CHIP-UNSW CHIP-PBOT BATH-RGLN 

Data length 24hr 24hr 24hr 

Obs. Type L1+L2 L1+L2 L1+L2 

Baseline Length 4.4km 9.7km 8.3km 

Receiver Types Leica Leica Trimble 

Elevation mask 15º 15º 15º 

Interval 15s 15s 15s 

 
In the case of the first baseline (CHUN), the System 2 achieved slightly higher success rate over all 

AV measures than that of the System 1 except for W-ratio test, where System 1 is better by an insignificant 

amount. In contrast, System 1 performs better than System 2 for all baselines for all validation tests except 

the W-ratio in CHIP-PBOT. A clear conclusion of which approach is better cannot be drawn from these 

results. 

Table 2 Success rate of tested baselines processed by both strategies. 

Baseline 
GPS-GLO 

Model 

Success rate (%) 

F R W 

CHIP-UNSW 
System 1 98.53 97.54 94.71 

System 2 99.09 97.57 94.64 

CHIP-PBOT 
System 1 93.48 87.53 90.81 

System 2 92.57 86.81 90.70 

BATH-RGLN 
System 1 70.85 76.98 80.17 

System 2 67.66 76.90 81.55 

 



 
7 

 

With respect to the coordinate precision, both approaches achieved exactly the same ambiguity-

fixed solutions for each baseline (Table 3). The standard deviation values listed in Table 3 are from 

ambiguity-fixed solutions only. No difference between the approaches can be noted (Figures 1-3). 
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Fig. 1 CHIP-UNSW (29/01/2012) baseline processing of Systems 1 and 2. 
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Fig. 2 CHIP-PBOT (29/01/2012) baseline processing of Systems 1 and 2. 
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Fig. 3 BATH-RGLN (29/02/2012) baseline processing of Systems 1 and 2. 
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Table 3 Standard deviation summary for tested baselines. 

Baseline GPS-GLO 

 model 

Standard deviation 

(m) 

E N U 

CHIP-

UNSW 

System 1 0.006     0.005       0.013 

System 2 0.006    0.005       0.013 

CHIP-

PBOT 

System 1 0.008      0.006       0.019 

System 2 0.008      0.006        0.019 

BATH-

RGLN 

System 1 0.007         0.010            0.021 

 

System 2 0.007         0.010            0.021 

 

 
 

 

2.1.2 Kinematic RTK Experiment 

Two kinematic tests were carried out on 21/12/2011 using LEICA GX1230GG dual-frequency 

receiver mounted on a car, and forming a baseline with the CORS station (UNSW) located on the roof of 

the Electrical Engineering Building at UNSW. The first trajectory (Traj1) started from Maroubra Junction 

to the UNSW campus (Figure 4). Signal environments of the trajectory can be categorised as a moderate 

cut-off elevation angle which may reach 30 degrees at maximum. The second trajectory (Traj2) was 

generated by driving the car around the university campus (Figure 7). The sky view for some parts of the 

trajectory was almost blocked, especially the east and west sides of the campus. The number of fixed 

epochs according to R-ratio test with critical value 3 was used in this test to assess the performance of 

both systems.   
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Fig. 4 Trajectory of kinematic test 1 (Traj1). 
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Fig. 5 Traj1 processed by System 1. 
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Fig. 6 Traj1 processed by System 2. 
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Fig. 7 Trajectory of kinematic test 2 (Traj2). 
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Fig. 8 Traj2 processed by System 1. 
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Fig. 9 Traj2 processed by System 2. 

 

From Figures 5-6, almost the same characteristics can be seen in Traj1 from both strategies (System 

1 and System 2). However, System 2 produced a slightly larger number of fixed ambiguity epochs than 

that of System 1. The same holds for the second kinematic test (Figures 8-9). The signals from satellites 

in the second test were frequently obstructed by trees and tall buildings, whereas environment was 

relatively benign in the first test. The consequence of which can be seen in the number of gaps in both 

tests. The minor difference between the number of ambiguity fixed solutions between the strategies is of 

little significance. 

 

2.2 Inter-channel hardware bias 

Modern receivers generate inter-channel hardware biases because they assign a channel for each 

satellite signal (Hofmann-Wellenhof et al., 2008). These timing variations affect pseudorange and carrier 

phase observables. The inter-channel bias consists of two parts: constant part and frequency-dependent 

part. The constant part is eliminated in the double-differencing process, whereas the frequency-dependent 

part is lumped together with the receiver clock error (Povalyaev, 1990). For GPS, the frequency-

dependent part is also eliminated by either single-differencing if a homogenous receiver pair is used, or 

by double-differencing if a heterogeneous receiver pair is used, because the GPS satellites transmit on the 

same carrier frequency (Takac, 2009; Zinoviev, 2005). In contrast, this bias can only be ignored for 

GLONASS satellites if a homogenous receiver pair is used as it will be eliminated by single-differencing 
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but cannot be eliminated when different receiver brands are used in a baseline, because of different 

satellite carrier frequencies. The existence of this hardware bias is of increasing importance because of the 

increasing number of mixed receiver baselines in multi-GNSS high precision positioning.  

A kinematic test was carried out on 21/12/2011 to examine the effect of GLONASS inter-channel 

bias on GPS/GLONASS RTK solutions. Three commonly used GNSS receivers (LEICA, TRIMBLE and 

TOPCON) were connected to one antenna (Trimble Zephyr Geodetic 2) mounted on a car. The car was 

driven around the University of New South Wales campus. Data collected at 1sec interval was processed 

to obtain single-epoch solutions. The baseline which is less than 500m in length was formed by the roving 

receiver and a reference station equipped with a LEICA receiver located on the roof of the Electrical 

Engineering Building. Some details of the receivers and antenna used are given in Table 4 (Al-Shaery et 

al. 2012). 

Table 4 Details of dual frequency receivers used in zero-baseline experiment 

Receiver Antenna 

LEICA GPS1200 Trimble Zephyr Geodetic 

2 TRIMBLE R7 

TOPCON GRS1 

 

 
The experiment showed that the homogenous receiver (LEICA-LEICA) baseline produced the 

largest number of fixed ambiguity epochs (40.44%). Lower numbers of fixed epochs were obtained when 

heterogeneous receiver pairs (LEICA-TRIMBLE, 22%, or LEICA-TOPCON, 16.73%) were used.  

This bias affects both carrier phase and pseudorange observables, but by different amounts. Yamada 

et al. (2010) and Kozlov et al. (2000) estimated the pseudorange inter-channel bias between 

heterogeneous receivers. Similarly Zinoviev et al. (2009), Wanninger and Wallstab-Freitag (2007) and 

(Zhang et al., 2011) determined the carrier phase inter-channel bias. The following section will describe 

the estimation of both the GLONASS carrier phase and pseudorange inter-channel biases. 

 

2.2.1 Estimation of inter-channel hardware bias 

The effects of the biases can be mitigated by correcting the carrier phase (Zinoviev et al., 2009) and 

pseudorange (Yamada et al., 2010) observables to increase the probability of fixed GPS and GLONASS 

ambiguities, and hence obtain more accurate multi-GNSS RTK solutions. Medium to short baselines can 

be used to estimate such bias (Wanninger, 2012; Zhang et al., 2011). However, a more precise estimation 

can be obtained from zero-baselines utilising mixed receivers.  

In this investigation three receivers (LEICA, TRIMBLE and TOPCON) were used to form a zero-

baseline (Table 1, same hardware as in the kinematic tests). The receivers are connected to a Trimble 

Zephyr Geodetic 2 antenna which is mounted on the roof of the Electrical Engineering Building at the 

University of New South Wales, Sydney. The data were collected for a 23hr period on 29/01/2012 with 

15sec interval (Figures 10-11). 
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Fig. 10 Receivers as set-up for the zero-baseline 

experiment. 

 

Fig. 11 Antenna location for zero-baseline 

experiment. 

 

 
A functional model of scaled carrier phase (to metric units) with pseudorange observations of 

GLONASS and GPS were used to estimate the GLONASS inter-channel bias as follows: 
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        (7) 

where: 

rmc  carrier phase inter-channel bias expressed 

in meters.  

rmc  pseudorange inter-channel bias expressed 

in meters. 
pk  GLONASS channel number for satellites 

ranges from -7 to 6 

 
In this model, the inter-channel bias was assumed to be equal on both carrier frequencies. Moreover, 

the bias is assumed to be frequency-dependent (Wanninger, 2012; Yamada et al., 2010; Zhang et al., 

2011), therefore channel number dependence is utilized here. The bias was calculated between LEICA 

and the other receivers TRIMBLE and TOPCON. Figures 12-13 show the results for the LEICA-

TRIMBLE zero-baseline, for carrier phase and pseudorange respectively. Note the different vertical 

scales. 
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Fig. 12 Time series plots of carrier phase inter-channel bias (LEICA-TRIMBLE 29/01/2012). 
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Fig. 13 Time series plots of pseudorange inter-channel bias (LEICA-TRIMBLE 29/01/2012). 

These estimates are from fixed ambiguity solutions. As it can be seen, the carrier phase inter-

channel bias rmc  is smaller than the pseudorange bias rmc . DD of L1 or L2 inter-channel biases can 

exceed the wavelength of the signal carrier of a given L-band, which complicates ambiguity resolution 

and makes it nigh impossible in the case of mixed receiver baselines (Figures 14-17). Table 5 shows 

pseudorange and carrier phase inter-channel bias estimates of both mixed receivers used in this study.  

 

Table 5  Average values of inter-channel bias between mixed receivers 

 LEICA - TRIMBLE  LEICA - TOPCON 

carrier phase (m) -0.031 -0.024 

pseudorange (m) -0.173 -0.115 
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Fig. 14 Double-differenced L1 pseudorange inter-

channel bias (LEICA-TRIMBLE 29/01/2012). 
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Fig. 15 Double-differenced L1 carrier phase inter-

channel bias (LEICA-TRIMBLE 29/01/2012). 
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Fig. 16 Double-differenced L2 pseudorange inter-

channel bias (LEICA-TRIMBLE 29/01/2012). 
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Fig. 17 Double-differenced L2 carrier phase inter-

channel bias (LEICA-TRIMBLE 29/01/2012). 

 

 

2.2.2 Calibration of inter-channel hardware bias 

The presence of the GLONASS inter-channel bias can make ambiguity resolution of combined 

GPS/GLONASS processing systems an impossible task. Figures 18-21 show mixed receiver baseline 

solutions before and after applying the corrections for the bias. GLONASS carrier phase and pseudorange 

observations were corrected with the estimated bias values. The baseline studied was formed between  a 

reference station (CHIP) of the CORSnet-NSW network equipped with a LEICA receiver 

(GRX1200GGPRO) and the station located on the roof of the EE building to which TOPCON and 

TRIMBLE receivers were connected to the same antenna via a splitter. The baseline is 4.4km in length. 

Dual-frequency GPS/GLONASS Static RTK solutions were obtained from corrected and non-corrected 

GLONASS observations. The 24-hour data set used in this test was from 29 January 2012. 

Figure 18 shows that dual-frequency GPS/GLONASS ambiguity fixing is not possible between 

LEICA and TRIMBLE receivers if the GLONASS inter-channel bias was not corrected for. However, 

after applying estimates of the GLONASS carrier phase and pseudorange inter-channel biases, 92.6% 
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ambiguity success rate was achieved (Figure 19). Higher precision was also achieved after bias 

calibration (Table 6).  
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CH-TRUN-NCorr (Float solution  100% )

 

Fig. 18 RTK solution of baseline between CHIP 

(LEICA) and South Pillar UNSW (TRIMBLE) receiver 

without bias correction. 
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CH-TRUN-WCorr(Fixed Solution 92.6%)

CH-TRUN-WCorr(Float Solution)

 

Fig. 19 RTK solution of baseline between CHIP 

(LEICA) and South Pillar UNSW (TRIMBLE) receiver 

with bias correction. 

 

 

Table 6  Standard deviation of LEICA-TRIMBLE baseline with and without bias corrections applied to 

GLONASS observations 

LEICA-

TRIMBLE 

Standard deviation (m) 

E N h 

With 

Correction 

0.006 0.005 0.013 

Without 

Correction 

0.242 0.193 0.568 

 

 
Between LEICA and TOPCON, dual-frequency GPS/GLONASS ambiguity fixing was also not 

possible before applying GLONASS inter-channel bias corrections for carrier phase and pseudorange 

observations. Figures 20-21 show the solutions before and after application of the corrections. As with the 

previous mixed receiver baseline processing, the number of GPS/GLONASS ambiguities that were fixed 

after applying the GLONASS inter-channel bias corrections is significantly larger than if the corrections 

were not applied. Consequently a higher standard deviation was assured after applying the corrections 

(Table 7).    

 

Table 7 Standard deviation of LEICA-TOPCON baseline with and without bias corrections applied to 

GLONASS observations 

LEICA-TOPCON Standard deviation (m) 

E N h 

With Correction 0.006 0.005 0.013 

Without Correction 0.344 0.206 0.702 
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CH-TOUN-NCorr (Float solution  99.98% )

 

Fig. 20 RTK solution of baseline between CHIP 

(LEICA) and South Pillar UNSW (TOPCON) receiver 

without bias correction. 
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CH-TOUN-WCorr (Fixed Solution 93.8%)

CH-TOUN-WCorr (Float Solution)

 

Fig. 21 RTK solution of baseline between CHIP 

(LEICA) and South Pillar UNSW (TOPCON) receiver 

with bias correction. 

 

 

3 CONCLUDING REMARKS 

Receiver clock error cancellation in the double-differenced GPS and GLONASS carrier phase 

observations is a challenge for straightforward processing of combined measurement. Two main 

approaches for integrated GPS/GLONASS mathematical modelling to overcome such challenges were 

analysed. The first approach is to estimate the error, while the second one is to eliminate the error. There 

is similar performance of both approaches for dealing with receiver clock error.  

Field static and kinematic RTK experiments were carried out to assess the performance of the two 

approaches to cancelling the effect of receiver clock bias in terms of ambiguity resolution success rate and 

the coordinate accuracy. The static test indicates that there is an insignificant advantage of one approach 

over the other even though the estimation approach performs better than the elimination approach in two 

baselines of the three tested in terms of ambiguity validation results. However, similar results of 

coordinate accuracy were obtained from both approaches for the tested baselines. In contrast, the second 

approach appears to have a slightly higher performance than the first in the kinematic test by producing 

slightly larger number of fixed epochs. However the difference is not significant to support the conclusion 

that one approach is clearly superior to the other.  

Another challenge to GPS/GLONASS RTK for mixed receivers is the inter-channel bias. Several 

attempts have been made by different investigators to estimate GLONASS carrier phase and pseudorange 

inter-channel biases. However, as far as the authors are aware, no attempt has been made to estimate both 

biases at the same time, and to assess the impact of correcting GLONASS observations for these biases 

on ambiguity fixing. This paper proposed an enhanced algorithm to estimate both carrier phase and 

pseudorange inter-channel biases in mixed receiver baselines. Significant improvement in the success rate 

of GPS/GLONASS ambiguity fixing was achieved. 

The estimated carrier phase inter-channel bias is smaller than that of code (pseudorange) 

observations. However, it can exceed the wavelengths of the carrier signal. Therefore ambiguity 

resolution of a combined GPS/GLONASS system becomes impossible in mixed receiver baseline mode. 

It was shown that the pre-calibration of both GLONASS carrier phase and code observations can assist 

RTK users seeking centimeter-level positioning accuracy.  
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Receiver manufacturers and GNSS service organisations can make high accuracy GNSS RTK 

solutions possible and efficient by providing information of inter-channel bias information in RTCM 

messages, or RINEX files in the case of post-mission multi-GNSS positioning. 
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لملخــــصا  

تميزت أجهزة المسح البحرى الحديثة، ومنها جهاز قياس األعماق متعدد الحزم، بزيادة معدالت 
وغزارة تجميع بيانات األعماق نتيجة قدرته على إرسال  نبضات عديدة ألستكشاف األعماق، وذلك 
لنفس الوقت السابق خالل مرور سفينة المسح. وأدت هذه الزيادة فى كثافة البيانات إلى جعل نسبة 

التى تستخدم فى  تقريباً. وتوجد العديد من التقنيات زمن مدة تحليل البيانات إلى تجميع البيانات كنسبة
تحليل وتنقية بيانات األجهزة متعددة الحزم ) ومنها الطريقة اليدوية ثنائية األبعاد، اليدوية ثالثية األبعاد 
وهناك طرق أوتوماتيكية عديدة ( والتى تختلف فى زمن مدة التحليل الالزمة. تتفاوت الطرق فى 

األن غير منتشرة. أما الطرق األوتوماتيكية  عنصر وقت تحليل البيانات إال أن الطرق اليدوية أصبحت
فى التحليل فأصبحت ضرورية خاصة لألحجام الضخمة من البيانات، وتميزها بتقليل الوقت والمجهود 
المستخدمين فى عملية التحليل اليدوى. وبما أن الطرق األوتوماتيكية مفيدة إال أنها تواجه أسئلة هامة 

واألمان وهما من أهم عمليات جودة معالجة البيانات ألى عملية عن االعتمادية، وعن درجة الدقة 
تم استخدام بيانات رفع مساحى كامل لألعماق بواسطة جهاز قياس األعماق  مسح هيدروجرافى . 

متعدد الحزم اشترك فيه الباحث لمنطقة خطوط أنابيب سوميد كرير، ثم تم عمل تحليل بيانات األعماق 
 . وت على أهداف واضحةالهيدروجرافية والتى احت

)خطوط انابيب( وذلك أوالً بأستخدام الطريقة اليدوية، وتمت مقارنة دقة البيانات التى تم معالجتها مع 
بيانات الموجات المرتدة  والمعروفة مسبقاً كونها ذات أبعاد محدده ومعروفة ) خطوط األنابيب ( ، 

جديدة باستخدام حزم من  يقةة . تم استحداث طروذلك للتأكد من جودة خطوات معالجة البيانات المتبع
البرامج الجاهزة الكتشاف األهداف قبل وبعد عملية  تحليل البيانات وذلك فى حينها للتأكد من عدم فقد 
أى أهداف أثناء عملية المعالجة، وتم اختبار هذه الطرق على أهداف هيدروجرافية  حقيقية وذلك للتأكد 

قتراح عدد من الخطوات والتوصيات  التى تضمن الدقة اثناء عملية تحليل من هنا تم ا .من صالحيتها
بيانات جهاز قياس األعماق متعدد الحزم ، مع عرض أفضل الطرق لتحديد األهداف الهيدروجرافية 
للوصول الى الحل األمثل لتجنب فقدان أى اهداف اثناء عملية معالجة البيانات. وتتميز تلك التوصيات 

ايضاً انه عند قيام اكثر من مساح باجراء عملية مسح فى نفس المكان فإن نتائج عملية بأنها تضمن 
 المسح بعد معالجتها تكون مماثلة تقريباً .

 

Abstract 
Resolution in Multi beam Echo sounder (MBES) systems is being increased as new 

generation systems   are   developed.  Increasing  beam counts,  sample  rates,  and  bottom  

coverage  result in a higher volume and accuracy level of data output, which in turn provide 

significant value in hydrographic applications, offering more reliable results and showing 

features on the sea floor that were not previously visible.  A significantly higher processing 

load, however, can counteract these benefits and raise survey costs to unmanageable levels 
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(RESON Inc, 2007).  It is important, therefore, to develop algorithms that will help in the 

evaluation and compilation of survey results instead of using manual approaches which 

became unwieldy used due to long time processing and extra efforts needed for the high 

data rates, while automatic methods of processing have become essential especially for 

massive amount of data.  Automatic approach would also be faster and more beneficial; 

however it raises questions about its reliability, accuracy, safety and the possibility of losing 

important targets, which may be considered as one of the most important functions of 

hydrographic depth configuration analysis.  
 

Data of multi beam survey were collected at two locations in Sumed Kerir area (containing 

obvious features such as pipelines) and near Alexandria port containing ship wreck. These 

data were corrected considering tide, sound velocity and offset corrections.  Manual swath 

cleaning stage took place in PDS2000 hydro graphic .Then, new semi-automated target 

recognition approach was developed with the usage of different software packages and applied 

on collected data to detect objects pre and post data processing procedures.  This suggested 

approach specified in target recognition was applied to ensure not to lose any hydro graphic 

target during processing procedures. This approach was tested and verified using multi beam 

real data. The suggested approach proved to work properly in such a way that if two 

surveyors work independently with the same data; they would get almost the same results.  

 

 
            Figure (1): Conceptual diagram for target recognition multi beam workflow.    

            Multi beam processing common workflow (black) and suggested models (red).    

 

1. Introduction 

Far from making the hydro graphic 

surveyor redundant, the processing flow 

actually steers the hydro graphic processor 

to take decisions like, whether this is a 

feature or noise; that are often overlooked 

in their attempt to get the data cleaned in 

time.  It enables to reach far higher quality 

products in the field, minimize the 

chances of main errors occurring (that 

require re-survey), allow for the 

processing of backscatter and seabed 

classification on board the vessel and the 

merging of other scientific data types such 

as sides can and sub-bottom profiler for 

geophysical interpretation that can be 

analysed in offshore, allowing for „real-

time‟ decision making (Duncan and 
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Lindsey, 2009). The question whether the 

measured depths are within acceptable 

accuracy limits or not, is still difficult to 

prove.  The statistics on the resulting 

depths may show excellent agreement, but 

the challenge is, whether they represent 

the true depth or not.  A possible way to 

get closer to the truth is to verify the depth 

accuracy of the multi beam system on a 

ground truth object on the seafloor.  

However this object is not likely to be in 

the survey area and will only verify the 

true depth on the object at that time.  

Another independent depth measuring 

method could be used to get redundancy 

in depth.  If the second method is used in 

critical and in selected areas and the 

resulting depths from the two systems 

have acceptable form, then statistically 

true depth could be reached (Ulf et 

al.,2007). In most of the projects, cost is 

one of the major concerns; one approach 

is by minimizing time spent in post-

processing.  In some operations it is 

financially desirable to create a Digital 

Terrain Model (DTM) of the sea-bottom 

in the area of interest, more or less in real-

time.  In order to reach this, time spent on 

processing Multi beam data should be 

reduced to a minimum.  In dredging 

operations for example, near real-time 

production of DTMs reduces the time of 

an expensive vessel that has to wait 

passively before it can begin (or continue) 

dredging (Peter et al., 2000). From here, 

this paper aims at suggesting a semi-

automated approach which acts as a 

professional processor specialized in 

recognition of hydrographic targets when 

using automatic cleaning algorithms in 

MBES data processing. 

 

 

 

 

 

2. Data gathering 

Data gathering is dependent upon 

different factors. The survey 

requirements, the platform and 

equipment available, and the time 

specified for a particular task will 

determine the amount of data to be 

collected.  A massive amount of data can 

be collected using latest hydrographic 

software‟s and multi beam echo 

sounders. In particular, the purpose of 

the survey will usually dictate the data 

requirement (data density, data coverage, 

and data precision).  However, if there is 

no impact on cost and schedule, then as 

many data may be collected as possible 

during field survey.  The data collection 

should be made in methodical manner 

starting from one side of the area ending 

on other. It should also be noted that data 

redundancy and data density are not the 

same thing.  Data density is the number 

of soundings per unit of area, while data 

redundancy refers to data overlap or data 

collected at a different time at the same 

location.  The type of survey defines data 

redundancy or data overlap requirements.  

Full coverage surveys deal more with 

data density to insure that all bottom 

features/obstructions have been located. 

These need to be clearly understood by 

those requesting the survey and those 

doing the survey to insure compliance 

with the standards specified by IHO 

(Manual IHO, 2005).  

 

3. Target recognition techniques 

Hydrographic targets are objects that rise 

above the bottom surface more than a 

specific amount as defined by IHO 

survey standards (IHO, 2001). Target 

detection always acquires long time 

processing and analysis by human 

experts. Multi beam automatic 

processing software in target recognition 

field (which is one of the main functions 
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of hydrographic survey) yield obvious   

discrepancies (NOS, 2009).   This can be 

referred to the differences in shapes and 

sizes of submerged and buried targets 

(ex: pipelines, rocks, and ship wrecks).  

Moreover,  there is also no   possibility   

to   detect   features   by  their  real  

colors  (as  in  remote  sensing 

techniques  using  satellite  images)  due  

to using acoustic pulse which can be 

used  to  obtain  three dimensional  map  

with  no  other  reliable outputs except 

position and depth ,i.e. (X,Y,Z). ).  

Therefore,  the existing  automatic  

cleaning software  of multi beam echo 

sounder data (MBES)  may lead to 

substantial loss  of  the  detected  targets  

in  hydrographic surveying  data   

processing   phase.  First, the researcher 

tried to work with Neural Network 

Modeling (one of the artificial 

intelligence modern modules) but it 

didn't work since it needs target library 

(which is very difficult when dealing 

with hydrographic targets). Some 

techniques were developed for target 

recognition.  In 2005, Alexandria and 

Richard presented a pose-independent 

automatic target detection and recognition 

system that uses data from an airborne 

three-dimensional imaging laidar sensor. 

The automatic target recognition system 

uses size signatures from target models to 

detect and recognize targets under heavy 

camouflage cover in extended terrain 

scenes.  But this technique needs 

predefined target dimensions and 

characteristics (target library) which is 

impractical to be applied in seabed 

features. Then, Brain et al. (2006) 

illustrated that the target criterion 

articulated  by the experts which can be 

informally described by selecting  an area 

and then Computing the   average of all  

depth  measurements  within  this selected 

area.  and comparing  this average to the 

Depth of the shallowest point in the area.  

This method can be applied in remote 

sensing recognition.  However, needs 

predefined objects (ground truth) to check 

its accuracy which is also difficult to apply 

on seabed objects.   In 2007, Miguel 

stated that available automatic cleaning 

software have a leakage in target 

recognition field and they may require 

professional users to deal with them, so it 

might easily happen to lose an important 

target (ex: pipeline, rock, ships‟ wreck) 

during cleaning process with no indication 

about losing important objects. Rebecca et 

al. (2008) developed an automated system 

to eliminate the need for the initial manual 

sides can review process, which is 

currently performed by junior hydro 

graphic.  The intent was that an  

experienced  hydrograph  would still 

review the sides can record for data 

quality and to quality assure the bottom 

tracking and   digitized  contacts   

generated  by the  ATD  ( Automatic  

Target Detection) software which is still 

time consuming and specialized on sides 

can contacts only. The research problem is 

raised to answer:  

 How to  minimize the  losses  of  targets   

during processing  procedures (especially  

when  using  available automatic cleaning  

algorithms),   since   target   recognition  is 

considered   one   of   the   main   aims  of  

hydro graphic surveys.  

 How to build an interactive Decision 

Support System specialized in target 

recognition when cleaning the whole data 

set by a surveyor disregarding to his 

experience, since wrong processing may 

lead to lose important features or objects.   

 How to provide a fast target detection 

process especially in special purpose 

operations (ex: rescue operation and 

drawn monuments discovery) in which 

time and cost are very important factors 
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for the success of these operations. Unlike 

previous studies this paper will focus on 

that the existing  automatic  cleaning 

software  of multi beam echo sounder data 

(MBES) data,  may lead to substantial loss  

of  the  detected  targets  in  hydro graphic 

surveying  data   processing   phase.  

Therefore, an approach for target 

recognition was developed using different 

software packages and applied in both pre, 

post processed real data.  This developed 

approach can work as a complementary 

tool for multi beam automatic cleaning 

software. 

 

4. Area of study and data collection 

Multi beam echo sounder data was 

acquired at Summed Kerir Buoys area 

(total of study area about 25 Km
2
), which 

is located 12 nautical miles west of 

Alexandria port at location (31° 05΄N, 29° 

40΄E). The survey was accomplished in 

May 2007, in which the researcher was a 

member of the surveying team. The study 

area was completely covered without any 

gabs in a special order survey according to 

IHO standard S-44 (IHO, 2008).               

The field work was carried out in eight 

working days and the data were collected 

in normal weather conditions (wind speed 

from 8 to 13 knots which have not 

affected the accuracy of the surveying 

operation).  The depths of the survey area 

vary from 10 to 30 meters. The area of 

study contains six floating petroleum 

buoys and submerged pipelines (on the 

seabed) joining the main company tanks 

with the buoys.   An area of 80*80 m 

(6400 m2) was chosen from the study area 

(since it contains noticeable difference in 

soundings and three pipelines) as shown 

in Figure (2) that contains three pipelines. 

Moreover, a ship wreck near Alexandria 

port at location (31° 10.77΄N, 29° 

48.04΄E) and at depth 30 meter was also 

surveyed to be used in multi beam 

calibration. The vessel used during the 

survey operation “Summed tugboat Kerir 

1” was equipped with shallow water multi 

beam echo sounder and all other survey 

equipments.  

 

 
 

Figure (2):  Location map of the area of 

study in Summed Kerir including the 

80*80 m chosen area (green rectangle). 

5.  Data Preparation and Processing  
An area of 80*80 m was chosen from the 

study area as shown in Figure (2) that 

contains pipelines. The collected pre-

processed depth data (raw data) was 

corrected for tide, sound velocity and 

offset adjustment during the period of the 

survey to produce edited data.  

Processing of hydrographic multi beam 

real data containing obvious features 

(pipelines) was done using manual 

procedures, so it can be used as a 

reference data.                                                                                                                                                                                                               

This manual processing procedures were 

accomplished using PDS2000 software 

(hydrographic software package) and 

could be done by the same technique in 

any other hydrographic software, by 

eliminating spikes (colored green in 

Figure for each swath and comparing this 

swath With the backscatter data to 

visually make sure that no data will be 

lost during false spikes elimination.  
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Moreover, the accuracy of processed 

data was compared to the pre known 

dimensions of the targets (pipelines) to 

ensure the quality of the applied 

processing procedures. This process is of 

course very time consuming that may 

take about 10 hours for the selected area 

(80 * 80 meter). 

At last, two surfaces were created in 

PDS2000 software with cell size 0.25 

meters; the first was pre-processing and 

the second was post-processing. Data of 

these two surfaces values were exported 

as XYZ data to be ready for using it 

easily in other software. 

 

Figure (3): Manual processing by checking each swath by backscatter data. 

 

6. Multi beam developed Processing 

procedures 

For multi beam data, a workflow, which 

includes as much processing options as 

possible, could look like the one in 

Figure (4)  

 

(without including the red colored boxes 

since which they are specialized in target 

recognition and will be detailed later in 

the methods of analysis). 

 

   
Figure (4): Common processing workflow (colored black) when adding proposed target   

recognition approach (colored red).                 
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The common workflow for processing 

multibeam data includes steps such as:  

• Definition of sensor offsets; 

• setup project and convert data; 

• check navigation and motion data; 

•check and apply Sound Velocity Profile, 

tide. 

•compute geo-referenced depth solutions. 

Once these issues have been addressed 

the data can be used to compute and 

display a gridded representation of the 

seabed in combination with available 

background data. 

•Compute weighted grid; 

•Load and display background 

information. 

The information of the grid and other 

sources will then be used to determine 

the optimal parameters for semi-

automatic and automatic data cleaning 

tools.  After running the semi-/ automatic 

algorithms, individual outliers can be 

identified and flagged manually.  At the 

end, the weighted grids will be 

recomputed to visualize the effects of the 

data processing. 

•Data cleaning (semi- / automatic / 

manual); 

• re-compute weighted gird. 

As a result, the data could be exported.  

This can be for example all „clean 

soundings‟, grid nodes or gird images. 

•Data Export (CARIS, 2002). 

The difference between the developed 

(suggested) processing workflow 

(colored red in Figure 4) and common 

processing procedures could be 

summarized as: After collecting the 

multibeam raw data it was corrected by 

applying both sound velocity and tide 

corrections, and here developed semi-

automated approach for target 

recognition could be applied on raw data.  

Then, swath cleaning stage took place in 

PDS2000 software manually as shown in 

Figure (3) (and could be done in any 

hydrographic survey software manually 

algorithm or any automatic cleaning 

module). Then, developed semi-

automated approach for target 

recognition (as shown in Figure 4 and 

colored in red) could also take place to 

ensure not to lose any hydrographic 

target during cleaning procedures (by 

comparing number of hydrographic 

targets for both raw and processed data), 

this stage was not available in common 

processing procedures (colored black in 

Figure 4) that was resulting in some 

losses in targets especially when using 

automatic cleaning modules.  Therefore, 

the data will be ready for sounding 

selection and contouring.  Finally 

plotting or exporting of processed data 

could be achieved safely.   

   

7.  Methods of analysis 
The idea behind this developed approach 

as demonstrated in Figure (5) is to make 

any seabed target obvious (without any 

interference resulted from depth spikes 

or surrounding sounding differences). 

Therefore, the hydrographic processor 

would rapidly ensure that no target was 

eliminated during processing procedures 

before (raw data) and after (processed 

data) if any automatic cleaning algorithm 

was used (Soliman, 2011).  

The XYZ data was imported to ERDAS 

8.4 software from any collecting 

hydrographic software (ex: Hypackmax, 

PDS200) and converted to 2D surface 

image (concerned on the top layer only 

which contains hydrographic objects), 

then this 2D surface image will be 

compared to the 3D surface image 

resulted from any surfacing software (ex: 

Surfer 8, Hypackmax, PDS2000).  

or automatically by using CUBE 
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Figure (5): Proposed semi-automated target recognition workflow (colored red). 

                               

The previous steps were applied on the 

collected hydrographic data of Summed 

Kerir area and ship wreck near 

Alexandria port and the details are as 

follow: 

 

7.1 Applying semi-automated 

approach using real data 

The XYZ multi beam data (post and pre 

processed) of Summed Kerir pipelines 

was exported into two data modeling 

software‟s; the first one was Surfer 8 

software where the data can be gridded 

and viewed as three dimensional image 

(most commonly used). The second 

software was ERDAS 8.4 software and 

was surfaced using the linear rubber 

sheeting technique so that the targets 

were separated in one layer ignoring any 

scale and depth differences as a two 

dimensional image . The results were 

demonstrated in Figures (6) and (7). 
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Figure (6): Raw 3D and 2D surfaces including three pipelines. 

 

As shown in Figure (6), it was clear that 

the 3D image created by Surfer 8 

software in the left hand side is not easy 

for the hydrographic processor to decide 

the pipelines occurrence due to the great 

difference in depth between soundings 

(since the data wasn‟t processed and 

there were many depth spikes), on the 

other hand,  when dealing with 2D one 

layer image created in ERDAS 8.4 on the 

right hand side of the previous figure 

becomes very easy for a non-professional 

hydrographic processor to decide that 

there are three obvious pipelines (since 

only pipelines are obvious and  depth 

spikes disappeared).  However, it seems 

that the outcome is not identical in area 

as shown in Figures (6) and (7), but this 

difference in area is not real since it is 

related to the difference between 3D and 

2D viewing which have different 

projection in every software.    

 

 
Figure (7): Processed 3D and 2D surfaces including three pipelines. 

 

From Figure (7), it was obvious that the 

3D image created by Surfer 8 software in 

the left hand side was also difficult for 

the hydrographic processor to decide the 

existence of pipelines due to the slight 

difference in depth between soundings 

(since the data was processed).  On the 

other hand, when dealing with 2D one 

layer image created in ERDAS 8.4 on the 

right hand side of the Figure (7), it 
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becomes very easy for a non-professional 

hydrographic processor to decide that 

there are three obvious pipelines without 

any ambiguity resulted from sounding 

variations as in 3D image (Soliman, 

2011). 

  

 

 

7.2 Verification of Semi-automated 

approach 

A ship wreck was surveyed in May 2007 

at location (31° 10.77΄N, 29° 48.04΄E), 

and at depth 30 meter using multi beam 

echo sounder. XYZ data of ship wreck 

was surfaced as a 3D model using Surfer 

8 software as shown in Figure (8).   

 
Figure (8): Ship wreck 3D modeling in Surfer 8. 

   

The semi-automated developed approach 

was applied to the same XYZ data 

resulting a 2D image as shown in Figure 

(9), which is easier to classify for any 

surveyor since no spikes or depth 

differences are taking place (more close 

to sidescan sonar view). This approach 

eliminates any ambiguity in classifying 

the ship wreck with any other object (ex: 

rock), since it is very close to the 

ellipsoidal shape and could be classified 

by any sidescan classifying software (ship 

shape).   

 

 
Figure (9): Ship wreck 2D modeling in using semi-automated approach. 

 

At last, when using this approach, it 

becomes easy for a hydrographic 

processor to check instantaneously (at 

real time) that no object has disappeared 

after Processing (cleaning) of data 

(especially when using automatic 

cleaning algorithms). In other words this 

target recognition tool could be applied 

in both pre and post processed data and 

by comparing their results visually 

(number of existing targets) the 

processor could process an area of 80*80 
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m.  Relative to this reference time, a 20 

swath per screen (normal quality 

processing rate) Time was 

calculated and demonstrated in the right 

hand side of Figure (10) to be compared 

by the new approach time (on the left 

hand side of Figure 10). 

 
Figure (10): Comparison between time taken by new approach and existing techniques. 

 

8. Results and discussion 

The time taken to manually process one 

swath per screen (very high quality 

processing rate) was taken as a reference 

time needed to.    

It is obvious that using the common 

technique (on the right hand side of the 

previous Figure),  the surveyor  should 

wait 30 minute until finishing manual 

processing required for processing 20 

swath per one screen  to decide the 

existence of targets.  On the other hand, 

when using the new target recognition 

approach (on the left hand side of the 

Figure 10) it would take about only one 

minute to take decision about targets 

existence.  One of the most interesting 

results of using this approach that it can 

extract targets from the raw data directly 

even before completing the data 

processing procedures (no need to wait 

until data is processed). Finally, this 

approach could save more time as the 

area increases since it is undependable 

on the data size while processing time (to 

decide target existence using common 

methods) will increase. 

 

9. Conclusions 

This paper concludes the following: 

1- This paper suggested new target 

recognition approach specified in target 

recognition to aid the hydrographic 

processor to have the most accurate 

processed multi beam data when using 

manual or automatic cleaning techniques 

without losing any object. This approach 

proved to work properly in such a way 

that when two surveyors work 

independently in processing the same 

data set they would get almost the same 

targets without any recognition 

ambiguity (assuring targets). 

2- Raw data was not a target indicator in 

common recognition techniques (the 

surveyor should wait after data 

processing), but when using the 

developed.  

3- The multi beam cleaning soft ware's 

of waiting after automatic or manual 

processing to have the same target results 

default configuration is not suitable for 

data with significant steep slopes or 

rough seafloor; intervention is necessary 

to adapt an algorithm to this kind of 

terrain. 
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Hence, knowledge of the system used is 

necessary and the specific characteristics 

of the survey area should be also well 

understood by the operator .  Therefore, 

the of target recognition techniques are 

of importance. approach it can be used as 

a very rapid target recognizer (since 

targets are separated with no spikes 

disturbance), and decisions could be built 

on the results (as in dredger example 

stated before), instead. 
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Marine Navigation 
Navigational Errors and Assessment of Fault 

Capt. Francis Lansakara  

Master Mariner. LLM  (London) 

ABSTRACT  

 

Maritime accidents involving ships normally take place due to navigational errors of the ships 

staff this also include non compliance of International Collision Regulations. In the case of a 

maritime accident, the assessment of the fault will normally be carried out by the courts to 

decide the degree of fault on each party involved in the accident and the methods used to find 

the degree of fault are different under varies circumstances they may be categorize as 

between ships and shore objects and others such as pollution as a result of accidents. 

For accidents involving two or more ships the assessment of faults could be laid on the give 

way vessel as well as stand on vessel and others whose action have contributed to the 

collision and the losses. 

The common law courts have adopted system known as proportionate fault rule which apply 

according to the degree of fault in the case of maritime accidents involving ships. This paper 

intends to discuss the how the courts assess the degree of fault what are the factors they will 

consider including the international collision regulations, how they will be applied to decide 

the collision cases under varies circumstances, what are the available defenses and finally 

comments on efficiency of the current methods used by the courts. 
 

Key words: Navigation; Errors; Fault; COLREG; Assessment; Collision  
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1.0 Introduction  

 

Admiralty courts have adopted varies methods since the early part of 19
th
 century to blame the vessels  

after a collision however methods used have changed from time to time. In the middle part of 19
th
 

century the method used by Admiralty Courts in UK known as the presumption of fault, under the 

presumption of fault where in a collision if proved to the court before which the case is tried that any 

one of the collision regulations has been infringed that vessel shall be deemed to be at fault unless that 

vessel could show to the satisfaction of the court that the circumstance of the case made departure 

from the regulations necessary. In other wards if the vessel has breached a collision regulation it 

presumed she is guilty unless she can prove otherwise or breach was necessary under the 

circumstance.  

It appeared that such a rule of presumption of fault for mere breach of collision regulation was 

arbitrary or one sided a strict way deciding the fault in a collision case and that it imposed an 

obligation upon the court to find fault for the collision without proof of negligence thus some years 

later by S4 of Maritime Convention Act (MCA) 1911 the presumption of fault rule was abolished. 

Since then a when there is a breach of collision regulation by a ship or ships then the person claiming 

has to prove that the breach of collision regulation caused the collision and the damages claimed are 

not too remote this is known as causative link between non compliance with a collision regulation. In 

addition S1  MCA 1911 division of the loss rule in proportion to the degree to which each vessel was 

at fault means that when there is collision between two or more ships the liability will be divided 

according to degree of their fault rather than 50/50 as was the position previously in every case of 

joint fault. 

 

 

 

2.0 Assessment of Fault   

 

2.1 Nature of Proportionate Fault Rule 

 

The proportionate fault rule it has its roots in 1995 Merchant Shipping Act of UK describe that where 

by the fault of two or more ships, damages or loss is caused to one or more of those ships, to their 

cargos or freight, or to any property on board the liability to make good the damage or loss shall be in 

proportion to the degree in which each vessel each was at fault.   It is clear from the Act there has to 

be a collision involving two or more ships and if the collision involving a ship and a non ship (shore 

object) proportionate fault rule cannot be applied and such liabilities could be covered under 

Contributory Negligence Act or strict liabilities may exist in the case of Harbour Authority is 

involved. The ships at fault need not be in physical contact with each other in order to be at fault, their 

wrongful action could have contributed to the collision between other vessels then they will still be 

liable. This could be further described by the example due the fault or wrongful action of ships “A 

“and “B” collision occurs between “B” and “C” in such case ship “A” will also be taken into 

consideration in assessment of fault between “B” and “C”. If the vessel’s wrongful action has not 

contributed to the collision this is known as “causation link cannot be proved” in such case that vessel 

will not be liable. The proportionate amount once established will be applicable to all damages this 

include the ship, its cargo, freight, lives and injuries. The limitation of liability by the ship owner will 

be considered in settling the damage amount with each other once the degree of fault has been 

established.   
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2.2 Professional Standard and Tolerance  

 

Vessels owns a duty of care to each other this to say vessel are under the obligation to comply with 

collision regulations, under what circumstances such duties exist are described in International 

Collision Regulations adopted by IMO therefore it is important all requirements under IMO Collision 

Regulations are met in order to establish a duty of care. Once the duty is established between the ships 

next is to regard whether they are complied reasonably the standards are judged objectively not 

subjectively. Objective judgment uses a yard stick of ordinary practice of seaman under the 

circumstance subjective judgment usually find out whether the vessel at fault causes the action 

intentionally in maritime collision cases civil liabilities are judged objectively using the yard stick of 

ordinary practice of seaman and it is considered the most practical at present. The professional 

standard and tolerance applied in maritime cases could be elaborated when there is inevitability or 

agony.  

Inevitable accident is one party is charged with damages could not possible prevent by exercise of 

ordinary care caution and maritime skill (application of good seaman ship). Here we have to satisfy 

the condition that something was to be done or omitted to be done with a person exercising ordinary 

care caution and maritime skill in circumstances either could not have done or would not have left 

undone as the case may be considering the admitted time which elapsed.   

In one case when the action required by one of the vessel in such a short period of time such as lesser 

than one minute with a conventional vessel the accident could be categorized as inevitable therefore 

could not be blamed for the collision similar standards are usually applied by nautical assessors or 

experts who advice the admiralty courts on professional issues they consider this as within 

professional standard and tolerance. In another collision case involving steering gear breakdown in 

congested traffic the accident was not considered as inevitable because congestion was well expected 

and the changeover to hand steering could have done before the accident this was considered as not 

inevitable and within the professional standard and tolerance of the master and officers.  

Professional standard and tolerance when the ship’s command is under any sort of agony could be 

described as follows: That could incur when the own vessel was put to test by the sudden wrongful 

action by the other an example for this is sudden altering of course towards a vessel by an overtaking 

vessel the overtaking vessel cannot expect the other to keep clear by taking correct action because 

sudden altering of course towards the other will cause an agony by which the ship which is not at fault 

may take wrongful action in that confusion. Although the action is wrongful this will not amount to a 

fault if the overtaking vessel is proved to have created an agony on board the other vessel by altering 

course towards the vessel. The same could be summarized as sound rule is that a man in charge of a 

vessel is not to be held guilty of negligence or as contributing to accident if in a sudden emergency 

caused by the fault or negligence of another vessel where, one ship by wrong manoeuvred placed 

another ship in position of extreme danger the other ship will not be held to be blamed if she had done 

something wrong and has not been manoeuvred with perfect skill and presence of mind. We cannot 

expect same amount of skill professional standard and tolerance as we should under other 

circumstances.        

       

 

 

3.0 Collision Situation and degree of fault 

 

All Collision Regulations are taken into account in assessment of fault although only three situations 

are described below.  Under the proportionate fault rule the degree of fault could be varied under the 

four main types a. Give way vessel b. Stand on vessel. c. When both vessels is required to keep out of 

the way.  d. When in restricted visibility 
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Many other variations of combined type not fully discussed here but basic knowledge of this shall 

lead to good understanding how the proportionate fault rule work. 

 

3.1 Regulation 15 Crossing Situation 

 

When two vessels are crossing so as to involve risk of collision, the vessel which has the other on her 

own starboard side shall keep out of the way and shall if the circumstances of the case admit avoid 

crossing ahead of the vessel. Whether the vessels were in crossing situation or overtaking situation is 

to be established first with evidence. The general principle is that give way vessel will be considered 

as at fault  if fail to  take early and positive action to keep out of the way or failing to reduce speed in 

good time so as to allow the other to pass ahead of the own vessel. The action required by give way 

vessel which is directed to keep out of the way of another vessel shall so far as possible take early and 

substantial action to keep well clear. 

If in a collision between two vessels if the give way vessel fails to take correct avoiding action or took 

the wrong turn the proportion of blame is about 80%.  The balance 20% of the blame could be 

explained thus this will not make the stand on vessel totally free this is in line with Regulation 17 

whether one of the two vessels is to keep out of the way the other shall keep her course and speed. 

The later vessel may however take action to avoid collision by her manoeuvre alone, as soon as it 

became apparent to her that vessel required to keep out of the way is not taking appropriate action in 

compliance with these rules.  Although the regulation 16 do not really placed strict obligations on the 

stand on vessel the courts will impose about 20% fault on the stand on vessel if they found that action 

by the stand on vessel could have avoided the collision or reduce the losses.   

The above principles were followed in the case The Noway Sacz 1976 by UK Admiralty courts. 

 

 

3.2 Regulation 14 Head On Situation 

 
The rule provides that when two power driven vessels are meeting on reciprocal or nearly course 

courses so as to involve risk of collision each shall alter her course to starboard so that each shall pass 

on port side of the other. Where one of the ships failed to take correct action by altering her course to 

starboard the degree of fault can be higher in congested waters such as narrow channels because 

limited action available to other due to limited space however in open sea the situation could differ 

and the degree of fault on the vessel who do not alter to starboard could be lesser. In a congested 

waters where the other has limited space the degree of fault on the vessel who do not alter to starboard 

or took the wrong turn would amount to about 85% and the other vessel who altered course to 

starboard but it was not enough to avoid the collision would also be blamed about 15%. 

The above principles were followed in the case The Agro Hope 1982 by UK Admiralty courts. 

   

3.3 Regulation 19 Conduct of Vessel in Restricted Visibility  

 

The rule applies to vessels not in sight one another when navigation in or near an area of restricted 

visibility. It considers the safe speed and the readiness of the engine for immediate maoeuvre.  

A vessel which detects by radar alone the presence of another vessel shall determine if a close quarter 

situation is developing and or risk of collision exists. If so she shall take avoiding action in ample 

time provided that when such action consists of an alteration of course alone so far as possible the 

following shall be avoided (i) an alteration of curse to port to for a vessel forward of the beam, other 

than for a vessel being overtaken;(ii) an alteration of course towards a vessel abeam or abaft the beam. 

In most cases the vessels are at fault on defective appreciation of the situation on the radar this due to 

improper radar watch, radar plotting not being carried out, effect of cutter on targets, not stopping her 

engine in time, altering course by small amount rather than a large amount. 
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Unlike most other cases in restricted visibility both vessel will be at fault the degree of fault under the 

circumstances could well be unable to judge or impossible ascertain to a reasonable accuracy 

therefore both vessels could be blamed 50 /50 

The above principles were followed in the case The Ercole 1977 by UK Admiralty courts 

4. 0 Available Defenses  

 

4.1 Defense of Inevitable Accident 

 

Inevitable accident means the party charged with the damage could not possibly prevent by the 

exercise of ordinary care, observance collision regulations caution and maritime skill. The defending 

party pleading or relying on inevitable accident must show that the proximate cause or most likely 

cause of the accident is some external element which was totally unavoidable. The question is not 

whether everything that could be done was done as soon as the danger of collision arose, but whether 

sufficient precautions had been taken much earlier. Any negligence at any time will override the 

defense of inevitable accident. The burden of proof or person intend to prove on this as a defense 

required lot of material evidence is considered heavy and has been successful only in few cases. 

The above principles were followed in the case The Marpesia 1872   and The Merchant Prince 1892  

by UK courts. 

 

4.2 Defense of Agony of the Moment (Alternate danger) 

 

Where, one ship has by wrong manoeuvres placed another ship in a position of extreme danger that 

other ship will not be held to blame if she had done something wrong, and has not been manoeuvred 

with perfect skill and presence of mind. This is further explained with examples under 2.2 

Professional Standard and Tolerance  

The above principles were followed in the case The Bywell Castle 1879 by UK courts. 

 

4.3 Defense of New Intervening Act  

 

Where the cause of the accident is broken due to an intervening act. An example of this could be after 

a collision between two ships one of the ship was seriously damaged but the ship master refuse to get 

tug assistance and later the ship sunk and total loss is purely due to intervening action by the master 

by refusing the get tug assistance and such excessive losses cannot be blamed on the other colliding 

ship. 

This intervening action by the master by refusing to get tug assistance or similar incidents where after 

the collision a new intervening action by any one party or others have caused additional losses the 

defendant can rely on this defense. 

The above principles were followed in the case The Pauldina 1927 and Fritz Thyssen 1967 by UK 

courts. 

 

 4.4 Defense of Necessity 

 

This is one of the oldest defenses available it has to be proved that there was a real necessity breach 

departs from collision regulations and cause losses. Under the collision regulations there is provisions 

provide for departure from the rules in the case of necessity. Negligence must be justified in a perilous 

situation choose between two or more interests. The perilous situation cannot be brought by the 

defendant’s own fault in that case this defense is not available. 

The above principles were followed in the case The Southport Corp v Esso Petroleum 1954 by UK 

courts. 
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4.5 Time bar Defense   

 

Under the Merchant shipping Act 1995 provides for a period of two years within which any claims or 

lien can be enforced against a ship or her owners it covers all clams for property damage or loss 

caused by the fault of that ship to another ship, its freight, or any property on board. It also covers 

claims for damages for loss of life or personnel injury cause by the fault of that ship or any person on 

board another ship.  

 

4.6 Limitation of Liability  

 

Vessels at fault can limit their liability by relying on International Limitation Liability Conventions 

therefor relying applicable limitation of liability convention consider as a defense. There are three 

main types Tonnage Limitations, Civil Liability on Oil Pollution and Passenger Liability a vessel at 

fault can put forward the limitation of liability applicable to her as a defense.  

 

 

5.0 Conclusion 

 
Collision between ships liabilities may arise in many ways however the majority of situations are 

considered with respect to available court cases. In general it could be said the stand on vessel also 

likely to be liable to about 20% in most cases. This does not leave the stand on vessel without defense 

as the defenses are reasonably placed he can rely on available defense such as agony of the moment or 

inevitable accident if good seamanship is observed at all time. There is also a phycology behind all 

judgments that is to avoid collision, minimize casualty, to reduce pollution and other relevant factors. 

The current method of assessment of fault may not be a perfect system however to a reasonable extent  

It has proved acceptable results compare with previous system. The current civil liability base on 

whether the negligence of the ship or breach of collision regulation has caused the collision thereby 

contributed to the losses 

Therefore this method is universally accepted in the common law countries.       

 

 

 

 

-------------------- End --------------------------------- 
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Navigational Errors and Assessment of Fault 
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Abstract 
Maritime accidents involving ships normally take place due to navigational errors of the

shipsstaff,this also include non compliance of International Collision Regulations.  

In the case of a maritimeaccident,the assessment of the fault will normally be carried  

out by the courts to decide the degree .  

Fault on each party involved in the accident and the methods used to find the degree of  

fault adifferent under varies circumstances they may be categorize as between ships,  

and.shore,objects and others such as pollution as a reuult of accidents. For accidents 

involving two or more ships the assessment of faults could be laid on the give way 

vessel as well as stand on vessel and others whose action have contributed to the 

collision and the losses. The common law courts have adopted system known as 

proportionate fault rule which apply according to the degree of fault in the case of 

maritime accidents involving ships. This paper intends to discuss the how the courts 

assess the degree of fault what are the factors they will consider including the 

international collision regulations, how they will be applied to decide the collision cases 

under varies circumstances, what are the available defenses and finally comments on 

efficiency of the current methods used by the courts.  

Key words: Navigation; Errors; Fault; COLREG; Assessment; Collision  

1.Introduction

 

Admiralty courts have adopted varies 

methods since the early part of 19
th

 

century to blame the vessels  after a 

collision however methods used have 

changed from time to time. In the 

middle part of 19
th

 century the method 

used by Admiralty Courts in UK 

known as the presumption of fault, 

under the presumption of fault where in 

a collision if proved to the court before 

which the case is tried that any one of 

the collision regulations has been 

infringed that vessel shall be deemed to 

be at fault unless that vessel could 

show to the satisfaction of the court 

that the circumstance of the case made 

departure from the regulations 

necessary. In other wards if the vessel 

has breached a collision regulation it 

presumed she is guilty unless she can 

prove otherwise or breach was 

necessary under the circumstance. It 

appeared that such a rule of 

presumption of fault for mere breach of 

collision regulation was arbitrary or 

one sided A strict way deciding the 

fault in a collision case and that it 

imposed an obligation upon the court 

to find fault for the collision without 

proof of negligence thus some years 

later by S4 of Maritime Convention 

Act (MCA) 1911 the presumption of 

fault rule was abolished. Since then a 

when there is a breach of collision 

regulation by a ship or ships then the 

person claiming has to prove that the 

breach of collision regulation caused 

the collision and the damages claimed 

are not too remote this is known as 

causative link between non compliance 

with a collision regulation. In addition 

S1  MCA 1911 division of the loss rule 

in proportion to the degree to which 

each vessel was at fault means that 



when there is collision between two or 

more ships the liability will be divided 

according to degree of their fault rather 

than 50/50 as was the position 

previously in every case of joint fault. 

 

2. Assessment of Fault   

 

2.1 Nature of Proportionate Fault 

Rule 

 

The proportionate fault rule it has its 

roots in 1995 Merchant Shipping Act 

of UK describe that whereby the fault 

of two or more ships, damages or loss 

is caused to one or more of those ships, 

to their cargos or freight, or to any 

property on board the liability to make 

good the damage or loss shall be in 

proportion to the degree in which each 

vessel each was at fault.   It is clear 

from the Act there has to be a collision 

involving two or more ships and if the 

collision involving a ship and a non 

ship (shore object) proportionate fault 

rule cannot be applied and such 

liabilities could be covered under 

Contributory Negligence Act or strict 

liabilities may exist in the case of 

Harbor Authority is involved. The 

ships at fault need not be in physical 

contact with each other in order to be at 

fault, their wrongful action could have 

contributed to the collision between 

other vessels then they will still be 

liable. This could be further described 

by the example due the fault or 

wrongful action of ships “A “and “B” 

collision occurs between “B” and “C” 

in such case ship “A” will also be taken 

into consideration in assessment other 

once the degree of fault has been 

established. Of fault between “B” and 

“C”. If the vessel’s wrongful action has 

not contributed to the collision this is 

known as “causation link cannot be 

proved” in such case that vessel will 

not be liable. The proportionate amount 

once established will be applicable to 

all damages this include the ship, its 

cargo, freight, lives and injuries. The 

limitation of liability by the ship owner 

will be considered in settling the 

damage amount with each. 

 

2.2Professional Standard and 

Tolerance  

 

Vessels owns a duty of care to each 

other this to say vessel are under the 

obligation to comply with collision 

regulations, under what circumstances 

such duties exist are described in 

International Collision Regulations 

adopted by IMO therefore it is 

Important all requirements under IMO 

Collision Regulations are met in order 

to establish a duty of care. Once the 

duty is established between the ships 

next is to regard whether they are 

complied reasonably the standards are 

judged objectively not subjectively. 

Objective judgment uses a yard stick of 

ordinary practice of seaman under the 

circumstance subjective judgment 

usually find out whether the vessel at 

fault causes the action intentionally in 

maritime collision cases civil liabilities 

are judged objectively using the yard 

stick of ordinary practice of seaman 

and it is considered the most practical 

at present. The professional standard 

and tolerance applied in maritime cases 

could be elaborated when there is 

inevitability or agony.  

Inevitable accident is one party is 

charged with damages could not 

possible prevent by exercise of 

ordinary care caution and maritime 

skill (application of good seaman ship). 

Here we have to satisfy the condition 

that something was to be done or 

omitted to be done with a person 

exercising ordinary care caution and 

maritime skill in circumstances either 

could not have done or would not have 

left undone as the case may be 

considering the admitted time which 



elapsed.In one case when the action 

required by one of the vessel in such a 

short period of time such as lesser than 

one minute with a conventional vessel 

the accident could be categorized as 

inevitable therefore could not be 

blamed for the collision similar 

standards are usually applied by 

nautical assessors or experts who 

advice the admiralty courts on 

professional issues they consider this as 

within professional standard and 

tolerance. In another collision case 

involving steering gear breakdown in 

congested traffic the accident was not 

considered as inevitable because 

congestion was well expected and the 

changeover to hand steering could have 

done before the accident this was 

considered as not inevitable and within 

the professional standard and tolerance 

of the master and officers. Professional 

standard and tolerance when the ship’s 

command is under any sort of agony 

could be described as follows: That 

could incur when the own vessel was 

put to test by the sudden wrongful 

action by the other an example for this 

is sudden altering of course towards a 

vessel by an overtaking vessel the 

overtaking vessel cannot expect the 

other to keep clear by taking correct 

action because sudden altering of 

course towards the other will cause an 

agony by which the ship which is not at 

fault may take wrongful action in that 

confusion. Although the action is 

wrongful this will not amount to a fault 

if the overtaking vessel is proved to 

have created an agony on board the 

other vessel by altering course towards 

the vessel. The same could be 

summarized as sound rule is that a man 

in charge of a vessel is not to be held 

guilty of negligence or as contributing 

to accident if in a sudden emergency 

caused by the fault or negligence of 

another vessel where, one ship by 

wrong maneuvered placed another ship 

in position of extreme danger the other 

ship will not be held to be blamed if 

she had done something wrong and has 

not been maneuvered with perfect skill 

and presence of mind. We cannot 

expect same amount of skill 

professional standard and tolerance as 

we should under other circumstances. 

    

3. Collision Situation and degree of 

fault 

 

Under the proportionate fault rule the 

degree of fault could be varied under 

the four main types a. Give way vessel 

b. Stand on vessel. c. When both 

vessels is required to keep out of the 

way.  d. When in restricted visibility 

Many other variations of combined 

type not fully discussed here but basic 

knowledge of this shall lead to good    

Understanding how the proportionate 

fault rules work. 

 

3.1 Regulation 15 Crossing Situation 

 

When two vessels are crossing so as to 

involve risk of collision, the vessel 

which has the other on her own 

starboard side shall keep out of the way 

and shall if the circumstances of the 

case admit avoid crossing ahead of the 

vessel. Whether the vessels were in 

crossing situation or overtaking 

situation is to be established first with 

evidence. The general principle is that 

give way vessel will be considered as 

at fault  if fail to  take early and 

positive action to keep out of the way 

or failing to reduce speed in good time 

so as to allow the other to pass ahead of 

the own vessel. The action required by 

gives way vessel which is directed to 

keep out of the way of another vessel 

shall so far as possible take early and 

substantial action to keep well clear. If 

in a collision between two vessels if 

they give way vessel fails to take 

correct avoiding action or took the 



wrong turn the proportion of blame is 

about 80%.  The balance 20% of the 

blame could be explained thus this will 

not make the stand on vessel totally 

free this is in line with Regulation 17 

whether one of the two vessels is to 

keep out of the way the other shall 

keep her course and speed. The later 

vessel may however take action to 

avoid collision by her man oeuvre 

alone, as soon as it became apparent to 

her that vessel required to keep out of 

the way is not taking appropriate action 

in compliance with these rules.  

Although the regulation 16 do not 

really placed strict obligations on the 

stand on vessel the courts will impose 

about 20% fault on the stand on vessel 

if they found that action by the stand 

on vessel could have avoided the 

collision or reduce the losses.  The 

above principles were followed in the 

case The No way Sacz 1976 by UK 

Admiralty courts.  

 

3.2 Regulation 14 Head on Situation 

 

The rule provides that when two power 

driven vessels are meeting on 

reciprocal or nearly course courses so 

as to involve risk of collision each shall 

alter her course to starboard so that 

each shall pass on port side of the 

other. Where one of the ships failed to 

take correct action by altering her 

course to starboard the degree of fault 

can be higher in congested waters such 

as narrow channels because limited 

action available to other due to limited 

space however in open sea the situation 

could differ and the degree of fault on 

the vessel who do not alter to starboard 

could be lesser. In a congested waters 

where the other has limited space the 

degree of fault on the vessel who do 

not alter to starboard or took the wrong 

turn would amount to about 85% and 

the other vessel who altered course to 

starboard but it was not enough to 

avoid the collision would also be 

blamed about 15%. 

The above principles were followed in 

the case The Agro Hope 1982 by UK 

Admiralty courts. 

 

3.3 Regulation 19 Conduct of Vessel 

in Restricted Visibility  

 

He rules applies to vessels not in sight 

one another when navigation in or near 

an area of restricted visibility. It 

considers the safe speed and the 

readiness of the engine for immediate 

maneuver. A vessel which detects by 

radar alone the presence of another 

vessel shall determine if a close quarter 

situation is developing and or risk of 

collision exists. If so she shall take 

avoiding action in ample time provided 

that when such action consists of an 

alteration of course alone so far as 

possible the following shall be avoided 

(i) an alteration of curse to port to for a 

vessel forward of the beam, other than 

for a vessel being overtaken;(ii) an 

alteration of course towards a vessel 

abeam or abaft the beam. In most cases 

the vessels are at fault on defective 

appreciation of the situation on the 

radar this due to improper radar watch, 

radar plotting not being carried out, 

effect of cutter on targets, not stopping 

her engine in time, altering course by 

small amount rather than a large 

amount. 

Unlike most other cases in restricted 

visibility both vessel will be at fault the 

degree of fault under the circumstances 

could well be unable to judge or 

impossible ascertain to a reasonable 

accuracy therefore both vessels could 

be blamed 50 /50 The above principles 

were followed in the case The Ercole 

1977 by UK Admiralty courts. 

 

 

 

 



4. Available Defenses  

 

4.1 Defense of Inevitable Accident 

 

Inevitable accident means the party 

charged with the damage could not 

possibly prevent by the exercise of 

ordinary care, observance collision 

regulations caution and maritime skill. 

The defending party pleading or 

relying on inevitable accident must 

show that the proximate cause or most 

likely cause of the accident is some 

external element which was totally 

unavoidable. The question is not 

whether everything that could be done 

was done as soon as the danger of 

collision arose, but whether sufficient 

precautions had been taken much 

earlier. Any negligence at any time will 

override the defense of inevitable 

accident. The burden of proof or person 

intend to prove on this as a defense 

required lot of material evidence is 

considered heavy and has been 

successful only in few cases. 

The above principles were followed in 

the case The Marpesia 1872   and The 

Merchant Prince 1892  

by UK courts. 

 

4.2 Defense of Agony of the Moment 

(Alternate danger) 

 

Where, one ship has by wrong man 

oeuvres placed another ship in a 

position of extreme danger that other 

ship will not be held to blame if she 

had done something wrong, and has not 

been maneuvered with perfect skill and 

presence of mind. This is further 

explained with examples under 2.2 

Professional Standard and Tolerance  

The above principles were followed in 

the case The By well Castle 1879 by 

UK courts.  

 

 

 

4.3 Defense of New Intervening Act  

 

Where the cause of the accident is 

broken due to an intervening act. An 

example of this could be after a 

collision between two ships one of the 

ship was seriously damaged but the 

ship master refuse to get tug assistance 

and later the ship sunk and total loss is 

purely due to intervening action by the 

master by refusing the get tug 

assistance and such excessive losses 

cannot be blamed on the other colliding 

ship. This intervening action by the 

master by refusing to get tug assistance 

or similar incidents where after the 

collision a new intervening action by 

any one party or others have caused 

additional losses the defendant can rely 

on this defense. 

The above principles were followed in 

the case The Pauldina 1927 and Fritz 

Tyson 1967 by UK courts. 

 

4.4 Defense of Necessity 

 

This is one of the oldest defenses 

available it has to be proved that there 

was a real necessity breach departs 

from collision regulations and cause 

losses. Under the collision regulations 

there is provisions provide for 

departure from the rules in the case of 

necessity. Negligence must be justified 

in a perilous situation choose between 

two or more interests. The perilous 

situation cannot be brought by the 

defendant’s own fault in that case this 

defense is not available. 

The above principles were followed in 

the case The Southport Corp v Esso 

Petroleum 1954 by UK courts. 

 

4.5 Time bar Defense   

 

Under the Merchant shipping Act 1995 

provides for a period of two years 

within which any claims or lien can be 

enforced Against a ship or her owners 



it covers all clams for property damage 

or loss caused by the fault of that ship 

to another ship, its freight, or any 

property on board. It also covers claims 

for damages for loss of life or 

personnel injury cause by the fault of 

that ship or any person on board 

another ship.  

 

4.6 Limitation of Liability  

 

Vessels at fault can limit their liability 

by relying on International Limitation 

Liability Conventions therefore relying 

applicable limitation of liability 

convention consider as a defense. 

There are three main types Tonnage 

Limitations, Civil Liability on Oil 

Pollution and Passenger Liability a 

vessel at fault can put forward the 

limitation of liability applicable to her 

as a defense.  

 

5. Conclusion 

 

Collision between ships liabilities may 

arise in many ways however the 

majority of situations are considered 

with respect to available court cases. In 

general it could be said the stand on 

vessel also likely to be liable to about 

20% in most cases. This does not leave 

the stand on vessel without defense as 

the defenses are reasonably placed he 

can rely on available defense such as 

agony of the moment or inevitable 

accident if good seamanship is 

observed at all time. 

 

 

 

 

 

 

 

 

 

 

 

 There is also a physiology behind all 

judgments that is to avoid collision, 

minimize casualty, to reduce pollution 

and other relevant factors. The current 

method of assessment of fault may not 

be a perfect system however to a 

reasonable extent. It has proved 

acceptable results compare with 

previous system. The current civil 

liability base on whether the negligence 

of the ship or breach of collision 

regulation has caused the collision 

thereby contributed to the losses. 

Therefore this method is universally 

accepted in the common law countries. 
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 ABSTRACT 

Electronic Navigational Chart (ENC) displayed on ECDIS provided new possibilities and functions 

of automatic tracking of ship‟s situation to improve the safety and efficiency of marine navigation, and 

reduce the workload on the officer on watch.  

The ability to display different levels of the contents of the chart that meet the requirements of 

navigation situation and ship‟s draft without having to display additional information do not fit the 

situation of sailing and may cause interference of ECDIS screen, and the growing capabilities of ECDIS 

in warning the navigator in the process of follow-up voyage when activate look-ahead function, which 

paint a safety zone around the vessel, this is a safety feature line after the second function (Route Check) 

in warning of the dangers of grounding or get close to navigational hazards and entry of the ship in 

special areas or areas where navigation is not allowed make the ECDIS a powerful means of navigation.  

Obviously, the reliability of the data including how complete (no error), how accurate, and how 

current (up-to-date) can have a significant impact on the safety provided by the overall system. This is 

valid more for nautical charts than for land maps, since charts described the underwater regions that are 

usually hidden from view. While the appearance of the graphics and the ability to properly interpret the 

information are important ergonomic considerations, it is the quality of the data that is of primary 

importance in term of navigation safety. 

This paper discusses the new functionality and added value of ECDIS in navigation task in the light 

of the current coverage and accuracy of ENCs, and its impact on the safety of navigation. 

 

KEYWORDS: ECDIS – ENC – Accuracy – Reliable – Safety     

 

1 INTRODUCTION 

Navigators used to planning the voyage on the paper charts for a long time, the process itself was 

taking time in the preparation of charts and required nautical publications for the voyage as well check its 

corrections, and then choosing the way points and plotting it accurately on paper chart using the 

traditional  navigation tools, then drawing routes, calculating the distances and estimated time of arrival 

(ETA), locating the Wheel Over Points (WOP), and ensuring that the passage of routes in the traffic 

separation scheme system (TSS), reviewing of nautical publications (sailing directions, list of radio 

stations, and tidal tables),  plotting of navigational warnings on the charts and locating the changing 

position of  machines statues to standby mode, positions of  calling the master to the bridge and positions 

of reporting to the coastal stations. Using their personal skills to ensure the safety of the routes of 

navigational hazards and shallow depths, and areas where navigation is not allowed. 
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The planning of voyage by using the ECDIS is considered a simple process as well as it takes a 

short time, comparing to paper chart; which is displaying the appropriate chart to ECDIS screen, and 

inputs of way points either graphically using the index (Cursor) appears on the ECDIS screen or digitally 

by entering the coordinates of latitude and longitude, ECDIS is also drawing the routes and calculating 

the distances automatically. The ability of ECDS is appearing in drawing  the ship courses in straight 

lines and curves which is connecting between the straight lines where the changing points  to achieve the 

actual behaviour of the vessel during the manoeuvre to change the courses, In addition to the ability of 

ECDIS to plan the voyage in Great Circle sailing. Nowadays navigators can use ECDIS capabilities 

and new ways to ensure the safety of the routes of navigational hazards during voyage planning and 

passage execution.  

2 NAVIGATION WITH ECDIS 

Before the start of the planning of the voyage on ECDIS, there is a range of settings and controls 

which is carried out by the navigator, depending on the nature and specifications of the ship draft, such as 

determining the safety depths, the safe limits of water, the maximum of the safe height for passage down 

the bridge and the safe distance from the nearest land or navigation hazard. For these settings the utmost 

importance in activating ECDIS alarms during the preparation stage and voyage execution.  

 

2.1 Route Planning  

The added value of using the ECDIS in the planning of voyage is the ability to check the voyage 

route against the risks automatically, by using Route Check function which appears in the event that the 

track is safe for navigation or there is any risk to the routes or the paths exceed the safety standards that 

set by the navigator ' Such as the following;  

• Exceeding of the routes for the safe water limits. 

• Passing of the routs on shallow depths which are not appropriate to the ship draft. 

• Passing down the bridge without enough height.  

• Passing through unsafely distance from navigational risk. 

• Entry of the ship to non-allowed navigational areas such as navigation in the opposite 

direction in traffic separation zones (TSS). 

As the ECDIS can identify 29 kind of special areas where navigation is not allowed, and warning 

the navigator that there area such risks by showing a warning report or mark the danger in the red zone. 

Where the route can be modified easily on ECDIS to avoid those risks by using the cursor or digitally by 

modifying or cancelling the way points as needed 'and then the way points and routs are to be saved for 

using it when the voyage is starting up or in any similar voyage.  
ECDIS also allows the entry of navigator notes as text or symbols, such as wheel over point, pilot 

boarding position, reporting points to the coastal stations or vessel traffic service (VTS), and the position 

of the query about the danger. Figure (1) showing the safety limits adjustment to ensure the rout from the 

risks and appearing the danger in the red zone. 
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Figure 1: ECDIS Safety Settings and warning message 

Source: (Hecht, et al, 2002) 

 

2.2 Route Monitoring  

The navigator has two main tasks in the ship bridge first; monitoring the ship‟s position from 

navigational risks to avoid the grounding, and making sure the ship is going on the right and safe route to 

arrive shortly. 

Second; watching the ship‟s position from other ships to avoid collision, It is noted that the 

navigator was not capable of facing a challenges particularly in determination the ship position on the 

paper charts using the traditional navigation tools in which need continues observation to avoid the 

grounding, and using radar to monitor the risks around the ship to avoid the collision.  

The ECDIS ability of displaying ship position automatically and in real-time makes it possible for 

the officer of watch to follow up the ship position on its correct route and as well as keep the ship away 

from the navigational risks with no need to manual plotting of ship‟s positions. Also the ECEDS can 

display the ship‟s vector with a suitable  length of chart scale and its range of matching  to the drawn 

route on the chart or entrance of navigational channels that assigned by buoyage system, Which is 

considered as a new tool for ship‟s route safety, in addition to the alarming in case of crossing the Track 

Limits.  

The importance of the ECDIS is highly growing to warn the navigator in voyage execution and 

manoeuvring phase by activating the look-ahead function, which paint a safe zone around the ship 

position that may be formed in a circular sector with a notable colour like an “Orange”. This function 

makes the electronic chart an effective tool to prevent wrongdoing or grounding. Figure (2) illustrates the 

form of a safety zone around the ship position, and warning from entering the danger zone 
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Figure 2: Look-ahead function and appearance of safety zone on ECDIS screen  

Source: (Hecht, et al, 2002)  

In addition, ECDES gives off a number of extra warnings to those of GPS or in case of not 

receiving position from GPS system. ECDES also shows a number of available satellites in the observer 

sky and the number of satellites used to determine the position of the ship and HDOP number, which 

reflects the accuracy of the ship position and its appropriateness to sailing.  ECDES also gives an alarm 

when the GPS Coordinates Reference differs from the electronic chart used by ECDES, as well as when 

geodetic datum system differs from the world geodetic system (WGS-84). 

 

ECDES also shows the Radar image and ARPA data to be integrated with the electronic chart on 

one screen, which enables the navigator to follow up the ship position from any possible risks, and 

keeping the ship on its route, and watching the detected Radar targets and their ARPA data on ECDES 

screen to combine between two navigational tasks; grounding and collision preventions. Also the 

matching of Radar image and coast line on the electronic chart can be monitored as proof of accuracy of 

ship position from the GPS system; If the two images were not matched, it could be an error on GPS 

position, but if the Radar image was inclining with an angle on the electronic chart, this could be an error 

in GYRO compass. 

 

The navigator‟s ability to do asses situations, and decrease the collision risks is increased when the 

data of the Automatic Identification System (AIS) is showed on the ECDES Screen since the Guard Zone 

of ARPA works as Guard Zone of AIS targets on ECDS screen, this type of display counteract some of 

the Radar limitation about the inability of radar to detect some targets.   

 

The showing of  ship symbol on ECDES screen is representing a new way of the monitoring 

methods of ship position from the any navigation risks , where the ECDES shows the ship symbol as an 

movable point on the screen upon showing the electronic chart with small scale, and when the ship 

approaches from the coast, the narrow channels or entering the ports then the chart could be displayed 

with a large scale , in this case the ship symbol could be displayed with dimensions (length, width ) that 

appropriating  with the actual ship size and chart scale. This kind of presentation is useful during 

manoeuvres in the narrow channels or mooring the ship to dock or ligament on the buoy especially in the 

case of poor visibility or when there are strong winds where the navigator can check the safety of the ship 
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manoeuvre and distance off from navigational hazards, if the accuracy of the position within a few 

meters. 

 

One of the new tools which follows the ship position in the narrow navigational channels is the 

Prediction Function which is the ability of ECDES to predict ship movement for a short period of time, 1-

3 minutes, and for any number of predictions as per navigator„s requirements by showing the position of 

ship symbol during these periods on the ECDS screen by the use of positioning sensors (GPS), the 

heading, rate of turn, and actual ship speed. This function shows in a typical pre-calculated future of a 

ship during a course change in navigational channels. But all these capabilities and functions need an 

official electronic chart with high level of accuracy and reliability.  

3 OFFICIAL ENC 

“The Electronic Navigational Chart (ENC) means the database, standardized as to content; structure and 

format, issued for use with ECDIS on the authority of government authorized Hydrographic Offices. The 

ENC contains all the chart information necessary for safe navigation and may contain supplementary 

information in addition to that contained in the paper chart such as (sailing directions) which may be 

considered necessary for safe navigation.” (IMO – ECDIS PS, 1995) 

From above IMO definition, ENC considered official data when issued by authorized national 

government agency, normally the national Hydrographic Office (HO), and meets the specifications of the 

International Hydrographic Organization (IHO). The chart data can be authorized only by the national 

authorities that are responsible for creating, collecting, and update the chart information. The IHO has 

defined a uniform data exchange format called IHO S-57 as amended, containing the ENC product 

specification,  and requested member states to produce and distribute electronic charts in this format. 

Figure (3) shows the status of official ENC. 

 
Figure 3: Status of official ENC   

 

3.1 Identification of ENCs 

Each ENC is identified by an 8-character identifier for example GB105030. The first two 

characters indicate the producer; GB for Great Britain. A complete list of producer codes is included in 

the IHO standard (S-62). The third character indicates the navigational purpose band (a number from 1 to 

6). The last five characters are alpha- numeric and provide a unique identifier. Table (1) shows the 

Navigational Purpose band to Scale Range and cell size  
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Table 1: The Navigational Purpose band to Scale Range 

Navigational Purpose Name Scale Range  Cell Size 

 1 Overview  < 1:1 499 999 200 – 1000 NM 

2 General  1:350 000 – 1:1 499 999 60 – 100 NM 

3 Costal  1:90 000 – 1:349 999 24 – 48 NM 

4 Approach  1:22 000 – 1:89 999 8 – 18 NM 

5 Harbor  1:4000 – 1:21 999 2 – 6 NM 

6 Berthing  > 1:4000 0.1 – 1.5 NM 

Source: (PRIMAR, et al, 2007) 

 

3.2 Hydrographical Source Information 

The Hydrographic Offices the source of official chart data. All information associated with either 

paper and electronic charts are initially collected or even produced by, or under the authority of, a 

national Hydrographic Office (HO). It is the responsibility of a HO to conduct hydrographic surveys in 

national waters to ensure safety of navigation. This includes measuring the water depth wherever 

navigation takes place, and to investigate the area for any underwater obstacles (wrecks, rocks and reefs)  

In addition, a Hydrographic Office (HO) also compiles information about aids to navigation, traffic 

regulations issued by the relevant maritime authorities, reporting requirements, Vessel Traffic Systems 

(VTS), pilot stations and coastal radio stations. (Hecht, et al, 2002) 

 
3.3 Quality of the Hydrographic Data 

Individual nations are responsible for conducting hydrographic survey in the area consisting of the 

coastal sector of the territorial waters (normally 12 nm from the coastline) and of the Exclusive Economic 

Zone (EEZ) reaching up to 200 nm from the coast. The actual borders of these regions are determined in 

accordance with the United Nation Convention on the Law of the Sea (UNCLOS).  

For instance, Germany is responsible for a relatively small sea area of 57000 Km². however, for 

countries like USA, Australia or Indonesia with sea area of 6 million Km² or more, it is almost impossible 

to meet the requirements of accurate and up-to-data surveys for the entire area. In most cases, 

hydrographic surveys are primarily conducted in areas that are important in terms of safety of navigation. 

Outside these areas, charts may be based on survey data from over a hundred years ago. (Hecht, et al, 

2002)  

The northern entry to the North Sea between Great Britain and Norway was last surveyed at the 

beginning of the 20th century. Obviously, these earlier surveys could not match the accuracy of sounding 

or positioning provided by today‟s equipment, such as (the echo sounder and GPS). If you sail along the 

north coast of Norway using a GPS for positioning, you may notice that there is a 400 m difference 

between the GPS fix and the charted position of the rocks and islands. 

Problem areas exist even along short coastline of highly-developed countries. For instance in 

Germany strong currents in the North Sea and in some regions of the Baltic cause continuously changes 

of the sandy bottom. In some cases, these changes cannot be fully monitored by periodic surveys. For 

example, the fairways in the Elbe estuary the Elbe leading from the North Sea to the biggest German port 

(Hamburg) has shifted over 800m to the north during only five years, changing the depth in some place 

by up to 10 meters. Many small North Sea ports also cope with severe sand shoaling of their entrances 

after every storm. It is not always possible to maintain up-to-date surveys in such areas. Control 

soundings are conducted at the entrance to several important North Sea ports every month. In other areas 

these surveys must be conducted at least once a year. Naturally, regular updating of the database for the 

electronic charts is an imperative in such shallow areas. (Hecht, et al 2002) 

United States produce 1000 paper charts to cover their own territorial waters and to have 670 

NOAA ENCs to cover all the 40 major ports, over 50 % of the depth information found on NOAA charts 
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is based on hydrographic surveys conducted before 1940. Surveys conducted with lead lines or single-

beam echo sounders. Due to technological constraints, hydrographers were unable to see between the 

sounding lines. Depending on the water depth, these lines may have been spaced at 50, 100, 200, or 400 

meters (Web-1). 

On the other hand, there are many regions do not have hydrographic office, for example in Africa 

there are no hydrographic services except along the Mediterranean coast and in South Africa. As a result, 

the information presented on the many charts of the Africa coastal waters is unreliable. 

 

4 DEVELOPMENT OF ENC COVERAGE 

ECDIS is the heart of modern navigation systems and electronic chart is the heart of ECDIS which 

have enabled range of capabilities and functions to prevent grounding and increase the safety of 

navigation. For this, ENCs coverage and accuracy play an important role in activating the anti-grounding 

functions and achieve the safety of navigation. In response to these drives, the IHO recognized the need to 

improve ENC coverage, and encouraged national hydrographic offices to produce and distribute ENCs 

that will improve maritime and environmental safety. Normally, a member state produce ENCs within 

their national waters; however, they can delegate responsibility for the production of ENCs, completely or 

in part, to another country. The designated country then becomes the producing country in the considered 

area. 

Examine the coverage and the source of hydrographic data of ENCs for the Mesoamerica and 

Caribbean Sea region, extending approximately from central Mexico to Belize, Guatemala, El Salvador, 

Honduras, Nicaragua, and northern Costa Rica, including adequate ENC coverage for all usage bands, 

which only correspond to the paper chart coverage for the routes between the ports, as well as the port 

areas themselves, for the Atlantic side and pacific side. The table (2) shows the total number of ENC cells 

as required to achieve adequate coverage as per the World-wide Electronic Navigational Chart Data Base 

(WEND) Principles, the cells available by July 2012 and the producing authors. 

Table 2: ENC coverage of Mesoamerica and Caribbean Sea region by usage bands and producing 

authors 

Usage Band Name Total cells 
Cells available 

by July 2012 

Producing authors 

NHOs Delegated  

1 Overview 13 
12 5 8 

92 % 38  % 62 % 

2 General 41 
36 8 32 

88 % 20 % 80 % 

3 Costal 113 
84 59 54 

74 % 52 % 48 % 

4 Approach 208 
176 74 134 

84 % 36 % 64 % 

5 Harbor 291 
240 111 180 

82 % 38 % 62 % 

6 Berthing 17 
14 12 5 

82 % 71 % 29 % 

All Usage 

Bands 
 683 

562 269 414 

82 % 39 % 61 % 

Source: (MACHC, 2012) 
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Where such data have been compiled from official reports of Mesoamerica and Caribbean Sea 

Hydrographic Commission‟s (MACHC) submitted to the IHO. (MACHC, 2012) 

An analysis of these data found that the coverage ratio reaches the 82%, 39% produced by HOs, 

While 61% produced a mandate for the offices of other countries (UKHO, NOAA, and French 

hydrographic office).  

Most HOs are focusing their efforts on producing data for important harbours and waterways. As a 

result of this shortage of official data, 61% or more of vector electronic chart data that is currently 

available throughout the region, as well as the world is produced and supplied by digitizing official paper 

nautical charts. However, not because the paper chart was used in the digitizing process was official, 

means that the ENC data is as well. It is conceivable that the original data fed into the chart is inaccurate 

due to technological constraints. For instance, data shown on the ECDIS display originates from surveys 

done, sometimes in bygone era, without multi-beam and DGPS  

In problematic areas the hydrographic information shown on the best electronic chart system 

(ECDIS) may be no better than what can be obtained from paper chart. It would be imprudent for a 

mariner to totally rely on a computer-based system for navigation in these areas. It is not the computer 

that is the problem: it is the quality of the available data. If the electronic chart data is based on surveys 

that are out of date or of questionable accuracy, then the user should be warned. 

5 ACCIDENTS RELATED TO INACCURATE CHARTS AND SURVEYS DEFICIENCIES 

• Grounding of Octopus Barge on an Uncharted Sandbank 

A case in point involved the jack up barge Octopus. A 2007 report by the Marine Accident 

Investigation Bureau into this incident, which took place off the Scottish coast, found that the cause of the 

accident was attributable to out of date charts. The barge “Octopus” was under towed by a tug. Due to 

strong tidal streams, the vessels changed course to a route unusual for deep drought vessels. The jack up 

barge was subsequently grounded on an uncharted sandbank. According to the area‟s applicable 

Admiralty chart, the draught should have been above 20 m. but the barge, with legs extended to 13 m. 

found itself stuck on the sandbank which had depth of 7.1 m. the source data for the chart was found to be 

over 150 years old.  

 

The responsibility for chart surveys in United Kingdom (UK) waters lies with the Maritime Coast 

Guard Agency (MCA). The MCA has US$ 8.6m budget annually to hydro-map the UK‟s coastal waters. 

The funds would be enough to survey a sea area of around 10,000 sq km. but this figure should be set 

against a total sea area of 720,000 sq km. In this situation, the agency will prioritize which parts of the 

seabed are in urgent need of surveying and which are not. Essentially, it is an approach based on risk. 

Shipping lanes in continual use by the same ship types tend to be left alone. But where there have been 

changes, a new edition to an accepted route or where ship‟s draught have increased, these areas will be 

prioritized. The case is: base data of some surveys remains hundreds of years old. (Web-2) 

• Grounding of Pacific Challenger on an Uncharted Reef  

Another accident the grounding of the German-flagged, container vessel, Pacific challenger on an 

uncharted reef in April 2008 while en route from Rabaul, New Britain, to Oro Bay, Papua New Guinea, in 

the South Pacific. 

• Grounding of Sanko Harvest on an Uncharted Reef 

Also the Panama registered bulk carrier Sanko Harvest grounded on an uncharted reef, 19 miles 

South East of Esperance port while on passage from Tampa, USA, to Esperance, Australia, in 1991, 

loaded with 30791 tones of fertilizer and caused what was then the country‟s biggest oil spill.  



 
9 

 

• Grounding of ROCKNES on an Uncharted Rock  

The stone-carrier ROCKNES hit a rock and capsized off Norway with the loss of 18 crew member 

on January 2004, following the disaster there was much press speculation about whether or not the rocks 

upon which the vessel grounded were charted. It would appear that a new shoal depth of 9.2m had been 

found during a recent survey but had not been specifically marked on a new edition of the Norwegian 

chart covering the area and the ship‟s electronic chart was a raster chart which, not forming part of the 

official navigation chart folios was not required to be kept up to date. The Norwegian pilots also had an 

electronic chart system for their home computers but the correction contract had expired so these were 

also not corrected to include the latest data. 

Whatever the exact situation over the charting of this passage (which is only 297m wide) following 

the disaster was, the pilot confirmed in his statement that had the buoy been in place at the time of the 

Rocknes‟ transit, the grounding would not have occurred (Web-3)  

6 CONCLUSION 

ECDIS achieve safe navigation for its ability to connect to other bridge navigational systems, and 

reduces the workload to the officer on watch in the planning and follow-up voyage, if ENCs with 

accurate, updated, and reliable hydrographic data are available.  

On the other hand, ENCs produced and supplied by digitizing paper nautical charts, based on 

hydrographic surveys conducted before DGPS and multi-beam echo sounder age, in this case, ECDIS 

may be contributed to increase grounding incidents due to navigational chart errors over the next few 

years. The predication is based on more vessels, especially passenger vessels, entering poorly surveyed 

areas, and overconfidence in ECDIS displays. Actually, ECDIS isn‟t necessarily going to be more 

accurate than paper charts. 

ECDIS must give clear indication about the reliability of data by displaying the surveyed date on 

the main navigation screen to warn mariners of the presence of risk in those areas despite the presence of 

ECDIS in Bridge  

Attention must be paid to these issues in the courses offered by the nautical institutes to marine 

captains and navigation officers. 
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 ABSTRACT 

The PPP technique has become a strong alternative to the conventional GPS positioning technique in 

terms of accuracy, costs of equipment, personnel and logistic. There are several ways to obtain 

coordinates in PPP mode, i.e. in-house software, scientific GPS processing software, and recently on-line 

processing services. On-line services provide PPP-derived coordinates easily and cost-effectively without 

using a GPS software directly.  

In order to evaluate the performance of the PPP with respect to accuracy in marine environment, a 

kinematic test was conducted in Halic (Golden Horn), Istanbul, Turkey. A small vessel was equipped with 

geodetic grade receiver (i.e. Ashtech Z-Xtreme). After the static initialization, the vessel was moved to 

the study site. Measurements were conducted along several survey profiles for about 2 hours. During the 

kinematic test measurements, a base station at a known control point at the shore was occupied in static 

mode. The true coordinates of the vessel were estimated by using those data in differential mode and 

those coordinates were used to get precise assessment of the online processing service’s results. The 

collected data were then submitted to the common web-based online services, namely Canadian Spatial 

Reference System-Precise Point Positioning (CSRS-PPP), GPS Analysis and Positioning Software 

(GAPS) and Automatic Precise Positioning Service (APPS), which were developed by Natural Resources 

Canada (NRCan), University of New Brunswick (UNB) and NASA-Jet Propulsion Laboratory (JPL), 

respectively and the PPP-derived coordinates were obtained. Positions of the vessel estimated from the 

PPP approach from different services were compared with the relative positioning results.  

The results show that web based PPP services’ solutions are consistent with the relative positioning 

solution at a dm level accuracy. This technique does not suffer the drawbacks of the differential 

techniques (DGPS and RTK), especially the ones used in marine applications, and it has the potential to 

provide the same position accuracy without the requirement of a reference station.  
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1 INTRODUCTION 

Nowadays, the advance of the precise ephemeris and clock corrections gives a new opportunity to 

the satellite-based positioning techniques, which is known as the Precise Point Positioning (PPP). PPP 

technique is one of the most commonly used GNSS processing methods in recent years, which does not 

require any other observations from a reference station or a reference station network as required by 

conventional differential algorithms. This technique utilizes precise satellite orbits and clocks information 

(supported by different organizations such as IGS, CODE, JPL), un-differenced code pseudoranges and/or 

carrier phase observations (HeBelbarth and Wanninger, 2010; Zumberge et al., 1997).  

While processing the data collected by single frequency receiver can achieve meter level accuracy, 

the data collected by the dual frequency receiver can achieve sub-meter, decimeter and even centimeter 

level accuracies (Choy et al., 2007; Gao and Shen, 2002; Kouba and Héroux, 2001; Kouba, 2003; 

Zumberge et al., 1997). Moreover, the achieved accuracy levels have varied depending on the observation 

time span. Long-term observations including the continuous dual-frequency carrier-phase data are needed 

to get the highest accuracy in static and kinematic applications. Nonetheless, marine kinematic 

positioning applications require decimeter to centimeter level accuracy and this accuracy level can be 

obtained by the PPP technique in post-processing mode (Geng et al., 2010). Furthermore, many effects 

such as receiver clock error, tropospheric delay, satellite antenna offsets, carrier phase wind-up, ocean 

loading, earth rotation parameters, etc. should be taken into consideration to obtain these accuracies 

(Weston and Schwieger, 2010; El-Rabbany, 2006). 

In recent years, web-based online PPP services have been developed to process the GPS data. The 

most known and used web based online services are; CSRS-PPP, GAPS and APPS. The brief descriptions 

of these services are given as follows. 

Canadian Spatial Reference System-Precise Point Positioning - CSRS-PPP: The service may 

estimate single station positioning in both static and kinematic mode and it uses precise GPS orbit and 

clock products provided by IGS and Natural Resources Canada (NRCan). CSRS are capable of 

computing from carrier phase/code pseudorange observations of both single and dual frequency receivers. 

The service includes an option for users to select datum in results. Moreover, the solutions of PPP 

coordinates are sent in both NAD83 and ITRF datums with detailed graphical analysis reports. To have 

free access to the service, the user should take a user name and a password from the site for membership 

(Web-1). 

Automatic Precise Positioning Service – APPS: As being with GAPS service, this service is 

capable of processing the GPS data in both static and kinematic modes. A membership is required for the 

users to access the processing web site, APPS uses final, rapid, ultra rapid precise GPS orbit and clock 

products of JPL. The service also presents the users an option of processing Site Displacement Effects 

(Solid Earth Tides and Ocean Tidal Loading). Service solutions are sent through both e-mail and ftp 

(Web-2). 

GPS Analysis and Positioning Software - GAPS: This service is capable of processing the GPS 

data in both static and kinematic modes. A membership is not required to use the service. Moreover, 

GAPS uses IGS rapid and final clock and orbit products in processing. The service also presents the users 

an option of processing Site Displacement Effects (Solid Earth Tides and Ocean Tidal Loading). Service 

solutions are sent to the users through e-mail (Web-3).  

This study investigates the accuracies of PPP-derived coordinates estimated by web-based online 

PPP services which use geodetic grade dual frequency receiver in marine environment. For this purpose, a 

case test has been conducted in Halic Bay (Golden Horn), Istanbul, Turkey and the study results have 

been presented herein.  
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2 KINEMATIC TEST 

To test the performance of the PPP technique in kinematic application, a field test was conducted in 

Halic Bay (Golden Horn), Istanbul in August 2009 (Figure 1). To calculate the true coordinates of the 

vessel for each epoch using differential technique, one geodetic-grade GPS receiver was occupied on a 

reference point with known coordinates on the shore. After the static initialization on the shore, the GPS 

antenna was mounted to the vessel and the kinematic test was started (Figure 2).  

 

 

Figure 1: Location of the test study area, Golden Horn, Istanbul 

 

 

Figure 2: Kinematic test in the study area 

 

The measurements were performed along several survey profiles and data were collected for 

approximately 2.30 hours with a small vessel (Figure 3). 

 

Figure 3: Vessel trajectory 
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To obtain reference trajectory, the data collected by geodetic-grade receivers both on vessel and on 

the shore were processed by the Leica Geosystems commercial GPS processing software, Leica Geo 

Office (LGO). The stated accuracy of post-processed kinematic measurement is given as a 0.010 m + 1 

ppm for horizontal, 0.020 m + 1 ppm for vertical components for the Ashtech Z-Xtreme receiver (Web-

4). Considering this accuracy level, the coordinates obtained from the geodetic-grade receiver were 

assumed to be true. 

All collected GPS data were converted into the RINEX format and uploaded to the web-based 

online services by choosing kinematic processing mode and estimated PPP-derived coordinates were 

obtained. The estimated coordinates were then compared with those of geodetic-grade receiver epoch by 

epoch. The differences in three coordinate directions (X, Y, Z) is given in Figure 4. 
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Figure 4: The differences between Differential Solution and PPP-derived Solutions 

 

Table 1 shows the brief statistical information of differences between differential solution and web 

based online services mentioned herein. According to the Table 1, the differences in X, Y and Z 

directions belong to the CSRS-PPP and GAPS solutions are at centimeter accuracy level. However, these 

differences in three coordinate directions converge to meter accuracy level in APPS. 
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Table 1 Statistical information of the differences between Differential Solution and PPP 

Differences ( Statistics X(m) Y(m) Z(m) 

Differential solution - CSRS PPP solution 

Minimum -0.108 -0.048 -0.081 

Maximum 0.050 0.063 0.046 

Mean -0.029 0.007 -0.019 

Standard Deviation 0.029 0.021 0.022 

Differential solution - APPS solution 

Minimum -1.318 -0.691 -1.272 

Maximum -1.208 -0.612 -1.168 

Mean -1.258 -0.650 -1.222 

Standard Deviation 0.019 0.0124 0.015 

Differential solution - GAPS solution 

Minimum -0.435 -0.102 -0.290 

Maximum 0.047 0.281 0.122 

Mean -0.152 0.021 -0.071 

Standard Deviation 0.082 0.060 0.078 

 

 

3 CONCLUSION 

The PPP technique provides high point positioning accuracies by using a single receiver on 

absolute position principle. Especially, easiness in applications, low-cost opportunities in field surveys 

and precision in point positioning are the main reasons for taking place on survey applications. Therefore, 

it becomes a significant alternative to the classical relative (differential) position techniques.  

Web-based online services have become popular with the advantages of user-friendly interface, 

free of charge use, cost free licensed usage and knowledge of GPS processing software and complex 

background about the technique. The user only needs a PC/mobile device with internet connection and 

web browser. 

In conclusion, it has been concluded that this technique may be used effectively in marine 

applications due to easiness of use, high accuracy provision and reduced field operational costs. 

Moreover, it can be also concluded that the obtained accuracies are well enough for several marine 

applications such as precise hydrographic surveying, offshore wind farm positioning, marine geodesy, 

marine navigation and oceanography applications. 
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Abstract   

Following e-Navigation concept, the vessel integrated navigation system is developed for AtoN work 

boat, which can realize navigation information integrated display, auxiliary navigation information 

display, route management and AtoN operation management, etc. The major functions of the system 

are as follow: collection, processing and integrated display of a variety of aids and navigation 

information; provision of vessel route security assessment information; integrated processing of AIS 

and radar data, provision of collision avoidance decision support information for mariners. With a 

friendly interactive interface, the system was installed on B-12 AtoN work boat, and a good aids to 

navigation effect was achieved after nearly six months of trial operation. 

Keywords:  e-Navigation   bridge   navigation system 

1    System Structure Introduction 

1.1  Aton Work Boat Introduction 

B-12 vessel was built in April 1989, with a total length of 72.35 meters, width of 11.8 meters, molded 

depth of 6 meters, gross tonnage of 1,210 tons, displacement of 1,815 tons, designed maximum speed of 14 

knot, endurance of 4,000 nautical miles and fully loaded draft of 4.1 meters on average. The specific 

configuration of aids to navigation equipment is:  

 The ship-borne radar: FAR-2127 navigation radar 

 The ship-borne AIS: Saab R4 

 DGPS differential receiver: MX400 professional DGPS Navigator 

 Depth Sounder: SKIPPER ED162，sounding transducer installed in the central section of ships 

 Compass: CLP-2 

 Meteorological instrument: XZC2-2C 

 Navigational warning receiver: NAVTEX-2 

mailto:y_l_w@126.com
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The above equipment and systems are in line standards of IMO A. 694(17) “General requirements for 

ship-borne radio equipment forming part of the global maritime distress and safety system (GMDSS) and for 

electronic navigational Aids”, IEC 60945 (2002-08) “Maritime navigation and radiocommunication 

equipment and systems –General requirements–Methods of testing and required test results” and IEC 

61162-1 and 2 “Maritime navigation and radiocommunication equipment and systems –Digital interfaces”, 

etc. 

 

1.2   Topological Structure of Vessel Integrated Aids to Navigation System Shows in Figure 1: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Structure Diagram of Vessel Integrated Navigation System 

 

In the system structure, ship-borne radar, AIS, gyrocompass, depth sounder, meteorological 

instrument, DGPS navigation system, navigational warning receiver, RBN-DGPS detector, digital cameras 

and pickup are taken as navigation information sensors which are connected with data server, video server by 

ship communication networks to constitute information gathering, processing, storage, service system of C/S 

structure together with operation terminal.  

System data server supports a number of data terminals at the same time, which can conduct 

integrated or separated navigational operation, route editing, aids to navigation task editing, video control so 

as to meet the different work needs of mariners. 

2     Key Technology and Function Example of the System 

2.1   Collections of Vessel Aids to Navigation Information 

The collection of vessel aids to navigation information is the basis of various functions application. 
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B-12 ship-borne FAR-2127 navigation radar, Saab R4 ship-borne AIS, MX400 professional DGPS Navigator 

DGPS differential receiver, SKIPPER ED162 sounder, CLP-2 gyrocompass, XZC2-2C meteorological 

instrument and other aids to navigation equipment take standard RS485/422 as the information output 

interface. Therefore, the system can adopt RS485/422 bus way to access various ship-borne aids to 

navigation equipment into system conveniently. The system only needs to analyze received monitor 

information base on the information format to achieve centralized management of navigation safety 

information that can be available by vessel itself.  

2.2    Processing and Integrated Application of Vessel Aids to Navigation Information 

On the basis of obtain of navigation safety information that can be available by vessel itself, the 

system can achieve integrated display of aids to navigation information, yaw distance display and alarm, 

collision avoidance warning and warning object display, ENC-based route safety assessment and intuitive 

collision avoidance warning and warning objective display, as well as track and navigation environment 

display, etc. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Main System Interface of Vessel  Navigation System 

The main system interface shows in Figure 2. The main program interface consists of two parts: the 

left side is the ship’s navigable waters chart based on ENC, the right side is control panel, the ship's 

navigation information and other ship’s information the system detected. 

2.2.1  The ship information 

The ship is displayed by purple triangle on chart. Ship information is divided into two types, i.e. static 

information and dynamic information. Static information sets program through system setup, including ship 

MMSI code, name of the ship, the captain, the ship width, GPS antenna and AIS antenna location. Ship 

dynamic information includes real-time ship position, speed and heading information. 
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Figure 3: Compass, Speed and Depth Display 

2.2.1.1  Compass, Speed and Depth Display 

The system graphically display the compass, speed and real-time depth information received in the 

interface. 

2.2.1.2  Ship Navigation Information Display 

In addition to the surrounding ships and navigational information that described in Section 2.2.2, 

the system also provides the following navigation information according to the ship route determined: 

Dynamic information source of the ship；Current time；Yaw angle: the difference value between 

ship heading and ship navigation angle ship in navigation status；Yaw distance: ship position deviates from 

the route distance in navigation status；Wind direction, wind speed；Longitude, latitude；Estimated time of 

arrival；Remaining distance. 

 

Figure 4: ship route information display frame 

 

2.2.2    Surrounding Ships and Navigation Information 

Surrounding ships and navigation information includes surrounding ship information and AIS aids 
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to navigation information. By combining the expertise of the AIS and radar collision, the system achieves 

collision avoidance decision support capabilities through avoidance algorithm. 

Implementation on Collision Avoidance Decision Support  

Radar electromagnetic wave endows with characteristic of rectilinear propagation, so radar has blind 

area when targeting detection. AIS can make up for the shortcoming of the ship radar, but AIS is also 

problematic, which cannot detect target ship without the install AIS, geographic targeting (such as floats, 

etc.). 

The system conducts integrated computing on surrounding ships information to determine whether 

the AIS ship and radar ship is the same ship; if it is the same ship, the ship's AIS and radar information 

should be integrated, and the ship will be displayed by integrated ship icon on the map and be added to the 

integrated ship list. Meanwhile, the system carries out collision avoidance operation on surrounding ship 

information to calculate the ship's DCPA and TCPA, and compares with collision avoidance alarm set value 

(collision avoidance alarm settings can be set in the system setup program) to detect ship which is possible to 

collide with, and these vessels will be marked red on the map and ship list. 

Ship information list includes three lists: AIS ship list, radar ship list and integrated ship list. All AIS 

information, radar information and integrated ship information that the ship received were listed in above 

lists separately. Ship information in the list is arranged in accordance with the distance away from the ship 

from far to near, a red background item indicates that the ship is possible collide with the ship. 

 

 

 

 

 

 

 

 

 

 

Figure 5: List on Ship Information 

2.2.3  Other Navigation Alarm Information Processing 

In addition to providing the ship collision avoidance decision support information for navigation, it 

also provides early warning, device status alarms and navigation warning and notice information when ship 

navigating. Combined with charted depth, obstacles and limited regional information, ship navigation early 

warning is detecting and warning the possible danger for ships in real-time navigation according to the 

current ship position and the position about to reach. When navigation early warning generating, the button 

“navigation warning” in control panel flashes, while the corresponding alarm information display on the 

chart, and the detailed warning information display window will pop up when clicking the “navigation 

warning” button. 
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Figure 6: Display Effect of The Ship, AIS Ship, AIS Aton, Radar Ship and Integrated Ship 

 

Figure 7: Depth Early Warning Information Display 

2.2.4  Undersea 3D Display 

The system has the function of seabed 3D display, the display shows in Figure 8: 

 

 

 

 

 

 

Figure 8: Undersea 3D display 
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2.2.5  Route Safety Assessment 

The system design track point directly on the chart by means of inputing and dragging starting point, 

track point, the end point. After design validation, the routes will automatically generate in accordance with 

the sequence of track points plotted on the chart. Furthermore, the system has a security assessment 

capability to generated route. Route safety assessment mainly uses the four evaluation factors: 

 

 

 

 

 

 

 

 

 

 

Figure 9: Route management 

· If the design route exceeded the security depth contour, a reminder message of "route pass through 

the dangerous depth” should be issued in the form of red depth value marking on the chart. 

· If the value of design route to boundary of restricted zone or geographic area with special 

conditions is close to the value set by the user, remind information that “the distance between the 

route and the restricted area is too close" should be issued, restricted areas and the regional name 

will be marked on the chart. 

· If the distance value of design route to the object (such as a fixed beacon or buoy, or isolated 

hazards) is close to the value set by the user, remind information of “the distance between the 

route and the point of object is too close" should be issued, and the object and its name will be 

marked on the chart. 

· If the design route crossed the coastline or depth contour, the remind information of" the route 

cross the coastline" should be issued. The object and its name will be marked on the chart. 

2.2.6   AIS security text information processing 

The system classifies AIS security text information received, at the same time, sets the level to a 

variety of classified information; for example, the level of the information involving navigation safety 

information is the highest, while the level of weather forecast information is relatively low. The user must 

view the information with high security level, meanwhile, the system will prompt the user in an obvious way 

(such as red flashing, alarm sound, etc.). For the low-level information, the user can selectively view. Thus 

the status that is not conducive for users to view critical information due to the mix of information and the 

large amount of data will be changed. 

2.3     Aton Operations and Management Functions 
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Ship integrated aids to navigation system also has the function of AtoN operations and management 

functions, including the editor of the operation plan, assisting the decision-making for AtoN installation, 

work report editor.                          

3      Discussion on Ship-Borne e-Nav System 

At present, IALA has released a shore-based e-Nav system architecture, but ship-borne e-Nav 

system has not been clearly defined. According to the definition of e-Nav, it is clear that ship-borne e-Nav 

system must be able to provide perfect aids to navigation services for the crew. On one hand, it relies on the 

means of communication to access to a variety of aids to navigation information from the external of ship. on 

the other hand, it obtains the information and environment information of the ship from the ship-borne 

equipment or ship-borne sensors, then it conducts a comprehensive processing to such information through 

appropriate software and hardware systems to provide aids to navigation information for the crew according 

to international standards services. Based on this understanding, we can conclude that the basic structure of 

ship-borne e-Nav system is as follows: 

 

          External Information 
                                source 

       
 
                            
 

                                       
Ship Sensor          e-Nav Bridge         Ship Sensor 

 

Fugure 10: Structure Diagram of e-Nav Bridge system 

 

4     Perfection of Ship integrated navigation systems   

It is clear that the ship navigation system has perfect navigation information services function: 

according to the habits of ship operation requirements, the system can reasonable configure information 

display window, display the information on the ship navigation state, around ships state, setting route and 

related safety information in ENC-based navigation interface to facilitate the mariners to comprehensive and 

quick grasp the navigation-related information. 

     Applies in B-12 AtoN work boat, the system can collect, integrate and display the information of the 

navigation on board, thus to enhance navigation capability in ship operations, strengthen navigation safety of 

ships and improve the efficiency of AtoN operations. Therefore, we believe that the system is in line with 

ship bridge system of the e-Nav concept  

However, vessel integrated navigation system is only conform to e-Nav concept, but not actual e-Nav 

ship bridge system. To be actual ones, it needs to be improved on the following aspects:  

4.1   Information Display Should Conform to Related Standards 

At present, information display standard for vessel e-Nav equipment is being developed, and the 

display standard for vessel navigation system needs to be improved according to above mentioned standard. 

4.2   Failure Recovery Capabilities Should Be Enhanced 

The further e-Nav system should have the function on failure recovery. With respect to ship e-Nav 
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system, it should achieve the failure recovery function by multiple means, such as installation of backup 

system, using of several e-Nav display and PNT sensor which independent from each other, etc. 

4.3  Function on Information Communication with Shore-Based Vessel Traffic Management 

Department Should Be Provided 

Ship e-Nav system should have the information exchange function with the shore-based vessel traffic 

management department. Be means of VHF communication chain or other means of communication, the 

vessel navigation system should exchange information (such as ship route information, marine security 

information etc.) with shore-based vessel traffic management department through appropriate application 

module. 
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