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TECHNICAL REPORT

COMPARATIVE CLAW DESIGNS
FOR TASK OPTIMIZATION
Evaluating performance, precision,

and adaptability to select the
optimal claw for mission success.



M rect=P-L/4
Vs
M oct=P-L/8

F x=T-cos(45°) =TN2/2=0.7071 T
F y=T-sin(45°) =TN2/2=0.7071 T

F surge=4-T-cos(45°) =2N2 - T~ 2828 T



Motor PWM|[n] = Base+ X ( Input[j] x Matrix[n][j] ) * Scale
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Alternatives Selected Solution &
Problem .
Evaluated Rationale

Cascaded PID

separates position

Single-loop PID;

Depth hold .
oscillation Increase damping
gains; Cascaded PID
Default ArduSub
Thruster frame; Custom

firmware;
RCPassThru +
software mixer

mapping failure

Single buck
converter; Linear
regulator; Two-stage
buck convertor

Power ripple on
Pi/Pixhawk

Welded joints; Off-
shelf gussets;
Custom captive-nut
connectors

Frame rigidity
at joints

and velocity
control;
eliminates

oscillation at root

cause rather than
masking it.

RCPassThru + V-
Matrix zero
firmware risk;
real-time tuning;
geometry-
agnostic.

Two-stage buck
(48V->12V~5V)
ripple-free DC

supply; protects
sensitive digital

boards.

Custom angle
connectors
reconfigurable, no
weld distortion,
double-bolt anti-
pivot design.

| Dimension | Vawe

Overall width (flat-to-flat, X) 359.80 mm
Overall length (flat-to-flat, Y) 440.00 mm
Top flat edge width 240.00 mm
Corner chamfer (projected 45° cut from rectangular
corner

horizontal)
150.00 mm (enclosure
115 mm + 35 mm
clearance)

30 x 30 mm standard T-
slot profile

Inter-ring height

Extrusion cross-section



Metal Bracket

Outer

Metal Bracket
Outer

Side View Angular View Front View Bottom View

" feawrs | vawe |  Functin

Overall length

Bend angle

Mounting height

Through-hole

Plate thickness

Material

Spans the corner
59.75 mm joint along the
chamfer face

Matches the
interior angle of
the octagonal
corner

Engages the full 30
35mm  mm extrusion face
plus an overlap

Clears M6 / M8 bolt
@ 7.2 mm heads — fits standard
T-nuts

Stiff enough not to
8.57mm flex under thruster
reaction torque

Strength and rigidity
at the joint

135°

Aluminium

an

|

Slanted Top View (Angle 1)

Side View

Top View

Front View Slanted Top View (Angle 2)

Octagonal prism (matches frame

Plan-form
geometry)

Dimensions (W x D x 339.99 x 241.00 x 115.00 mm

H)
Wall material Acrylic
End-cap material Nylon
. Threaded interface with face-seal
Sealing .
O-ring

Side penetrations @ 100 mm (left, right, bottom)

Frame clearance

i % 9.9 mm
per side
; T-slot biscuits through extrusion
Mounting
channels
Side View Back View



| Component | _Model | Qty [V (V)| (&) |Power (W)

T200
Thrusters [
ESC Basic 30A
IMX322 IMX322
Camera
Flight .
Controller APGEVINS,

Onboard Raspberry
Computer Pi5

Depth Sensor BARO2
ARM Linear Miniature

Actuators LA
ARM
Il Gear Motor
Motor
TOTAL -
P=V]

8

8

12.0

12.0

5.0

5.0

5.0

3.3

12.0

12.0

I=P/V=95533 W/ 48V
. 1=19.903 A(approx)

7.5 720.0
0.5 48.0
0.35 3.5

0.5 2.5

5.0 25.0
0.1 0.33
3.0 108.0
4.0 48.0

20.95 A 955.33 W



Software Responsibilities

Joystick input processing,
thruster mixing, PID

Grognd Operator stabilization, telemetry
Station Laptop
. dashboard, computer
(GCS) (Windows) -
vision, REST/WebSocket
API

High-speed serial relay to

Onboard Rasoberrv Pi 5 Pixhawk, MJPEG camera
Computer P y streaming, sensor data

forwarding
Flight Pixhawk Receives pre-computed

(RCPassthrough PWM signals; no mixing

Controller mode) logic performed onboard



Z = (focal length px x baseline_m) / disparity px

{ "depth": 1.25, "temperature": 24.5, "heading": 182.0,
"pitch": 4.5,

"roll": -1.2, "armed": true, "is_recording": false,
"timer_running": true, "mission_timer": 420 }



IF(0)] = 2N2 - T (constant, independent of 6)

6-Thruster

Parameter Layout

No, loses
6-DOF under
. DOF on
failure .
failure

Peak power ~716 W

Thruster cost USD 1,134

Uneven (2T Uneven (2T

8-Thruster

Layout
(Selected) Trade-off
Reliability
. critical for 20-
Yes, retains min
all DOF [5] o
competition
runs
Within 20 A
955 W fuse budget at
48 V

+USD 378; offset
by reduced
mission risk

USD 1,512

Directly

Thrust isotropy surge, 2V2T surge, 2V2T improves pilot

diagonal)

diagonal) precision



M restore = (z_CoB —z CoM) - (W — F_b) - sin(p)

Phase 1 — Pre-|Phase 2 — Post-
Parameter
Foam Foam

Total Upward

Displacement 10.23 10.50
Total Vehicle Mass 10.48 10.51 kg
Net Buoyancy -0.25 (sinks) = 0.0 (neutral) kg
Additional Foam _ 270 cm?® (6 _
Volume blocks)
AddltloE:;rI:ft from . +0.27 ke
Component Group| Mass (cg) | Source/ Notes |
Electrical 4.26 Per component weight
Components survey (see Table 6)
Aluminum T-slot 350 ~3.5 m of BQXBO mm
Frame extrusion
8 x T200 Thrusters 2.72 340 g per unit
Base weight before foam

TOTAL DRY MASS 10.48 .
addition

comone Lot L untip | sioaiy

T200 Thruster 8 2800
ESC (Basic 30A) 16.3 130.4

8
Pixhawk 4 1 33.3 S
. ] e Jaw Config

Raspberry Pi 5 45 . . :
Acts jointly with
Bar0O2 Depth

1 15.3 15.3 GripperX- Front-top 3-finger GripperX-B for
SR A (Upper) left curved jaw large object
OAK-D PoE Camera 1 361 361 manipulation
IMX322 Camera 2 30 60 Acts jointly with
Servo (pan/tilt) 1 13.4 13.4 GripperX- Front-top 3-finger GripperX-A
Buck Converter B (Upper) right curved jaw synchronizgd via
48V-12V 4 500 2000 shared driver
Buck Converter 1 G G Indepen.dent
12V-5V GripperX-  Front- . . op.eratlon,
2-finger jaw precision tasks
ELECTRICAL 5498.4g=5.5 C (Lower) bottom
- - and sample
SUBTOTAL kg

collection



_ Sensor | Model | _lInterface | Primary Role

IMX322 Pilot
Primary 1080P USB 2.0/ servo -
. navigation,
Camera (Rovmake pan-tilt .
N visual tasks
3D
Al Stereo OAK-D RJ45 Ethernet measurement,
Camera PoE (PoE) depth
estimation
Depth/Pres Bar02 12C to Depth hold,
sure (Blue Raspberry Pi 5 pressure
Robotics) P y logging



Scorpion 2.0

Scorpion 2.0 (2025) Kraken (2026)

Dual-tier
Frame Tvbe Modular rectangular SS—
yp HDPE chassis . &
aluminum frame
Frame Aluminum T-slot
Material NIBHAE R SESE, (30x30mm)
Enclosure exlimelitesl s Octagon.al acrylic
Shape prism
: : . Threaded + face-
Sealing O-ring flange sealing sesll Grifings
Depth Rating 20-30m 10-20m
DOF 6 DOF 6 DOF (fault-
tolerant)
Weight Heavier (multi-motor) Optimized lighter
system
Modular +

D o n F F n 1 n . .
esign Focus Functional prototype optimized system

Off-shelf brackets

Build(in- . . . .
Frame house insufficient in angular
connectors . precision; custom build
machined)
connector to reduces mass
Acrvlic Build Cost sufficient custom-
enclgsure (custom built enclosure with low
CNC) maintenance cost
Custom firmware
. modifications were
Build implemented to provide
GCS software (Pyt:;;l/Re the Kraken with enhanced
mobility and improved
maneuverability.
Proven underwater
performance, ArduSub
T200 Buy (Blue compatibility, and
thrusters Robotics) availability within the
project budget USD
139/unit
Reliable and widely
Pixhawk 4 Buy supported controller for

ArduSub-based underwater
vehicle operation

Native ArduSub driver, no

BARO2 sensor Buy (new) equivalent sensor available
locally at lower cost

Compatible with T200
thrusters and required for

ESCs (x8) Buy (new) stable multi-thruster
control
Foam Cut to exact volume per
Build (cut buoyancy calculation to
buoyancy . .
in-house) achieve proper balance and
blocks .
flotation
2025 tether insufficient
Tether Buy (new) length for 2026 mission

depth new 20 m cable
specified

GripperXarm enclosure Custom geometry required.
ABS Build (3D Printed in UIU 3D printing
enclosure printed) lab at zero cost









All 8 T200 thrusters shrouded
[FAG UG SIIeTieE on both faces, mesh <12.5 mm

SBS50BLU Anderson

Single-Point Power . .
& connector, single point of entry

Connection to MATE supply
Within 30 cm of Anderson
20 A Littelfuse connector, sized to FLA (19.903

A)

Watertight cable entries,
13 Wetlink Penetrators  torque-checked before every
dive
Radial O-rings on end caps
O-Ring Inspection Protocol inspected and replaced if
damaged

Tether mechanical stress
Custom Strain Relief isolated from electrical
connections

Thrusters cannot fire unless

ArduSub Arm/Disarm explicitly armed by pilot

Dedicated controller input for

EMEBIENEY S0 D B immediate thrust cutoff

10 mm Enclosure Acrylic housing protected from
Clearance impact by frame buffer
No AC Wiring No 120 V AC used in any part of

the ROV or control system

No hydraulics or pneumatics

No Fluid Power used on the Kraken ROV






Frame design, connector
machining, enclosure
fabrication, arm assembly,
buoyancy tuning

01 Mechanical

Power distribution, ESC
wiring, penetrator
installation, sensor

integration, SID

02 Electrical

GCS backend/frontend,
thruster mixer, PID, CV
engine, stereo vision,
telemetry

03 Software

Procurement, BOM management,
04 Logistics budget tracking, scheduling, pool
access coordination

Literature review, trade studies,
05 R&D simulation, new technology
evaluation

Visual identity, documentation
design, sponsorship outreach,
public communication

Marketing and

e Branding
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NAME OF THE INSTITUTE : UNITED INTERNATIONAL UNIVERSITY
SPONSOR : PROJECT IS FULLY FUNDED BY UNITED INTERNATIONAL UNIVERSITY

EXPENSE BREAKDOWN BY ITEM WITH PURCHASED VS. REUSED SPLIT
Purchased Reused
Descripton Qty. Per Unit
Project Cost Budgeted Value Project Cost Budgeted Value

ELECTRONICS

T200 Brushless ROV Thruster 8 $ 139 $ 556 $ 556 $ 556 -
Thruster ESC 35A 8 $ 26 $104 $104 $104 --
Pressure Sensor 2 $59 $ 118 $ 118 -- --

IMX322 Sensor ROV USB Camera 2 $99 $ 198 $ 198 == ==
OAK-D PoE 1 $ 479 $ 479 $ 479 -- --

48V to 12V 30A DC-DC Converter 4 $ 25 $50 $50 $50 --
Holybro Pixhawk 4 Kit 1 $ 143 $ 143 $ 143 - -
Raspberry Pi 5 1 $134 $134 $134 -- --

Power supply 1 $ 64 $ 64 $64 -- --

NVIDIA Jetson Orin Nano (8GB) 1 $ 249 $ 249 $ 249 -- .
Anderson SBS50BLU Connector 4 $13 $ 26 $ 26 $ 26 --
EasySMX D05 Joysticks 2 $ 32 $ 32 $32 $ 32 --
Tether 50 $3 $ 150 $150 -- --

Golg cart voltage reducer 4 $ 50 $ 100 $100 $ 100 --

V-slot aluminum profile 3030 6 $16 $ 96 $ 96 -- --

High Perfomence Acrylic Box 1 $81 $81 $81 -- --
O-ring Gasket set 10 $4 $40 $40 -- --

Buoyancy Materials 10 $13 $ 130 $130 -- --

5 v dc to dc Converter 5 $6 $ 30 $ 30 -- --
Arm Manufacturing 3 $ 125 $ 375 $ 375 == ==
Float Manufacturing 1 $ 611 $ 611 $ 611 -- --

M 10 Connector 16 $12 $ 96 $ 96 $ 96 ==
Props Building 1 $ 400 $ 400 $ 400 -- --

Air Ticket 10 $ 2200 $ 22000 $ 22000 - o=
Accommodation( 12 days ) 10 $2000 $ 20000 $ 20000 -- --

Subtotals $ 46262 $ 46262 $ 832 --
Total Expenses $ 47094 Reused saves $ 832



Reporting period :
Nov 2025 - May 2026

NAME OF THE INSTITUTE : UNITED INTERNATIONAL UNIVERSITY

SPONSOR :PROJECT IS FULLY FUNDED BY UNITED INTERNATIONAL UNIVERSITY

‘ PROJECT COSTING BALANCE SHEET

Date

Type

Category

Description

Qty. Per Unit

Amount

Running
Balance

\ ELECTRONICS

Nov 5,2025 D:::thed Funding From UIU - - $ 2000 $ 2000
Nov 28,2025 Purchased Electronics T200 Brushless ROV Thruster 4 $139 ($556) $ 1444
Nov 28, 2025 Purchased Electronics Thruster ESC 35A 4 $ 26 ($104) $ 1340
Nov 28, 2025 Purchased Electronics Pressure Sensor 2 $59 ($118) $ 1222
Dec 14,2025 Purchased Electronics IMX322 Sensor ROVUSBCamera 2 $99 ($198) $ 1024

Jan 2,2026 Purchased Electronics OAK-D PoE 1 $479 ($479) $ 545

Jan 2,2026 Purchased Electronics 48V - 12V 30A DC-DC Converter 2 $ 25 ($50) $ 495

Jan 8,2026 Purchased Electronics Holybro Pixhawk 4 Kit 1 $143 143 $ 352
Jan10,2026 _ 2N Funding From UIU R $ 2000 $ 2352

Donated

Jan 13,2026 Purchased Electronics Raspberry Pi 5 1 $134 ($134) $ 2218
Jan 13,2026 Purchased Electronics Power supply 1 $64 ($64) $ 2154
Jan 13,2026 Purchased Electronics jetson orin nano 8 gh 1 $249 ($249) $ 1905
Jan 13,2026 Purchased Electronics Anderson 2 $13 ($26) $1879
Jan 19,2026 Purchased Electronics EasySMX D05 Joysticks 1 $ 32 ($32) $ 1847
Jan 25,2026 Purchased Electronics Tether 50 $3 ($150) $1697
Jan 25,2026 Purchased Electronics Golf cart voltage reducer 2 $50 ($100) $ 1597
Jan 28,2026 Purchased Mechanical V-slot aluminum profile 3030 3 $16 ($96) $ 1501
Jan 28,2026 Purchased Mechanical High Perfomence Acrylic Box 1 $81 ($81) $ 1420
Jan 28,2026 Purchased Mechanical O-ring Gasket set 10 $4 ($40) $ 1380
Jan 28,2026 Purchased Mechanical Buoyancy Materials 10 ¢$13 ($130) $ 1250

Feb 5,2026 Purchased Electronics 5 v dc to dc Converter 5 $6 ($30) $ 1220

Feb 5,2026 Purchased Mechanical Arm Manufacturing 3 $125 ($375) $ 845
Feb 10,2026 Purchased Mechanical Float Manufacturing 1 $611 ($611) $ 234
Feb 16,2026 Purchased Mechanical M 10 Connector 8 $12 ($96) $ 138
Feb22,2026 2N Funding From UIU - - $ 2000 $ 2138

Donated
Feb 28,2026 Purchased Hardware Props Building 1 $400 ($400) $1738
May 8,2026 2SN Funding From UIU - - $ 42000  $42738
Donated
Travel Air Ticket 10 $2200 ($22000) $ 21738
Travel Accommodation 10 $2000 ($20000) $1738
Total Fund Raised $ 48000
Total Expenses $ 46262
Final Balance $1738

M United International University, Madani Avenue, Dhaka-1212, Bangladesh uwra.uiu.ac.bd

€) #ROVKraken
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