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

● Life-like parrot robot with realistic body, and easy-to-use controls. 

● Fundamental movements

○ Head tilt

○ Beak open and close

○ Body tilt

○ Tail (and wing) 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



Objectives
Realistic, smooth motion 

● Life-like motions that mimic how a real life parrot would move via solenoids
● 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



All four movements activated

Mouth Open and Close

Tail Up and Down All four movements simultaneously



Operation Modes
Fully-manual live operation

● Push buttons

Partial-manual live operation

● Manual mouth control (button or microphone), with 
automatic asynchronous movement generation  for 
non-mouth movements.

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 Comparison



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



MCU Comparison



Input Output Control Board MCU Chip



Relay Module



Microphone selection (VOX Circuit)

The VOX circuit will work with dynamic microphones, 
because they don’t require phantom power and 
they’re much more affordable than ribbon or 
condenser microphones. 



Power Supplies

● NOTE: We opted for the LRS-350-12 to 
power the figure due to the high 
current draw from the solenoids. 

● The IOCB requires two power bricks for 
positive and negative supply voltages. 
Both supply 12V, 1A, which is more 
than enough for the IOCB and relays. 

● Power brick model: JOVO JVN12V1ABK



Unified Conversational Module Design (UCM)

UCM Goals:
● Listen for speech
● Respond to speech within 3 seconds
● Apply movement to match speech

For this project, the software choice defined the 
hardware choice.



Framework Selection

Chosen Framework: PyTorch



Model Type Selection



Model  Selection (cont.)



Computing Solution Selection



Computing Solution Selection (cont.)

Compute Heavy AI pipeline is run on Desktop 
OpenSSL Server.

Server Specs:
● OS: Ubuntu 22.04.4 LTS x86_64
● CPU: AMD Ryzen 7 PRO 3700 (16) @ 3.6
● GPU: NVIDIA GeForce RTX 3060 Lite 12GB

Jetson Nano is used exclusively for communication 
to IOCB



UCM Communication Protocols
Chosen Protocol For Board-to-Board: UART

● Robot Body Control
● MIC Input
● Audio Output

Chosen Protocol For Inter-module Communication: OpenSSL
● TCP Based Audio Transfer
● Secure
● Fast



Edge-Side Threading



Serve-Side Threading



Switching Power Supply – 12V



Voltage Regulator Circuits

+5V regulator using the VXO7805

-5V regulator using the 7905

+3.3V regulator using the LM1117



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



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



MCU chip connections



MIDI Optocoupler

UART communication 

Controls movements with familiar 
standardized language

Does not require complete 
synchronization between devices

Easily implemented



Reset circuit



Second PCB layout



Final PCB Layout (third layout)



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

● Protects circuit boards

● Support structure

Potential Layout
Final Design



Prototyping
(Pre-Midterm Demo)



Final Prototype



Work Administration table

Work Primary Involvement

PCB design Everyone

Embedded William

Assembly Sarah

Software Paco

Circuitry Kellen

Documentation Everyone

Group Lead William

Everyone was involved 
in every portion 
throughout the process 
of creating CAPER. 



Budget (pg 1 of 2) – mechanical materials not included
Component Model Quantity MSRP Our Costs

+5 volt
  regulator

VXO7805-1000 6 $2.95 each
 

$17.70

-5 volt regulator LM7905CT 6 $1.61 each
 

$9.66

+3.3 volt regulator LM1117T-3.3 5 $1.69 each
 

$8.45

microcontroller MSP430G2553IN20 5 $2.81
 

$14.05

remaining Board 
components

assorted components: 
resistors, capacitors, 
op-amps, etc.

5 boards 
worth of 
materials

N/A
 

~$70

solenoids f190412ae059347 4 $12.25 each
 

$12 (for all 
four)

parrot Figure 
Structural Materials

N/A 1 figure’s 
worth

N/A
 

~$60



Budget (pg 2 of 2) – mechanical materials not included
Nvidia Jetson Nano 900-13448-0020-000 1 $156.88

 
$0 (already 
owned)

relay modules SRD-03VDC-SL-C 2 modules of 
4 relays

$9.99
 

$17.98

microphone MXL LSM-3 1 $79.99
 

$0 (already 
owned)

powered speakers Numark 1 $99.99
 

$10 (used)

12V Power Bricks JOVO JVN12V1ABK 2 $6.19 $12.38

power supply MEAN WELL 
LRS-350-12

1 $31
 

$30

SD memory card EVO
  select 256GB

1 $22.99
 

$0 (already 
owned)

2nd gen PCB fully 
assembled

JLCPCB 5 $135
 

$135

3rd gen blank PCB JLCPCB 5 $17 $17

Goal costs: 
<$1300

Estimated total:
$447.22 
(excluding taxes)



What would we do differently?

Assemble in house

Use more up to date solenoids

Change physical construction of the bird 

to better support weight



Further Enhancements, Next Steps

●  Fine-tune CAPER’s voice so she 

sounds more realistic

● Add sensors to create more 

real-time, life-like interactions, 

such as CAPER moving or speaking 

when she is touched or when she 

sees a person

● A finished body with skin, 

feathers, and all the fixins



Thank You!


