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Abstract
Electronic monitoring has been shown to be an effective tool to meet 
a variety of fisheries monitoring objectives in compliance-based pro-
grams. However, these systems have not been effective in delivering 
individual fish data similar to information collected by an observer. 

Development of new camera-based systems, methods, and tools is 
critical for collecting scientific data to inform management. A camera 
system being developed at the Alaska Fisheries Science Center greatly 
improves the functionality and addresses many of the limitations of 
electronic monitoring systems. This system provides the ability to 
automatically collect length measurements in addition to monitoring for 
compliance. System capacity to identify and automatically capture high 
quality (HD) stereo images of catch events, for efficient identification of 
fish to species or species group, is being actively developed. Because 
only images of individual catch events are stored and reviewed, post-
processing and storage costs are reduced, facilitating data transfer and 
data management. Event-based image capture will also improve real 
time reporting, reducing lag times associated with current monitoring 
and post processing methods. Images will be linked to GPS information, 
allowing precise location of all species-specific catch. Spatial image tag-
ging will enable mapping of high bycatch rate areas, potentially improv-
ing future management strategies to lower bycatch. Lowering costs 
associated with the collection, transfer, storage, and analysis of event-
based image data proposed here will allow greater coverage rates to a 
wider range of vessel types and sizes where it is impractical to place 
an observer. By leveraging the latest developments in computer vision, 
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cost-effective and timely extraction of scientific data from images will 
provide greater certainty for resource management and support sustain-
able fishing practices.

Introduction
There has been a long history of exploring the use and efficacy of elec-
tronic monitoring (EM) in Alaska fisheries. In 2002, the National Marine 
Fisheries Service (NMFS) began exploring the use of EM as a tool to 
ensure compliance with the use of seabird deterrence devices and as a 
management tool to identify seabirds caught on longline vessels (Ames 
et al. 2007). In 2004, the North Pacific Fishery Management Council 
(Council) assessed EM projects being used in fisheries (MRAG 2004), 
which was followed by an EM workshop with broad participation from 
various management agencies, the fishing industry, the environmental 
community, and the industry developing monitoring technologies in 
Alaska fisheries (AFSC 2008). By 2010 ten EM projects were completed 
to assess the general efficacy of EM technology in Alaska commercial 
fisheries. Two of these projects were conducted onboard Pacific halibut 
longline vessels, including two studies conducted by the International 
Pacific Halibut Commission (IPHC) and NMFS to examine the accuracy 
of fishing effort and catch composition data collected by EM relative to 
the traditional at-sea observer method (Ames 2005, Ames et al. 2007). 
Building upon these studies, a third collaborative study was conducted 
by NMFS, IPHC, and Pacific States Marine Fisheries Commission to 
evaluate the potential of EM as an alternative tool to monitor bycatch 
on Pacific halibut longline vessels (Cahalan et al. 2010). Other studies 
evaluated the effectiveness of EM technology to monitor the discard 
of prohibited species catch (PSC) on a factory trawler (Haist 2008, 
McElderry et al. 2008a) and monitor and enumerate discard aboard 
rockfish catcher vessels in the Gulf of Alaska (McElderry et al. 2005, 
Bonney and McGauley 2008, McElderry et al. 2008b, Bonney et al. 2009). 
These studies have led to implementation of camera systems used to 
monitor bin sorting and catch weight determination using a flow scale 
in several Alaska fisheries to ensure that the observer sampling was 
unbiased. 

In recent years there has been a renewed interest in advancing EM 
in fisheries operating in the North Pacific following the restructuring 
of the North Pacific Groundfish Observer Program, leading to a strate-
gic plan to integrate electronic reporting and EM into these fisheries 
(Loefflad et al. 2014). In 2013, the observer program began deploying 
observers randomly and into fishing sectors not previously observed, 
including many smaller vessels. Because accommodating an observer 
onboard small catcher vessels can be logistically difficult, the Council 
asked NMFS to develop an EM system for the small vessel (less than 57.5 
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feet long) halibut and sablefish individual fishing quota (IFQ) fisheries 
capable of estimating discard from this fleet as a cost-effective alterna-
tive to an at-sea observer.

Although EM has been shown to be an effective tool to satisfy 
a variety of management objectives, including catch monitoring in 
compliance-based programs such as that operating in British Columbia, 
Canada (Stanley et al. 2009, 2011), there are currently no EM programs 
implemented in US fisheries where data are used for fisheries man-
agement purposes. These systems have not been proven effective for 
delivering detailed data sets comparable to information collected by an 
observer necessary for estimating discard. There are many challenges 
in extracting data for catch estimation from video streams including (1) 
ability of EM to identify length composition, species composition, and 
catch weight; (2) potentially large time delay between data collection 
and use; and (3) ability to collect high quality data continuously in a 
harsh environment. Although EM is perceived by many as a cost-effec-
tive alternative to at-sea observer programs, cost is highly influenced 
by management objective, coverage extent, complexity of the image 
systems, and costs associated with retrieving, storing, and reviewing 
the video data. To date, there has been little innovation in EM systems. 
Advanced redesign of EM tools, coupled with application development 
to automate post processing, is critical for collecting scientific data to 
inform management and to reduce costs. New camera-based EM systems 
described here greatly improve the functionality and address many of 
the issues previously identified with EM systems.

Materials and methods
Two new camera-based EM systems have been developed at the Alaska 
Fisheries Science Center that have the potential to lower costs, improve 
functionality, and improve data quality. Each system is designed spe-
cifically to meet one of two key sampling needs in fisheries where all 
catch are brought onboard and in fisheries where catch is typically 
discarded at the rail. As is common with many EM camera-based units, 
these systems can integrate data from a suite of sensors, including GPS, 
hydraulic pressure, and drum rotation monitors to determine set and 
haul positions and collect effort data. Image collection can be started 
when sensor information indicates that haul back is occurring; other-
wise cameras remain in standby mode. The systems developed by AFSC 
use machine vision GigE interface cameras controlled by a central pc 
computer. Machine vision cameras are built for industrial inspection, 
capable of continuous operation over a range of temperatures and 
mechanical stresses such as high vibration and impacts similar to that 
found in a commercial fishing operation. They are commonly used in 
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many industrial applications where product images are acquired and 
then analyzed to determine if the product meets specifications. 

The first system, a self-contained camera “chute” system, was 
designed to sample catch that are brought onboard. The unit consists of 
a single machine vision camera (Allied Vision GX1920), 4 high-intensity 
LED strobes (Smart Vision ODS75), and a processing computer (Intel i-7 
dual core model ADLQM67PC from ADL Embedded Solutions USA; Fig. 
1). As fish are placed into the chute they trigger the rapid collection 
of several images that are processed, and only the image containing a 
full view of the fish is retained. Using high power strobes ensures high 
quality imagery is maintained regardless of environmental conditions. 
A blue-colored polyvinyl chloride (PVC) background on the floor of the 
chute enables efficient automated processing of catch images for length 
in real time. Image processing leverages the color contrast between the 
fish and the background to efficiently extract the fish component of the 
image and estimate its length (Fig. 2). The fixed distance from target 
to camera and fixed focal length of the lens allow for simple estimates 
of length by scaling the image space dimensions (e.g., object length in 
pixels) to real world dimensions, accounting for both image distortion 
due to the lens elements and parallax due to angle of view. Accurate 
length measurement from images requires a custom algorithm to esti-
mate the linear distance from the fish snout to the center of the caudal 
fin, equivalent to a fork length measurement taken by observers. This 
is accomplished by first normalizing the fish position in the image to 
align the primary fish axis horizontally, and then estimating a centered 
linear distance along the midline of the fish body. 

A pilot project was conducted to evaluate the chute approach for 
determining accurate fish lengths and deployment logistics aboard 
fishing vessels. Work was conducted aboard the F/V Constellation (F.J. 
O’Hara Corporation) in July 2014 in the Bering Sea, with individual 
Pacific halibut (Hippoglossus stenolepis) measured using a measuring 
board and then passed though the fish chute two times to compare 
performance for light coloration of the blind side and dark coloration 
of the eyed side of the flatfish body; 185 fish were measured.

The second imaging system consists of a stereo-camera unit to 
monitor catch as it is being hauled in at the rail for fixed-gear hook-
and-line vessels. Two cameras will be placed into a single housing to 
collect simultaneous paired images controlled by a central process-
ing unit similar to the one described in the chute camera unit (Fig. 3). 
Stereo-camera methods can provide for highly precise measurements of 
length (Ruff et al. 1995, Harvey et al. 2002, Williams et al. 2010) where 
the targets vary in range and position from the camera. Length estima-
tion requires that the cameras are calibrated, which is accomplished 
using the camera calibration toolbox, a freely available software built 
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Figure 1. Housing with (a) central processing computer and power supply 
(b) fish chute with camera, (c) camera and housing and (d) strobe 
light.
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Figure 2. Original image (top), processed image used for segmentation 
(center) and estimated length of fish (cm, bottom).
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Figure 3. Illustration of stereo camera setup and position to capture images 
of fish during hauling.
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in Matlab computing language (Bouguet 2008). Calibration and length 
measurement is described by Williams et al. 2010.

Results
Pilot study data demonstrates that the chute camera system is capable 
of highly accurate length estimates. Of the 185 fish measured during the 
study, two exceeded the length of the chute and were not measured. Fig. 
4 shows paired measurement comparisons between 183 Pacific halibut 
measured using a length board and automatically generated image-
based length estimates. Mean difference between methods for individual 
fish was 0.07 cm, with a standard deviation of 0.85 cm. Seventy-nine 
percent of fish measured from images fell within 1 cm of the physical 
measurements. Error rates did not appear to be length-dependent. The 
system performed equally well regardless of which side of the halibut 
was presented (mean difference for individual fish = 0.13 cm). 

Discussion
Recent technological advances in high resolution digital cameras, 
camera interfaces such as USB 3 and GigE and access to freely avail-
able software tools have now made it possible for fishery researchers 
to develop EM systems and image processing applications to automate 
data collection from images. Although these developments have greatly 
improved camera performance and increased the data collection capac-
ity of image-based sampling it is clear from past studies that collection 
of consistent high quality digital images of catch will be necessary to 
support automated image processing and data collection from images 
for use in accurate bycatch estimation. 

Image quality for any EM system is largely dependent on a vessel 
operator’s ability to maintain the EM system to keep camera lenses 
clear of water drops or debris. Image quality is also affected by variable 
lighting conditions where glare from the lights or the sun while hauling 
fish obscures the images. Poor image quality not only makes it difficult 
to consistently identify catch it also makes it very challenging if not 
impossible to automate fish measurement and species identification. 
Because EM system performance and data quality of EM remains largely 
dependent upon vessel operators, the data stream cannot be regarded 
as independent, leading to perception problems that may hinder full-
scale implementation of these systems. Improving EM system reliability 
and an independent flow of data will greatly add to the acceptance of 
technology to achieve responsible conservation and management of 
fishery resources.

Self-contained camera systems for commercial and research fishing 
vessels have been shown to maintain high image quality of catch, and 
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Figure 4. Comparison of image-based length estimates of Pacific halibut 
(Hippoglossus stenolepis) using the chute system and physical 
length measurements. Both methods resulted in comparable 
length frequency distributions (a). Differences in length estimation 
methods did not appear to be length-dependent (b). Image-
based measurements compared well in terms of accuracy (mean 
difference = 0.07 cm) and precision (SD difference = 0.85) (c)
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support automation of length measurement and species identification 
(White et al. 2006). The self-contained camera chute system developed 
at the Alaska Fishery Science Center builds on this idea to support 
automatic capture of high quality images of individual fish in a man-
ner compatible with automated image analysis and length estimation. 
Reduction in the volume of data resulting from event-based image 
capture systems will facilitate data storage on the vessel, improve data 
transfer rates, and reduce the burden of data storage and management 
both on the vessel and on land-based servers. Time stamped images 
linked to GPS information will allow precise location of species-specific 
catch. This will allow mapping of high bycatch rate areas, improving 
future management strategies to lower bycatch. Lower overall costs 
could extend coverage rates to a wider range of vessels types and sizes 
where it is impractical to place an observer. 

Preliminary results are encouraging in terms of fish length estima-
tion, although further work will be needed for higher target densities 
and fish that may be bent or curved in the image data. Currently in 
development, the species classification software will also further extend 
the capabilities of the chute camera system. 

Although image quality from the stereo rail camera is vulnerable 
to the same issues as traditional EM camera systems, the use of stereo-
camera technology offers a significant advantage over conventional 
single camera systems. A stereo pair of images can be used to accurately 
measure a fish regardless of fish orientation or distance from camera. 
Application of stereo camera methods to underwater fish measurement 
resulted in errors of less than 5% (Williams et al. 2010). A high degree 
of accuracy will be necessary since length can be used to infer species 
weight, a requirement for bycatch estimation. Obtaining fish length at 
the rail will also improve our ability to collect length from species not 
usually landed and therefore not sampled by observers due to size 
(sleeper sharks and large skates), or for species that easily drop off at 
the rail such as giant grenadier.

Cooperative research between the National Marine Fisheries Service, 
Pacific States Marine Fisheries Commission, and the fishing industry is 
currently under way. This research will compare several EM systems, 
define performance standards, advance application development, and 
determine feasibility for applying the technology to address specified 
needs for management. Our eventual goal is to process images in real 
time on the vessel, allowing for automated download of the data once 
a vessel returns to port. A new generation of self-contained EM camera 
systems capable of collecting scientific data on fishery impacts will 
provide greater certainty for resource management and support sus-
tainable fishing practices.
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