
SENTRY TRACKING 

ATTACK TURRET 
A.K.A STAT PROJECT

SD2 CDR PRESENTATION

DEVAK SHARMA

CHRISTIAN SOLANET
CARLOS GARCIA

NICHOLAS MARTUCCI



MEET THE 

TEAM AND 

REVIEWERS

Christian Solanet

Computer Engineering
Nicholas Martucci

Electrical Engineer

Carlos Garcia

Electrical Engineer
Devak Sharma

Computer Engineering

Dr Wei Sun 

Professer

        

Dr. Suboh Suboh

Assistant Lecturer

Dr. Qifeng Li

Associate

Professor



MOTIVATION/BACKGROUND

• COUNTER ROCKET, ARTILLERY AND 

MISSILE (C-RAM)

• USES SENSORS INTEGRATED WITH AI AND 

LIVE AMMUNITION TO TRACK AND 

PREDICT PATH TO INTERCEPT

• HIGH ENERGY LASER INTERCEPT SYSTEMS SUCH 

AS DRAGONFIRE BY UK AND VARIOUS 

WEAPONS IN US ARMY



GOALS AND OBJECTIVES

Main Goals
• Build Stationary Turret with 

detection with in 120 degree 

area

• Turret Locks on to target 

within 2 seconds of waking 

up

• Access box signals object 

detection

• Hit target with (8in x 8in) 60% 

accuracy

Advanced Goals
• Turret hits target with nerf dart with above 90% accuracy

• Be able to differentiate between friend or foe

Stretch Goals
• Be able to lock on to aerial target from sentry camera data

• Have lock on to target within 1 second of detection

• Be able to hit target in air with 75% accuracy

Main Objectives
• Develop modular two-board 

control 

• Implement dual-camera 

detection with HuskyLens 

integration

• Design custom power 

regulation and actuation 

control PCBs

• Design and fabricate structural 

turret housing using PETG



ENGINEERING SPECIFICATIONS

Parameter Description Target Value/Unit

Sentry Range Detection Sentry cameras must be able to 
detect an object that has entered its 
desired range and create a bounding 
box around said object.

Greater than eight feet

Success Rate of Description This would be the success rate of 

sentry camera detection of 

object along with the turret 

detection and laser diode lock 

on. 

Greater than 90%

Turret Reaction Time The time that it takes the 

turret to wake up, position 

itself towards the object, 

detect the object, and 

determine if it should lock 

onto it must be quick.

Less than or equal to two 

seconds



REGULATOR COMPARISON

TPS Series LM2679x Series LMR604x Series

Layout Design Extremely 

Difficult

Medium Hard

Vin Range 3V - 16V 8V - 40V 3V - 36V

Vout Range .6V to 7V 1.21V - 37V 1V - 20V

Current out max 4A 5A 3A

Package SMD IC Through Hole 

IC

SMD 

Underneath IC



LAUNCHER SELECTION
Brushed DC Motor Brushless Motor Spring Loaded

Commutation: Brushes Electronic

Control: Encoder ESC+PWM Mechanical

Reload Automated Automated Manual

Cost: $ $$ $

2312 980KV 2312SL 1250KV 2316SL 1400KV

Working Voltage: 11.1v – 14.8v 11.1v – 14.8v 11.1v – 14.8v

No Load Current @12V ~1.05A ~1.22A ~1.46A

Peak Current (Start up) ~35A ~45A ~50A

RPM: ~11,760 ~15,000 ~16,800

Cost $24.99 $24.99 $24.99



PAN/TILT ACTUATION SELECTION
Stepper 

Motors

Servo Motors Brush/Brushless 

Motors

Range: Unlimited 180-270 Unlimited

Position: Stepper Driver PWM Encoder

Positional: Open Loop Closed Loop Closed Loop

Cost: $$ $$ $$$

SF 55g TD-8120MG TD-8130MG

Working Voltage: 6V 7.2V 8.4V

No-load Speed .15s/60deg .14s/60deg .22/60deg

Stall Current: ~1.9A ~2.7A ~3.4A

Position Range: 180 degree 270 degree 180 degree

Torque: 15Kg 22.8Kg 27Kg

Cost $11.99 $17.99 $21.99



LASER SELECTION

VLM-650-03 Adafruit 1056 VLM-520-29

Wavelength 650nm (red) 650nm (red) 520nm (green)

Power ~1mW ~5mW ~5mW

Driver Required External Resistor Integrated Driver External Driver

Operating Voltage 2.6v – 5v 2.8v  - 5.2v 7v – 10v

Typical Operating 

Current:

40mA 25mA 100mA

Cost $25 $19 $63



IMU COMPARISON

Option Features Pros Cons

6 DoF Accel and gyro Simpler to 

implement and 

cheap

No magnetometer

9 DoF Accel, Gyro and 

Magnetometer

Better orientation 

and accuracy

Can drift with EMI and 

higher cost

Industrial 

IMU

Lowest noise and 

best stability

Extremely 

accurate

Extremely expensive 

and power hungry

IMU Pro Cons Power Usage Interface Cost

MPU-6050 Cheap and 

available

Older and 

higher drift

Low I2C and some 

SPI

~$6

ISM330DHCX High stability 

and low noise

Expensive Very low I2C and SPI ~$20

LSM6DS3 Power 

efficient, 

widely used

Not as precise Very low I2C and SPI ~$10



MCU SELECTION



SOFTWARE COMPARISON

Feature ESP-IDF Arduino Zephyr

ESP32 Support Yes Yes Yes

RTOS Integration Native FreeRTOS Wrapped FreeRTOS Native Zephyr Kernel

Dual-Core Support Yes Limited Limited

Library Ecosystem Moderate Large Small

Build System CMake Arduino Build System CMake & West

Learning Curve Medium Low High

Deterministic 

Scheduling

Yes Limited Yes

Hardware Driver 

Access (I2C, SPI, 

etc.)

Yes Limited Yes



STATIONARY 

CAMERA 

COMPARISON

Features Arducam 

Mega 3MP

Arducam 

Mega 5MP

OV2640 OV5640 HuskyLen

s

Interface SPI SPI DVP DVP UART/I2C

Max 

Resolution

2048x1536 2592x1944 1600x1200 2592x1944 1600x1200

Frame 

Rate

15fps at 

full 

resolution, 

scalable

Slower at 

full 

resolution, 

scalable

15fps at 

UXGA. 

30fps at 

SVGA

30fps at 

1080p, 

60fps at 

720p

30fps, not 

scalable

Power 185mW-

585mW

182mW-

650mW

125mW-

140mW

18mW-

294mW

1.06W-

1.15W

ESP32-S3 

Multi-Cam 

Support

Yes Yes No No Yes

Features Autofocus, 

IR cut filter, 

JPEG 

compressi

on

Same as 

Arducam 

3MP

Blob 

detection 

friendly

Autofocus, 

image 

compressi

on

Built-in AI 

models

Cost ~$35 ~$35-40 ~$5 ~$15-20 ~$50-60



SOFTWARE – COLOR DETECTION ALGORITHM 

COMPARISON
Feature YOLOv5-N (r6.1) Faster R-CNN Color-Based Blob 

Detection

Algorithm Type
Single-Stage Detector Two-Stage Detector Classical

Detection Method
CNN Region Proposal Network 

and CNN
Pixel color thresholding 
and flood fill

Accuracy (mAP) 28.0% > 70% N/A

FLOPs (Billion) 4.5 ~8-9 ~0.002

Maximum Resolution
640x640 No maximum No maximum

Computational Cost
Medium (Runs on CPU 
and GPU)

High (Runs mostly on 
GPU)

Low (Runs solely on 
CPU)

Model Size
7.2 MB 12.6MB (MobileNet) Tens of Kilobytes

Training Requirement
Requires labeled dataset 
and training

Requires labeled dataset 
and training

No training required

Effect from external 
lighting / 

background

Low Low High

Implementation 
Complexity

Moderate High Simple



SOFTWARE – AI CAMERA COMPARISON

Feature OAK-D Arduino Nicla Vision HuskyLens AI Machine 
Vision Sensor

AI Image Resolution 300x300, 416x416, 640x640 96x96, 128x128, 224x224 320x240

Depth Sensing Yes Yes No

DFOV 81° 80° 70°

FPS ~20-30 ~5-15 ~30

AI Algorithms

Object detection, Facial 
recognition, Semantic 
segmentation, Pose 
estimation, Depth-based 
3D localization, Gesture & 
hand tracking

Image classification, Simple 
object detection, Color or 
motion detection, Gesture 
recognition

Facial recognition, Object 
tracking, Color recognition, 
Line tracking, Object 
classification

Onboard Memory 8GB flash, 1GB RAM 2MB flash, 1MB RAM 8MB flash, 6MB RAM

Additional Peripherals 9-Axis IMU, Stereo 
depth perception,

6-Axis IMU, Time of Flight 
sensor, Microphone

2’ IPS display, pre-
programmed modes

Output

Image frames, depth maps, 
bounding boxes, labels, 
confidence scores, 3D 
coordinates, IMU data

Image frames, IMU data, 
bounding boxes, labels, 
confidence scores

Bounding boxes, labels, 
confidence scores

Price $299 $80 $54



SOFTWARE – PROGRAM LANGUAGE COMPARISON

Feature C C++ Python

Speed Highest High Low

Memory Usage Lowest Low High

Hardware Control Direct register level control Direct register level control
Uses hardware APIs and 
libraries

Ease of Use Low Medium High

Development Speed Low Medium High



HARDWARE DIAGRAM

• TWO-BOARDS SEPARATING SAFETY/CONTROL 

FROM ACTUATION

• HARDWARE E-STOP DISABLES 12V 

ACTUATION RAIL

• DEDICATED REGULATORS FOR SERVOS



PCB DESIGN -

REGULATORS

• CHANGE RESISTOR TO PRODUCE DIFFERENT 

OUTPUTS

• 5A REGULATOR BUT FINDING A SMALL 33UH 

INDUCTOR WAS DIFFICULT, ENDED UP WITH 3A 

INDUCTOR

• BULK CAPACITORS MEANT FOR LARGE NOISE 

REDUCTION

• 47UF AND 1UF MEANT TO HELP LOWER ESR TOTAL 

FROM BULK CAPS

• TIGHT REGOUT LOOP NEEDED

• SLIGHTLY HIGHER OUTPUT TO HELP WITH POWER 

LOSS



PCB DESIGN -ACCESS BOX

Status LED

Buzzers

3.3V and 

5V reg

Switches

ESP32

Data/Power out



TURRET PCB DESIGN

• • HIGH-CURRENT MOTOR PHASE WIRING KEPT 

OFF-BOARD; PCB CARRIES ONLY LOW-

CURRENT CONTROL SIGNALS

• • MOSFET-DRIVEN INDUCTIVE LOADS WITH 

FLYBACK DIODE PROTECTION

• • PHYSICAL SEPARATION OF HIGH-CURRENT 

AND LOW-SIGNAL ROUTING REGIONS

• • DECOUPLING CAPACITORS PLACED AT 

REGULATED RAILS AND MCU SUPPLY PINS



SOFTWARE – BASIC SYSTEM FLOW



SOFTWARE – STATIONARY CAMERA CONTROL FLOW



SOFTWARE 
– OUTER 
LOOP 



SOFTWARE – 

INNER LOOP



SOFTWARE – STATE MACHINE



TURRET DESIGN/PROTOTYPE

• DESIGN GOALS:

• DUAL COUNTER-ROTATING FLYWHEELS ACCELERATE 

DART

• ADJUSTABLE FLYWHEEL COMPRESSION

• SOLENOID-DRIVEN DART INSERTION

• GUIDED DART CHANNEL FOR ALIGNMENT

• INTEGRATED MOUNTING STRUCTURE

• 3:1 TILT GEAR FOR INCREASED TORQUE



REGULATOR 

TESTING



ACCESS BOX TESTING

• NO TESTING ON BOARD AS OF YET

• CARLOS HAS CONFIRMED ESP32 

REPROGRAMMING CIRCUIT WORKS 

ON TURRET PCB, SAME DESIGN IS 

ON ACCESS BOX.

• BUZZER CIRCUIT WORKS ON 

BREADBOARD

• SWITCHES WILL BE SOLDERED THEN 

GLUED TO STAY IN PLACE



SOFTWARE TESTING

• To test the software, a simple python script 

was used to read the camera data as it was 

sent to main MCU.

• The stationary cameras successfully take 

photos and add bounding boxes around 

potential threat objects.

• Bounding box data is packaged and sent 

over to the main MCU.

• The total time from begin image capture to 

sending bounding box data at 320x320 

resolution meets expectations.



BUDGET

Subsystem Part Name Quantity Price Per [$] Total

Hardware Microcontroller 1 $5.06 $5.06

Hardware BLDC Motor 2 $24.99 $57.26

Hardware High Torque Servo 3 $17.99 $53.97

Hardware
Electronic Speed 
Controller 2 $24.00 $48.00

All IMU 1 $12.95 $12.95

Hardware LEDs 1 $7.10 $7.10

Hardware Buzzer 1 $0.54 $0.54

Hardware Laser Diode 1 $18.95 $18.95

Hardware SG90 Servo 1 $3.62 $3.62

Hardware
PSU (Mean-Well 600 
12v) 1 $80.60 $80.60

Hardware Emergency Button 1 $5.90 $5.90

Hardware 5V Regulator 1 $0.44 $0.44

Hardware
Mechanical Misc 
(bearings,springs) 1 $131.00 $131.00

Hardware 3.3V Regulator 1 $0.44 $0.44

Hardware PLA Filament 1 $17.99 $17.99

Software Husky Lens 1 $54.90 $54.90

Software Cameras (OV5640) 2 $11.99 $24

Hardware PCBs 3 $150.00

All 20% Cost Buffer 1 $120.15 $120.15

Total $1020.85



WORK DISTRIBUTION
Engineers Responsibilities

Electrical

Nicholas Martucci • PCB design of power system and access box 
controls 

• Modeling/building access box
• Administrative work
• Project lead

Carlos Garcia • PCB design of turret
• Modeling of 3D printed turret
• 3D printing turret and mounts for cameras, sensors, 

laser, and solenoid

Computer

Christian Solanet • Software design for secondary MCU
• Blob Detection Algorithm
• Implementing two Arducam 3MP SPI cameras for 

rough tracking
• Implementation of peripherals on the access box

Devak Sharma • Software design for primary MCU
• Implementation of double-axis PID controller and 

HuskyLens AI Vision Sensor with IMU for stable 
tracking

• Tracking algorithm
• Motor control



PROJECT PROGRESS



PLAN FOR THE FUTURE

• TARGETS WILL GO FROM STATIONARY -> MOVING STRAIGHT AT US -> MOVING PARALLEL TO 

TURRET -> THEN AERIAL

• FINISH SOLDERING OF PCB AND START FINAL INTEGRATION TESTING

• START TESTING ACCURACY AND TIMING FOR TRACKING

• START ON FRIEND OR FOE DETECTION
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