
 

Standards Committee (HSSC) but raised a few concerns, and the HSSC members decided that some issues remained to 
be addressed and that the possible options should first mature prior to an official proposal (HSSC, 2017). 

STUDY AND PROPOSED SOLUTION  

Ideally, symbology to display data quality on an ECDIS screen should: 

1. Minimally interfere with the other charted information,  

2. Unambiguously relate to the QoBD categories,  

3. Emphasize the areas of greater uncertainty, 

4. Be easy to remember, and  

5. Be effective in all ECDIS modes (i.e., day bright, day whiteback, day blackback, dusk, and night).   

 

Figure 2: Examples of the utilization of the visual variables of hue (a), lightness (b), size (c), shape (d), orientation (e), 
and density (f) for the visualization of the six levels of ZOC on ENCs (Kastrisios et al., 2020a) 

Most primary and secondary color hues (Figure 2a) are already reserved for other uses in the ENC/ECDIS or possibly 
not suitable for all ECDIS modes. In addition, the experimental results of MacEachren et al. (2012) have showed that 

Proceedings Vol. 1, 8th International Conference on Cartography and GIS, 2020, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Kone�þný M., Marinova S.

76



 

color hue has very low intuitiveness. Color lightness/value (Figure 2b) and saturation lead to visualizations that may 
obscure important underlying areal object on charts (e.g., the color coding of depth areas for shallow and deep waters). 
Furthermore, for all three dimensions of color the portrayed layer of data quality can become dominant in dusk and 
night modes. Transparency may alter user’s perception of the color coding of the depth areas. The visual variable of 
shapes (Figure 2d) has no intuitiveness and the decoding of ZOC categories necessitates the use of a legend. With size, 
orientation, and density/grain (Figures 2c, 2e, and 2f, respectively), the identification of the different CATZOC levels 
becomes ambiguous whenever only a few of the levels are displayed.  

Satisfying the set of requirements for ZOC visualization with a single visual variable can be challenging. The solution 
that seems most promising is to use a sequence of textures created by combining two or more visual variables. The 
advantages of textures are that they are minimally used in current ECDIS displays, and if they consist of open meshes 
they are expected to minimally interfere with other chart information (unlike, e.g., opaque colors or color transparency). 
Each texture must be designed to be clearly distinct from the previous one so that their values can be unambiguously 
perceived. Each texture should be visually denser than the last, with denser textures representing greater uncertainty. 
Furthermore, we are suggesting a boolean strategy for distinguishing between assessed (i.e., QoBD 1, 2, 3, 4, 5, and 
Oceanic) and unassessed (i.e., QoBD U) data.  

Table 2 shows an example of a coding scheme with textures consisting of lines. The fundamental principle is that the 
number of lines represent the QoBD, e.g., one solid line for QoBD 1, three lines (one single and one double) for QoBD 
3, and five lines (two double and one dash lines) for QoBD 5. Oblique lines are used for assessed data (i.e., QoBD 1, 2, 
3, 4, and 5), whereas vertical-horizontal lines represent the unassessed data (i.e., quality “U”). Lastly, additional 
information is conveyed by the single and double lines (i.e., full vs not-full seafloor coverage has been achieved).  

Table 2: A sample coding scheme of textures consisting of single, double, and dashed lines. Variation in transparency 
and orientation of lines is also used. 

  

Figure 3 shows an example of the textures of lines presented in Table 2 superimposed on a US ENC (US4NC15M, 
Cape Lookout to New River, North Carolina). The texture emphasizes uncertainty while reducing visual clutter 
(compared to star symbols) by varying density and transparency. Increasing density and opacity of lines indicate higher 
uncertainty values (lower quality data). An evaluation of the illustrated solution shows that it meets the criteria outlined 
previously with the primary advantage of being an intuitive representation of the different QoBD categories. This and 
other coding schemes based on the same principles that are under consideration, along with ideas by others (e.g., 
DQWG, 2019a) will be evaluated in the form an on-line questionnaire which will be distributed to the mariner 
community.  This questionnaire is designed to evaluate a set of alternative coding schemes in terms of their ability to 
meet the requirement set in the first paragraph of the current section.  
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Figure 3: Visualization of ENC data quality using the textures of lines of table 2 (Kastrisios et al., 2020a) 

A further aspect of the research project is the determination of the area to be visualized. Prior solutions use a layer that 
covers either the entire extent of the chart or a zone of fixed width around the plotted route.  We are investigating the 
use of zone of variable width equal to the horizontal uncertainty in the area and its incorporation in the hazards 
appraisal performed by ECDIS. The advantage of this lies in the fact that shoals charted with high certainty (e.g., ZOC 
A1 / QoBD 1) not in the vicinity of the plotted route (which therefore do not pose a threat) will not be treated as a 
threat, but those with higher horizontal uncertainty would.  

Besides the visualization of the CATZOC / QoBD sectors in ECDIS, we are also investigating the visualization of depth 
and positional uncertainty of individual bathymetric features (e.g., wrecks, underwater rocks, obstructions) and their 
incorporation in ECDIS analysis. The logical solution for their positional uncertainty is the use of an error-band 
geometry approach [e.g., Foy (2011)] that is already under consideration by the DQWG (2020). For the depth 
uncertainty, this can be incorporated in ECDIS for the adjustment of the charted depth and the consequent display of 
this depth value on ECDIS for the mariner’s awareness whenever necessary. It is noted that the resulting error-band 
geometry and the depth uncertainty of features may be uniform or non-uniform in the same M_QUAL as other quality 
indicator may have been encoded, e.g., POSACC and SOUACC. Cases that require special treatment, such as features 
in navigable channels or near the boundaries of two areas with different QoBD categories, are under consideration. 
Other factors include the color (e.g., magenta, black), type of line (e.g., solid, dashed, or dotted), size of font and line, 
location of the displayed adjusted depth (e.g., over the hazard, on the outline of the circle), and minimum visible sizes. 

CONCLUSION 

This paper discusses the concept of CATZOC for bathymetric data quality in ENCs and its visualization and integration 
in ECDIS analysis in support of safe marine navigation. To overcome the deficiencies of the current star symbology it 
presents a research methodology for the development of a new coding scheme that includes the determination of 
application specific requirements and the evaluation of the visual variables for their suitability. It proposes the use of a 
sequence of textures created by combining two or more visual variables and presents an example consisting of lines 
with variation in the type (single, double, and dashed lines), the transparency, and the orientation of lines. The proposed 
solution is intuitive and unambiguous, emphasizes the areas of greater uncertainty, and is effective in all ECDIS modes. 
It also discusses the integration of bathymetric data uncertainty in ECDIS analysis with the use of a zone around the 
plotted route with width that is equal to the horizontal uncertainty encoded in CATZOC and error-band geometries 
around individual features. The advantage of the investigated approach is that features charted with high certainty not in 
the vicinity of the plotted course will not be treated as a threat (thus reducing useless alarms with a large user-defined 
zone width), whereas those with higher horizontal uncertainty are incorporated into the analysis (thus eliminating the 
risk of actual dangers that are overlooked due to a small user-defined zone width).  
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