
C.A.P.E.R.
Critical Design 

Review
Group 12:

William Genevrino, Kellen Danielsen, 
Paco-Jaleel Balthazar, Sarah Tse



MEET THE TEAM!

Paco-Jaleel Balthazar

Computer Engineering

Kellen Danielsen

Electrical Engineering

Sarah Tse

Electrical Engineering

William Genevrino

Electrical Engineering



Project Description
● C.A.P.E.R. → Compact Animated Parrot with Enhanced Responsiveness

● Life-like parrot robot with base & realistic body

● Fundamental movements

○ Head tilt

○ Beak open and close

○ Body tilt

○ Wing and tail flap

● Voice response

○ AI generated responses

○ Voice detection



Motivation?

● Current robots and animatronics costs tens of thousands of dollars to produce and 

maintain

● Vast majority of smaller companies are not able to utilize robots for additional 

entertainment

● Most are massive (human size or larger!), so they are typically bolted to one spot and are 

unable to be moved

● Many entertainment robots are not responsive and are only there for aesthetics 



Goals

● Ultimately, to create an affordable and portable entertainment robot that has smooth 
movement and conversational capabilities

● Affordability in comparison to existing entertainment robots and animatronics
● Ease of use
● Accessibility 
● Quick response time
● Stretch goals:

○ Touch sensor implementation for more lifelike interactions 
○ Increased sensitivity to surroundings for more realistic reactions and movements



Objectives
Realistic, smooth motion 

● Life-like motions that mimic how a real life parrot would move via servo motors
● High quality human interaction
● Pre-recorded motion; both AI response and manual push button options available

Voice activation and speech detection

● Speech detection activates AI generated voice response
● Ability to carry a human conversation



Specifications



Prototype Skeleton Design Materials: 
Wood → internal frame
Solenoids → movement capability
Foam, rubber tubing, metal rods → 
internal shaping framework





All four movements activated



Resting vs Activated Wing Position



Operation Modes
Fully-manual live operation

● Push buttons

Partial-manual live operation

● Microphone control

Pre-recorded sequence operation

● External playback device; digital audio workstation (DAW)

● Synchronized audio and movements

Unified conversation operation

● Detect human speech and respond synthetically 





IOCB
Input/Output and control board

● Microprocessor – MSP430G2553
● UART input stream processing
● Power supply for digital pins
● Peripheral circuits

○ Push buttons
○ Mode selector switch
○ MIDI optocoupler
○ Headers for external debugging
○ Power supply/regulators
○ VOX Circuit





IOCB software

1. Define the “char” variables 
2. Implicitly declare 
3. Run the external “setUp()” function. 
4. Define the four push-button input pins 
5. Define the selector switch input pin 
6. Set up the four outputs 
7. Enable the global interruptsInputs

● Mouth Pulse Stream 
● Head Pulse Stream
● Body Pulse Stream
● Wings and Tail Pulse Stream
● UART MIDI Datastream
● Selector Switch Pulse Stream

Outputs
● Mouth Output Pulse Stream 
● Head Output Pulse Stream
● Body Output Pulse Stream
● Wings and Tail Output Pulse Stream



Port 1 Interrupt Function

Port 2 Interrupt Function



UART Interrupt Function: Pre-Recorded Sequences and Fully Live Operation

Message Action

0x9# 0x3C 0x## MOUTH OPEN

0x8# 0x3C 0x## MOUTH CLOSE

0x9# 0x3E 0x## HEAD DOWN

0x8# 0x3E 0x## HEAD UP

0x9# 0x40 0x## BODY DOWN

0x8# 0x40 0x## BODY UPRIGHT

0x9# 0x41 0x## TAIL UP

0x8# 0x41 0x## TAIL DOWN

Complete MIDI Messages and 
Corresponding Movements

 Process within the UART (MIDI) Function



Motion systems



Motion Systems

Solenoids → Gives CAPER the capability to move

● Self contained

● Suitable for outdoor use

● On/off switch for controllability 

● Power of approximately 18W each

● 100g mass a piece

● Spring loaded



Input Output Control Board



Hardware selection



Hardware selection



Microphone selection



Power supply



Communication protocols



Board selection



Software selection



Software selection



Software selection



Software selection



MCU chip connections



Ham Radio VOX Circuit
Voice activated switch for hands free mouth actuator movement and voice response board voice detection.



Voltage Regulator Circuits

+5V regulator using the VXO7805

-5V regulator using the 7905

+3.3V regulator using the LM1117



MIDI Optocoupler

UART communication 

Controls movements with familiar 
standardized language

Does not require complete synchronization 
between devices

Easily implemented



UART optocoupler circuit



Reset circuit



Switching Power Supply – 12V



Voltage Regulator 
Capacitor Values

Chip Input Shunt Capacitor Output Shunt Capacitor

LM1117T-3.3 10uF 10uF

VXO7805 10uF 22uF

7905 2.2uF 1uF

● Provides voltages for the MCU and IOCB peripherals

● Multiple circuits used to prevent overheating from current

● Powered directly from the 12V power supply



First PCB layout



Chassis Layout
● Stores the IOCB, VRB, actuator relays, and DC power supply in one location

● Protects circuit boards

● Support structure
Potential Layout



UCM – Unified Conversational Module

Conversation is enabled via mode select and allows CAPER to respond to user speech while 

moving according to features of response audio.

Two main parts:

● Edge – VRB

● Cloud – Server  



Voice Response Board

NVIDIA Jetson Nano

● Superior processing speed

● Greater I/O bandwidth

● IO Pins which allow for dynamic interaction with the other boards



Edge VRB Software

Function:

● Communicate via a socket to a linux server running the AI system in real time

● Create movement commands for CAPER based on the mel spectrogram of the received 

audio

The main objective of the software is to allow the VRB to detect audio, send audio to cloud, 

and receive audio back to broadcast via while also creating movement commands.





Cloud Server Software

Pipeline with three AI systems:

● Whisper Small | User Speech -> Text

● Mistral 7B Instruct 4-bit | Text -> Response Text

● SpeedySpeech | Response Text -> Response Audio

Talks to the VRB via a websocket receives User Speech and responds with Response Audio



Prototyping



Work Administration table
Task Primary Secondary

AI implementation Paco Kellen

Embedded systems Billy Sarah

Circuits Billy Kellen

PCB Design Kellen Paco

Documentation Sarah Everyone

Organization Sarah Kellen

Construction Sarah

Project Lead Billy



Current Progression

Completed circuits

Completed PCB design

Frame built

MIDI tested and functioning

Server Software nearly complete

VRB Software nearly complete

VOX circuit update in progress



Milestone Chart
Progress Percentage Visual Representation

Research 90 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Design 85 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Parts 
Acquisition

50 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Software 60 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Testing 70 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Overall 60 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII



Remaining Tasks

Order PCB Design

Complete and test code

Transfer code on boards

Putting all the hardware together

Building the shell of the parrot



Budget (pg 1 of 2) – mechanical materials not included
Progress Percentage Quanitity Unit Costs

volt
  regulator

LM7805CT 1 $1.87
 

volt regulator LM7905CT 1 $1.61
 

volt regulator LM1117T-ADJ 1 $1.19
 

microcontroller MSP430G2553IN20 1 $2.81
 

optoisolator H11L1SMIS-ND 1 $1.04
 

op amps LF351DT 2 $1.06
 

Solenoids f190412ae059347 4 $12.25
 



Budget (pg 2 of 2) – mechanical materials not included
8x8
  wooden block base

N/A 1 $12.50
 

Nvidia Jetson Nano 900-13448-0020-000 1 $156.88
 

relay modules SRD-03VDC-SL-C 1 $9.99
 

microphone SL
  84C

1 $14.90
 

speakers DS6500M 1 $36.99
 

amplifier LP-2020AD 1 $30.00
 

power supply LRS-150-12 1 $16.00
 

SD memory card EVO
  select 256GB

1 $22.99
 

wifi adapter N150 1 $10.99
 



Questions?


