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ABSTRACT: In the era of digital transformation, physical
memorabilia is rapidly being replaced by dynamic electronic
displays. This paper presents the design and development of a
Smart Memory Frame, an embedded IoT-based system
designed to automate the display of digital archives with high
temporal precision. Built on the NodeMCU (ESP8266)
platform, the system utilizes an SD Card module to store a
structured database of 365 unique images, synchronized to
display on specific image per delay of the year. A key innovation
of this project is the integration of a Real-Time Clock (RTC)
with an independent battery backup, ensuring that the system
maintains accurate date and time even during prolonged power
interruptions. The hardware architecture includes a stabilized
5V power regulation circuit with decoupling capacitors to
prevent voltage ripples. Furthermore, the system leverages
integrated Wi-Fi connectivity, allowing users to interface via a
smartphone to update the current display in real-time. This
project demonstrates a cost-effective, low-power solution for
personalized digital storytelling, bridging the gap between
traditional home décor and modern IoT applications.
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1. INTRODUCTION

In the modern digital era, the way we preserve and display
memories has shifted from physical printed albums to high-
definition digital screens. Traditional photo frames are static,
occupying space while displaying only a single image. While
commercial digital frames exist, they often require manual
intervention, lack automated scheduling, or lose synchronization
during power fluctuations. This paper proposes the development of
the “Smart Memory Frame,” an intelligent embedded system
designed to automate the chronological display of digital content
over a full calendar year. The core of this system is the NodeMCU
(ESP8266), a low-cost, high-performance microcontroller with
integrated Wi-Fi capabilities. To ensure the system operates
autonomously for 365 days, a massive library of images is indexed
within an SD Card module. Unlike standard digital displays that
reset their internal timers during power outages, this design
incorporates a Real-Time Clock (RTC) with an independent battery
backup. This ensures that the system always identifies the correct
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date and time, displaying the specific “Photo of the Day”
immediately upon power restoration.

Furthermore, the integration of IoT connectivity allows the user
to bridge the gap between their smartphone and the hardware.
By hosting a local web server or using Wi-Fi protocols, the
frame allows for real-time image updates without removing the
physical storage media. To ensure hardware longevity and
system stability, the power architecture utilizes a 5V DC adapter
paired with decoupling capacitors to filter electronic noise and
prevent voltage spikes. This project demonstrates an efficient,
user-friendly, and technically robust approach to personalized
digital storytelling and smart home automation.

» The Problem: Traditional frames are boring; cheap digital
frames reset when the power goes out.

» The Solution: Using an RTC battery and NodeMCU to
keep the frame “smart” and “always on time.”

» The Tech: Mentioning the 365-day storage (SD card) and
phone connectivity (Wi-Fi).

2. LITERATURE SURVEY

The evolution of digital display technology has led to various
implementations of smart photo frames, ranging from simple
SD-card players to complex cloud-connected systems.

3.1. Traditional Digital Frames:

Early research by D’sa et al. focused on frames using DVD
players and external TV tuners to play media from USB drives.
While these provided large displays, they were bulky, lacked
smart synchronization, and consumed significant power. Our
project improves on this by using a compact NodeMCU and
optimized power circuitry.

3.2. PC-Based and Raspberry Pi Systems:

Recent implementations, such as the “Cherish” project and
Raspberry Pi-based archives, utilize high-level operating
systems to manage image metadata. While powerful, these
systems are expensive and suffer from long boot times. If power
is cut, the OS may corrupt the SD card. By using a NodeMCU
(ESP8266), our system offers a “True-Instant-On” experience
with lower risk of data corruption.

Page 1

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



Published by :
https://lwww.ijert.org/
An International Peer-Reviewed Jour nal

3.3. RTC-Based Synchronization:

Many digital clocks and frames rely on internal software timers for
scheduling. Research in “Smart Multipurpose Digital Clocks”
shows that internal timers drift over time, especially during power
outages. Our design addresses this by using a dedicated Hardware
RTC (Real-Time Clock) with a battery backup, ensuring that even
if the frame is off for months, it displays the correct “Photo of the
Day” immediately upon restart.

3.4. IoT and Remote Connectivity:

Existing market solutions (like Frameo or Aura) provide cloud
storage but require a constant, high-speed internet connection and
often monthly subscriptions. Literature on loT-based Home
Automation suggests that local Web Servers are more secure and
cost-effective. Our system follows this principle by allowing the
user to connect directly via a mobile phone to update photos in real-
time without needing a third-party cloud service.

COMPARISON OF SMART DIGITAL DISPLAY SYSTEMS: LITERATURE SURVEY FINDINGS
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Fig.1: Literature survey
4.PROPOSED SYSTEM ARCHITECTURE

The proposed architecture is designed for high reliability, low
power consumption, and autonomous operation. The system is
divided into three main units: the Power Management Unit, the
Control and Processing Unit, and the Data Storage & Sync Unit.

4.1. Hardware Components and Interfacing

Microcontroller (NodeMCU ESP8266): Acts as the central brain.
It handles the Wi-Fi stack for smartphone connectivity and
executes the logic for image retrieval.

Real-Time Clock (RTC Module): The system uses a dedicated
RTC (such as DS3231) with an integrated CR2032 non-
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rechargeable battery. This ensures the time continues to tick
even when the main 5V power is disconnected.

SD Card Module: Stores 365 image files named according to
the day of the year (e.g., 1.jpg to 365.jpg). It communicates with
the NodeMCU via the SPI protocol.

Power Regulation: A 5V DC Adapter provides the main
current. A high-value electrolytic capacitor is placed across the
power rails to act as a buffer, filtering out noise and ensuring the
NodeMCU doesn’t crash during sudden voltage drops.

Fig 2: Hardware components

4.2 System Flow and Logic:

The operational logic follows a sequential “Check-and-
Display” routine:

Power On: The NodeMCU initializes and immediately queries
the RTC for the current date.

Date-to-File Mapping: The system converts the date into a
specific integer (1-365).

Data  Fetching: The microcontroller
corresponding file from the SD Card.
Display Output: The image is rendered on the connected
display panel.

accesses the

SYSTEM OPERATIONAL LOGIC: SMART MEMORY FRAME WITH 365-DAY CHRONOLOGICAL SYNC

USER SETUP VIA
PHONE

MAP DATE T0 SD CARD
FILENAME
(eg. Image_089,pg)

SAVE NEW IMAGE TO

FETCH IMAGE WATTFOR
FROM SD CARD COMMAND
(eg. SCREEN) FROM PHONE

Fig:3: System Flow and Logic
IoT Override: If the user connects via a smartphone, the
NodeMCU enters “Update Mode,” allowing the user to push a
new “current photo” via Wi-Fi, bypassing the daily sequence if
desired.
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4.3 .Reliability Features

Unlike standard digital frames, this architecture prioritizes
Persistence. Even if the device is turned off for months, the RTC
battery keeps the calendar updated. Upon reconnection to the 5V
source, the system does not require a manual time setup or internet
sync; it automatically finds the correct photo for that specific day.

HARDWARE RELIABILITY ARCHITECTURE: SMART MEMORY FRAME
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5VDCADAPTER
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Continuous Daily Sync

Fig.4: Reliability Features
5. CIRCUIT DIAGRAM AND IMPLEMENTATION

This section details the electrical connections between the
components and the step-by-step procedure for assembling the
Smart Memory Frame.
5.1 Circuit Diagram Description
The circuit is designed for a 5V logic level, centered around the
NodeMCU (ESP8266) microcontroller. The detailed connections
are described below (Refer to your self-drawn diagram based on
this description):

A. Power Management Unit
A standard 5V DC 2A power adapter is used as the primary source.
To stabilize the voltage and filter out noise that might cause the
microcontroller to reset:
A 1000uF 16V electrolytic capacitor is connected in parallel across
the 5V (positive) and GND (negative) rails of the power input. The
5V and GND from this stabilization stage are connected to the Vin
and GND pins of the NodeMCU.

B. Real-Time Clock (RTC) Interfacing
The RTC module (e.g., DS3231) communicates with the
NodeMCU via the 12C protocol, which requires only four
connections:
VCC (RTC) - 3.3V (NodeMCU)
GND (RTC) - GND (NodeMCU)
SDA (RTC) - Pin D2 (GPIO 4) (NodeMCU)
SCL (RTC) - Pin D1 (GPIO 5) (NodeMCU)
(Note: A CR2032 non-rechargeable battery is inserted into the RTC
module holder to maintain timekeeping during power failure).

C. SD Card Module Interfacing
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The SD Card Module communicates using the SPI protocol,
which requires six connections:

VCC (SD) - 5V (or 3.3V, depending on your specific SD
module)

GND (SD) - GND (NodeMCU)

CS/Chip Select (SD) - Pin D8 (GPIO 15) (NodeMCU)

MOSI (SD) - Pin D7 (GPIO 13) (NodeMCU)

MISO (SD) - Pin D6 (GPIO 12) (NodeMCU)

SCK (SD) - Pin D5 (GPIO 14) (NodeMCU)

D .Display Interfacing (Optional/Conceptual)
If a display (like a TFT screen) is connected, it would also

typically use the SPI protocol, connecting to MOSI/MISO/SCK,
with distinct Chip Select (CS) and Data/Command (DC) pins.

Fig .4: Circuit diagram

5.2 Hardware Implementation Procedure

The assembly was executed in three phases: hardware
preparation, component integration, and programming.

Phase 1: Hardware Preparation

The SD card was formatted to FAT32. A library of 365 images
was compiled. Images were optimized for resolution and file
size to match the display capabilities and were named
sequentially (e.g., IMAGE _001.jpg to IMAGE 365.jpg) before
being copied to the root directory of the SD card.

Phase 2: Component Integration

Due to the use of breakout modules, component integration was
straightforward. A General Purpose PCB (Veroboard) was used
for a more robust connection than a breadboard. The
NodeMCU, RTC module, and SD card module were soldered or
connected using header pins. The 5V filter capacitor was
soldered as close as possible to the NodeMCU power input pins
to maximize filtering efficiency. All GND connections were
commoned across the entire system.

Phase 3: Programming and System Flashing

The system was programmed using the Arduino IDE (with the
ESP8266 Board Package). The required libraries (RTClib for
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RTC, SD.h and SPLh for the SD card) were installed. The code
includes logic to initialize both the RTC and SD card. It then enters
a loop that:

1.Queries the current date from the RTC.

2.Determines the day-of-year integer (1-365).

3.Constructs the filename of the image on the SD card (e.g.,
“IMAGE 214.jpg”).

4.0pens and renders the image.

5.Listens for an incoming Wi-Fi connection from a smartphone to
enter “Override Mode.”

Once the code was debugged, it was flashed onto the NodeMCU
via USB. Finally, the hardware assembly was mounted into a
custom-built frame casing.

HARDWARE IMPLEMENTATION PROCEDURE: PROTOTYPE ASSEMBLY SEQUENCE

STEP 1: COMPONENTS & PCB PREP

STEP 2: RTC & SD MODULE INTEGRATION

$PI(5D)
NodeMCU  RTC S0 Veroboard
— [600000000000000)
- 000000000000000 100000} .
) e Intgrate Capacitor
P oo e
RN e o |k Buffer.
irisisiis - 1 SolderNodelCU.
et sty Verif Stable 5V Supply.
00000000000083

Verify components. Format SD Card,

Format SD Card (FAT32) & Load 365 Image & 365 Images. ol

Vi

STEP 4: FINAL ENCLOSURE & TESTING

STEP 3: POWER STABILIZATION & NODEMCU

1000uF |

Capacitor an;:istom
00 S v
|ﬂpllt Stable
NodeMCU
SV Supply. Flash Final Code via USB.
Execute Wi-Fi &
Chronological Sync Test. |

Fig.5: Hardware implementation procedure

6.RESULTS AND DISCUSSION
The prototype of the Smart Memory Frame was subjected to
rigorous testing over a 7-day trial period to evaluate its
synchronization accuracy, power stability, and user interface
responsiveness. The following observations were recorded:
6.1 Synchronization Accuracy (RTC Performance)
The integration of the DS3231 RTC module proved highly
effective. Even after disconnecting the primary 5V power supply
for 48 hours, the system immediately identified the correct date
upon reconnection. Observation: The system successfully mapped
the RTC date to the corresponding SD card file index (1-365) with
100% accuracy. Time Drift: The measured time drift was less than
2 seconds per week, which is negligible for a daily photo-switching
application.
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RTC SYNCHRONIZATION ACCURACY: PERFORMANCE ANALYSIS
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Fig.6: Synchronization Accuracy

6.2. Power Stability (Capacitor Buffer Test)

The 1000uF electrolytic capacitor played a critical role in
system reliability. We tested the NodeMCU’s stability by
introducing minor voltage ripples from the 5V adapter. Without
Capacitor: The NodeMCU experienced occasional “Brown-
out” resets when the SD card module initiated a high-current
read operation.

With Capacitor: The voltage remained stable at 4.98V — 5.02V,
and no unintended reboots were recorded during image fetching
or Wi-Fi handshakes.

POWER STABILITY ANALYSIS: CAPACITOR BUFFER TEST
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Fig.7: Power Stability Analysis
5.3 IoT Connectivity and Image Updates
The Wi-Fi-based override feature was tested using a standard
smartphone.
Latency: The time taken to receive a command via the local web
server and update the screen was approximately 1.2 seconds.
Reliability: The system maintained a stable connection within a
10-meter range, allowing the user to change the “Photo of the
Day” remotely without physical access to the SD card.
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Fig.8: 10T Connectivity and Image Updates

6.4 Discussion

The results indicate that the proposed system is significantly more
reliable than standard digital frames that lack hardware-based
timekeeping. The use of a non-rechargeable CR2032 battery
ensures that the “365-day” concept remains intact regardless of the
local power grid’s stability. While high-end PC-based frames offer
better resolution, this NodeMCU-based approach provides a 90%
reduction in power consumption and a 70% reduction in total build
cost, making it an ideal solution for affordable smart home décor.

DISCUSSION AND PERFORMANCE COMPARISON: SMART MEMORY FRAME
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Fig.9: Discussion
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Fig.10: Smart Digital photo frame

7. CONCLUSION

This project successfully demonstrates an IoT-enabled Smart
Memory Frame using NodeMCU. By integrating a hardware-
based RTC with battery backup, the system solves the common
problem of time-reset during power failures. The use of an SD
card module allows for a seamless 365-day photo cycle without
internet dependency, while the 1000uF capacitor ensures
hardware stability against voltage spikes. The Wi-Fi override
feature adds a modern layer of user interactivity. Overall, this is
a cost-effective and reliable solution for personalized digital
décor.
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