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1 Sensor Startup

1.1 Laser Heads

Upon power up, each laser head application will start automatically. Once the sensor has booted it will attempt
connection to the WiSSL GUI. Once connected, the sensor heads will perform their boot level functions and
startup testing, as depicted in the GUI text window.

1.2 Control Laptop Interface

Start the WiSSL GUI using the desktop icon on the Control Laptop. Once the GUI software connects with the laser
heads, the laser head software will continue the boot process.

L[] -Jofx] Comnecton Stats Sencar Parameters Graph Parametars -
Cie @ [k @ oS crs|| | mnmmsange 0. %0 CS s

Start Scan enc e Hz Scan Wicth (de wp | | 0= (T3S DataFoder:  CifData

asiON € Replay Conm @ comm @ — Lidar ScanWidth 5030 oo FA/S

E I e B e o | |FoesnEmE@: 20,100 o o 30 ob Folder
—_— Laser Power: 10 Profiebiintensibfiter 1300 FieTag test

Py A oA @ 2 @ e sanine: 7m0 ProfieFaintsPerLos 1 Fie Length (9): 60

= Diagrostics
orr Ao o BN R IR . 0%

G CEZRG

e THEaiEd Gan1 ERCPE 0.3 BRCPE 759 ERCPOSV SV HEcPIVI A CTDZ36C CTD00da CID0 ORI Wdex 133 Padet 1
Head #1 —> Initstate OK commctl 1 commdatal Scanrate0.0Mz OCBInit1 OCB30C OCB 19% Laser320C Dig39.0C ScanAzfautD gan0 laserstate 0
Head #2 —> Initstate OK commctl 1 commdatal Scanrate0.0Hz OCBInitl OCB3IC OCH22% Laser 37.0C Dig#30C  ScanAzfaut0 gan0 laser state 0

Once all LEDs become green, the sensor is ready for scanning operations.

Operation Mode Connection Status
CFG
& Live a Sensor OK &
H1 HZ
" Replay Comm &3  Comm &3
Archive @ s @ s @

s & oA &

Diagnostics cto Bd Co b

Please refer to the Graphical User Interface section for complete details regarding the interface.
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Note: All messages sent to the WiSSL GUI are logged to a file (WiSSL_LOG_yyyy_hh_ss.txt) located at
“C:\3D\LOG”. An example log is shown below. Corresponding messages from the GUI and each laser head are

delineated accordingly.

| WisSLLOG_2017_07_20.

File Edit Format View Help
0170720::181848: GUI: Reading cuﬂf1gurat1uﬂ data from file --» C:"3ID"CFG'\Wis5L_Gui -
20170720::181848: GUI: 3D at Depth WisSsL GUI
20170720::181848: GUI: WiS5L GUI started at 2017_07_20_18:18:48
20170720::181848: GUI: Logging status to C:%3DMLOG'\WiSSL_LOG_2017_07_20.txt
20170720::181848: GUI: Attempting Communications with Head 1...
20170720::181848: GUI: Attemqtiﬂg Communications with Head 2...
20170720::181908: GUI: Established Communications with Head 2.
20170720::181909: Head 2: Initializing Communications with GUI ...
20170720::181909: Head 2: Communications Established.
20170720::181911: Head 2: 3D at Depth WissL Sensor, Firmware version 01.03
20170720::181911: Head 2: Connection Established with the GUI.
20170720::181911: Head 2: *** WARNING - SENSOR 2 CONFIGURED FOR AIR PROCESSING!
20170720::181912: Head 2: Initializing Subsystems, standby .
20170720::181912: Head 2: Iﬂ1t1&1121ﬂ? Hardware, stand by .
20170720::181926: Head 2: optics Electronics Iﬂ1t1a1121ﬂg Complete, firmware: D.
20170720::181926: GUI: Established Communications with Head 1.
20170720::181926: Head 2: Initializing Time Sync Subsystem.
20170720::181927: Head 2: wide Swath Sensor Head 2 Initialization Complete
20170720::181927: Head 1: Initializing Communications with GUI ...
20170720::181927: Head 2: Time Sync UDP started, waiting for sync...
20170720::181928: Head 2: Time Synchronization Achieved: 2017.07.20 18:19:35::004
20170720::181928: Head 1: Communications Established.
20170720::181929: Head 1: 3D at Depth WissL Sensor, Firmware version 01.03
20170720::181930: Head 1: Connection Established with the GUI.
20170720::181930: Head 1: #*%*¥* WARNING - SENSOR 1 CONFIGURED FOR AIR PROCESSING!
20170720::181930: Head 1: Initializing Subsystems, standby .
20170720::181931: Head 1: Iﬂﬁtia1i2iﬂ? Hardware, stand by .
20170720::181945: Head 1: optics Electronics Iﬂ1t1a1121ﬂg Complete, firmware: D.
20170720::181945: Head 1: Initializing Time Sync Subsystem.
20170720::181946: Head 1: wide Swath Sensor Head 1 Initialization Complete
20170720::181946: Head 1: Time Sync UDP started, waiting for sync...
20170720::181947: Head 1: Time synchronization Achieved: 2017.07.20 18:19:54::004
20170720::181953: Head 2: Time Synchronization: 2017.07.20 18:20:00::00432
20170720::181953: Head 1: Time synchronization: 2017.07.20 18:20:00::0043
20170720::181956: GUI: Requesing START operation, Head 2
20170720::181956: GUI: Requesing START operation, Head 1
20170720::181956: Head 1: Received reguest: START
20170720::181956: Head 2: Received request: START
20170720::181956: Head 1: Starting Scan Operation
20170720::181956: Head 2: sStarting Scan Operation
20170720::182005: Head 2: ERROR: Scanner AZ Fault
20170720::182005: Head 2: ERROR: Scanner AZ Fault
20170720::182005: Head 2: ERROR: Scanner AZ Fault

l|20170720::182006: Head 2: ERROR: Scanner AZ Fault i
4 L I

WiSSL Sensor Software User Manual v1.2

3D AT DEPTH Proprietary and Confidential




1.3 Sensor Head Safety and Status Light

Each optical head contains integrated safety and status lights built into the output cap housing. The safety light

provides “laser on” indication using a red light, blinking at approximately 5 Hz. The status light, amber in color, is
used for power and boot status. Upon power up, the status light blinks at approximately 4 Hz. Once the GUI has
connected with the sensor via Ethernet, the status blink rate changes to 2 Hz. Once the sensor boot process has
completed, the status blink rate again changes to approximately % Hz. During scanning operation, with laser on,

the status light is disabled.
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2 Graphical User Interface

2.1 Main Screen

The 3D at Depth WiSSL Sensor is controlled via an Ethernet based Graphical User Interface (GUI). The GUI
is used to configure, start/stop, and view resultant laser scans.

]t -Tofx] Comnecton Stats ot A
£ e @ | s @ T 1040 TG =
Runnin, n H H2 O ED DataFolder:  C:/Data
I:l iy € Replay Comm Comm @ 30...30 D

Job Folder: FAT
;= File Tag: test
! File Length 5): 60

&

& @
| WARNING | aecwe @ s @ w @
yor Saditon | | b o ) o
—i—| %

Gla's 38 Saan® _ Dipgnostics m @ o @

Diagnostics CFG groups.

Button used to

start & stop Live displays:
scanning. Blinks profile and
“running” while waterfall.

active.

Textual status and sensor

operating information.

PR % ERCPEST S0V AV CTD 2260 CTD 0 0dkar " CTO 0 g Maex 1,33 PEGRet 218
jead #1 > Init state OK comm c 411 conmdatal SeanrateQ.0Hz OCBInitl OCB30C OCB19% Laser310C Dig38.0C SeanAzfault0 gain0 laser state 1
fead #2 > Init state OK _comm c 411 conmdatal ScanrateQ.0Hz OCBInit] OCB3IC OCB22% Laser 37.0C Dig#.0C Scan Azfault0 gain0 laser state 1

The GUI contains configuration (CFG), display, and status components. The top portion of the interface
contains status indicators and configuration displays. The main portion of the interface contains two
windows, one for each laser head for display of live profile and waterfall graphs. The bottom portion of
the interface contains textual status and general operating information.

The “Start Scan” button starts scanning operations for both heads. Once operational, the button will blink
“Running” to signify the status. Clicking the “Running” button will stop laser scanning. The Emergency
stop button can also be used to stop scanning operation.

V|t —]e]x] V1] -1olx]
MSM Sy, Running s,
& - & =
Laser - » Laser Radiation = i
0, & G, &
OFF S 4ona9® Class 3B @ fanast
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2.2 Diagnostics

The Diagnostics button will bring up a diagnostics window providing current information as shown below.
Of importance, this display contains operational temperatures, voltages, connection status, and
performance information.

e —

—Communications —Performance
Head 1 Head 2 Head 1 Head 2
System Init State: 1 System Init State: 1 Scan Rate: 23.5 Scan Rate: 24.5
Control Connection: 1 Control Connection: 1 Raw Free Pant 1.0 Raw Free Pant 1.0
Data Connection: 1 Data Connection: 1 Raw Free Count 431 Raw Free Count 431
Packet £: 582 Packet £ 535 Raw Acq Busy 1] Raw #Acg Busy 1]
Raw Proc Busy 5 Raw Proc Busy 5
Raw RFP Count i Raw RFP Count 1
- Time Sync, CTD Range RFC Count 1 Range RFC Count 0
Head 1 Head 2
PF5: 1 PFS: 1 —QCE State
ZDA: 1 ZDA: 1 Head 1 Head 2
ZDA to PPS msec 13 ZDA to PPS msec 13
QOCE Init State: i OCE Init State: i
CTD Temp (C): 22.5 CTD Temp (C): 22.5 MicroProcessar Version: 4.1 MicroProcessor Version: 4.1
CTD Salinity PSU: 0.0 CTD Salinity PSU: 0.0 Solenoid 1 State: 0 Solenoid 1 State: 0
CTD Pressure {dbar): 0.0 CTD Pressure (dbar): 0.0 Solenoid 2 State: 1 Solenoid 2 State: L
Index: 1.335 Index: 1.335 Solenoid 3 State: ] Solenoid 3 State: ]
B Solenoid 1 Sensor: 0 Solenoid 1 Sensor: 0
 Temperatures, Humidity, Env Scanner Az Fault: 0 Scanner Az Fault: 0
Head 1 Head 2 Gain: 0 Gain: 0
Elect PE Temp (C): 0.3 ) Laser State: 1 Laser State: i
Elect PB Humidity (%): 27.5 geztt E: -I-riempdr[c}l %): i;iﬁ’» Auto Laser Off: 0 Auto Laser Off: 0
' ' = umidity (%): ' Solenoid 1 Fault: 0 Solenoid 1 Fault: 0
Elect PB Voltage 5: 5.0 Elect PB Voltage 5: 5.0
Elect PB Voltage 3: 3.4 Elect PB Voltage 3: 3.4
OCE Temperature: 30 OCB Temperature: 30
OCB Humidity: 20 OCB Humidity: 22
Lazer Diode Temp: 210 Lazer Diode Temp: 26.8
Laser Cry Temp: 33.0 Laser Cry Temp: 32.0
Lazer Heat Sink 1 Temp: 33.0 Laszer Heat Sink 1 Temp: 39.0
Lazer Heat Sink HS Temp: 22,0 Laszer Heat Sink HS Temp:  23.0
Digitizer Temp: 41.0 Digitizer Temp: 47.0
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2.3 Connection Status CFG

The Connection Status CFG sub window displays the current connection status and time synchronization
information. A green LED indicates successful operation, and red indicates failure or non-operational.
Under normal operation, all LEDs should indicate green.

The Connection Status CFG button is used to display the connection and Ethernet setup for each head.
Note: If the configuration is changed, the WiSSL GUI must be restarted and the sensors must be re-
connected before use.

B E=r —
-
A -[a]x] SE— — —

Data Archive
e oumads | oo & |sesrok @ oS cre 10..40  CF6 cre
Start Scan H1 H 5 0..0 s @
gnc: Scan Width (deg): 2.0 DataFolder:  Cr/Data

E N " Replay comm @ comm @ s 30...30 L
& % e ® ® nge (m): 2.0..10.0 a0 JobFolder:  FAT
PPS B 100 fter 1300 g fest

Laser % A oA @ oA @ — = 1 File Length (s): 60

OFF S 45pas® Diagnostics co @ co @ I — . 100%
+1om +10m

Connect to Head 1

EC IP Address 1. 192.168.168. 130

ComnecttoHead2 ¥

ECTP Address2: | 192.168.168.131
oK

+4.0m;

4.0 mf

[GU Requesing STOP operation, Head 1
(GUE Requesing STOP operation, Head 2

Heac

Head

Vet TNialed Gan 1 ERCPEMC HEcPE 359 EecPE SV S0V EecPE I AU CIDIIEC CTDO0dET  CID00p  WeX 13 Pader e

Head #1 —> Init state OK  comm ct trl1 commdatal Scanrate0.0Hz OCBInit1 OCB30C OCB20% Laser 33.0C Dig41.0C ScanAzfoultD gain0 laser state 0
Head #2 > Initstate OK _comm w11 commdate 1 Sconrate0.0Hz OCBINtl OCB3IC OCB23% Laser39.0C Dig47.0C ScnAzfaultD gainD laser state 0
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2.4 Sensor Parameters CFG

The Sensor Parameters CFG sub window displays information regarding the current sensor scanning setup.
The CFG button displays the setup dialog for swath width (applies to both laser heads) and general
scanning characteristics. Minimum and Maximum range values of 1 and 10 meters is recommended, and
should be adequate for normal motion scanning scenarios. Suggested values for “Points per Scan Line”
range from 500 to 2500 points. See the Scanning Performance section for more performance details. The
WISSL sensor supports multiple points per each laser pulse. This can be useful to take multiple line of
sight (LOS) measurements with the laser spot is simultaneously on two targets. A value of 1 or 2 is
recommended.

Mﬂjﬂﬁ Operation Mode Connection Status Sensor Parameters Graph Parame ters Data Archive
2w WS | o SensorOK @) CF6 cr6|| | MinMaxrange 10..40  CFG e
Start Scan H1 H2 . MinMaxinten: 0.0 A
enc: Scan Width (deg): ) DataFolder:  CiiData
f“ "a‘,o  Replay Comm @ comm @ Lic 30...3.0
& % . & Processing range (m):  2.0..10.0 a0 IobFolder:  FAT
Archive s @ rs @ 0. 3.
Laser Laser Power: 100 Jter 1300 File Tag test
Oy = A oA @ DA @ e sanine 70 1 FieLength (3: 60
OFF Ao Diagnostics o @ ® @ | pointcount: L (RS

-

Swath Width (+/-deg): [39.0 Laser Power
Minimum Range (m): [ 2.0 Points Per Scan Line:
Maximum Range (m): [ 10.0 Points Per LOS:

Vet THialed Gan 1 EECPE M C HECPE 2759 EecPE VSOV EEcPESVI AU CIDZIEC CIDOOdES  CTD 0 Opy WAeX 13 Padet 7
Head #1 —> Init state OK  comm ct trl1 commdatal Scanrate0.0Hz OCBInit1 OCB30C OCB20% Laser 33.0C Dig41.0C ScanAzfoultD gain0 laser state 0
Head #2 > Initstate OK _comm w11 commdate 1 Sconrate0.0Hz OCBIntl OCB3IC OCB22% lLaser3.0C Dig47.0C ScnAzfaultD gainD laser state 0
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2.5 Graph Parameters CFG

The Graph Parameters CFG sub window displays information regarding the current display setup. The CFG
button displays the setup dialog for display of live data on the screen for each head. Three graphs can be
selected — a waterfall range display, a waterfall intensity display, and a live profile, or “wedge” display.
The other fields provide display parameters and scaling options. These displays do not affect data archival
— just display characteristics. A display intensity filter can also be used to filter out low intensity points.
Intensity ranges from approximately 100 to 27000. All laser returns greater than an intensity value of
27000 are considered saturated and will always be depicted in red.

Mﬂjﬂﬁ Operation Mode Connection Status Sensor Parameters Graph Parame ters Data Archive

i3 20 | o & | | sewroc @ TS 6| | MinMaxrange 10..40 |CFG o6
ive 2=
Start Scan GENCT, c fit 2 S¢an Width (deg): DataFolder:  CifData
CaiN Replay comm @3 comm @

& % e & ® ® Processing range (m): 2. JobFolder:  FAT
aser i s Laser Power: File Tog test

O, Al — DA @ DA @ | s perscanine Fie Length (s): 60

e iagnostics

o N L @ @ @ | eontcoun:

=)

| Graph Perameters

+10m;

—
Type color Profile Graph Fiters
€ Range Display C Gay | | € Horizontal Graph Range (m): 0 .. [90 | | ¥ enable ntensty Fiter
" Intensity Display & Color & vertical Graph Intensity (%): Min Intensity: | 1300

€ profie Display Lidar 15can Width (m): | -3 |3 Points per LOS: | 1

oK

Profie Point size: [ Lidar 2 Scan Width (m):

Vet TNialed Gan 1 ERCPE M C HECPE 3759 EecPE RV S0V EecPEII AU CIDIIEC  CIDO0dE  CID00p  WeX 138 Paet 78S
Head #1 —> Init state OK  comm ct trl1 commdatal Scanrate 0.0Hz OCBInit1 OCB30C OCB20% Laser 32.0C Dig41.0C ScanAzfoultD gain0 laser state 0
Head #2 > Initstate OK _comm w11 commdate I Sconrate0.0Hz OCBIntl OCB3IC OCB22% Laser3.0C Dig47.0C ScnAzfaultD gainD laser state 0
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2.6 Data Archive CFG
The Data Archive CFG sub window provides display and setup for data archival.

— Operation Mode Connection Status Sensor Parameters Graph Parameters Data Archive
Al ] —Jolx] & h =
wmm owmB | o @ | [ @ oo 6| | mnvasrange o o6
Start Scan e . 2 T o0 | | MnMantensity RO .
enc can With (de ot Folder .
O © Replay Conm @ Conm @ ° LidariScanicth o
& % i @||vs @ ws @ Processing range (m): 2.0..10.0 e :
Laser Power. 100 ProfileMnIntensityFiter Fle Tag: test
Laser K m @ DA @ =
Byl Peints Per Scan Line: 750 ProfiePaintsPerlos 1 il Length (5): 50
OFF G oot | | o0 @ T @ | ponicomn 2 0% I 100%

—PrOfl archive Parameters.

DataFolder... | C:/Data
Job Folder... | FaT

File Tag: test

+1.0m;

Fie Time {s):

+4.0m;

T L

a1 EecPE WA ERCPa 5725 50,068 ST REEX 133 Padetses
—>Initstate K commctrl 1 comm data L OCBI0C OCB19% Laser32.0C Dig4L0C ScanAzfautd gan0 laserstate
Head #2 > Initstate OK  commctrl 1 commdata L Scanrate 0.0Hz OCBInt1 OCB31C OCB22% Laser 38.0C Dig47.0C Scan Azfaultd gain0 laser state 0
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2.7 Resizing the GUI
The GUI application can be resized and partially minimized utilizing the buttons shown below.

3D at Depth WissL Gl

Vit =] afx]

21:38:38 21:38:39

SERSER .. |

The minimize button will shrink the GUI, but not fully remove it. This is necessary for laser safety reasons.

— Operation Mode —Connection Status —
* Live Sensor OK {0

H1 H2
" Replay Comm £  Comm

[
Archive [ s &3 Pes

zoa &) zDa

Diagnostics | cio CcTD

GUI: Reading configuration data from file —= C:\3DV\CFGYWISSL_Gui.cfg
GUI 30 at Depth WiSSL GUI

GUL WiSSL GUI started at 2017_07_20_21:31:02

GUI: Logging status to C:\3DV\LOG\WISSL_LOG_2017_07_20.txt

SUL Attempting Communications with Head 1...

L) L2 - Cl C LY LIy

Head #1 —= Init state OFF  commctrl 0 commdata 0 Scanrate 0.0Hz QOCBInitd OCBEOC
Head #2 —= Init state OFF commctrl 0 commdata 0 Scanrate 0.0Hz OQCBInit0 OCBOC
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3 Configuration Files

3.1 GUI Configuration file

Configuration files are used by the WiSSL sensor to provide startup information and consistency between
operations. On the control laptop, the GUI utilizes the configuration file named “C:\3D\CFG\WiSSL_Gui.cfg”. This
is a binary file, and cannot be edited. Should the GUI not launch correctly, the operator can delete this file and
restart the application. However, all existing configuration data will be defaulted.

3.2 Laser Head Configuration file

Each laser head utilizes a configuration file located on the corresponding laser head processor. To access the
configuration file, the user must remote desktop to the specific laser head and modify the file
“D:\3D\CFG\WSparams_ec.cfg”. This CFG file is text based and can be modified by the user. The user must
restart the EC application for changes to take effect. A sample CFG file is provided below — Note, the CFG values
are samples only, not intended for actual operation. Please see the actual sensor CFG values located on the
sensor.

Note: All parameters that are highlighted in Yellow can be edited by the user. All other parameters should not
be modified unless specified by 3D a Depth personnel.

L1117 1070770777070777777777777777777777777777777777717777777777777771777777
§§ 3D at Depth Wide Swath Sensor parameter configuration file
;;///////////////////////////////////////////////////////////////////////
;;/////////////////////////////////////////////////////////////////////////

// The following parameters can be modified by the end user

// These values specify the amount of angular movement, per button hit, in the
// factory mode GUI

FACTORY_ SCANNER_LRG _DEG = 0.4
FACTORY_SCANNER_MED_DEG = 0.04
FACTORY_SCANNER_SML_DEG = 0.004

// laser start time before acquisition can begin
LASER_START TIME SEC = 4.0

// the maximum time from receipt of PPS to receipt of ZDA string before an error will be issued
ZDA_TO_PPS_MAX MSEC = 250

// the UDP port for the sensor to listen for ZDA packets
ZDA_UDP_PORT = 2007

// the TCP/IP port for the sensor to listen for CTD packets
CTD_TCP_PORT = 2009

// EMERGENCY_SHUTDOWN controls whether to issue a warning

// when temperature, humidity, and/or leak checks go above their
// maximum values as defined below

//

EMERGENCY_SHUTDOWN = "TRUE"

NN,

// The following parameters SHOULD NOT be modified unless under specific instruction
// from 3D at Depth personnel

// must be 1 or 2
LASER HEAD NO = 1

// Set to 1 ONLY for factory use
PROCESS_FOR_AIR = 0

// should always be true for standard operation
PERFORM_TEMPERATURE_COMPENSATION = "TRUE"

OCBiTEMPERATUREiLIMITiC = 58.0
OCBiHUMIDITYiLIMIT = 50.0
PB_TEMPERATURE LIMIT 1 C = 58.0
PB_TEMPERATURE LIMIT 2 C = 58.0
PBiHUMIDITYiLIMIT = 50.0
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DIG_TEMPERATURE LIMIT C = 57.0

//
OCB_COMM_PORT = mcoMi:"

[10177077777707777777777777177070777777777777777777771777717177
// Quad Angle Calibration

//
AZ_AO_DEG_TO VOLT

]
ES

// Calibration in Factory mode

//AZ_AI_NEG_V_TO_DEG = 3.9697
//AZ_AI_POS_V_TO_DEG = 3.9895
AZ_AI_NEG_V_TO_DEG =1
AZ_AI_POS_V_TO_DEG =1
SCANNER_NEG_POLYNOM 0 = 4.016189337
SCANNER_NEG_POLYNOM 1 = 0.003091633
SCANNER_NEG_POLYNOM 2 = 0.00302357
SCANNER_NEG_POLYNOM 3 = 0.000658871
SCANNER_NEG_POLYNOM_4 = 0.000039209
SCANNER_POS_POLYNOM 0 = 4.022244578
SCANNER_POS_POLYNOM_1 = 0.002392077
SCANNER_POS_POLYNOM 2 = -0.001057046
SCANNER_POS_POLYNOM 3 = 0.000080588
SCANNER_POS_POLYNOM 4 = -0.000002046
EL_ANGLE_FIXED DEG = 4.6015

J1111001707 70077077707 7777777770777777777777777777177777111717
// range calibration - air

T1 _AIR = 2.2003

FF_AIR =1

NN
// range calibration - water
//RF-M-001 Optical A

T1_WATER_G4000 1.4674
FF_WATER_G4000 = 0.98373
T1_WATER_G3000 = 1.4446
FF_WATER_G3000 = 0.98327
T1_WATER G2000 = 1.4637
FF_WATER_G2000 = 0.98330
T1_WATER_G1000 = 1.5298
FF_WATER_G1000 = 0.98349
T1_WATER G400 = 1.4790
FF_WATER_ G400 = 0.98370
T1_WATER G300 = 1.4859
FF_WATER_G300 0.98396
//RF-M-003 Optical A

//T1_WATER G4000 = 1.7837
//FF_WATER_G4000 = 0.98308
//T1_WATER_G3000 = 1.7992
//FF_WATER_G3000 = 0.98327
//T1_WATER_G2000 = 1.8183
//FF_WATER_G2000 = 0.98330
//T1_WATER_G1000 = 1.9301
//FF_WATER_G1000 = 0.98367
//T1_WATER_G400 = 1.8550
//FF_WATER_G400 = 0.98397
//T1_WATER_G300 = 1.8351
//FF_WATER_G300 = 0.98371
//RF-M-004 Optical A
//T1_WATER_G4000 = 1.7471
//FF_WATER_G4000 = 0.98308
//T1_WATER_G3000 = 1.7626
//FF_WATER_G3000 = 0.98327
//T1_WATER_G2000 = 1.7817
//FF_WATER_G2000 = 0.98330
//T1_WATER_G1000 = 1.8935
//FF_WATER_G1000 = 0.98367
//T1_WATER_G400 = 1.8184
//FF_WATER_G400 = 0.98408
//T1_WATER_G300 = 1.8059
//FF_WATER_G300 = 0.98394
//RF-M-005 Optical A
//T1_WATER_G4000 = 1.64460
//FF_WATER_G4000 = 0.98308
//T1_WATER_G3000 = 1.66010
//FF_WATER_G3000 = 0.98327
//T1_WATER_G2000 = 1.67920
//FF_WATER_G2000 = 0.98330
//T1_WATER_G1000 = 1.7453
//FF_WATER_G1000 = 0.98349
//T1_WATER_G400 = 1.6925
//FF_WATER_G400 = 0.98394
//T1_WATER_G300 = 1.7034
//FF_WATER_G300 = 0.98450

//RF-M-006 Optical A
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//T1_WATER_G4000
//FF_WATER_G4000
//T1_WATER_G3000
//FF_WATER_G3000
//T1_WATER_G2000
//FF_WATER_G2000
//T1_WATER_G1000
//FF_WATER_G1000
//T1_WATER_G400
//FF_WATER_G400
//T1_WATER_G300
//FF_WATER_G300

.7899
.98308
.8054
.98327
.8245
.98330
.8906
.98349
.8483
.98366
.8382
.98360

o
OO OROROR O

[1017007700 700700 770070077717707077777777771771777177177171177

// temperature compensation

TEMP_COMP_POLY
TEMP_COMP_POLY1
TEMP_COMP_POLY2

// laser start time
LASER_START TIME_SEC

SCANNER_SHIFT_CTS

TRIGGER _LEVEL VOLT = 1.

// end of configuration

= -0.29421793
-0.00090929
= 0.00017962

Il
o
©

file
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3.3 RF Cable Configuration

3D at Depth is supplying 6 pairs of RF cables. Each optical head has a primary cable that is either calibrated for
head A or head B. The remaining 4 pairs of cables can be used on either head if a primary cable is damaged. Each
cable pair has associated calibration coefficients that must be used when the cable is in use. The coefficients are
unique to each cable set and to each head. For example, if the operator is using cable RF-M-04 on Head B, then
the RF-M-04-B coefficients must be entered into the config file.

In a cable set, one cable is connected to the L port and one is connected to the D port on both the electronics
bottle and the optical bottle. The cables are color coded to assist the operator. On the optical and electronics
bottles, head A’s L and D ports are colored Blue and Yellow. Head A’s L and D ports are colored Green and White.
A cable that has been calibrated for both heads, such as RF-M-05 shown below, uses both color codes to indicate
that the cable can be used on either head.

The primary cables, which are only calibrated for one head only contain that head’s color codes, as shown with
cable RF-M-01 shown below, which can only be used for head A.
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In order to use a certain cable on a certain head, the operator must ensure that the sensor is using the correct
calibration coefficients. To select the correct coefficients, comment out all of the coefficients that should not be
used with // place before each line. Make sure that the coefficients to be used are not commented-out. An
example shown below shows how to use the coefficients for RF-M-001 on Optical Head A. Note that the
coefficients for cable RF-M-01 are not commented out, but the coefficients for RF-M-03 are commented out.

18 WiSSL Sensor Software User Manual v1.2

3D AT DEPTH Proprietary and Confidential



//RF-M-001 Optical A

T1 WATER G4000 = 1.4674
FF_WATER G4000 = 0.98373
T1 WATER G3000 = 1.444¢6
FF_WATER_G3000 = 0.98327
T1 WATER G2000 = 1.4637
FF_WATER G2000 = 0.98330
T1 WATER G1000 = 1.5298
FF_WATER G1000 = 0.98349
Tl WATER G400 = 1.4790
FF_WATER G400 = 0.98370
T1 WATER G300 = 1.4859
FF_WATER G300 = 0.98396
//RF-M-003 Optical A
//T1_WATER_G4000 = 1.7837
//FF_WATER_G4000 = 0.98308
//T1_WATER G3000 = 1.7992
//FF_WATER_G3000 = 0.98327
//T1_WATER G2000 = 1.8183
//FF_WATER_G2000 = 0.98330
//T1_WATER_G1000 = 1.9301
//FF_WATER_G1000 = 0.98367
//T1 WATER G400 = 1.8550
//FF_WATER_ G400 = 0.98397
//T1 WATER G300 = 1.8351
//FF_WATER G300 = 0.98371

Once the operator has the config file setup with the right constants, save the config file, then reboot the sensor to
pick up the change.

The calibration coefficients are saved in the config files on each sensor head and they are also saved in the
delivered file RF_Cable_Coefficients.xlsx
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4 Sensor Performance

4.1 Scan Rate Performance

The WISSL sensor was tested for differing scan resolutions at maximum scan angle width. The tests were
performed for water, full Cross track scan width.

Index =1.33
Scan Frequency (Hz) Pts per Scan Line Max Angle Step @ Center | Range Depth (meter) Center of Scan Cross Track
down and back cross track (deg) configuration Resolution at 2.5 meter LOS
35 500 0.2 10 0.0087
29 600 0.16 10 0.0070
25 700 0.13 10 0.0057
22.5 800 0.11 10 0.0048
19.5 900 0.1 10 0.0044
18 1000 0.09 10 0.0039
16.5 1100 0.08 10 0.0035
15 1200 0.07 10 0.0031
14 1300 0.065 10 0.0028
13 1400 0.06 10 0.0026
12 1500 0.055 10 0.0024
11.5 1600 0.053 10 0.0023
10.5 1700 0.05 10 0.0022
10 1800 0.045 10 0.0020
9.5 1900 0.043 10 0.0019
9 2000 0.041 10 0.0018
8.5 2100 0.039 10 0.0017
8.3 2200 0.037 10 0.0016
8 2300 0.036 10 0.0016
7.7 2400 0.034 10 0.0015
7.4 2500 0.032 10 0.0014

Additional performance testing was performed for other LOS range values. The follow configurations per range
depth and intended resolution are recommended.

Swath Width deg Points Per Scan Line |Max Range| Scan Rate (Hz)
(air / water) per head

Maximize Resolution +/- 36/27 2500 15 4
Maximize Range +/- 36/27 600 25 8.5
Maximize Speed +/- 36/27 300 10 54
Other +/- 36/27 600 10 30

+/- 36/27 750 10 24

+/- 36/27 800 10 23
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4.2 Data Rate

Data Rate generation was measured for the WiSSL sensor per the configurations listed below. In general, data
rate generation is quite linear as shown in the graph. As an approximation, if the sensor was configured for 5 LOS
points per laser pulse, the laptop would be able to store approximately 75 hours of data in continuous operation
(assumes 950 GByte available).

Cross Track LOS Points Processing (MB/Sec |MB/Min

Points per Line [perPulse Rate Hz
1500 1 12.25 1.8 108
1500 2 12.25 2.22 133.2
1500 3 12.25 2.64 158.4
1500 4 12.25 3.06 183.6
1500 5 12.25 3.47 208.2
500 1 35 1.74 104.4
500 5 35 3.34 200.4
2500 1 7.25 1.82 109.2
2500 5 7.25 3.51 210.6

Data Rate vs LOS Point Count
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5 CTD Ethernet Interface

The WIiSSL sensor listens for TCP/IP CTD data packets provided on the CTD port defined in the sensor
configuration file. The “sending” application must first perform a TCP/IP connection to the sensor head
utilizing the sensor static IP address and CTD port number. The WIiSSL sensor starts a “server” type
connection and listens for the corresponding client connection. The sensor utilizes the CTD information
in processing the laser return data. The packet format is as follows.

CTD Packet

Item Value Bytes

File Header

Project code 0x3D03 2 (1 UINT16)

version 0x01 1 (1 UINT8)
CTD Information

Water Temperature C 8 (1 double)

Water Salinity psu 8 (1 double)

Water Pressure dbar 8 (1 double)
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6 ZDA Ethernet Interface

The WISSL sensor listens for UDP data packets broadcasted on the ZDA UDP port defined in the sensor
configuration file. The WiSSL sensor attempts to bind to a UDP socket to receive packets containing ZDA time
synchronization messages.

The sensor looks for a standard NMEA ZDA string as the entire UDP packet message, defined as:

$GPZDA, hhmmss.ss,dd, mm, yyyy, Xx, yy*CC

where:
hhmmss HrMinSec (UTC)
dd, mm, yyy Day,Month, Year
XX local zone hours -13..13
vy local zone minutes 0..59
*CC checksum
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7 Range Angle Angle Data Format

The WISSL Sensor collects binary sensor data and processes it to provide corresponding range angle data,
and saves this data to a binary file. This file, named yyyymmdd_hhmmss.raa is located per configuration
in the GUI. A timestamp is provided for each line scan recorded in the file. This timestamp is the time of
the first laser pulse for that scan. The psec time value listed for each laser pulse is the relative time
between each successive pulse, offset from the timestamp. The value for the first pulse should be
subtracted from all pulses in that scan (including itself), such that the first pulse would be 0 psec
accordingly.

All range, angle, and offsets measurements are provided relative to the front, center of glass. A right-
handed coordinate system is utilized with the laser beam emitting from the sensor along the Y axis, parallel
to the axis of the sensor bottle. The X axis is orthogonal to the sensor, pointing to the right. The Z axis is
orthogonal to the sensor, pointing up. In this fashion, azimuth scanner motion, or cross track motion,
moves the beam left and right in the XY plane. Elevation direction is in the YZ plane.

The laser return signal from a laser pulse may contain more than one usable range measurements. Often,
this occurs when the pulse is partially clipped between two or more objects in the laser line of sight (LOS).
New for WiSSL, these multiple laser measurements are collected per LOS. This setting is configurable from
1to 5 in the control GUI interface. In practice, 2 or 3 is suitable. Accordingly, the data below provides for
multiple LOS measurements.

The binary file contains data for both laser heads, as designated in the scan line header.

Range Angle Angle data format (binary)

Item Value Bytes
File Header
Record ID — WiSSL 0x3D47 2 (1 UINT16)
File Magic Number 0x3D08 2 (1 UINT16)
File version 1 2 (1 UINT16)
File sub version 1 2 (1 UINT16)

Scan Information

AZ, Cross track angle start, typical (deg) 4 (1float32)

AZ, Cross track angle end, typical (deg) 4 (1float32)

Pulses per cross track, scan line 2 (1 UINT16)

Number pulses per LOS 1 (1 UINT8)

Scan lines per this File, Head A 2 (1 UINT16)

Scan lines per this File, Head B 2 (1 UINT16)

Calibration Information

Calibration Structure, Head A Size of calibration structure
Calibration Structure, Head B Size of calibration structure
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Pulse ID and Timestamp ( 1 to n Scans )
Record ID — Head A or B 0x3D53, 2 (1 UINT16)
0x3D54
Timestamp year (true year) 2 (1 UINT16)
Timestamp month (1-12) 1 (1 UINT8)
Timestamp day 1 (1 UINT8)
Timestamp days since Jan 1 2 (1UINT16)
Timestamp hour 2 (1 UINT16)
Timestamp minutes 1 (1 UINT8)
Timestamp seconds 1 (1 UINT8)
Timestamp nano seconds 4 (1 UINT32)
Gain (laser power) 1 (UINT8)
Digitizer temperature C 4 (float)
CTD temperature C 4 (float)
CTD salinity psu 4 (float)
CTD pressure dbar 4 (float)
Index 4 (float)
Start processing m 4 (float)
End processing m 4 (float)
Pulse Count this scan line 4 (1 UINT32)
Laser Pulse Data ( 1 to m pulses per scan )
AZ, Cross track angle (deg) 4 (1 float32)
EL, Forward track angle (deg) 4 (1 float32)
AZ, Cross track offset (m) 4 (1float32)
EL, Forward track offset (m) 4 (1float32)
Pulse time offset (sec) 4 (1float32)
LOS Range 1 ( from glass front ) meters 4 (1float32)
LOS Range n ( from glass front ) meters 4 (1float32)
Amplitude LOS 1 / peak of signal 2 (1 UINT16)
Amplitude LOS n / peak of signal 2 (1 UINT16)

Each RAA file begins with a File Header, followed by a “Scan Information” block and a “Calibration
Information” block of data. Then, the file contains scan line data. The data for each scan line contains: a
Record ID (head designator), a full timestamp, and a” Laser Pulse Data” collection of data. Note, Head A
and B scanlines are interleaved in the RAA file per their specific time stamps.
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For example, if the sensor was configured for 250 pulses per scan line and 3 LOS range measurements per
pulse, the following data would be present in the RAA file:

File Header
Scan Information
Calibration Information Head A
Calibration Information Head B
(1) Record ID (A or B)
Pulse Timestamp
Pulse count this scan line
(1) Laser Pulse Data:
AZ angle
EL angle
AZ offset
EL offset
Pulse time offset
Range Data:
LOS Range 1
LOS Range 2
LOS Range 3
Intensity Data:
Intensity 1
Intensity 2
Intensity 3

(250) Laser Pulse Data:

AZ angle

EL angle

AZ offset

EL offset

Pulse time offset

Range Data:
LOS Range 1
LOS Range 2
LOS Range 3

Intensity Data:
Intensity 1
Intensity 2
Intensity 3
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Note: based on laser head performance, differing counts of data sets may exist for Head A and B. The
“.raa” file extension is used for the binary file. The Calibration data structure is provided below. Sensor
calibration values are stored on each sensor in the parameters file as described previously.

typedef struct
{

char CFG_PATH[ 64 ];

int LASER_HEAD NO; // either 1 or 2
int PROCESS_FOR_AIR; // 1 = air, else water
bool PERFORM TEMPERATURE COMPENSATION;
bool EMERGENCY SHUTDOWN ;

float OCB_TEMPERATURE_LIMIT C;
float OCB_HUMIDITY LIMIT;

float PB_TEMPERATURE LIMIT 1 C;
float PB_TEMPERATURE LIMIT 2 C;
float PB_HUMIDITY LIMIT;

float DIG TEMPERATURE LIMIT C;
char L D CABLE SET[ 24 ];

char OCB_COMM PORT[ 24 ];

char OCB COMM CFG [ 24 ];
float AZ _AO DEG_TO VOLT;

float AZ AI NEG V_TO_ DEG;

float AZ AI POS_V TO DEG;

float Tl AIR;

float FF AIR;

float T1 WATER G4000;

float FF_WATER_G4000;

float Tl WATER G3000;

float FF_WATER_G3000;

float T1 WATER G2000;

float FF_WATER G2000;

float Tl WATER G1000;

float FF_WATER_G1000;

float Tl WATER G400;

float FF_WATER G400;

float Tl WATER G300;

float FF_WATER_G300;

float T1_WATER SECONDARY G4000;
float FF_WATER_SECONDARY G4000;
float Tl WATER SECONDARY G3000;
float FF_WATER SECONDARY G3000;
float T1_WATER SECONDARY G2000;
float FF_WATER_SECONDARY G2000;
float Tl WATER SECONDARY G1000;
float FF_WATER_SECONDARY G1000;
float T1_WATER SECONDARY G400;
float FF_WATER_SECONDARY_ G400;
float Tl WATER SECONDARY G300;
float FF_WATER SECONDARY G300;
double TEMP_COMP_POLY2;

double TEMP COMP POLY1;

double TEMP_COMP_POLY;

float LASER START TIME SEC;
float SCANNER_SHIFT CTS;

float FACTORY SCANNER LRG_DEG;
float FACTORY_SCANNER MED DEG;
float FACTORY_SCANNER SML_DEG;
float EL_ANGLE FIXED DEG;

} StructWSCalibration;
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8 GUI Software Installation

An external drive has been provided to allow installation of the WiSSL GUI onto a non-3D at Depth
computer. To install the GUI, perform the following:
e From the memory stick, double click on “3DTools_v045.msi”
o This will install the 3D at Depth tool suite — creates a c:\3D at Depth and c:\3D folders
e From the memory stick, copy (and overwrite) the 3D folder to C:\3D
e From the memory stick, copy (and overwrite) the “3D at Depth” folder to C:\ 3D at Depth

The operator should now be able to run the C:\3D at Depth\X64\WiSSL_GUI_v1.0x application from
their laptop.

9 Remote Desktop to Laser Heads

Each laser head processor can be reached via Windows remote desktop. Utilizing this interface, log in to
each laser head (IP address, User name “EC” and password “3d”). The IP addresses are 192.168.168.130
for head A, and 192.168.168.131 for head B. Each head runs the Windows Embedded OS, and can be
accessed via normal Windows operations.

@uv 3 » Local Disk 09 » 3D at Dept
File Edit View Tools Help b @uv\ » Computer » Local Disk (D:) » 3DatDepth »

Date modified

12042017 1855
61242017 1607
/1312017 22340
132017 2045
§/8/2013 16:10 16,229 kB
52642017 2022 6301 K8
/102017 1934 939 K8
172072017 2015 71K8
4017 1902 1281 KB
%3 192168168131 . - c 4] ippeore- 012242014 1556 1248
Recent & Local Disk () 4] libiomp stubsSm.dil = C/PRPILIEED el
%) 102168168130 s Local Disk (D) 8] tiomrmd.d LA e DAL 15 e (TG
@ MBAR Tt Vacre ) libiormpSmd. i 82212014 1556 ne 35 KB
G etk @ fetnoal sk () pstuibsSma.dll 02242014 1556 o k@
sk () 8/22/2014 1556 4,011 KB
SRECYCLESTN ’ 272042011 0503 4295 KB
D B /2015 0128 ne e
3D at Depth 5] maver] /205 0128 756 K8
Dato | AkD-T362750435 4 00 2132014 1855 g 168
SystemVolume I §3) 3DTools w045 msi 6/2/2017 16:40 in er 46,402 kB

€ Network

| WS_ECv1_03.exe Date modified: 7/20/2017 2045 Date created: 7/20/2017 1817
| | Application Size: 277 KB

l "Il WS_EC_v1_03.exe Date modified: 7/20/2017 20:1)
Application Size: 277 KB

| Shutdown | » |

2W = 2 a9 B
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