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Executive Summary 
 

This design specification document describes the design details of the smart baby cradle prototype. The final 

smart baby cradle product will also follow this design document but the electronic components will be changed 

to more effective and integrated devices. In this document, all the designs will consider the customer and safety 

requirements that were mentioned in the functional specification. The requirement labels in this document 

corresponds to the functional specification requirement labels. 

The design specification covers the four critical design aspects of the smart baby cradle: motor, speaker/mic, 

webcam and mobile toy. The Android application design will also be mentioned. The stepper motor controls the 

movement of the cradle, including the swing angle and speed. The motor is driving by the microcontroller 

combined with a stepper motor drive which provides power and signal to the motor. The speaker/mic provide 

the communication between the baby and the system (or parents in other word). Both of them are powered and 

controlled by the microcontroller. The webcam provides visual feature to the system. The webcam is driven by 

the microcontroller combined with a module shield which can adjust the resolution and delay of the video 

signal. The mobile toy is another main feature that can help parent to comfort the baby. It is powered by 

external cable and its switch is controlled by the microcontroller with a relay on it.  

The mechanical design will also be mentioned during each component design details. The motor has two design 

options. It can connect to the cradle directly or with the belt. The speaker/mic are attached to the cradle body 

near to the head of the baby. The webcam is set up at the side of cradle and face to the baby in order to record 

the whole cradle bed. The mobile toy is attached to the cradle body and is visible to the baby. The 

microcontroller and other module shields are set on a flat stage under the cradle. 

In this document, the selection of each component that meet the requirements will be stated during each 

design sections as well. 

Fortunately, the process follows the company’s original schedule and the prototype product can be finished 

before the demonstration date. 
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 Introduction 
 

1.1 Purpose 

The Smart Baby Cradle is a complete system, which provides instant wireless remote to monitoring 

and comforting the baby. Through Android smart phone, parents is capable to control the whole 

system, including rocking the bed, speaking to baby, turning on the toy and seeing the baby. This 

document will demonstrate the requirements and design specification, as proposed by Baby Rock. 

1.2 Scope 

This document will describe the requirement the Smart Baby Cradle has to obtain with the detailed 

design content as the reason how the company make the project achieve all functions. It explains 

design of overview system, the cradle mechanics, microcontroller, motors, webcam, speaker, 

microphone, Wi-Fi connection, and mobile toy specifically. Furthermore, requirements listed in this 

document will be used ad guidelines for the design, development, and testing for the Smart Baby 

Cradle to ensure safety and reliability. 

1.3 Intended Audience 

The intended audience are designed to be all members of Baby Rock. The team will refer to this 

document as overall design goals through development. Justifying any design decisions, creating 

template for future modification and upgrades, and quality assurance have to follow this document 

as reference. 

 

 System Overview 

2.1 Overall description 

The system contains a microcontroller, Arduino Uno board which controls all five components: 

Microphone, Motor, Speaker, Mobile Toy and Webcam (Figure 1). The microphone receives baby’s 

crying and sends signal to microcontroller to activate the whole system. After the signal is received, 

parents will be notified through android phone with Wi-Fi module connection between the 

microcontroller and smart phone. Parents should be able to control all functions: playing relaxing 

music through speaker, turning on the mobile toy to distract the baby, rocking the cradle, also most 

importantly monitoring the baby continuously through webcam with their android application on 

phone. The system will be in initial position without operation, with the cradle bed parallel to the 

ground. 
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Figure 1: The overall system connection 
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2.2 Customer Requirements 

The requirements listed below are the critical ones to the whole system. In order to meet [R0.01-I] 

and [R0.02-I], an ESP 8266 serial to Wi-Fi 2.4GHz module was selected for all design phases of 

system for its simplicity of use, well encapsulated library and low power consumption compared to 

the Arduino Wi-Fi Shield. Equipped with external pins, it can be connected to the Arduino Uno via 

jumper wires or soldering board together and it is also an SMT (Surface Mount Technology), suitable 

for PCB designs in the product phase. Both mobile toy and Arduino Uno need external AC power 

supply to operate, that meets [R0.04-I].  Furthermore, all electric and electronic components are 

covered and located below the cradle bed by nontoxic material to avoid baby’s touch to satisfy 

[R3.01-I], [R3.02-I], [R3.08-I], [R3.09-I], [R3.10-I], [R3.12-I], and [R3.13-I]. 

 

 Motor and Motor Driver Design 

3.1 Motor Driver 

 
Figure 2: The motor driver for the Arduino 
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Figure 3: Motor Driver mounted to Arduino and connected to Motors 

 

The motor driver that is used for the project. It is mounted to the microcontroller as shown in the 

above image. The Tangled green, yellow, Red and White wires, seen connected to the square metal 

motor will be the port being used to control the rotation of the stepper motor. 

3.2  Motor 

𝜏 = 𝐹 ∗ 𝐷 ∗ sin ∅ 

 

D is the Center of Mass; assuming the center of mass is at the very edge of the bottom of the crib, 

and the maximum weight of the crib + baby to around 20 kg. The distance to the bottom is around 

22 cm.  For the prototype we are using a weaker motor. The Figure 4 describes the motor equation 

[1]. 
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Figure 4: Method used to calculate torque 

The Maximum torque required would be when ∅ is 90o. 

 

𝜏 = 𝐹 ∗ 𝐷 

𝜏 = 20 ∗ 9.8 ∗ 0.22 

𝜏 = 43.12 𝑁𝑚 

 

Our system requires a motor that can handle a minimum of 43.12 Nm in the final product. 

The motor will meet the following requirement that was set in the Functional Specifications: 

[R0.13-I] [R0.14-II] [R0.15-I] [R1.05-II] [R0.16-I].  

 

It does not meet [R0.17-II] due to the motor being operational at 3 V DC not 24 V DC. 

If the motor was directly attach to the cradle to rock the cradle. Since the motor has 400 steps, IT 

will reach a maximum of 34 steps which is equivalent to 30o ([R0.09-I]) in either direction from 

starting position. The maximum speed the motor will step up by is 34 steps per second in order to 

meet [R0.12-I] (30 rocks per minute).  Otherwise if the motor is not strong enough we can use a 

belt to increase the strength using gear ratio. 
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Figure 5: Gear Ratio to Increase torque example 

The gear ratio shown in Figure 5 is a 4 to 1 ratio [2], it would increase the torque 4 times while 

decreasing its rotation speed by a factor of 4. This would require the motor to move 4 Times as 

many steps and increase the number of steps in between the 30o movement of the cradle.  The 

gear ratio being used in the smart Baby Cradle is a 10 to 1 ratio.  

 

The motor used is from Spark fun it is displayed below (Figure 6) [3]. 

 

 
Figure 6 : Stepper Motor purchased for the Smart Baby Cradle 
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This motor will be controlled by the motor driver. Commands are send to it from the Arduino. 

 

 Mobile Toy Design 
 

As Smart Baby Cradle’s functional specification of [R0.28-III] and [R0.29-III] is already covered by 

Health Canada on children’s toy regulations [4], So, any toys on Canada Market will satisfy [R0.28-

III] and [R0.29-III]. Furthermore, according to [R0.33-III], the ON/OFF state of toy should be 

controlled by microcontroller, but the selected microcontroller (Arduino Uno Rev 3) for Smart Baby 

Cradle is not capable on control other switches directly. Therefore, a medium is desired to enable 

Arduino Uno on switching the Mobile Toy. 

 

In order to achieve [R0.33-III], a relay is introduced as medium between Arduino Uno and Mobile 

Toy as shown in Figure 7 [5]. Firstly, after removed existing switch from Mobile toy, and place the 

relay on it. Then, connect the Arduino’s digital output pins to relays’ control pins. 

 

From perspective of electrical, 5V TTL active channel control logic is required as it is the default 

logic level from Arduino, and the passive channel should satisfy wide voltage range from 5V-30V for 

potential Mobile Toy replacement. 

 

 
Figure 7: The System that controls the motor for the mobile toy 

In order to satisfy [R1.14-III] and [R1.15-III], the dimension and weight of the relay module is also 

constrained to a smaller searching range. 

  

 Speaker Design 

5.1 Property 
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The speaker allows parent to play a period of relaxing melody to comfort baby when the baby is 

crying. The speaker needs to be small in size and also easy to be connected and controlled by the 

microcontroller (Arduino UNO). The speaker used for the project has a manufacturer part number 

of AS02808MR-2-R which also has the following properties (Figure 8).  

 

 
Figure 8: Datasheet of Speaker (AS02808MR-2-R) 

Since the speaker is only 28mm in diameter and 4.4mm in thickness, it meets the requirement 

[R1.09-II] of the function specification. The small speaker can be easily mounted on the sideboard 

of the cradle where it can’t be reachable for the baby. Therefore, it also meets the [R1.10-I] and 

[R3.09-I] from the function specification. The speaker also has a lead free status/RoHS status which 

means it doesn’t contain any hazardous substances.   

 

                                      
Figure 9: The speaker Dimensions 
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5.2 Circuit Connection 

The speaker is directly connected with the Arduino UNO port8 and ground by using hook-up wires. 

The detailed connection graph and schematic are shown below (Figure 10):   

 
Figure 10 : Arduino and Mic Connected 
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Figure 11: Schematic for the Mic and Arduino 

In order to use Arduino to control the speaker, the tone command can be used to generate musical 

notes. In the code, a note variable has to be declared to store different notes. A note duration 

variable also needs to be declared, so duration of each note can be calculated and stored in the 

variable. Then the Arduino sends signals containing the notes and their durations to trigger the 

speaker [6].  

 

 Webcam Design 
 

The webcam in the smart baby cradle system allows users/parents to monitor the baby’s condition 

using a mobile device application.  In order to perform the task easily, the camera has to be 

compact so it can be easily installed on the top of the footboard.  In order to control it using 

Arduino, it also needs to be easy to use hardware interface and open source code library.  The 
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camera used in the project is ArduCam Mini 2MP OV2640.  The key specifications of the ArduCam 

Mini are shown below (Figure 12):  

 

 
Figure 12: key specifications of the ArduCam Mini 

 

Comparing with other camera model, ArduCam Mini best meets the [R0.20-II], [R1.07-I], [R1.08-II] 

requirements of our function specification. It has an operational voltage range between 3.3v to 5v 

for all of its IO ports which meets Arduino UNO’s operational voltage 5V.  It also has 9 different 

resolution selections from 160x120p to 1600x1200p. Since higher the resolution can results the 

larger delay time, at 352x280p resolution, the output video has a relatively clear resolution with 

acceptable time delay under 0.5 second.  

 

The connection of the ArduCam Mini and the Arduino UNO is shown below (Figure 13 and Table 1): 
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Figure 13: Arduino UNO and ArduCam Mini ping connection 

 

Table 1: ArduCam Mini Pin Definition 

 
 

The ArduCam Mini manufacturer provides an open source library for Arduino which can be used 

directly with only minor modifications [7]. 
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 Test pan 
 

The smart baby cradle is to help parents to monitoring the baby and comfort the baby. All features 

relate to each other. In order to test the system performance, some integrated test have to be done. For 

some component, such as motor, the functionalities need to be tested as well. 

7.1 Integrated test 

In order to test the system performance, the following conditions have to be made and considered: 

1. All the electronic components need to be connected to the microcontroller 

2. The power for the microcontroller, the motor and the mobile toy need to be supplied 

properly 

3. All signals can be detected by the microcontroller and be received by the phone 

The overall performance test can be done by following steps: 

1. Power the microcontroller, the motor and the mobile toy 

2. Simulate the baby crying sound to the mic 

3. Check if the phone application sends a notification  

4. Select webcam feature in the phone and check if the phone can display the real time video 

from webcam 

5. Turn off the webcam 

6. Turn on the motor by the phone and check if the cradle starts to rock smoothly 

7. Turn off or stop rocking the cradle 

8. Turn on the speaker and check if the music melody is played through the speaker 

9. Turn off the speaker of stop playing the music 

10. Turn on the mobile toy by the phone and check if the toy starts to work 

11. Turn off the mobile toy 

12. Repeat steps 4-11 to check if the system can work properly steadily and stably 

7.2 Motor test 

Test case 1 

Preconditions:   

1. All the electronic components need to be connected to the microcontroller 

2. The power for the microcontroller, the motor and the mobile toy need to be supplied 

properly 

3. All signals can be detected by the microcontroller and be received by the phone 

4. Put weight in the cradle 

Input: 

Turn on the motor and rock the cradle for 10 minutes.  
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Expected result:  

The motor keeps rocking the cradle with fixed speed and swing angle 

Test case 2 

Preconditions: 

1. All the electronic components need to be connected to the microcontroller 

2. The power for the microcontroller, the motor and the mobile toy need to be supplied 

properly 

3. All signals can be detected by the microcontroller and be received by the phone 

4. Put weight in the cradle 

5. The motor is rocking the cradle smoothly 

Input: 

Turn off the power of the motor or turn off the power of the microcontroller 

Expected result: 

The cradle will be set to the original horizontal positon  

7.3 Webcam test 

Test case 1 

Preconditions: 

1. All the electronic components need to be connected to the microcontroller 

2. The power for the microcontroller, the motor and the mobile toy need to be supplied 

properly 

3. All signals can be detected by the microcontroller and be received by the phone 

4. Put moving object in front of the webcam 

Input: 

Select the lowest resolution option (320X240)  

Expected result: 

The phone can clearly display the object  

Test case 2 

Preconditions: 

1. All the electronic components need to be connected to the microcontroller 

2. The power for the microcontroller, the motor and the mobile toy need to be supplied 

properly 

3. All signals can be detected by the microcontroller and be received by the phone 

4. Put moving object in front of the webcam 
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Input: 

Select the highest resolution option (1600X1200)  

Expected result: 

The phone can clearly show the movement of the object 

 Conclusion 
 

This document provides the design specifications for Smart Baby Cradle to meet the functional 

specifications. These specifications include: system overview, cradle mechanics, stepper motor design, 

webcam, speaker, microphone, mobile toy, microcontroller unit and android application. 

The detailed electric designs and mechanical ideas are all include as well. Furthermore, system test plan 

is designed ensure product quality and functionality of the overall system. By following the 

requirements in this document, Baby Rock is confident to claim that Smart Baby Cradle will be designed 

to the highest quality and ensured safety to the future customers. 
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