Ethernet Communications for Underwater Systems
Background
The oceanographic community is currently embarking on several efforts of designing and installing underwater systems (observatories, buoy systems, sensor networks, etc.) in which Ethernet is the primary communication system being used. The problem however, is that the Ethernet channel (cabling and connectors) typically used in underwater systems are usually out of compliance with the physical CAT5/CAT5e standards normally used in terrestrial installations. As communications bandwidth increases in underwater applications to 100BaseT and 1000BaseT, it becomes increasingly import to understand the characteristics of the physical Ethernet channel in terms of crosstalk, return-loss, and attenuation and the effects on these on bit error rate (BER), performance, and interoperability. Additionally, since many of these systems are custom built, optimizing the pin assignments and construction techniques can greatly aid in the physical Ethernet characteristic performance. The Woods Hole Oceanographic Institution (WHOI) MARS Data Communications System team, along with Ocean Design Incorporated (ODI) recently investigated, characterized, and tested running Ethernet (10BaseT, 100BaseT and 1000BaseT) over the underwater Ethernet channel currently being design for the MARS observatory. 
Underwater Ethernet Channel Test Configuration
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Figure 1: Test setup at WHOI with Ethernet channel consisting of a penetrator, 10meter Cat5e cable, 



ODI underwater ROV wet-mateable connector, 90 meters Cat5e cable, and a second 



penetrator. Physical Ethernet characteristic tests are conducted with Fluke DSP4000 

series cable analyzer.
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Figure 2: Underwater Ethernet channel test configuration at WHOI 
Figures 1 and 2 show the test configuration used for tests ODI-007 through ODI-010. Note that the pin-outs used do not match the pin-outs initially specified for the MARS science cables (we tested pins 2-9, and the initial drawings had listed pins 1-8). However, since time was at a premium, the pin configuration is symmetrical on the outside perimeter, and pins 10,11, and 12 are not being used, we decided not to re-solder and re-configure the connectors until after these tests were completed. Fluke physical layer tests demonstrates that the Ethernet channel shown above passes 10/100BaseT/TX tests but fails both Cat5E and 1000BaseTx tests. The channel is adequate for MARS applications but we may want to do further work in the future to bring it into better compliance with these other standards.
This same test setup was also used for bit error rate (BER) testing with both the Cisco 3750 Ethernet switch (running proprietary Cisco stardust software) and a commercial Gigabit Ethernet test device. Results of the BERT matched results of the physical layer tests performed with the Fluke cable analyzer – the 10/100BaseT/TX tests showed no errors and the 1000BaseTX testing showed some errors.
Pin Assignments

Pin assignments used for the Ethernet testing were based on passing the 10/100Base T/TX tests with the highest headroom for crosstalk. Results, however, will vary depending on what connectors are used, the pin spacing, shielding, etc. More work needs to be done for 1000BaseT and Cat5E testing. During the testing phase, a few different configurations were used. The configuration used at WHOI provided approximately a 20dB of headroom for the 100BaseTX tests. During the ODI factory test however, although the channel was passing the 100BaseTX tests, it only passed with a 3dB headroom (as compared to ~20dB at WHOI).  This was perplexing, since the configurations should have been almost identical due to symmetry (i.e.; shifting pins 2-9 to pins 1-8). Unfortunately, it was discovered that the colors assigned to the pins were not identical, and hence the geometric configuration was actually considerably different between the two. Since this was discovered late, modifications to the production cable needed to be made. Because the MARS cable is only designed for 10/100 BaseT and therefore does not use 2 of the 4 Cat5E pairs, and to ease the manufacturing process, it was determined that the Brown and Brown/White pair would be swapped with the Orange and Orange/White pair to give the most separation between the transmit and receive pairs (orange and green pairs). Although the configuration produces better results, it is not ideal since the colors throughout the channel are no longer consistent. The table below shows the three configurations. Refer to Appendix 5 for the final ODI channel configuration wiring diagram.
	ODI 12-Pin
	WHOI
	Original ODI
	Final ODI

	1
	N/C
	White/Orange
	White/Brown

	2
	White/ Orange
	Orange
	Brown

	3
	Orange
	White/Green
	White/Green

	4
	White/Blue
	Green
	Green

	5
	Blue
	White/Blue
	White/Blue

	6
	White/Green
	Blue
	Blue

	7
	Green
	White/Brown
	White/Orange

	8
	White/Brown
	Brown
	Orange

	9
	Brown
	N/C
	N/C

	10
	N/C
	N/C
	N/C

	11
	N/C
	N/C
	N/C

	12
	N/C
	N/C
	N/C


In addition to pin assignments, construction techniques can also have a significant impact on the physical Ethernet characteristic performance. Ethernet pairs of wires are twisted together, typically at different rates. To maintain reliability on Ethernet, the twist rates of the pairs should be maintained and should not be untwisted any more than necessary (about 1/4 inch). The outer jacket should also be kept close to the connections. However, for underwater connectors this can be difficult, especially with the boot seal used in the ODI connector. The top two photos in Appendix 6 show a close-up of the connectors during the assembly process. 
Cabling

Ethernet Cat5/Cat5e cable wiring standards should be used wherever possible. Appendix 1 shows the EIA-TIA 568A and 568B RJ45 cabling standards. For the MARS observatory, 568B RJ45 cabling is used. Ethernet wiring is constructed with either stranded or solid core wires. For underwater applications where mechanical stress and vibration is a concern, stranded cable is recommended.

Methodology
   - Non-standard Ethernet Testing/Underwater End to End Channel
   - Initial test of 1000BaseT over internal bulkhead penetrator

   - Pin Assignments and assembly techniques (wire twists and jacket-cover)
   - 10/100/1000BaseT Physical Layer Tests (Fluke Meter)
   - 100BaseT BERT (Cisco Stardust)
   - 1000BaseT BERT (BERT Tester, Cisco Stardust)

Test Setup
   - Internal Penetrator Testing 
   - Cable Assembly Segments
      A - WHOI science/flyaway segment (no oil filled hose)
      B - WHOI node/receptacle (no oil filled hose) - also called test cable
      C - ODI science/flyaway segment (oil filled)
      D - ODI node/receptacle segment (oil filled)
      E - ODI science/flyaway segment (no oil filled, 300 foot)
      F - cable only, 300 foot
      G - ODI node/receptacle (with hose, but no oil)
      H - ODI test/flyaway (no hose or oil)
   - Tests Run
      #1 A + B at WHOI
      #2 C + D with modified twists
      #3 D + E
      #4 F
      #5 G + H
      #6 D + H (same cable as G with oil)
      #7 C + D (under pressure, WHOI not present)
   - Wiring Configuration
      - connector pin geometry
   - Configuration Table Summary

Issues Identified
   - cable analyzer differences

Conclusions
1. OK to use Fluke tests for 10/100BaseT Compliance
2. MARS Ethernet Channel passes 10/100BaseT tests
3. Gigabit Ethernet Compliance still needs work
4. Care required in manufacturing process
5. Pin assignment for Ethernet Pairs is important
6. Preliminary analysis of affects of oil and pressure
7. Final pinout and color codes

Recommendations
1. Consider investigating shielding pins or other components in ODI Assemblies
2. Work with UNH in designing a model for ODI Ethernet channel (for example)
3. Developing a graph of distance versus various parameters (BER, throughput, etc)
4. Modify manufacturing procedures to get sheathing as close as possible
5. Recommended pin assignments (MARS)
6. Recommended pin assignments (FUTURE)

Appendix1 – Cat5 T-568 Cabling

Appendix2 – Physical Ethernet Characteristic Testing

Appendix3 – WHOI 10/100/1000 Ethernet/ODI Channel Test Summary
Appendix4 – ODI Factory Acceptance Characteristics Test Results Summary
Appendix5 - ODI 12-way Flying ROV plug to 12-way penetrator wiring Diagram
Appendix6 – Underwater Ethernet Connector and Cable Photos

APPENDIX 1
Color Codes for Ethernet Cat5/Cat5e Wiring

Eight-conductor Ethernet Cat5/Cat5e cable contains 4 pairs of wires. Each pair consists of a solid color wire and a white and color striped wire. Each of the pairs is twisted together, typically at different rates. To maintain reliability on Ethernet, you should try to maintain the rates of the pairs and not untwist them any more than necessary (about 1/4 inch). 

There are two wiring standards for these cables, called T-568A and T-568B. They differ only in pin assignments, not in uses of the various colors. The illustration below shows both standards.  With the T-568B specification the orange and green pairs are located on pins 1, 2 and 3, 6 respectively. The T-568A specification reverses the orange and green connections, so that the blue and orange pairs are on the center 4 pins, which makes it more compatible with the telco voice connections. 
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T-568A is supposed to be the standard for new installations, and T-568B is the alternative. However, most off-the-shelf data equipment and cables seem to be wired to T568B.  The pin designations for both standards: 

T-568B

	Pin
	Color
	Pair
	Description
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	1
	white/orange
	2
	TxData +
	
	

	2
	orange
	2
	TxData -
	
	

	3
	white/green
	3
	RecvData +
	
	

	4
	blue
	1
	Unused
	
	

	5
	white/blue
	1
	Unused
	
	

	6
	green
	3
	RecvData -
	
	

	7
	white/brown
	4
	Unused
	
	

	8
	brown
	4
	Unused
	
	


T-568A

	Pin
	Color
	Pair
	Description
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	1
	white/green
	3
	RecvData +
	
	

	2
	green
	3
	RecvData -
	
	

	3
	white/orange
	2
	TxData +
	
	

	4
	blue
	1
	Unused
	
	

	5
	white/blue
	1
	Unused
	
	

	6
	orange
	2
	TxData -
	
	

	7
	white/brown
	4
	Unused
	
	

	8
	brown
	4
	Unused
	
	



Note: Odd pin numbers are always the striped wires
APPENDIX 2

Physical Ethernet Characteristic Testing
On-Line Resource for Measurement Definitions

    For explanations of Wiremap, Length, Propagation Delay, Propagation Delay Skew, Attenuation, Near End Crosstalk (NEXT), Attenuation to Crosstalk Ratio (ACR), Power Sum NEXT (PSNEXT), Power Sum ACR (PSACR), Return Loss, Far End Crosstalk (FEXT), Equal Level FEXT (ELFEXT), Powser Sum ELFEXT (PSELFEXT), Alien Crosstalk, Insertion Loss Deviation, and DC Loop Resistance tests refer to the following URL:  http://www.cabletesting.com/CableTesting/Testing/Definitions/Definitions_Wiremap.htm
Finding cabling faults

From www.fluke.com: For each of the required TIA and ISO structured cabling measurements, you will find troubleshooting tips to help quickly pinpoint the cause of failures when they occur. In some instances, you will find suggested reasons why the measurement does not fail in cases you would expect to see a failure.

Wiremapssible Cause of Result
Test Result
Possible Cause of Result



Open 

• Wires broken by stress at connections

• Cables routed to wrong connection

• Damaged connector

• Cuts or break in cable

• Wires connected to wrong pins at connector or punch block

• Application-specific cable (e.g. Ethernet using 12/36 only)

------------------------------------------------------------------------------------------------
Short 

• Improper connector termination

• Damaged connector

• Conductive material stuck between pins at a connection

• Damage to cable

• Application-specific cable (e.g. factory automation)

------------------------------------------------------------------------------------------------
Reversed pair 
• Wires connected to wrong pins at connector or punch block Crossed pair 
• Wires connected to wrong pins at connector or punch block

• Mix of 568A and 568B wiring standards (12 and 36 crossed)

• Crossover cables used (12 and 36 crossed)

------------------------------------------------------------------------------------------------
Split pair 

• Wires connected to wrong pins at connector or punch block
------------------------------------------------------------------------------------------------
Length

Test Result
Possible Cause of Result



Length exceeds
• Cable is too long check for coiled service loops and remove in this case
limits 

• NVP is set incorrectly

------------------------------------------------------------------------------------------------
Length reported is 
• Intermediate break in the cable

shorter than known 
• Intermediate break in the cable

length
------------------------------------------------------------------------------------------------
One or more pairs 
• Damage to cable

significantly shorter 
• Bad connection

------------------------------------------------------------------------------------------------
Note: Standard practices dictate that length be defined by the length of the shortest pair.

NVP varies per pair, meaning each pair could be reported with a different length. These two

conditions can result in a cable with three of four pairs over the length limit, yet the link

result is a Pass (e.g. a channel with 101, 99, 103, 102 meters for the four pairs). A Pass in

this case is the correct interpretation.

Delay/SkewTest Result Possible Cause of Result
Test Result
Possible Cause of Result



Exceeds limits 
• Cable is too long Propagation delay
• Cable uses different insulation materials on different pairs Delay skew

------------------------------------------------------------------------------------------------
Test Result Possible Cause of Result

Insertion Loss (Attenuation)

Test Result
Possible Cause of Result



Exceeds limits 
• Excessive length

• Non-twisted or poor quality patch cables

• High impedence connections Use time domain techniques to troubleshoot

• Inappropriate cable category e.g. Cat 3 in a Cat 5e application

• Incorrect autotest selected for cabling under test

------------------------------------------------------------------------------------------------
Test Result Possible Cause of Result

NEXT and PSNEXT

Test Result
Possible Cause of Result



Fail *Fail, or *Pass 
• Poor twisting at connection points

• Poorly matched plug and jack (Category 6/Class E applications)

• Incorrect link adapter (Cat 5 adapter for Cat 6 links, or incompatible Cat 6 adapter on Cat 6 links

• Poor quality patch cords

• Bad connectors

• Bad cable

• Split pairs

• Inappropriate use of couplers

• Excessive compression caused by plastic cable ties

• Excessive noise source adjacent to measurement

------------------------------------------------------------------------------------------------
Unexpected Pass 
• Knots or kinks do not always cause NEXT failures, especially on good cable

• Incorrect autotest selected (e.g. “Bad” Cat 6 link tested to Cat 5 limits)

• “Fails” at low frequency on NEXT graph but passes overall. When using the ISO/IEC standards, 
   
   the so-called 4dB rule states all NEXT results measured while insertion loss <4dB cannot fail

------------------------------------------------------------------------------------------------
Test Result Possible Cause of Result

Return Loss

Test Result
Possible Cause of Result



Fail *Fail, or *Pass 
• Patch cord impedence not 100 ohms

• Patch cord handling causing changes in impedence

• Installation practices (untwists or kinks of cable – the original twists should be maintained as much as 
  possible for each wire pair)

• Excessive amount of cable jammed into the Telecom Outlet box

• Bad connector

• Cable impedance not uniform

• Cable not 100 ohm

• Impedance mismatch at junction between patch cable and horizontal cable

• Poorly matched plug and jack (Category 6/Class E applications)

• Use of 120 ohm cable

• Service loops in telecommunications closet

• Inappropriate autotest selected

• Defective link adapter

------------------------------------------------------------------------------------------------
Unexpected Pass 
• Knots or kinks do not always cause return loss failures, especially on good cable

• Incorrect autotest selected (easier to pass RL limits)

• “Fails” at low frequency on RL graph but passes overall. Due to the 3 dB rule, whereby all RL results  

   measured while insertion loss < 3 dB cannot fail.

------------------------------------------------------------------------------------------------
ELFEXT & PSELFEXT

Test Result
Likely Cause of Result



Fail *Fail, or *Pass 
• General rule: troubleshoot NEXT problems first. This normally corrects any ELFEXT problems
• Service loops with many tightly coiled windings

------------------------------------------------------------------------------------------------
Resistance
Test Result
Likely Cause of Result



Fail *Fail, or *Pass 
• Excessive cable length

• Poor connection due to oxidized contacts

• Poor connection due to marginally attached conductors

• Thinner gauge cable

• Incorrect patch cord type
------------------------------------------------------------------------------------------------
Using Fluke advanced troubleshooting diagnostic testers
From www.fluke.com: Fluke Networks’ certification testers include advanced troubleshooting diagnostics tools. The DSP-4300 and OMNIScanner®2 provide a unique window into the cabling link. If these tools are properly utilized, they can dramatically improve troubleshooting productivity and help to restore service quickly. While both are DSP based digital testers, and both show both frequency and timedomain representations of the cabling, they approach troubleshooting from slightly different perspectives. In order to get the most out of each tool, it is important to understand these differences so that you can interpret the information displayed correctly. While slightly different, each approach is equally viable. Before using either of these testers, make sure that they have the latest version of software and that they have been calibrated.
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        DSP4300
          OmniScanner

Advantages of the DSP-4300 include:

• Fault Info button shows the failures by parameter and wire pair or wire pair combination
• Schematic diagnostic display provides easy to understand overview of problem

• Crosstalk vs. length means it is easier to isolate faults further down the cable

• Plots can be stored for later analysis

Advantages of the OMNIScanner2 include:

• S-Bands make it easier to see if connections meet connector standards

• NEXT vs. length means all anomalies are shown in proportion to the effect they have on the FAIL result

• NEXT phase information (useful for connector interoperability analysis) can be exported to PC-based 
   applications

          
      DSP-4300    OMNIScanner2

Schematic diagnostics display 

X

Shows crosstalk vs length 


X

Shows NEXT vs length 



X

Shows NEXT phase information 


X

Shows impedance vs length 


X

Shows return loss vs length 



X

Includes pass/fail S-Bands 


X

Time domain plots can be saved 

X

Magnitude and phase information can be exported

X

DSP-4300 OMNIScanner2

To access advanced diagnostics on the DSP-4300, run an autotest and

press the “Fault Info” key. Alternatively, under “single tests” on the rotary knob,

select HDTDX for NEXT analysis or HDTDR for Return Loss analysis.

To access advanced diagnostics on the OMNIScanner2, run an autotest,

and then press the “doctor’s bag” icon (meaning “diagnostics”). Alternatively, from

the main menu, press the same icon (which is softkey #3) and select TDNXT for NEXT

analysis or TDRL for Return Loss analysis.

APPENDIX 3

Ethernet Characteristic Testing at WHOI
Underwater Ethernet Channel Test Configurations

ODI-nnn
- Penetrator, 10meters, ROV Wet-mateable connector, 90 meters, Penetrator


ODI-ASM-nnn
- Penetrator, Oil-filled hose assembly, ROV Wet-mateable connector, Oil-filled




   hose assembly, Penetrator


ODI-MIX-nnn
- Combination of ODI (90 meters) and ODI-ASM oil-filled hose assembly

Summary 

In all of the above test configurations, the Ethernet channels pass the 10 and 100 Base-T tests, and fail the 1000Base-T and Cate5e tests. Significant improvements in the 100Base-T test results (i.e.; greater margins) were achieved by optimizing pin assignments and maintaining the cable twists and jacket-cover as close as possible to the solder connections of the penetrators and ROV connectors. A table summarizing the results is shown below, and the detail Fluke DSP4300 reports are shown later in this Appendix.
	
	Test ID
	Date
	Length (ft)
	Summary
	Headroom
	Test Limit

	1
	ODI-001
	11/12/2004
	338
	PASS
	20.5 (NEXT)
	100BASE-TX

	2
	ODI-002
	11/16/2004
	338
	FAIL
	-0.5 (NEXT)
	1000BASE-T

	3
	ODI-003
	11/17/2004
	338
	PASS
	21.7 (NEXT)
	100BASE-TX

	4
	ODI-004
	11/17/2004
	338
	FAIL
	-0.7 (NEXT)
	1000BASE-T

	5
	ODI-005
	11/17/2004
	338
	FAIL
	-3.8 (NEXT)
	TIA Cat5e Channel

	6
	ODI-ASM-001
	11/16/2004
	54
	FAIL
	-4.3 (NEXT)
	1000BASE-T

	7
	ODI-ASM-002
	11/16/2004
	55
	PASS
	21.2 (NEXT)
	100BASE-TX

	8
	ODI-ASM-003
	11/16/2004
	55
	PASS
	40.2 (NEXT)
	10BASE-T

	9
	ODI-MIX-001
	11/17/2004
	304
	PASS
	21.2 (NEXT)
	100BASE-TX

	10
	ODI-MIX-002
	11/17/2004
	305
	FAIL
	-2.4 (NEXT)
	1000BASE-T

	11
	ODI-MIX-003
	11/17/2004
	304
	FAIL
	-5.4 (NEXT)
	TIA Cat5e Channel

	12
	ODI-MIX-004
	11/17/2004
	305
	PASS
	37.2 (NEXT)
	10BASE-T


Internal Bulkhead Penetrator Gigabit Ethernet Testing
In addition to the underwater Ethernet channel testing above, test were performed on the MARS DCS internal bulkhead penetrator (separating the fluorinert cooled section and air-cooled) to ensure that it would support running gigabit Ethernet.

Configuration: Internal bulkhead penetrator with Cat6 cabling.
Summary:
Passes 1000BaseT and TIA Cat5e Channel tests which supports gigabit Ethernet. Fails TIA Cat6 Channel test. A table summarizing the results is shown below.
	
	Test ID
	Date
	Length (ft)
	Summary
	Headroom
	Test Limit

	1
	PENETRATOR
	4/13/2004
	8
	PASS
	7.0 (NEXT)
	TIA Cat5e Channel

	2
	PENETRATOR-002
	4/13/2004
	8
	PASS
	9.8 (NEXT)
	1000BASE-T

	3
	PENETRATOR-003
	4/13/2004
	8
	FAIL
	-4.4 (NEXT)
	TIA Cate6 Channel
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APPENDIX 4

ODI Factory Acceptance Ethernet Characteristic Test Results
Underwater Ethernet Channel Test Configurations


ODI-FAT-nnn
- Penetrator, oil-filled hose assembly, ROV Wet-mateable connector, oil-filled hose 

   assembly, Penetrator

Summary 

In all the factory acceptance test configurations, the Ethernet channels pass the 10 and 100 Base-T tests, and fail the 1000Base-T and Cate5e tests. Significant improvements in 100Base-T test results (i.e.; greater margins) were achieved by optimizing pin assignments and maintaining the cable twists and jacket-cover as close as possible to the solder connections of the penetrators and ROV connectors. A table summarizing the results is shown below.
	
	Test ID
	Date
	Length (ft)
	Summary
	Headroom
	Test Limit

	1
	ODI-FAT-001
	11/09/2004
	54
	PASS
	3.2 (NEXT)
	100BASE-TX

	2
	ODI-FAT-002
	11/09/2004
	54
	PASS
	20.3 (NEXT)
	10BASE-T

	3
	ODI-FAT-003
	11/09/2004
	54
	FAIL
	-3.7 (NEXT)
	1000BASE-T

	4
	ODI-FAT-004
	11/09/2004
	277
	PASS
	11.8 (NEXT)
	TIA Cat5e Channel

	5
	ODI-FAT-005
	11/09/2004
	299
	FAIL
	-5.4 (NEXT)
	TIA Cat5e Channel

	6
	ODI-FAT-006
	11/10/2004
	54
	PASS
	2.8 (NEXT)
	100BASE-TX

	7
	ODI-FAT-007
	11/10/2004
	54
	PASS
	19.4 (NEXT)
	10BASE-T

	8
	ODI-FAT-008
	11/10/2004
	54
	FAIL
	-4.0 (NEXT)
	1000BASE-T

	9
	ODI-FAT-009
	11/10/2004
	31
	PASS
	3.5 (NEXT)
	100BASE-TX

	10
	ODI-FAT-010
	11/10/2004
	31
	FAIL
	-3.0 (NEXT)
	1000BASE-T

	11
	ODI-FAT-011
	11/10/2004
	54
	PASS
	1.9 (NEXT)
	100BASE-TX

	12
	ODI-FAT-012
	11/10/2004
	54
	FAIL
	-4.6 (NEXT)
	1000BASE-T

	13
	ODI-FAT-013
	11/10/2004
	33
	PASS
	3.2 (NEXT)
	100BASE-TX

	14
	ODI-FAT-014
	11/10/2004
	33
	FAIL
	-3.6 (NEXT)
	1000BASE-T

	15
	ODI-FAT01A24
	11/12/2004
	54
	FAIL
	-4.4 (NEXT)
	1000BASE-T

	16
	ODI-FAT01A25
	11/12/2004
	54
	PASS
	2.0 (NEXT)
	100BASE-TX

	17
	ODI-FAT01A26
	11/12/2004
	24
	PASS
	21.8 (NEXT)
	100BASE-TX

	18
	ODI-FAT01A27
	11/12/2004
	24
	FAIL
	-1.8 (NEXT)
	1000BASE-T

	19
	ODI-FAT01A28
	11/12/2004
	54
	PASS
	20.4 (NEXT)
	100BASE-TX

	20
	ODI-FAT01A29
	11/12/2004
	54
	FAIL
	-4.5 (NEXT)
	1000BASE-T

	21
	ODI-FAT01A30
	11/20/2004
	32
	PASS
	18.7 (NEXT)
	100BASE-TX

	22
	ODI-FAT01A31
	11/20/2004
	32
	FAIL
	-2.9 (NEXT)
	1000BASE-T

	23
	ODI-FAT01A32
	11/20/2004
	33
	PASS
	14.6 (NEXT)
	100BASE-TX

	24
	ODI-FAT01A33
	11/20/2004
	33
	FAIL
	-3.8 (NEXT)
	1000BASE-T

	25
	ODI-FAT01A34
	11/21/2004
	32
	PASS
	38.0 (NEXT)
	10BASE-T

	26
	ODI-FAT01A35
	11/21/2004
	32
	PASS
	18.2 (NEXT)
	100BASE-TX

	27
	ODI-FAT01A36
	11/21/2004
	32
	FAIL
	-2.9 (NEXT)
	1000BASE-T

	28
	ODI-FAT01A37
	11/21/2004
	33
	PASS
	29.7 (NEXT)
	10BASE-T

	29
	ODI-FAT01A38
	11/21/2004
	33
	PASS
	14.6 (NEXT)
	100BASE-TX

	30
	ODI-FAT01A39
	11/21/2004
	33
	FAIL
	-3.7 (NEXT)
	1000BASE-T

	31
	ODI-FAT01A40
	11/21/2004
	33
	PASS
	29.6 (NEXT)
	10BASE-T

	32
	ODI-FAT01A41
	11/21/2004
	33
	PASS
	14.5 (NEXT)
	100BASE-TX

	33
	ODI-FAT01A42
	11/21/2004
	33
	FAIL
	-3.5 (NEXT)
	1000BASE-T

	34
	ODI-FAT01A43
	11/21/2004
	32
	PASS
	38.1 (NEXT)
	10BASE-T

	35
	ODI-FAT01A44
	11/21/2004
	32
	PASS
	16.4 (NEXT)
	100BASE-TX

	36
	ODI-FAT01A45
	11/21/2004
	32
	FAIL
	-3.1 (NEXT)
	1000BASE-T

	37
	ODI-FAT01A46
	11/22/2004
	34
	PASS
	40.7 (NEXT)
	10BASE-T

	38
	ODI-FAT01A47
	11/22/2004
	34
	PASS
	18.8 (NEXT)
	100BASE-TX

	39
	ODI-FAT01A48
	11/22/2004
	33
	FAIL
	-3.5 (NEXT)
	1000BASE-T

	
	Test ID
	Date
	Length (ft)
	Summary
	Headroom
	Test Limit

	40
	ODI-FAT01A49
	11/22/2004
	33
	PASS
	42.5 (NEXT)
	10BASE-T

	41
	ODI-FAT01A50
	11/22/2004
	33
	PASS
	16.3(NEXT)
	100BASE-TX

	42
	ODI-FAT01A51
	11/17/2004
	33
	PASS
	41.9 (NEXT)
	10BASE-T

	43
	ODI-FAT01A52
	11/22/2004
	33
	PASS
	17.3 (NEXT)
	100BASE-TX

	44
	ODI-FAT01A53
	11/22/2004
	33
	FAIL
	-3.4 (NEXT)
	1000BASE-T

	45
	ODI-FAT01A54
	11/22/2004
	33
	PASS
	41.6 (NEXT)
	10BASE-T

	46
	ODI-FAT01A55
	11/22/2004
	33
	PASS
	20.4 (NEXT)
	100BASE-TX

	47
	ODI-FAT01A56
	11/22/2004
	33
	FAIL
	-3.1(NEXT)
	1000BASE-T

	48
	ODI-FAT01A57
	11/23/2004
	34
	PASS
	45.2 (NEXT)
	10BASE-T

	49
	ODI-FAT01A58
	11/23/2004
	34
	PASS
	20.4 (NEXT)
	100BASE-TX

	50
	ODI-FAT01A59
	11/23/2004
	34
	FAIL
	-2.8 (NEXT)
	1000BASE-T

	51
	ODI-FAT01A60
	11/23/2004
	33
	PASS
	49.2 (NEXT)
	10BASE-T

	52
	ODI-FAT01A61
	11/23/2004
	33
	PASS
	17.3 (NEXT)
	100BASE-TX

	53
	ODI-FAT01A62
	11/23/2004
	33
	FAIL
	-3.5 (NEXT)
	1000BASE-T

	54
	ODI-FAT01A63
	11/23/2004
	33
	PASS
	41.0 (NEXT)
	10BASE-T

	55
	ODI-FAT01A64
	11/23/2004
	33
	PASS
	20.0 (NEXT)
	100BASE-TX

	56
	ODI-FAT01A65
	11/23/2004
	33
	FAIL
	-2.8 (NEXT)
	1000BASE-T

	57
	ODI-FAT01A66
	11/23/2004
	34
	PASS
	43.5 (NEXT)
	10BASE-T

	58
	ODI-FAT01A67
	11/23/2004
	34
	PASS
	19.3 (NEXT)
	100BASE-TX

	59
	ODI-FAT01A68
	11/23/2004
	33
	FAIL
	-3.0 (NEXT)
	1000BASE-T

	60
	ODI-FAT01A69
	11/23/2004
	33
	PASS
	48.0 (NEXT)
	10BASE-T

	61
	ODI-FAT01A70
	11/23/2004
	33
	PASS
	17.8 (NEXT)
	100BASE-TX

	62
	ODI-FAT01A71
	11/23/2004
	33
	FAIL
	-3.1 (NEXT)
	1000BASE-T

	63
	ODI-FAT01A72
	11/23/2004
	33
	PASS
	41.0 (NEXT)
	10BASE-T

	64
	ODI-FAT01A73
	11/23/2004
	33
	PASS
	20.2 (NEXT)
	100BASE-TX

	65
	ODI-FAT01A74
	11/23/2004
	33
	FAIL
	-3.0 (NEXT)
	1000BASE-T

	66
	ODI-FAT01A75
	11/24/2004
	35
	PASS
	41.5 (NEXT)
	10BASE-T

	67
	ODI-FAT01A76
	11/24/2004
	35
	PASS
	22.1 (NEXT)
	100BASE-TX

	68
	ODI-FAT01A77
	11/24/2004
	34
	FAIL
	-5.0 (NEXT)
	1000BASE-T

	69
	ODI-FAT01A78
	11/24/2004
	34
	PASS
	34.9 (NEXT)
	10BASE-T

	70
	ODI-FAT01A79
	11/24/2004
	34
	PASS
	18.4 (NEXT)
	100BASE-T

	71
	ODI-FAT01A80
	11/24/2004
	34
	FAIL
	-3.0 (NEXT)
	1000BASE-T

	72
	ODI-FAT01A81
	11/24/2004
	54
	PASS
	40.1 (NEXT)
	10BASE-T

	73
	ODI-FAT01A82
	11/24/2004
	54
	PASS
	21.0 (NEXT)
	100BASE-TX

	74
	ODI-FAT01A83
	11/24/2004
	54
	FAIL
	-4.8 (NEXT)
	1000BASE-T

	75
	ODI-FAT01A84
	11/26/2004
	34
	PASS
	35.4 (NEXT)
	10BASE-T

	76
	ODI-FAT01A85
	11/26/2004
	34
	PASS
	18.6 (NEXT)
	100BASE-TX

	77
	ODI-FAT01A86
	11/26/2004
	34
	FAIL
	-3.2 (NEXT)
	1000BASE-T

	78
	ODI-FAT01A87
	11/26/2004
	35
	PASS
	41.7 (NEXT)
	10BASE-T

	79
	ODI-FAT01A88
	11/26/2004
	35
	PASS
	20.4 (NEXT)
	100BASE-T

	80
	ODI-FAT01A89
	11/26/2004
	34
	FAIL
	-4.7 (NEXT)
	1000BASE-T

	81
	ODI-FAT01A90
	11/26/2004
	54
	PASS
	45.6 (NEXT)
	10BASE-T

	82
	ODI-FAT01A91
	11/26/2004
	54
	PASS
	20.5 (NEXT)
	100BASE-TX

	83
	ODI-FAT01A92
	11/26/2004
	54
	FAIL
	-5.0 (NEXT)
	1000BASE-T

	84
	ODI-FAT01A93
	11/26/2004
	35
	PASS
	41.8 (NEXT)
	10BASE-T

	85
	ODI-FAT01A94
	11/26/2004
	35
	PASS
	20.3 (NEXT)
	100BASE-TX

	86
	ODI-FAT01A95
	11/26/2004
	34
	FAIL
	-4.7 (NEXT)
	1000BASE-T

	87
	ODI-FAT01A96
	11/26/2004
	34
	PASS
	35.0 (NEXT)
	10BASE-T

	88
	ODI-FAT01A97
	11/26/2004
	34
	PASS
	18.3 (NEXT)
	100BASE-T

	89
	ODI-FAT01A98
	11/26/2004
	34
	FAIL
	-3.2 (NEXT)
	1000BASE-T

	90
	ODI-FAT01A99
	11/26/2004
	54
	PASS
	46.3 (NEXT)
	10BASE-T

	91
	ODI-FAT01A100
	11/26/2004
	54
	PASS
	21.7 (NEXT)
	100BASE-TX

	92
	ODI-FAT01A101
	11/26/2004
	54
	FAIL
	-5.1 (NEXT)
	1000BASE-T
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APPENDIX 5

ODI 12-way Flying ROV plug to 12-way penetrator
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APPENDIX 6
Underwater Ethernet Connector and Cable Photos
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