
 

 
Budapesti Műszaki és Gazdaságtudományi Egyetem 

Építőmérnöki Kar 
Vízépítési és Vízgazdálkodási Tanszék 

 
 
 
 

PhD thesesbooklet 

 
DEVELOPMENT OF METHODS TO 

DETECT AND MEASURE OF RIVER ICE 
 
 
 
 

Gábor Keve  
 
 
 
 
 

Advisor: Dr. János Józsa 
 
 
 
 
 

Budapest, 2018 



Research background, and tools 
 
Despite the processes of global warming, that can be observed from the 
hydrological data during the past decades, the unfavorable mix of 
hydrometeorological factors can cause severe ice-drift on the Danube in 
winter, resulting ice-floods. In 2002 I placed a web camera on top of a tall 
building on the Danube bank of Baja, based on the results of traditional ice 
photography experiment in the 70's. The success of my initial ice 
observation in 2008 resulted the construction of 5 additional cameras. The 
saved images recorded one of the special 30 to 40 km sections of the 
Danube (130 km) reach managed by the ADUVIZIG (Lower Danube 
Valley Water Directorate). In 2009, 2010 and later during the winter of 
2012, ice floes were produced in the examined sections. The recordings 
helped to improve ice forecasting, reduce the burden of the ice-breaker 
patrol service, and further research work. Unfortunately, the January 2017 
event was only partially recorded due to the lack of maintenance of the 
camera system. 
The revised and possible rethinking of the Technical Guidelines and Water 
Technical Assistance about the topic of ice detection, is a timely issue for 
the water resources service agencies. The revitalization is not justified 
primarily by the age of these documents, but by the fact that the water 
resources service agencies has been heavily restructured. There has been a 
lot of change in the number, qualifications, tools and financial background 
of the water resources industry, which suggest a re-examination of the 
above listed regulations. 
The more important, and obvious reason to study river ice is that the most 
devastating floods were caused by ice floes in the lower part of the Danube 
in Hungary. During the last 180 years, extreme ice floods on the Danube 
occurred on the following occasions: 1838, 1839, 1850, 1876, 1878, 1883, 
1891, 1920, 1923, 1926, 1929, 1940, 1941, and finally the highest level was 
recorded in 1956. 
We do not need to go too far back to look at past events; we only need to 
look at the damage caused by the recent river ice incidents in 2017 (recent). 
The ice floe in January 7, 2017 (without any warning) extended for almost 
the whole Hungarian Danube reach damaged the river signs and caused 
serious damage. In mid-February, the mass of ice in the river Tisza caused a 
lot of damage to the water equipment at most riverside towns. Perhaps the 
most celebrated event in the media, was the incident of the Tiszacsege ferry, 
where only with a little luck was a fatal accident avoided. 
 



Protection against less frequent natural disasters, even if they cause serious 
damage, are only briefly given appropriate attention. Therefore, there is not 
enough interest to reveal the true cause and effect relationship. At these 
events, typically event-follow-up actions dominate, which often lacks a 
careful and detailed consideration for decision making. My work cannot 
solve all river-ice problems, but it tries to show as many aspects of it as 
possible. The main goal of the work is to modernize ice observation, which 
can provide a good basis learning the phenomenon more thoroughly and to 
analyze it scientifically. 
 

Objectives 
 
For most Hungarian rivers, especially the Danube, the floods and other 
damages caused by ice have produced and are producing serious problems. 
Meanwhile, the number of national research on ice that improve the 
effectiveness of ice protection is low, and technical development is not 
significant at this point. The main focus of the research presented in my 
dissertation emphasizes the advancement of this research and to the further 
develop of the river ice monitoring methodology.  
The key objectives are listed in the following points: 

• Historical overview of the current practice of river ice-detection in 
Hungary, a critical overview of the solutions available in 
international literature, and the demonstration of domestic 
development opportunities, highlighting the use of webcams for 
objective determination of river ice coverage and its operational 
experience. Confirmation that these tools can be used to produce 
efficient and accurate hydrographical data that, can direct ice 
defense, and can serve scientific research.  

• Develop a fast, automated, cost effective, and continuous ice-
collection method based on web camera images with a precision 
far beyond their manual or estimation procedures. Verification of 
the developed solution through error analysis. Solutions that do not 
require specialized software were preferential 

• Analyze the time pulsation and daily travel curve of the ice jam 
coverage ratio of the Danube with the developed high frequency 
measurement process. 

• In addition to web-based ice-detection detection, development of a 
measuring instrument for direct measurement of the spatial shape 



of the running ice tables and verification of the device operation on 
the Danube. 

With my dissertation, I would like to promote modernization of the 
Hungarian ice-observations and to provide a numerical basis for scientific 
research related to this topic.  

 

New scientific results 
 
The new results obtained during my doctoral research are summarized in 
four theses: 

THESES 1: I have demonstrated that the web-based, automated river 
ice-monitoring system I have developed in the domestic water 
management practice can be used as a detailed hydrographic tool and 
can provide more accurate results than the currently used estimation or 
manual image processing methods. I have shown that the practical 
applicability of the web camera system is broader than just the ice 
coverage ratio detection determination. [1-10] 

In 2002, I installed my first webcam for ice-observation in Hungary, 
followed by several others. By presenting the operating experience and the 
wide use opportunities of cameras (modeling, flow estimation, ice 
forecasting, etc.) I explained and demonstrated the justification of the 
monitoring system. I have developed an automatic, cost-effective image 
processing method that has a significant outcome that the system can be 
used as a hydrographic tool. I have verified by error analysis (Table 1) that 
the Self-Developed Auto Solution provides more accurate results than the 
official Hierographic data, any of the Estimating Methods, and even better 
than Manually Image Processing. Using the individually calibrated, 
transformed and evaluated camera images as reference, the square medium 
error (RMSE) was the lowest for the Automatic process: 
 

1. tablet: Error of ice coverage determination methods 
Method: Hydrographic Estimation1. Estimation2. Manual Automatic 

RMSE: 13,15 % 9,03 % 9,59 % 10,18% 5,94 % 

 

 

 



THESES 2: I have proved that from the images of webcams to 
determine the rate of ice coverage, it is enough to imagine the views of 
the cameras in advance, with a single spatial perspective 
transformation, it is not necessary to use georeferencing, 
orthorectification, or complicated form recognition procedures for each 
frame. From the perspective mapping, the aspect ratio of the pixels 
(pixels) to the water surface in the image being examined can be 
calculated, and it is sufficient for the computation of ice coverage in all 
images with the same viewpoint. By doing this, I've narrowed the task 
to the grading of the water-ice pixels. [1, 2] 

I used the image transformation process of Gálai (2008) for the first time in 
practice with three independent cameras (Paks, Baja, Mohács). The 
principle of this process is that I photographed a well-coordinated square 
grid plate in front of the camera in several positions. From the pictures I 
read the coordinates of the plane grid square in pixels. The more pictures I 
have been able to process, the more accurate I got the internal parameters 
describing camera distortion. The water surface of the river, where I 
observed ice floes (in the test section), was approximately horizontal. The 
average slope of the Danube here is negligible. I put my calibration plane 
horizontally with the help of two water levels perpendicular to each, and the 
observed area was opened in front of the camera, and in parallel plane I 
interpreted a parallel coordinate system. This coordinate system calculated 
the transformation function (equation 1) between image and reality (x, y, z) 
in the pixel of the camera (u, v). The ratio between water and ice can be 
interpreted in planes parallel to the water surface, so a single determination 
of the transformation between the horizontal plane plate and the camera 
image can be used to analyze the ice coverage at any water level. I also used 
the simplification that, due to the horizontal plane, the height of the spatial 
coordinates is zero 

   (1) 

Using this function, I calculated the spatial coordinates of each pixel of the 
camera's images. The procedure was verified by the area computation of 
any square grids of the plane used for the calibration, where the biggest 
error was within 3%. 

 



2.1. Thesis: A simple numerical method was developed and verified to 
determine the area ratio of pixels to the surface of the water. 

Instead of expanding the Jakobi determinant proposed by Gálai (2008), I 
used a more practical, numerical solution of area calculation determined 
from real-coordinate squares of the pixel corner points. The pixel treated so 
far as a point can be treated as a square, which is apparent after an 
appropriate magnification. The square, however, has a planar extension, a 
surface area, and the area can be calculated based on its corner points. The 
idea was no matter how elementary I never found to be used for calculating 
ice coverage. I used the approximated that sides of the rectangles stay 
straight from transformation from (u, v) to (x, y). This is also true for small 
pixels (pixels). 

The corner points of each pixel selected for observation were calculated 
using the four angular coordinates shown in Figure 1 Starting from the 
upper left corner, I numbered the corner points clockwise to 1-4. Using this 
sequence, which I use as the index (i) of the calculated real x, y coordinates, 
I calculated the actual area of each pixel I want to observe with the 
following (2) relation. 

 (2) 

 
Figure 1.: Corner coordinates used for pixel area calculation 

The calculated areas are placed in a matrix indexed with the u, v coordinates 
of the pixels, which provide the actual area of the pixel in question while 
moving in the area being investigated. 



2.2. Thesis: I have developed an automatic, adaptable threshold value, 
which distinguishes between ice and water with appropriate precision 
as picture points. 

I converted color images provided by cameras to gray shades. Subsequently, 
I determined an area variable threshold value for distinguishing between ice 
and water. The use of a single threshold value in the picture has yielded 
insufficient results. 

I have noticed that on the camera images, regardless of the day, the 
reflection on the water is always in the same direction. Along the direction 
of reflection, a lower and an upper threshold was linearly distributed, and 
this way the ice can be separated from the water with enough precision. My 
further development was to use the interpolation to determine the lower and 
upper threshold values using the sky from the earlier cameras images and 
the clearly identifiable, permanently identifiable surface features. After the 
ice-water separation and area ratio determination functions were 
successfully resolved, the examined areas of the cameras were divided into 
40 downstream lanes and the coverage ratios in these lanes were defined. 
The results were saved in the form of pictures (Figure 2) and data series. 

.  
Figure 2.: Graphic result of the determination of ice coverage in the band under the 

Bay of Baja 

Finally, the reliability of the automatic method was verified by error 
analysis. 



THESIS 3: With my method of ice coverage determination I observed 
significant temporal pulsation and daily periodicity in the ice 
movement of the observed Danube reach. I have found that the small 
number of daily estimates are not representative to determine daily 
average ice coverage. I recommend continuous webcams monitoring. 
[1, 5] 

In all examined Danube profiles, the variable amplitudes pulsation of the ice 
coverage with time was observed. This pulsation is considerably higher than 
for example at water velocity measurements. Observations that vary this 
way are characterized by time-averaged values in the water resources 
industry. That is why I think it is justified to introduce this method at ice 
jams, along the use of cameras. In the domestic practice, the ice coverage of 
a river section is currently characterized by one to five estimates per day, 
although the intra-day period is not negligible. The arithmetic means of the 
small number of samples, therefore, is significantly different from the mean 
values derived from accurate steady, high-frequency observations. My 
results help to determine the optimal observational period of ice jams, 
whose information density can thus be traced to other hydrological and 
meteorological data, creating the basis for temporal and spatial analysis of 
the ice evolution and melting process based on observation. 

Figure 3.: Ice Coverage Curve during the January 3, 3-week ice-jam of the Danube 
Baja section. Legend: calculated by the ice observation camera (red), 1 hour average 
(blue), 6 hour average (orange) and finally average daily (black) time series. 

Figure 3 shows the rapid fluctuation of the instantaneous ice cover and the 
sensitivity of the mean values to time ranges. Note that webcam 



measurements only give the daylight hours, and during the nights I 
approached the curve with linear interpolation. 

THESIS 4: By measuring and observing, I proved that on the selected 
reach of the Danube, the ice in the ice floe that are colliding and hitting 
other objects, consistently result an inverted cone shape. [1, 5] 

The edges of the ice that are in contact with each other or in water are 
continually broken. The smaller or larger pieces of ice that come out of this 
way sink under the basically planar planes but overlapping plates may also 
form. The stacks that are staggered together freeze together and because of 
the uneven surface velocity distribution of the stream flow go into a 
continuous rotating motion affected by new collisions. Almost 90% of the 
ice sheets are beneath the water, but this fact can only be used to estimate 
the average ice thickness. However, the possibility of running onto a shoal 
and the collision with the ship hull is also dependent on the shape of the 
underwater portion of the ice. 

In 2012 I tested 9 time more than 150 ice sheets from the board of 
icebreaker boats and lorry barges, using my self-developed testing probe 
equipment. Based on these, I have determined that the ice sheet is typically 
thinner at its edge than around of the center of weight. With considerable 
more effort, we could turn upside down 10 smaller ice sheets (Figure 4), 
which confirmed the tapered cone shape that the probes previously 
determined. Compared to a constant-thickness rigid disc approach, the 
uneven mass distribution modifies the inertia moment of the ice sheet and 
hence its horizontal spin and its anti-rolling stability. 

 
Figure 4.: Turning of a single floe up-side-down (photo: Farkas, Z.) 

 
 
 



Application of the results 
 
The new findings contribute to a more accurate understanding of the spatial 
and temporal structures of ice floes in rivers, as well as the methodological 
development of their measurability and reproducibility. 
István Zsuffa's 1978 pioneering black-and-white industrial camera's 
continuous ice observation system has been revitalized and upgraded to 
create an ice-detect service based on ice coverage in real time, which is 
rarely can be found in the world. This system contributes greatly to the 
success of the ice floods and ice floe damage prevention work for the water 
resources agencies. In addition, it creates the possibility of scientific 
research on ice floes, data supply for in situ numerical modeling. 
The research establishes and validates an automated process that can be 
used to measure the rate of ice coverage and the transverse distribution of 
the ice surface yield per unit width in consecutive flow cross section. 
Collection of the in-situ datasets requires serious effort, especially when the 
measurements are taking place on an icy river. Video recording is safe, but 
the thickness measurements needed to determine the ice volume flow must 
be carried out manually on the river. For the manual ice thickness 
measurements, I created and validated a device that allows simple and quick 
measurements on icebreaker ships. This result is extremely useful because 
from the dense timeseries of the transverse ice area ratio further analyzes 
can be conducted. 
My work creates the basis for the modernization of the Hungarian ice-
monitoring network. The operation of such a network provides the 
condition that in the future on the larger rivers ice floe forecasting and 
alarm systems may be established. The time series collected over the past 
decades provide data for national research on river ice phenomenon’s. 
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