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Abstract. -, The Y-5A Test Fishwheel project was first equipped with video capture
equipment during the 2000 operating season. The purpose of the installation was to
replace the previous method of holding and counting salmon from a “live-box”. The
equipment was initially tested by comparing live-box counts to video capture counts, and
the results indicated that video capture was both more accurate and less stressful on
salmon than live-box counting (Fliris 2000). The major shortcoming of the system used
in 2000 was some uncertainty in species and sex identification due to the limited number
of video frames captured per fish. The modifications to the system that were installed
during the 2001-operating season allowed enough captured frames per fish for positive
species identification and a reduction in overall processing time.

Introduction

The Sub-district 5-A Test Fishwheel has been used to provide Catch-Per-Unit-
Effort (CPUE) data to the Alaska Department of Fish and Game (ADF&QG) since 1992.
The test fishwheel is the first indication of run timing and relative abundance of fall chum
and coho salmon entering the Tanana River. The information provided is useful for
management of both the Tanana River terminal fishery and the upper Yukon stocks in
both the U.S. and Canada.

CPUE data were acquired during the 2000-operating season with a system that
used a 12-volt battery powered video surveillance camera and videocassette recorder
(VCR). Twelve-hour tapes were recorded on the fishwheel and removed for digital
capture twice daily on a computer in the operator’s home. The capture program used was
Salmon Soft Video Capture 1.07 (Vcap).

The original capture method was called “luminescence” because the trigger signal
used to capture the video frames containing fish was based on changing light values. In
other words, whenever an object significantly darker than the white background moved
through the camera chute, Vcap would capture those frames. This system worked well as
long as any sources of strong shadow and light were eliminated from the viewing area.
The major drawback with the luminescence capture program was the limited number of
frames captured per fish. A time-lapse VCR can record for either two or six hours with
no loss of information (30 frames per sec) on a standard tape, but in “twelve-hour” mode
the recorder uses a compression scheme that reduces the frame rate to 5 frames per sec.
The twelve-hour mode was necessary to allow for night fishing and to reduce trips to the
fishwheel, which is an eighteen mile round trip from the operator’s home.

New equipment was installed during the 2001 operating season and tested
successfully. The new capture method used a “trigger switch™ to record video frames
containing fish. The system was eventually configured to provide 14 frames per trigger
event. System redundancy was an added benefit of the new equipment since the
luminescence method could still be used if the trigger switch system failed.

Study Site

The Sub-district 5-A Test Fishwheel is located approximately six miles
downstream of the village of Tanana on the south bank of the Yukon River. It is
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positioned about 2 mile downstream of the mouth of Corbusier Slough, which is the
farthest downstream entrance to the Tanana River (Fig. 1). According to ADF&G, the
salmon migrating past the test fishwheel site are considered to be predominately of
Tanana River origin.

The site is accessed from the village of Tanana by means of a riverboat that is
owned by the operator. ADF&G personnel from Fairbanks monitor the site occasionally
by means of a Department riverboat. Salmon species caught at this site during the test
fishing period are mostly fall chum salmon, Oncorhynchus keta, and coho salmon, O.
kisutch, although a few chinook salmon, O. tshawyischa, are sometimes caught early in
the season. Other fish species include, by common name, burbot, pike, grayling, lamprey
eel and four species of whitefish. Comparatively, the numbers of these non-salmon
species are usually very low.

Methods

Salmon counting began on August 15, 2001 using the “luminescence” method
until the new modifications could be made. The new system included a Panasonic
“Toughbook™ computer that was powered by 12-volt D.C. battery current (Fig. 2). Some
experimental work was done in the first week of the season to see if a mid-chute rubber
curtain would turn the fish on their side for a clearer view. None of the curtain designs
proved workable since they caused the fish to hang in the chute too long. The camera
was then moved from mid-chute to the head of the chute. The new position produced a
better view of the fish as they exited. This last view of the salmon was often the best one
for seeing the side of the fish to get a positive identification. Two new night light fixtures
were eventually installed, one at either end of the chute, and angled so that their beams
crossed. This provided much more even illumination of the entire chute than the
previous design of two lights pointed straight down at mid-chute. Nighttime illumination
is ideal for good video quality (Fig. 3).

The average time it took a salmon to pass through the camera chute was only 0.8
sec, and as a result, the time-lapse recorded tapes in 2000 usually contained only three
frames per fish. Salmon that passed through the camera chute sliding on their bellies
were difficult to identify because only the back of the fish was visible from above. It was
decided that more video frames per fish and a different camera position would probably
provide better species identification.

The only way to get the extra frames per fish was to use Vcap to capture the video
frames directly from the camera to a computer, thus eliminating frame loss due to VCR
compression. A new trigger was needed to signal the computer on board the fishwheel to
capture only the frames containing fish. The operator could control the frame rate and
the number of frames captured before and after each trigger event.

Additional equipment was purchased for the 2001 season (Table 1). Dave Daum
of the U.S. Fish and Wildlife Service (USFWS) worked pre-season with the program
developer at Salmon Soft to modify the Vcap program. He also purchased and integrated
the necessary electronic components into the large “Pelican” case that already housed the
VCR on the test fishwheel. Dave had worked with Stan Zuray in 2000 on the “Rapids”
Test Fishwheel to develop a system that utilized a lightweight door in the camera chute
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(Zuray 2000). Salmon Soft finished the new software version to provide more flexibility
in the capture method. Also, a more useful computer based counting program was
provided. The new software versions were Vecap 1.2.1 and Vcap Rev 1.1.4.

A door made of 1/8 inch thick “Lexan’™ plastic with a wooden frame was
constructed to fit over the exit area of the camera chute; the magnet that actuated the
trigger switch was mounted on the door (Fig. 4). The switch itself was mounted in a
stationary position adjacent to the magnet. When the door moved outward approximately
three inches the magnetic field around the switch weakened sufficiently to close the
switch, thus sending a signal to the computer.

The operation of the door had to be light enough so that even small whitefish
could open it., and at the same time, it had to close positively without bouncing.
Bouncing of the door could cause the switch to open again after a fish had passed,
resulting in empty frames captured. A long handle attached to one side of the door acted
as a counter-balance. The handle was attached by a length of nylon cord that passed
through a pulley to a weight suspended in an “ABS” plastic pipe that was filled with a
water/anti-freeze mixture for all weather use (Fig. 5). The weight was made of a plastic
pill bottle filled with the solution and some lead shot. The action of the weight, dampened
by its movement through the liquid, caused the door to slow down just before it reached
the closed position, providing bounce-free operation. This system, developed by Stan
Zuray, worked very well but requires considerable trial and error to install correctly. The
length of the handle, the height of the pulley, and the amount of shot used for weight are
factors that have to be synchronized. A buzzer was installed in-line with the switch to
provide an audible indicator that the switch was working,.

Video capture using the trigger switch began on August 23. Twenty-four hour
operation was attempted for the duration of the season (September 29). The Toughbook
computer used the Microsoft Windows 98SE operating system. The new version of Vcap
was used to capture video and write the information as an avi file on the hard drive. IBM
Micro-drives (1 Gbyte) with PC Card adaptors were used to transfer the files from the
Toughbook to the Gateway computer in the operator’s home, where the counting was
done. All files were backed up on compact discs. Also, a time-lapse VCR, attached to
the camera, was used for comparison tapes and backup in case the computer failed.

Initially, the parameters set in Vcap were 15 frames per second recording rate
with 9 frames saved before the event (i.e., the opening of the door) and 3 frames saved
after the event. Since the door is at the bottom of the chute most of the frames needed to
capture the fish as it was sliding down the chute occurred prior to the trigger event. Also,
it was necessary to capture frames after the event, in the case that more than one fish
exited the chute before the door had a chance to close and re-set the switch. Capturing
three frames after the event was adequate until the numbers of fish caught per day
increased dramatically during the peak of the run. The video count for September 1-2
showed an error of five fish compared to the tape count, from a total of 420 salmon.
Because there were often instances when two or more fish were in the chute at the same
time it was obvious that more frames captured after the event would be necessary. The
video parameters in Vcap were changed to 9 frames before and 4 after the event on
“September 4. On September 8, the parameters were changed again to 9 frames before and
5 after the event; they were left on that setting until the end of the season. This setting



proved adequate to capture most salmon and had enough frames per fish for good species
identification.

Twelve-hour time-lapse VCR tape recordings were compared with results from
the computer (trigger switch) throughout the season to assess if all fish were being
captured by the new system. Comparisons were made of the numbers of all salmon,
disregarding species or sex.

Results (and Discussion)

The number of Chinook salmon counted in 2001 was higher than average (list
below). The last two were captured on August 28. The chinook run into the Tanana
River was apparently strong and had a longer tail end than usual.

The ratio of Coho to Fall Chum salmon is higher than average (Figs. 6&7). A
portion of the first large pulse of Fall Chum salmon may have passed the site before the
season began, since the early catches were higher than normal and the salmon were large
and bright.

Table 3 lists the numbers of Chum and Coho salmon captured, but only two of
the freshwater species for reasons of space on the page. A complete tally is as follows:

Broad whitefish — 11
Burbot-3

Cisco whitefish - 38
Chinook salmon - 10
Chum salmon—2,419
Coho salmon — 7,047
Humpback whitefish - 9
Sheefish —2

Suckers — 9

Twelve 12-hour comparisons were done between fish recorded on time-lapse
VCR tapes and the trigger switch video capture system (Table 2). Out of 1,585 fish
counted from the VCR tapes, the new capture program captured 1,572 (99.2%).

The two counts for the first day were identical, but the counts on the following
three days had errors. The cause of these errors was that the door did not always close
completely (Fig. 3). When this occurred, no video frames containing other fish could be
captured until the door closed fully and the magpnetic switch had re-set. The
counterweight was eventually adjusted and the switch was repositioned until the door
worked more reliably. When manual trials of the door were performed, after August 28,
the door always functioned correctly.

981.17 total hours were counted out of a possible 1110.35 hours from August 15
to September 29 (Table 3). Three methods were used: Luminescence, trigger switch, and
live-box. Trigger switch operation accounted for 712.81 hours. A short period of
downtime was needed daily to transfer data from the fishwheel computers’ hard drive to
an IBM micro-drive. The computer was generally shut down while general inspection of
the fishwheel and video system was carried out. Daily downtime was usually less than 1
hour.




Two events that caused longer than normal downtime were as follows:

1. September 5, an unprotected wire was broken between the magnetic switch and
the computer. It took some time to locate and repair the problem since the wire had been
routed under the raft logs. The trigger switch system was down for almost two days,
however, the tape luminescence system was still operable,

2. September 20, the generator quit at night. The batteries had a full charge and
the system ran with one light until the moming check: a good count was retrieved. The
following night, the 21%, the generator failed again. This time the batteries were not fully
charged and the computer shut down due to low voltage when the Vcap program was
closed. The avi file was not written to the hard drive, but not all data was lost. Tape #23,
which provided 14.42 hours of information for comparison purposes, had been recorded
that night. On September 22-23 the catch rate was low and the live box was used to
obtain counts until the generator problem (a loose ignition coil ground wire) was found.

The events above only resulted in about 36 hours of data loss due to the fact that
when the trigger switch is inoperable, the luminescence system can be used and as a last
resort the live box can be used if it can be tended frequently enough to prevent crowding
of the fish. The only other instances of significant downtime on the project were the
result of physical damage caused by drifting logs or the fishwheel baskets being captured
in a mudflow.

The new trigger switch capture method was more efficient than the luminescence
method. The transfer time from hard drive to micro-drive was usually less than one
minute. Counting was done on the VcapRev program on the operator’s home computer.
Comparatively, with luminescence, it was necessary to capture two 12-hour tapes a day,
which required two hours of computer processing per tape before counting (Fliris, 2000).

Images of fish passing through the camera chute showed good color and contrast
(Fig. 8). Sex and species apportionment was more certain than in 2000. Assorted
colored “spaghetti tags” were placed in the chute as a test and they were easily identified.

Counting using the VeapRev software is an improvement over using the Windows
98 properties dialog as was done 2000. VcapRev provides a tally feature that can be
customized by column. A running total is always displayed in each column. Hot keys
can be assigned to each category and a voice announcement of each fish species and sex
can be used to insure that keying errors are corrected. The direction keys can be used to
advance or return the frames for careful identification. Automatic generation of an Excel
spreadsheet is the next needed improvement of the software.
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Table1.
Equipment List

POWER SUPPLY AND LIGHTS:

2 Honda EU10001, portable one thousand watt generators (for recharging batteries
and night lights - one spare).

5 Trojan SCS200 115 amp hour, deep cycle batteries (one spare)

1 Todd Engineering PC30b power supply/battery charger

1 Portawattz 300 voltage inverter

2 90 Watt, General Electric Halogen Floodlights. (plus spares)

1 Electripik Surge Suppressor (power surges during generator start-up can blow out
lights)

2 Max serial interfaces (one spare)

2 Radio Shack auto DC adaptor 273-1815 (one spare)

2 Belkin F5U208 power supply (one spare)

VIDEO EQUIPMENT:

O
\

2 Panasonic 1070dc Video Recorders (one spare)

2 Panasonic AG-6124 Time Lapse Video Recorders (one spare)

2 Panansonic WV-CP450/WV-CP454 Video Cameras (one spare)
1 Computar Vari-Focus Lens TG272814FCS-2 (one spare)

1 Pelco Waterproof Surveillance Camera Housing

COMPUTERS AND SOFTWARE:

1 Gateway GP7-600 computer (Video processing, storage, data analysis and
archiving)

1 Intel Smart Video Recorder 3 capture card and software

Salmon Soft Video Capture(V.Cap) version 1.2 and V.Cap Revue version 1.1.4 (from

Columbia River Intertribal Fish Commission)

Microsoft Windows *98 second edition

Microsoft Office 2000 Small Business Edition (for reports, spreadsheets, etc.)

Adobe Photoshop 6 (photo processing)

2 Panasonic CF-48 Toughbooks (for direct video capture via trigger switch - one
spare)

3 IBM Microdrives, 1 Gbyte capacity, with PC Card adaptors (for data transfer)

MISCELLANEQUS:

O

2 Pelican 1600 watertight storage cases (used on the fishwheel to house the recording
VCR and for sending both VCR’s to Fairbanks for cleaning and maintenance)
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Table 2.

Comparison of “trigger switch” (video) counts to “luminescence” (tape) counts,
5-A Test Fishwheel, 2001

Date Review Time Video | Tape Tape Comments
Count | Count it

8/23-24 | 19:52-10:15 34 34 09 First day of trigger switch operation

8/24-25 | 21:39-12:03 48 51 10 The door remained open 3 times

8/25-26 | 21:44-11:54 58 61 11 The door still did not always fully close

8/26-27 | 21:29-11:45 58 59 12 Moved magnet closer to switch and changed
the balance of the door after this count

8/27-28 | 21:19-11:25 77 77 13 The door seems to close and open properly at
this stage

8/28-29 | 21:15-12:05 72 72 14 Good results

8/29-30 | 21:38-11:57 114 116 15 Multiple fish in chute. The error could now be
attributed to the frame capture parameters.

9/1-2 21:13-10:04 415 420 17 Changed frame capture parameters after this
count for better results on simultaneous double
or triple catches

9/7-8 20:31-10:52 345 343 20 Unknown cause. T his result is unusual
because the video count is higher than the tape
count.

9/8-9 20:15-10:31 262 263 21 Acceptable results

9/19-20 | 19:22-09:01 61 61 22 Good

9/23-24 | 19:22-09:56 28 28 24 This was the last comparison because of the
low numbers of salmon at the end of the season

)
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Table 3. IZ.’OD1 Video Summary- 5A Teslt Fishwheel
Counting Start End Run Time Chum Salmon Coho Salmon Cisco Humpback | Chum Coho Depth Off

Day | Date Date/Time | DatefTime (hr) Male | Female| Total | Male | Female Total | Whitefish | Whitefish (per 24 hr per24 hr [4 1 Bottom
Wed 81501 8/15/01 15:07  8/15/D1 21:28, 6.35 13| 16 29 o) 0 0 1 1 109.61 0.00|VCR Malfunction-MicroDriveCountOnly |1.5 Ft.
Thu 8/16/01 8/15/01 21:56| 8/16/01 21:00 21.80] 21 30 51 1 1 2 2 1 56.15 2.20| Time count on microdrive is incorrect 1.5FL
Fri anrmi B8/16/01 21:12| 8/17/0121:14 21.80| 13| 13, 26 0 1 1 1 0 23.62' 1.10|writing data directly to hard drive 175 Ft.
Sat 8/18/01 87/01 21:20 8/18/01 4:12 6.87 3 3 6 0| 0 0 0 0 20.98 0.00|Wheel was stopped by log 1.75 Ft
lSun 819101 818/01 17:46|  8/19/01 21:32 24,80 3 5 8 2] 0 0 1 0 7.74 0.00|New Paddies and Flaps 2 R.P.M. 1.8 Ft
Man 820101 819701 21:38|  &720i01 21:02 22.83 13| 9 22| 0 1 1 1 0 23.13 1.05|repositioned chule curtain 2. Ft
Tue &/21/04 8/20/01 21:57|  8r21/01 19:05 18.80 17 1 28 1 [4) 1 2 0 3574 1.28|Changed capture pe ters8grid 2.25Ft.
Wed 8/22/01 8/21/01 19:20]  8/22i01 15:46 20.43 14 17 H 1 4] 1 7 1] 36,42 1.17|Changed camera,lights and diffuser 2.5Ft.
Thu 8/23/01 822/01 16:47|  8123/01 12:54 17.53] 17 14 3 2 1 3 2 1 42.44 4.11|Lighte out for approx. 1 hour 275Ft,
Fri 8R40 823/01 19:52| 8r24/01 21:11 25,00 26 34 60 3 1 4 a 1 57.60 3.84|1st day of trigger switch operation 3.0Ft
Sat 82501 BR24/01 21:35| 851 21:22 23.78 45 42 B7 5 3 8 3 Q 87.80 8.07)2 Cisco's opened the door, 1 didn't 3.0Ft.
Sun 8r26/01 8/25/0121:20| _8/26/01 21:26 2385 35 47 62 8 1 9 a Q 8217 9.02|some empty frames-good count 2,75 Ft.
Mon 827101 BR6/0121:33|  827/01 21:07 23.57 38 3r 75 4 5 9 2 0 76.37 9,16|1 Cisco produced empty frames 2.25Ft.
Tue 8128/01 827101 21:19|  8/28/01 21:15] 2393 61 55 116 8 S 13 2 0 116.34 13.04 1double fish,last fish had a few frames  [1.75FL.
Wed 82911 8/28/01 21:15]  8/29/01 2128 2422 60 58 118 5 3 8 0 0 116.93 7.93 | adjusted magnet position on door S FL
Thu 8730101 8/29/0121:38|  8/30/01 21:26 23.83 o7 106 203 23 27 50 0 0 204,45 50.36|Mud Naw S5 Ft
Fil &/31101 B/30/01 21:28] B/31/10121:24 23.93 118 128 246 104 88 194 1 2 246.72 190.56{ Mud Now on bottom
Sat 9o 8731101 24,37 9/1/01 20:54 23.28 78 93 171 150 138 288 3 0 176.29 296.91/1 light out-mudflow on bottom
|Sun 9201 9/1/01 24:12 92001 21:10| 23.93 83 87 170 289 217 566 0 0| 170.650 567,66 Mud flow on battom
|Mon 93701 $72/01 21:16 673101 16113 18.85 13 26 39 83 78 161 0 0| 49.39 203.91 mud sk the wheel on bottom
Tue 974101 8/3/01 21,42 H4/01 19:58 23.27 33 77 110 374 244 615 0 1 113.45] 634.29|fishing at 7 ft., mud flow on bottom
Wed 9/5/01 8/4/01 21:28 9/5/01 20:10, 22,70 28 41 69 410 276 686 1 0 72,95 725.29|fishing at 7 ft. mud flaw on bottom
Thu 9/6/01 9/5/01 21:10 91601 20:40 4.22 8 6 14 83 58 141 0 0 79.62 801.90| Brok notes on boltom
Fri a7/01 e 20:42 9701 11:05 14.35 2 10 12 223 142 355, 0 0 20.07 610.45/count from tape, mudfiow over 1.5Ft.
Sat 8 97101 20.28 9/8/01 19:46 23.30 10 14 24 3T 320 697 1 1 24.72 717.94|Coho size emaller S Ft
Sun Qo /801 19:58|  9/911 1938 23.87 8 17 25 209 166 s 4 ") 25.35 360.23|Coho Peak over? OFL
Mon /10101 9/0/01 18:51]  9/10/01 20:36 24.75 14 3N 45 300! 259 559 2 4} 43.64 $42.065)|Coho's backmore Chum too SFt
Tue 911404 9/10/01 20:63;  9/11/01 20:34 23.68 14 33 47 245/ 339 584 Q Q 47.64 591.89}one light burned out 1Ft.
Wed 91201 |9/1101:20:42 9/12/M1 20:17 23,58 9 21 36 194 300 494 Q Q 36.64 502.80|water raising 1Ft2in.
Thu 911301 ‘— 9N2/01 20:27(  9/13/01 20.55 24.47 19 4 60 157 250 407 1 58.85 399.18 | hired operat it Moose hunting 1FL.2In
Fri 9/14/01 9/13/0120:59|  9/14/01 19:35 22.60] 17| A 48 92 172 0 0 50.97 182.65] hlred operator 1Ft.2in.
Sat 1501 o/14/01 19:47|  9/15/01 19:23 23.60 15 r 52 64 55 119 1 0 52.88] 121.'(!?I hired operator 1FL.2in.
Sun 8/16/01 S/15/01 19:29|  9/16/01 19:12 23.72 10 N 41 67 117 0 0 41.48 118.38|waler dropped about 2.5in 1F1.
Maon 81701 8/16/01 19:16 8/17/01 3:45 8.45 6 10 16 14 14 28 0| 0| 45.44 79.53|Wheel was damaped by fog 1Ft.
Tue 9/18/01 9/17/01 0:00| N/A 0.00 0 o 0 0 0 0 0 0 0.00 0.00} Down for repalrs na
Wed 91901 9/18/01 18:00(  S/19/01 18:00 24.00 13 18 32 25 44 69 1 0 32.00, 69.001 live box caunt 1FL
Thu 9/20/01 9/19/01 18:32|  8720/01 18:40 24.13] 13 24 37 37 26 63 0 1 36.80 62.66|computer count, g tor faited 1Ft
Frl 92101 9/20/01 19:02| 9/21/01 9:27 14.42[ 10| 16 26 17 13 30 0 0 43.27 49,93 | Generator fai'ed again, er shul doy1 Ft.
Sat 8/22/01 9/21/01 20:30|  9/22/01 20:15 2.175!— 9 18 27 15 13 28 2 1] 27.28 28.20 Ln_ng_qox sount 1Ft
Sun 92301 | 9/22/0120:15| 8/23/01 16:00 21.75 12 15 27 9 8 17 0 0 29.79) 18.76 |live box count 1Ft
IMon 82401 9/23/01 20:30( 9724101 19:30 23.00 4 13 17 15 1 26 o Q0 17.74 27.13|computer count, system OK 1Ft.
Tue 92501 9/24/01 19:29)  9/25/01 18:23 22.90 7 12 19 26 9 35 4] a 18.81 36.68)|New lights give better llumination 1FL
Wed 9R26/01 9f25/01 18:25| 926101 19:41 25.27 3 7 10 23 20 43 0 Q 9.50 40.84no problems 1Ft
Thy 927103 9/26/01 19:48]  9/27/01 18,18 23.50 3 7 10 7 12 19 0 0 10.24 19.40|Water holding steady 1FL
Fri 9726101 9R27/01 19:18| 9728/ 19:46 24.47 0 8 8 9 11 20 1 0 7.85 19.62 |Water holding steady 1FL
Sat 9/28/04 9/28/01 19:48]  8/29/01 18:46 23.97 0| 4 4 1 5 6, 0 0 4.01 6.01{Some Icing 1FL
Sun 9/30/01 9/29/01 19.08|  9/30/M1 19:12 24.07 2 2 4 5 12 17 0 0 389 16.95] 15t snow, last day of projecl 1FL
| Total 1037 1382 3656 3391 38 9










Figure 4
Door with trigger switch
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Figure 8.
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