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March 21st, 2019

Dear Ben, Eric, Steve, Kakani, and the MBARI team

Re: 180 3D Video Underwater Camera System w/ Point Clouds
Please find enclosed our detailed proposal for your kind consideration.

VRTUL and The Sexton Corporation have led the AR/VR industry for a combined total of 10 years
developing the highest grade 180, 360, and multi-lens underwater camera systems in the world. Our
world class technical and content development experience has led us to develop high-end, custom
underwater housings and lead productions seen by millions worldwide with Good Morning America,
Discovery, National Geographic, BBC, Red Bull, and many other top brands. We also blend that
background with deep custom machine vision camera system experience for scientists and research
institutions like MBARI.

We are aware this project has unigue depth and control requirements. Our reputation is built on
execution and exceeding client expectations. We plan to deliver an innovative proposal and follow
through with it to an outstanding delivery which is both on time and within budget.

We also pride ourselves on our client-care including our guarantees, staff-training and offsite support. in
all project facets VRTUL and The Sexton Corporation will continue to strive for best in class
communication and teamwork with all parties involved.

Yours Truly,

Casey Sapp & Jeremy Childress

Casey Sopp e %@\R



W€ EXECUTIVE SUMMARY

The purpose of this project is to develop a fully integrated custom underwater 180 3D camera system
which provides best in class imagery and metrology capabilities on the ROV Doc Ricketts. While the
details of the optical and engineering design are becoming finalized, the requirements for a successful
delivery are clearly understood by all parties. The timeline for this project is expected to be about 4 - 6
months from the design phase through final testing and then handoff to MBARI staff.

Signed as accepted by client:

Bl 32607

Basilio Martinez, Chief Financial Officer March 26, 2019

1. Project Overview

In 4 months from design through testing, VRTUL and The Sexton Corporation will develop a fully functional,
best in class underwater “near 180" 3D camera system using the Z-Cam E2. We are experts at developing
creative solutions within identified requirements. Those include but are not limited to:

e Be capable of recording multiple simultaneous live video streams.

e Be capable of synchronizing multiple video streams.

e Be capable of recording in necessary quality for best experience.

e Recorded video allows for data analysis.

e Be capable of recording simultaneously with live-feed.

e Be capable of providing live panoramic 3D feeds to a Virtual Reality headset.
e Be capable of filming content in the region illuminated by the ROV.

e Have cameras optically spaced to allow for near human inter-ocular scaling.
e Withstand pressures consistent with all ROV Doc Ricketts operations.

e |Integrate with standard ROV electro-optical interfaces.



e Be capable of time synchronization to ancillary data sources.

e Be capable of capturing sparse point clouds to output textured mesh and dense representations

These functional requirements have been provided by MBARI in their document, ROVVR SOW for
VRTUL/SEXTON (see attached) which contains further explanation of the work breakdown structure and

goals of the final system. Beyond the implementation of the camera system, we are seeking to train and
complete a full handoff of the system to MBARI staff.

These basic diagrams represent a first pass design that we propose take place as part of a research and
development effort prior to final system manufacturing. Based on the accuracy diagnostics to create
multi-view stereo and sparse point clouds the configurations of the individual housings will change.
Those assumptions will be tested in our initial pool exercises with experimental aluminum housings.

Connection to ROV
12vDC
GigE Network



2. Why Is This VR Camera System Special?

Jeremy and | have been pushing the boundary of multi-lens camera systems for a long time. In each
design we finish and take to market we learn more of what users want and how we can stay on the
cutting edge of this field of research. Trying to do as much as we are in a compact, deep water tested
form factor is the sum of all of our past experience. This VR camera system will be special for its:

1) Dynamic range, low-light capability, and dual native ISO

2) Real-time ROV navigation capabilities

3) Combined cinematic and scientific use cases

4) Global onboard controls

5) Synchronization and global shutter

6) Efficient data management and post workflow

7) No one else has built a deep water underwater housing for the Z Cam E2 cameras, let alone a full
stereo enclosure. It will be a natural extension of the products we have already developed.

8) Sparse point cloud development to output textured meshes, combined in a capture system primarily
designed for cinematic immersive capture

3. Research Activities

VRTUL, The Sexton Corporation, and MBARI are partnered in creating a solution which has never been built
before. We are striving to finish a solution which offers beautiful imagery in an unsurpassed, sturdy, compact
form factor with metrology capabilities for measurement and volume extraction. In order to accomplish this
goal, there are a host of tests and experimentation needed in order to finish the design and achieve all the
goals we have set out. We have great confidence in succeeding based on numerous other successful custom
housing jobs, however there is still much work to be done.

The greatest obstacle of all that we foresee is being able to do ample testing and configuration experiments
in order to get the most accurate measurements for scientific use cases. Additionally, there is a delicate
balance between image quality, imager size, frame rate, ability for cameras to sync, and the packaging
constraints on the Rickett's which we need to work within. There are large cameras, such as RED, that have
all of these characteristics but would be impractical to enclose in an underwater enclosure. There are
integrated solutions with small footprints and small sensors, like Blackmagic, which will lack the dynamic
range and image quality that we would like to provide. The Z-Cam E2 is the best and newest camera able to
check those boxes, but there is little work which has been done to do scientific research with it.

For live streaming, we know that we can use Voysys, TouchDesigner, Stereostich, or Prosense stitcher for
OBS Studio to provide real-time dewarping of fisheye lenses (intrinsic characteristics) and projection for
low-latency stereo 180 viewing of multiple video streams. Because a number of these options have
expensive subscriptions we believe they won't be the most long-term cost effective solution for a simple two



camera system (no panorama generation). We are currently exploring custom designed pipelines that would
have a lower cost of ownership.

For post-processed 3D reconstruction of objects encountered by the ROV we plan on developing a
toolkit that uses the following:
e OpenCV for lens and stereo calibration
e OpenMVG (Multiple View Geometry) — solve for precise camera locations and orientations
e VisualSFM (Structure from motion) — alternative to OpenMVG
e OpenMVS (Multiview Stereo) — input camera poses and sparse point cloud; output textured mesh
and dense representation.
e Procedure to calibrate the camera will require a checkerboard pattern attached to a flat substrate.
The size of the cells will be dependent on the distance we are designing the system for.

We understand from our research and discussions with computer vision specialists that the more
camera angles we have, the more detailed our resulting 3D reconstructions will be. We aim to do in-air
testing with 2,3 and 4 cameras and in-water testing with 2,3, and 4 cameras using the Aluminum
enclosures. We will also develop a modular frame system to allow moving the cameras around into
different fixed positions to see how that affects the quality of our output mesh.

4. System Features

There are a host of technical obstacles to overcome, many of which have already been discussed in detail
between MBARI, VRTUL, and Sexton. Some of them up for most consideration are:

1) Ensuring the ROV can handle the weight and power requirements of the camera

2) Heat mitigation and extended recording times

3) Developing a data and post-production workflow easily understood by MBARI media staff
4) Real-time preview

5) Accurate 3D measurements and metrology calibrations

6) Automated 3D data processing

7) Real-time ROV navigation Mixed Reality components.

5. Budgetary Risks

Our biggest individual risk is such that we need to buy a large number of parts and material after the first
payment, in which we will then be stretched until the following agreed upon milestone for a second
installment. However, we do believe with a contract agreement, that we will be able to stay within the budget
and through each deliverable the client will have assurity everyone is on track with the end goal.

The second situation of note is developing formal training documentation. It is important to note that since
we are doing such groundbreaking work, each time the camera goes out on an expedition or in the water the



team will have something to learn. Because there will be constant modifications and improvements over time,
there shouldn't be any expectation of an “official instruction manual” to go along with the camera. We will
manage a working document of the most popular Q&A asked by MBARI staff and all contributors which will
be available to the team. The handoff of the camera will happen through apprenticeship and mentorship.
Basic wiring schematics, dimensional drawings, and assembly documentation will be provided.

The budget does not account for expenses to and from Monterey for testing and handoff. Other notable
exceptions not included in the budget are computer hardware, a commercial livestreaming (ROV navigation)
license, or extensive custom development utilizing OpenCV/OpenMVS/OpenMVG. We will try and use the
free version for Voysys in our initial testing, and build some basic proof of concepts should we decide the
custom route is more desirable.

6. Phases & Key Deliverables

Based on 4 month projected development schedule

Payment Milestone #1

Client Signoff 60% Installment

1 - Analysis

1.1 Analysis and design stage: create system mockup  Present images to MBARI and incorporate all feedback for first
round of optical and data tests

2 - Aluminum Housing Development & Data Analysis

2.1 Order materials and build housing Present images to MBARI
2.2 In-water optical, electrical, mechanical testing Present images to MBARI with samples images of:
- Underwater focus
- Buoyancy
- Waterproof
- Camera and cable setup
23 Do multiple data analysis passes (3D Provide a report outlying with recommendations of:
reconstruction, stereo, resolution) - Resolution & Bit Rates

- 3D data accuracy of 2, 3, and 4 camera configurations
- Video stream latency
- Video with stereo calibration of the stereo pairs

2.4 Ul / UX testing and review Provide a report outlying recommendations of:
- Specs and CPU setup needed on the ship to support the
camera
- Screenshots of Z-Cam native app and VRTUL app



25 ROV Live Navigation - Present software integration recommendations and
workflow diagram
- Show proof of concept livestream to VR headset in a
pool dive using Voysys (need a VR headset from MBARI
which they plan to employ)

3 - Titanium Housing Development, Testing, & Data Analysis

3.1 Order materials and build Titanium Housing Present images to MBARI
3.2 Pressure test (Location TBD; MBARI preferred) Present certificate to MBARI
3.3 In-water optical, electrical, mechanical testing Present images to MBARI with samples images of:
- Underwater focus
- Buoyancy
- Waterproof

- Camera and cable setup

Payment Milestone #2
Client Signoff 20% Installment

4 - On-Site Testing & Training

4.1 MBARI integration and on-site testing Face to Face Client Meeting
4.2 Staff training with live environment tests - Face to Face Client meeting

5 - Payment Milestone #4

5.1 Full Handoff to MBARI 20% Installment (At time of full client handoff, and release of
system for use on ROV.)

7. Pricing Breakdown

We strive to deliver excellent product with fair and reasonable estimation of man hours and materials needed.
We are seeking a 60% - 20% - 20% payment schedule so the project doesn’t run into cash flow issues.

There are 4 main areas in which all the costs and man hours will occur.

1) Engineering & Design
a) Mechanical (materials, structural) - Aluminum & Titanium
b) Electrical (sensors, communications bus)
c) Optical (lenses, dome ports)
d) Camera head enclosure
e) Controls and Electronics (inside sub)
2) Manufacturing - Machining, Parts, and Spares
a) Machining - Aluminum & Titanium
b) Cameras



¢) Custom Lenses and Mounts

d) Connectors

e) 3D Printed Rigid Frame for Testing
3) Control Systems Development

a) UI/UX Global Camera Controls

b) Finestitching & LUT Templates

c) Live preview on ROV
4) Testing, Training, Consulting

a) Trainings, Visits, and/or handoffs with MBARI

b) Consultation on LUTs, production, post-production, and all facets of pipeline
5) *Go-Live

a) Expenses for any travel expenses to Monterey is not included

b) Formal instruction manuals are not included; only working docs made available online

Total cost of project: $80,000

Summary of Estimated Costs

1 Engineering & Design $4,500

2 Internal Components, Cameras, Connectors, and $25,000
Cables

3 Experimental Aluminum housing tests, final Titanium $40,000

housing, custom domes, stereo calibrations, basic
metrology data processing, custom app development
for global controls, UI/UX

4 Testing/Pool Time, Training, Contingency, & Legal $10,500

5 Grand Total: $80,000



8. Z-Cam E2 and Lens

Specs (copy and pasted from the web for the Rolling Shutter version; the Global Shutter specs have not been
posted publicly):

4K CINEMATIC CAMERA

Specifications:
- One-piece compact 4K resolution MFT camera
- 4K @ 120fps, 10-bit colour
+ 4/3*WDR CMOS Sensor sensor
+ Timelapse mode available
« 13 stops dynamic range {16 with WDR enabled}
- Gigabit Ethernet for data, control & live stream
« Full camera setting control &
live preview via iOS App
- Muiti-cam synchronization
- Open API & SDK
- External Power or Battery
« Dimensions 90 x 100 x 90mm, Welght 757 g.
- Comprehensive range of lenses available

This camera has many suitable applications and

uses:

The ZCAM E2 Cinematic camara is a 4K UHD * Micro Gnematic Camera

(uttra-high definition) micro four-thirds (MFT) * Film & Broadcast
withan i hangenble lens sy * Pre-visualisation

The E2 camera easily captures cinema quality 4K = Natural History

4096x2160 video utilising 13 stops of WDR at up * Supplementary Camera

to 120 fps with H.265 compression. The camera
is feature rich and utilises an open source APl and
SDK. The E2 can be controlled in several ways
including an |05 App which includes live preview
and all camersa setting controls. Recording is
achieved on camera via a CFAST card or externally
via USB 3.0.

* Filming in tight spaces / extreme angles
+ POV Camera

Bullet time array & Timelapse Imaging
Mation Capture

360 & 180 Degree VR

lts micro four-thirds lens mount accomodates
a wide range of auto-focus (AF) and manual-
focus {MF) lenses from brands such as Olympus,
Panasonic, Lumix, Leica and Sigma. All help the
E2 capture some of the highest quality images
possible in it’s market group

SeeSense are able to provide full technical
assistance and back up for this camara. Please
contact SeeSensa far further datails and for our
r ded lens

P




Specification - Features

Recording

Video System NISC/ PAL / CHEMA
4096 x 2160 / 59.94, 50, 29.97, 25, 24, 23.98 fns
Video Formal 3340 2160/ §9.94, 50, 29.97, 25, 24, 13.98 fps
I6R6x 2TT1 1 39.94, 50, 29.57, 25, 24, 13.92 fps
1920 1 1080 / 59.94,50,29.97, 25, 24 Ips
120 fps for 4096 x 2160 & 3840 ¢ 2160
Max Varishle 593?!«!59&:1711' 240 fps ot 19201 108
230 Mbps Far 4096 % 2160, 38404 2160 &
MaxBinhate xh;n. & 200 Mips for 1920 x 1080
Coloiie Bit Depth 030t {H.265)/ B bet (M. 264)
Video Encoder Praftes f:Z:l H Profles 4:2:2‘.lPruﬂes 422114
H.254 High Profile ! H.263 main 10 profile
Audia Farmat 24-bit 48 kite
Auadio Encoder AAL ¢ PCM tfar MOY only)
Eife Format MOV Miq
Record Mode Widea ¢ Time Lapse Vadeo

Specification - Physical
Battery Soery NP-F series (Battery NOT Indluded)
Body Material Ssuminium Alloy
Lens Mount Active Micro Four-Thirds (MFT)
Dimensians 91,2 99.2 « B9. 1 {WixHxD| 1080
Weight 757 grammes {excludes lens)

Multiple 1/4-20 UNC Standard bipod rounts
i ar;::lhn u:lol;'a tody e
Operating Temperatume  0°C ~ + 40°C

Storage Tempeange 200~ 4 607

image Sensor 4/3"WDR Somy (MOS sentor 17,3 x 13man:
Output Poels Hoizonkal: 4096, Yertical: 2160
Hfective Pocels ~ 10.28MP
St Freg K@ V0fps ~ 1080p4F 2407ps
Dynamic Range 13 stops (ZLog) / 16 with WODR enabled
Micrephene Buit it Steree Microphone
150 Aute, Manual 160~25600 (80~ 12800°.
Native 50:80" /160 /800 (* with WDR active)
i dlodes 3;“5:1:::? ;glﬂut(:zl?n’;ﬁﬁsh 350
(Automatic ce), Preg
sl
forus Mode Manuai, Auto or Comtinuciss Acthe ICAF)
Image Brightness / Contrast / Saturation / Sharpness
T Fee. 709 ¢ 2log | Mal
Aydio AudSo In  Audin Oul Lewel
Yime Code Cuarent Tire /' Manuad inpet
Mdthcam Sync  Viasync aable (not induded)
2 Carmera App (105] fur live pezview and corral vis
Hernate Lonarol Wikt or ussp:!;h] P
Connectivity
HDMI HDMI 2.0 Typeh (video cutpot to CAK @ 60fps)
use USB-C, 3.0 data teansber | storage)
110 10-pirs £EMO port for synchinanization ©
oM 18- % connecior, supports KS- 233
RemoteControl 2 Smm jack sacket (Sory LANC cmpalibée}
Audio-0ut 3.5mm stero jack
Wi-F 2,11 4G with external arderina peat
Ethernet Gigabit Exhernet part for settings & live streaminyg
12V DCS Amyps with 4-in LEMG and 35U
D Fawer Pt el swap hn:ppnrted !
Storage
Media CFAST 2.0 (slet beneath the camera)
File System exfFal
1Extesmal To extemal drive s USBC

at’sin The Box?
£2 camera, LEMO Power Cable with D-TAP Plug, &
nector, AC/DC Power Supply with UK, EU & US plags,
User Guide, & Warranty Card
Optional Accessories
- Sory NB.f series baltery
« 2 Camera App (iD5}
- 198 & Coluwer Correction Plug b
- Open API & SLIK
- Video Contatenatar, Vides Trarscoder
Lenses
- The E2supports a selection of Leica, Lumix. Oympus, Panasonic & Sgina,
le MFT lenses.
PMease contact SeeSerse for detaiks and advioe

Rew 10120118 EROE




Applicable camera (model)

‘ : . /0
B Forse FE185C086HA-1 22"

WEE T o |

Fixorl Faeal Fish Tyn For Megagind Manual (s
Camera

Mt Mount

@ High-resolution design, providing
suppori for up to 5 megapixe! camera
resolution,

@ Super wide angle of 185 degrees that
aliminatos dead anglea and anables
effactive, wide-anea survedlance.

@ Designad with the I-theta system, most
suited for uniform displaying of images,
Allows high-quality Image display,
partial enlargement, and conversion to
ovdinary-looking images to be
perfanmed gasily wilh imaging software.

#5653
114
Lezd
255

Unit; tiwm
SPheiCgph $ u sanlr el

Focal Length (mm) B4 T2y [Fish-Eye Lens Imaga!
Iris Range F1.8 ~ F16
Focus Fixed )
Operalich Iris S Manual i 1"
1* 185" X 185’ (¢8.6mm!
Vi 3 ey
R T 185" X 14035 .
1/2 136'18° X 10219
Focusing Range [From Front Of Tha Lana} (m) i o0 ~ 0.2 —
Back Focal D (i ale) {mm) ] 975 M 24°
Exit Pupil Position (From Image Plane) (mm) —49
__ FiterThread (mm)
Mount ]
Mass (g} 160
Remarks *With Metal Mount P

With Locking Knob for lris

9. Project Inventory

Camera System Description
Underwater Housing 1x stereo titanium housing for Z-Cam E2 1
Underwater Housing 2x individual titanium housings for Z-Cam E2 2
Z-Cam E2 4x "E2G" Global Shutter 4k @ 30fps cameras 4
Lenses Fujinon Fisheye Lenses 4



Network Switch

Netgear GS105 1
Subconn Connectors 4 - 6 (TBD) 4-6
Pelican Case to hold and travel with enclosures 1
CFast Cards 128 GB /
3D Printed Frame Rigid frame for testing 1

9. Control Software Screenshots

Custom VRTUL/Sexton Windows app (sample screenshots)

[N BN % [§ comers Comagher % [) Tamees Lonohe X | [ camens Lontrolier % 1 [Y Comers Controfier X [ Cames Contrailer x . [ Comers Convchier X+
G C O lowalhost ots>

Iovomerage [ Gmestser [Y wama () camens [ oreet [ camens (3 Gament | breoleg o AMAY

B0
Exposure:
RS

While Bal;

Ciovty

Resolution:

AKPEY 07

Encoder:

Formal:

APs

Slar Pieview  Slop Preview,

n O Tyne b to wsich




Monw Setings Aboul Tepy

Enler Slatic IP Addresses for Camera(s) DEFAULT SETTINGS FRAMERATE SETTINGS

Cam M BASIC ADVANCED Selact Varlablo
Cam2 1so: S— Framerale:
cam3: 800 Auto C

Cam 4: Exposure: Spilt Duration: RigjectRRS?
Gami 11605 y Smin i
Cam&:

White Bal; Bitrate;

Save |P Adtresses Cloudy Mediiim

e Resolution: LuT
4KP29 87
Power Off Encodar: WDR:
H.265 ot
Formal: Audio Encoder:
MPa AAC >
Audlo Input:

4 1280x720,2Mb|  §

Restore Original Setiings

o Type hare £ siasn)

Desktop Version (2018 spec sheet)

Z CA M ™ \NO N d er lee Quiek U:c.r culds

System Requiremeants .

Supported Features



10. Past Production Experience
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ORCA 360

Google Expeditions - NEKTON
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The Dally 360

Le Musk Huberman Lab
AR RAHMAN STANFORD UNIVERSITY




11. Some of Our Other 360 Camera Work




11. Q & A - Misc info in providing full view of specs

Q: What are the power requirements of the cameras?
A: Each camera when its recording is 24 watts which is 12 volts at 2 amps
Q: What is the estimated GB/hour data consumption of the cameras?

A: It will depend on the settings of the camera such as H.264 vs. ProRes. Those tests can be done in detail
during the pool exercises.

Q: How will we get data off of the cameras?

A: We are recommending a USB-C offload through opening up a port. The easiest solution which won't
require opening up a housing would be over ethernet, but the time to offload would be longer.

Q: What are video formats and max bit rates of the E2G?
A: Those specs currently aren’t available and will need to be tested once we have a camera in hand.
Q: Will the camera include audio?

A: They have audio input, but it will obviously be muffled in the housing.






