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The newly developed FishCam is used to monitor fish migration especially in fish passes. To avoid time 

and cost consuming field work for fish pass monitoring, this project aims to develop a semi-automatic 
monitoring system that enables a continuous observation of fish migration. The FishCam migration monitoring 
system consists of a detection tunnel and a high resolution camera, which is mainly based on the technology of 
security cameras. The camera system is recording video clips of migrating fish and drifting particles with a size 
covering more than 1 – 3% of the number of pixels of the image. The underwater camera is installed in a 
pyramid stump shaped housing filled with freshwater to keep the influence of turbidity in the fish pass to a 
minimum. Migration of fish is recorded without contact and stress. The ongoing key challenge is the 
development of a robust image classification algorithm, which counts, measures and classifies the passing fish. 
In the first step fish are separated from non-fish moving objects (e.g. foliage and woody debris, shadows and 
light reflections). To get the best single image of each object for the classification, a “fish benchmark” value was 
implemented. This benchmark value compares the actual shape of the object with a schematic model of a typical 
fish species. In its current state, the program is able to detect and track moving objects from the recorded videos. 
The first classification step is already implemented in the software and performs reasonably well with an 
accuracy of more than 90%. In step two, the length of the fish can be derived through geometric analysis of 
images from different view angles. The determination of the fish lengths was tested successfully but still needs 
to be fully automatized. The final objective of the classification algorithm will be the classification of migrating 
fish species.  
 

1 INTRODUCTION 

The principle of proportionality needs to be taken into account when fulfilling the requirement that generally no 
evaluation of functionality of a fish pass (FP) should be undertaken in the adjoining section of water bodies 
without examination of the actual fish migration and without knowledge of the ecological conditions of fish 
(quantitatively) [1]. Requests that are mostly posed as damands for functionality checks of FP’s, which 
nowadays are usually carried out with trap monitoring, often result in an excessive high financial and personal 
effort.  In the “Austrian Guidelines for Building FPs” [2], biological functionality checks are recommended 
especially for complex systems in larger water bodies. The scope of the investigation should be developed in a 
way that the biological examinations clarify “if all relevant fish species and age groups can actually swim into 
the FP and successfully migrate through it” [2]. As requested in assessments to capture the upward swimming 
individuals in the FP have to be captured the with fish traps or with other approved methods. The potential of 
typical fish population of specific river reaches and data of fish population in the water body downstream serve 
as reference. Daily experience shows that generally a functional monitoring is requested when approving FP’s, 
whereby county specific differences are only noticeable regarding the scale of the water bodies. Generally 
regulatory requirements for larger FP should be expected to be an implementation of examinations over a 
minimum of several months in autumn/spring, or - in the worst case for the operating company - an examination 
of the actual fish migration, usually via fish traps, for several years.  

 



The goal of the research project is to detect fish ascending and descending through a FP, identify the fish species 
and fish length and therefore provide a data basis for the evaluation of functionality of a fish pass (FP) in a low-
maintenance and cost effective way with low manpower. Within the framework of the research project, which is 
scheduled to run for several years, a gradual development of a monitoring system for the surveillance of fish 
migration is intended. Within the hardware development following tasks are to be fulfilled: 

• development of a camera system for non-contact fish surveying 
• selection of camera, lens and housing 
• waterproof lighting 
• dimensioning of the detection tunnel 
• image/video resolution 
• illustrated technical coverage in a photo/video database (preservation of evidence, control) 
• separation of fish from non-fish objects (Software Module A) 
• detection of fish length (Software Module B) 
• classification of fish species (Software Module C) 

 

2 FISHCAM MONITORING SYSTEM 

2.1 Hardware 

Camera selection: In a first step, video capable system cameras and SLR camera systems were compared with 
network video cameras (LAN – CAM) from the surveillance technology. The usage of interchangeable lens 
cameras allows the use of a wide-angle optic with a focal length of 8-13 mm without barrel distortion. From 
investigations and preliminary testing, the model AXIS P1357-E was chosen for use in the FishCam. The camera 
is developed for continuous usage whereby burn-in of the sensors happens very rarely. The AXIS P1357 network 
camera allows covering a large area with numerous image details in a resolution of 5 megapixels or HDTV 
1080p at full framerate in H.264 and Motion JPEG. The camera comes with a P-Iris aperture which provides 
optimal image sharpness, is easy to install and offers a remote controlled focusing and a pixel counter. The 
available power via Ethernet technology saves the need for an additional power supply. As soon as a previously 
defined number of pixels changes within the pixel curtain, the network camera starts the recording. Recognition 
of direction of drifting or moving objects is only possible in post processing. The sensitivity of the camera’s 
image trigger can be set via the maintenance port. The camera has its own IP address, therefore it is possible to 
access the smart camera directly on location via notebook/tablet or with the maintenance port via internet to 
check the direction, display detail and settings, and define them anew if necessary.  

Lens selection: Since the AXIS standard lens showed an image detail that was too small, several tests with 
lenses from third party manufacturers followed. To fit in technical fish passes with a minimum width of 1.5 m 
the maximum size of the FishCam construction was limited to 135 cm. The camera size and the angle of object 
lens limited the length of the underwater camera body to 250 mm, the planned depth of the detection tunnel 
including frame construction to 500-600 mm as well as the maximum fish length of 120 cm for complete 
registration of the fish located directly at the glass pane of the detection tunnel. Herewith the maximal distance 
of the lens to the plexiglass pane is limited to around 500 mm. In the experimental setup of the lens tests, using 
Siemens stars for sharpness control, the SL183 Varifocal Ultra-Wide Lens from THEIA Technologies with a 
focal length of 1.8 – 3 mm delivered an unrivaled standard regarding a correction of the barrel distortion. At an 
aperture angle of 110° a minimal distance of approximately 42 – 45 cm is required for the depiction of the rated 
fish length.  

Underwater encasing and camera housing: For the increase of the camera’s protection level to IP68 the 
installation into a case took place first using a flat port. Subsequently a dome port of the company INON was 
used for the correction of the changed refraction, the vignetting and the pincushion distortion. The underwater 
camera finally was installed in a pyramid stump shaped housing filled with clear freshwater to keep the influence 
of turbidity in the fish pass to a minimum. 

Lighting: For constant lighting first a LED-track-system was used. Waterproof LED stripes with a color 
temperature of 4500 Kelvin and a light output of about 3000 Lumen are deployed. Finally, the FishCam is 
equipped with a ring-shaped lighting system with IP 68 800 Mono Flex LED Stripe with 630 Lumen/m. In total, 
5 m of LED Stripes are built in optionally with warm white light and a color temperature of 2900 – 3500 K or a 
color temperature of 6000 K (daylight).  
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To achieve the best results as possible in Module A two different classification models were applied. The idea 
was to develop two models specifically to classify objects in clear water and turbid water rather than a 
classification model to handle both cases together. This approach requires an estimation of the “degree of 
turbidity” in a first step. The prediction scores of the two models are then weighted according to the turbidity of 
the water and are combined to derive an overall prediction for each object.  

A key characteristic of the monitoring software is that the entire object classification is performed on a 
single image for each object. Fish can be best classified if seen from the side in a somewhat stretched body 
position. To obtain the best single image of each object it is necessary to track it continuously through the whole 
video. A “fish benchmark” value was implemented to choose the best image. This benchmark value compares 
the actual shape of the object in each frame with a generated schematic model of typical fish species. For each 
object, the image with the highest benchmark value is stored and serves as the base for the object classification 
after the video is processed completely. The effectiveness of this feature is evident from tests with a training 
dataset, which show that for clear water approximately 90 % of the objects can be classified correctly by using 
this feature only. In turbid water the percentage is between 85% and 90%. To achieve a higher rate of correctly 
classified objects various different features, besides the “fish benchmark”, are calculated from the stored image 
and used for the classification. The set of additional features goes from low level shape descriptors like 
circularity and aspect ratio, over color features, texture descriptors, Hu Moments and Generic Fourier 
Descriptors. An even greater set of features was tested in several runs and was then reduced to a final subset of 
24 representative features using feature selection techniques.  

 

3 CONCLUSION 

Currently, 12 FishCam units are being used in the Federal States of Salzburg, Upper and Lower Austria and 
Carinthia [3].  Migration of fish is recorded without contact and stress. Compared with trap monitoring of fish 
passes, the use of staff resources was reduced from emptying the traps twice a day to a FishCam maintenance 
and data backup once every 2 weeks [3]. 

In its current state, software module A is already implemented in the software and integrated in the ongoing 
monitoring of several fish passes. First results indicate that the software performs reasonably well with an 
accuracy of approximately 90% of correctly classified objects separating fish from non-fish moving objects, 
where in general the accuracy of the object classification in clear water is better than in murky water.   

In Module B the length of all objects classified as fish, can be derived through geometric analysis of images 
from different view angles (frontal image from camera position, vertical view from mirror cover). This will only 
work automatically for clear water, as for murky water the visibility is too bad to determine the position of the 
fish in space via the mirror cover. Here again the already computed weights of the “degree of turbidity” serve to 
decide whether the length can be reliably calculated by the program or should be determined manually. Module 
B was already successfully tested but still needs further development to be fully automated.  

Module C which will implement the fish species classification is still pending. The development of a fish 
picture database is still under construction. 
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