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Remote Control Remote Monitor Cat Toy 
 

Project Overview 
​ The remote monitor and remote control cat toy project primarily aims to allow a user who is 
anywhere to use the internet to connect to a camera in their home, and operate a small mouse robot. 
The purpose is to provide novel engagement for both the pet and operator. This idea is built on with the 
concept of autonomous play, mouse and cat tracking and mouse motion that entertains the cat as well. 
In summary, the desired experience for the user is a video featuring a high vantage point perspective of 
the room and controls to operate a robot that a cat will chase. The scope of the project encompasses live 
camera feed design, small robotics design, and object detection & tracking.  
Individual Contributions 
​ I worked primarily in the networking, CAD, editorial, and brainstorming sections of the project. 
Some of my largest contributions were the 3d printed robot enclosure, design expo poster, video 
streaming code, and core ideation surrounding the technologies and systems utilized. First, I developed 
and refined the robot enclosure to accommodate the motors, PCB, battery, wheels, and wires of the 
design [Appendix A]. I oversaw the assembly of the robot and the production of the PLA plastic parts. 
Quickly adapting and remanufacturing this critical component allowed other team members to focus on 
autonomous mode and refined electronics, enabling the robot to finally move for tracking and 
autonomous tests. Second, I designed the poster, which allowed us to attend the design expo and 
communicate our project [Appendix B]. I developed the video streaming code with the ability to send 
controls in the first two weeks of the project, serving as a proof of concept for the feasibility of the 
entire project, and later refined the networking capabilities to achieve lower latency and more 
entertaining control of the mouse overall [Appendix C]. Lastly in miscellaneous scope, I developed 
preliminary schematics utilizing the ESP32 SoC to drive H bridge connected motors[Appendix D],  
exploring the challenges of the embedded design. I also developed a Python library to interact with the 
mouse over BLE,  as a plug and play component to aid autonomous development [Appendix E]. Lastly, I 
contributed to various editorial tasks like making graphics, slides, and assorted visual aids [Appendix F]. 
Knowledge Applied & Acquired 
​ Throughout the project I leveraged my knowledge acquired in Computer Networks, Electronic 
Applications, and Design Fundamentals to produce highly functional video streaming, documentation, 
and designs. I gained new knowledge by researching needed context in academic journals and 
datasheets, in conjunction with hands-on experience messing around with CAD tools like OnShape. 
During the project I read lots of documentation and RFC documents [Appendix G] in order to understand 
the WebRTC protocol suite as well. 
Team & Project Impact 
​ Me and my team were able to successfully demonstrate remote monitoring and control for cat 
entertainment. This is due in part to the contributions from the hardware design roles which allowed 
my work to be precise and accurate when modeling and developing communication libraries. I also 
initially proposed some of our design choices, such as using an ESP32 SoC, WebRTC, 20mm DC motors 
with gearboxes, and Python. 
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Artifact Summary 
 

Page # Appendix # Summary 

3 A Various iterations of the mouse enclosure which I developed and 3d 
printed.  

4 B Poster with contributions made by other teammates omitted for clarity. 

5 C The code I developed for streaming video over the internet securely. 

8 D A preliminary schematic of the design of the robot hardware. 

9 E Mouse.py - A Python library for controlling and interacting with the 
mouse.  

14 F Assorted graphics and visual aids. Includes:  

17 G Various citations to RFC documents that explain the workings of 
WebRTC and underlying mechanisms. 
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Appendix A 
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Appendix B 
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Python

Appendix C 
 

import asyncio 
import json 
import logging 
import numpy as np 
import cv2 
import av 
from aiohttp import web 
from aiortc import RTCPeerConnection, RTCSessionDescription, VideoStreamTrack, RTCStatsReport 
 
logging.basicConfig(level=logging.INFO) 
 
ROOMS = {} 
 
#resolution = (720, 480) 
 
resolution = (1280, 720) 
 
class CameraVideoTrack(VideoStreamTrack): 
    """ 
    A VideoStreamTrack that pulls frames from a local OpenCV capture device. 
    """ 
    def __init__(self, device=0): 
        super().__init__() 
        self.cap = cv2.VideoCapture(0) 
        self.cap.set(cv2.CAP_PROP_FRAME_WIDTH, resolution[0]) 
        self.cap.set(cv2.CAP_PROP_FRAME_HEIGHT, resolution[1]) 
 
 
    async def recv(self): 
        pts, time_base = await self.next_timestamp() 
 
        ret, frame = self.cap.read() 
        if not ret: 
            # if capture fails, return a black frame 
            print("failed to read camera") 
            w,h  = resolution 
            frame = (0 * np.ones((h, w, 3), dtype='uint8')) 
 
        # convert BGR (OpenCV) to RGB for av 
        frame_rgb = cv2.cvtColor(frame, cv2.COLOR_BGR2RGB) 
        video_frame = av.VideoFrame.from_ndarray(frame_rgb, format="rgb24") 
        video_frame.pts = pts 
        video_frame.time_base = time_base 
        return video_frame 
 
 
async def offer(request): 
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    try: 
        params = await request.json() 
    except Exception: 
        body = await request.text() 
        print("Failed to parse JSON body:", body) 
        raise 
 
    if "sdp" not in params or "type" not in params: 
        return web.json_response({"error": "Invalid offer"}, status=400) 
 
    offer = RTCSessionDescription(sdp=params["sdp"], type=params["type"]) 
    pc = RTCPeerConnection() 
    print("Created PeerConnection") 
 
    pc.addTrack(CameraVideoTrack()) 
 
    @pc.on("datachannel") 
    async def on_datachannel(channel): 
        print("DataChannel created:", channel.label) 
 
        @channel.on("message") 
        async def on_message(message): 
            stats = await pc.getStats() 
            for stat in stats.values(): 
                if stat.type == "remote-inbound-rtp": 
                    # Only care about roundTripTime if it exists 
                    rtt = getattr(stat, "roundTripTime", None) 
                    if rtt is not None: 
                        print(f"Round Trip Time: {rtt} seconds") 
            # message will be JSON like {"x":123,"y":456} 
            print("Touch data:", message) 
     
 
    @pc.on("connectionstatechange") 
    async def on_state_change(): 
        print("Connection state:", pc.connectionState) 
        if pc.connectionState == "failed": 
            await pc.close() 
 
    await pc.setRemoteDescription(offer) 
    answer = await pc.createAnswer() 
    await pc.setLocalDescription(answer) 
 
    return web.json_response( 
        {"sdp": pc.localDescription.sdp, "type": pc.localDescription.type} 
    ) 
async def index(request): 
    return web.FileResponse("public/index.html") 
 
def run_server(): 
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    app = web.Application() 
    app.router.add_get("/", index) 
    app.router.add_post("/offer", offer) 
    app.router.add_static("/static/", path="public", name="static") 
 
    web.run_app(app, host="0.0.0.0", port=8000) 
 
 
 
if __name__ == "__main__": 
     
    #run_server() 
    import random 
    import time 
    import threading 
    from Simulation import * 
 
    simulation = Simulation("livingroom.jpg", (1280, 720)) 
 
    def random_inputs(): 
        """Run in background thread, feed random positions every 0.5 s.""" 
        while True: 
            x = random.randint(0, 1280) 
            y = random.randint(0, 720) 
            simulation.update(x, y) 
            time.sleep(0.5) 
 
    # Start input thread 
    threading.Thread(target=random_inputs, daemon=True).start() 
 
    # Start Tkinter safely in main thread 
    simulation.start() 
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Appendix D 
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Python

Appendix E 
 

import asyncio 
import threading 
import time 
import math 
from bleak import BleakClient, BleakScanner 
 
# usage: 
# global variable: mouse = Mouse() 
# when data channel created: mouse.connect() - this will block the thread and return bool 
# when valid data is recieved: mouse.drive(joystick coords) 
# send joystick data even when user not touching it so the mouse naturally slows down 
# this is important for accidental disconnects 
# addtionally we need to add a button to connect and disconnect from the mouse on the site 
# automatically disconnect when the datachannel is closed 
 
 
 
 
 
 
# ~40% transmission rate boost 
USE_ACK = False 
OFF_STATE = b'\x00' 
 
#class to smooth out controller inputs and prevent device damage 
class SlewLimiter2D: 
    def __init__(self, max_rate): 
        """ 
        max_rate: max change per second in vector magnitude 
        """ 
        self.max_rate = max_rate 
        self.x = 0.0 
        self.y = 0.0 
        self.last_time = time.time() 
 
    def update(self, target_x, target_y): 
        now = time.time() 
        dt = now - self.last_time 
        self.last_time = now 
 
        # desired change 
        dx = target_x - self.x 
        dy = target_y - self.y 
 
        dist = math.sqrt(dx*dx + dy*dy) 
        max_step = self.max_rate * dt 
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        if dist > max_step and dist > 0: 
            scale = max_step / dist 
            dx *= scale 
            dy *= scale 
 
        self.x += dx 
        self.y += dy 
 
        return self.x, self.y 
     
#important to stop moving if we disconnect 
class MotionFallback: 
    def __init__(self, frequency, threshold): 
        self.last_time = time.time() 
        self.f = frequency 
        self.t = threshold 
        self.started = False 
 
    def start(self): 
        self.started = True 
        self.last_time = time.time() 
 
    def should_turn_off_mouse(self): 
        if self.started: 
            if time.time() > self.last_time + self.t: 
                print("Control data halted, falling back into off state") 
                return True 
            else: 
                return False 
 
 
 
     
# mouse class 
class Mouse: 
    #hardcoded parameters 
    def __init__(self): 
        self.max_roc = .2 
        self.device_name = "ToyESP32" 
        self.watchdog_frequency = 5 # Hz 
        self.uart_uuid = "6e400002-b5a3-f393-e0a9-e50e24dcca9e" 
        self.fallback_timeout = 2 # S 
 
        self.limiter = SlewLimiter2D(self.max_roc) 
 
        self.fallback = MotionFallback(self.watchdog_frequency, self.fallback_timeout) 
 
        self.loop = asyncio.new_event_loop() 
        self.thread = threading.Thread(target=self._run_loop, daemon=True) 
        self.thread.start() 

10 



 
        self.client = None 
        self.address = None 
 
    def _run_loop(self): 
        asyncio.set_event_loop(self.loop) 
        self.loop.run_forever() 
 
    # ----------- ASYNC ----------- 
 
    async def _find_device(self): 
        devices = await BleakScanner.discover() 
        for d in devices: 
            if d.name and self.device_name in d.name: 
                return d.address 
        return None 
 
    async def _connect_async(self, retry = True): 
        addr = await self._find_device() 
 
        if self.client and self.client.is_connected: 
            print("Already connected") 
            return 
 
        if addr is None: 
            print("Device not found, sending fallback disconnect packet") 
            await self._send_disconnect_packet() 
            if retry: 
                self._connect_async(False) 
            return False 
 
        self.address = addr 
        self.client = BleakClient(self.address) 
        await self.client.connect() 
        # turn mouse off 
        await self.client.write_gatt_char(self.uart_uuid, OFF_STATE) 
        return True 
 
    async def _send_disconnect_packet(self): 
        try: 
            if self.client and self.client.is_connected: 
                await self.client.write_gatt_char(self.uart_uuid, OFF_STATE) 
                await self.client.disconnect() 
        except Exception as e: 
            print("Fallback disconnect failed:", e) 
 
    async def _write_async(self, data: bytes): 
        await self.client.write_gatt_char(self.uart_uuid, data, response = USE_ACK) 
 
    async def _disconnect_async(self): 
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        if self.client: 
            await self.client.disconnect() 
 
 
    # ----------- BLOCKING ----------- 
    # call these from other threads 
 
    def connect(self): 
        future = asyncio.run_coroutine_threadsafe( 
            self._connect_async(), self.loop 
        ) 
        return future.result() 
 
    def write(self, data: bytes): 
        if self.client and self.client.is_connected: 
            future = asyncio.run_coroutine_threadsafe( 
                self._write_async(data), self.loop 
            ) 
            try: 
                result = future.result() 
            except OSError as e: 
                print("The ble write timed out! Reconnecting...") 
                self.connect() 
            return 
        else: 
            print("Mouse is not connected") 
     
 
    def disconnect(self): 
        future = asyncio.run_coroutine_threadsafe( 
            self._disconnect_async(), self.loop 
        ) 
        return future.result() 
 
    def drive(self, joy_x, joy_y): 
        # slew limiter 
        x, y = self.limiter.update(joy_x, joy_y) 
 
        # curve 
        y = y 
        x = x **3 
 
        # arcade drive 
        l = y + x  
        r = y - x 
 
        # normalize 
        m = max(abs(l), abs(r), 1.0) 
        l = l / m 
        r = r / m 
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        # convert to command 
        cmd = 0 
        cmd |= (int(l * 7) & 0b111) 
        cmd |= (int(r * 7) & 0b111) << 4 
        cmd |= (1 if l < 0 else 0) << 3 
        cmd |= (1 if r < 0 else 0) << 7 
 
        # send over ble 
        print(f"[=={bin(cmd)}==]") 
        self.write(bytes([cmd])) 
 
# demo program - for led toggling firmware 
if __name__ == "__main__": 
    ble = Mouse() 
    f = 15 # Hz 
    ble.connect() 
    for i in range(300): 
        time.sleep(1/f) 
        if i % 2 == 0: 
            ble.write(b'1') 
        else: 
            ble.write(b'0') 
    ble.disconnect() 
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Appendix F 
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Appendix G 
 
 
 
 
 
IETF, “Overview: Real-Time Protocols for Browser-Based Applications,” RFC 8825, Jan. 2021. 
IETF, “JavaScript Session Establishment Protocol (JSEP),” RFC 8829, Jan. 2021. 
IETF, “WebRTC Security Architecture,” RFC 8827, Jan. 2021. 
IETF, “RTP: A Transport Protocol for Real-Time Applications,” RFC 3550, Jul. 2003. 
IETF, “The Secure Real-time Transport Protocol (SRTP),” RFC 3711, Mar. 2004. 
IETF, “DTLS Extension to Establish Keys for SRTP,” RFC 5764, May 2010. 
IETF, “Media Transport and Use of RTP in WebRTC,” RFC 8834, Jan. 2021. 
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