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Abstract

Electricity service navigation in Bangladesh is hindered by opaque billing, complex complaint
resolution, and limited access to information, often requiring inefficient manual processes. To
address these challenges, this paper introduces TaritBandhu, a hybrid Al and database-driven service
system designed to streamline customer support for Bangla-speaking users. The system features a
three-tier architecture comprising an Interface Layer for multimodal interaction (text and voice), a
Logic Layer that orchestrates Al-driven query resolution and deterministic complaint matching, and
a Data Layer that grounds responses in user-specific billing records and historical complaint logs.
TaritBandhu employs a Bangla-first, voice-integrated conversational model, leveraging the
Bangladesh Government's Speech APIs for inclusive access. It utilizes a Large Language Model (GPT-
4.1) for generating contextual responses to general queries and a TF-IDF-based semantic matching
algorithm to map user complaints to pre-existing solutions. A key innovation is its hybrid automation
model, which escalates unresolved or complex issues to human agents via a token-based queuing
system, managed through an admin panel for dynamic content control. While initial implementation
demonstrates the system's viability, limitations concerning large-scale data handling, conversation
context length, and pending real-world deployment are acknowledged. TaritBandhu presents a
scalable, locally adapted framework that balances Al automation with human oversight, aiming to
enhance transparency, accessibility, and efficiency in utility customer service.

Keywords: Bangla conversational ai; hybrid customer service; utility billing assistant; voice-enabled
chatbot; ai-human escalation system

1. Introduction

Electricity services in Bangladesh have been difficult for ordinary citizens to navigate due to
several challenges, including a lack of clarity in understanding their bills, difficulties in tracking
multiple meters, and limited access to clear information about their energy usage. Additionally,
resolving complaints often involves slow and opaque manual processes, which require users to either
wait long times at call centers or make physical visits to offices. To address these issues, TaritBandhu
was developed as a hybrid Al and database-driven service system that combines automated
responses with human support, aiming to streamline communication and improve accessibility for
users.
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2. System Overview
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Figure 1. Shows a high-level architecture of Taritbandhu. 1) The user logs in with their credentials. 2) The user
chooses a conversation tab(general/complaint/agent), all of which can handle both text and speech. 3) For the
general queries and complaints handling tabs, the user’s inputs (through text or voice) leverage the database.
4a) For general queries, an LLM Response is generated with the billing data as context. 4b) For complaint
handling, the user provides their complaint, and a pre-existing complaint from the complaints data, enhanced
by LLM, is provided as output. If the user is not satisfied, they may request human assistance, and a token

number for the user will be generated for the agent queue. 4c) The user can request any contact information.

2.1. Design Principle

TaritBandhu is built upon core design principles tailored to serve the local Bangla-speaking
population effectively. It is a Bangla-first, web-based customer service assistant primarily focused on
electricity billing. The system emphasizes enabling interactions in the local language, offering
lightweight conversational exchanges, and grounding Al responses in relevant contextual data. The
design facilitates hybrid automation —most general queries are handled automatically via Al, while
complaints are either managed through pre-existing logs or escalated to human agents as needed.
This approach balances automation with human oversight to ensure accuracy, reliability, and user
satisfaction. Moreover, grounding responses in local data ensures relevance and enhances user trust.

2.2. System Architecture
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Figure 2. The 3 distinct layers of Taritbandhu.

TaritBandhu'’s architecture is structured into 3 different layers: the Interface Layer, Logic Layer,
and Data Layer.

The Data Layer stores the data used to provide context for Al-generated responses or logs user
information that a human agent will handle. Currently, there are two types of data for the application
to use: the billing data for the general queries and the pre-existing complaint logs for user complaints.
The user complaints’ details are also stored after their session.

At the Interface Layer, the web application handles users’ interactions with frontend
functionalities. First, the user is met with an authentication page where they log in with their
username and password. Additionally, users can securely sign up with key information(such as full
name, meter number, location, and password) if they don’t have an existing account. After logging
in, users are met with 3 services: the General Queries section, the User Complaints section, and the
Agent Contact Information section. The services are presented on the homepage and on a menu bar
at the top of the screen, allowing users to toggle between them with ease. All 3 services are chat
interfaces, where the user sends a message, which gets processed (by either Al or an algorithm), and
the corresponding output is displayed in the chat interface for the user to view. The current chat
history will be shown to the user until they decide to log out. When they log back in, the chat
interfaces will be reset.

The Logic Layer is at the heart of the conversations for 2 out of the 3 services. The general queries
section has an Al Workflow as its logic layer. The AI Workflow utilizes the user’s pre-existing data,
such as their billing data and a general knowledge base, to answer their queries. The user complaints
section, where users attempt to resolve their complaints, follows a more deterministic structure: they
are asked to pick a complaint category and then type in their complaint, which is semantically
matched to pre-existing complaint data. The best-matched complaint data is provided to the user.
Moreover, at the end of the chatbot response, the users will always be given the option to ask 5 follow-
up questions or submit their complaint to a human agent through the click of a button and receive a
token number in return. If the user’s complaint is deemed too unique or the user is unsatisfied with
the FAQ-style response, they are provided a token number for their complaint, which will be dealt
with by a human agent. The live agent interaction section provides contact information of nearby
electricity service offices by utilizing a pre-existing knowledge base.

2.2.1. Front-facing Features: Conversation Model

As mentioned before, the application has an authentication page (Figure 3) where the user logs
in with their credentials and the home page where the user has access to 3 services: general queries
section (Figure 4), user complaints section (Figure 5), and live agent interaction section (Figure 6).
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Figure 3. Authentication Page that asks for username and password for pre-existing accounts and a sign up

option for those who are new users.
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Figure 4. The home page displays a dashboard with the 3 main services that can be accessed either through the
Dashboard Ul or the Menu Bar at the top.
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Figure 5. The general queries section’s chat interface that leverages the user’s billing data and GPT-4.1's

reasoning capacity to answer user queries.
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Iam sorry to hear that there has been no electricity in your home for a long time. This could
be an area-wide outage. Please check if nearby houses are experiencing the same problem.

Check your home's main MCB/breaker. If the problem persists or there is no electricity

Your complaint has been successfully sent for human assistance.

Token: GB-20260115-191827

Figure 6. The user complaints section’s chat interface that leverages pre-existing complaint log data and GPT-

4.1 to come up with the appropriate explanation for the user.
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Below is the contact information for our agents:
« Hotline: 16120 (24/7)
« Email: support@power.example
« Local Office: Contact the nearest electricity office.
« Live Chat: Use our website's live chat

Right now

(=

Figure 7. Live agent interaction section that provides contact information of electricity service offices.

General Queries: For Figure 5, the conversation model governs chat behavior and message
generation. Static system prompts written in Bangla define the assistant’s tone and scope
(professional customer service tone), ensuring that general queries are separated from complaint
interactions and irrelevant queries (politics, sports, music, etc). When applicable, grounding data
consisting of mode-specific JSON and billing records is added to the prompt in compact form to
enable context-aware responses. The session keeps up to five dialogue turns per mode to maintain
context.

For the generation of these responses, the system calls the OpenAl API using the model name
gpt-4.1, with a maximum token limit of 500. The assistant’s generated text is appended to the session
history and returned to the user interface. This design allows continuity between messages without
maintaining large memory contexts.

Complaint Handling: For Figure 6, the user has to input the details of their complaint message.
The complaint message is semantically matched with a pre-existing complaint type dataset after
being encoded by a lexical algorithm called TFIDFVectorizer and then matched through cosine
similarity. If the best-matched data point meets the score threshold (decides if it is relevant enough
for the user complaint), the response is further enhanced by the LLM by making it more articulate,
before finally providing it to the user. If the user is not satisfied with it, they can ask up to 5 relevant
follow up questions or submit their complaints to the database with the click of a button. Users can
track their complaint status (serial number, status, complaint text) by sending their generated token
number in the chat. The serial number is calculated through a simple algorithm that counts the
number of pending complaints in the database before the requested token.

Live Agent Interaction: As shown on Figure 7, Users can access contact information for nearby
electricity service offices or be connected directly to live agents in future implementations. This
feature relies on a pre-existing knowledge base of contact details, making support more accessible.

2.2.2. Remote Database

Most of the datasets that are utilized are stored in a serverless platform called Neon Database
(Figures 8 and 9).

The data layer uses SQLAlchemy models backed by a PostgreSQL database. The models store
user billing information, user tokens, user complaint logs, pre-existing complaints, and complaint
categories. Regarding pre-existing complaints and complaint categories, there is an admin panel
where certain pre-existing data points can be enabled/disabled, which means that its availability as a
solution for the user is controlled by the admins. Moreover, admins are able to add or edit pre-
existing complaint data points when they see fit.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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user_id bigint 7= ACCOUNT_NO bigint C  TARIFF text C | BILL_NO double precis C  BILLLMONTH bigint C | BILL_YEAR bigint
1 2350 LT-A 10147902332 1 2019

1 2350 LT-A 10147825702 1 2019

1 2350 LT-A 10147718882 1 2019

1 2350 LT-A 10147891892 1 2019

1 2350 LT-A 10147713942 1 2019

1 2350 LT-A 10147823252 1 2019

1 2350 LT-A 10147695372 1 2019

1 2350 LT-A 10147709542 1 2019

1 2350 LT-A 10147800072 : 2019

1 2350 LT-A 10147906862 1 2019

1 2350 LT-A 10147878922 1 2019

1 2350 LT-A 10147899982 1 2019

1 2350 LT-A 10147807022 1 2019

1 2350 LT-A 10147909062 1 2019

1 2350 LT-A 10147510062 1 2019

1 2350 LT-A 10147443992 1 2019

1 2350 LT-A 10147439062 1 2019

1 2350 LT-A 10147510872 1 2019

1 2360 1T-A 101474699472 1 2019 i

Figure 8. Neon data table that showcases what kind of billing data is kept on a user (this is only showing demo

user data).

id integer C | name text C | slug text C | status boolean complaint_category_metadata complaint_logs

1 Power outage and volta.. power_outage TRUE complaint_category_metadata complaint_logs
2 Billing and meter prob.. billing TRUE complaint_category_metadata complaint_logs
3 New connection and cha.. new_connection TRUE complaint_category_metadata complaint_logs
4 Safety and emergency i.. safety TRUE complaint_category_metadata complaint_logs

Figure 9. A): This table stores the complaint metadata which are the different types of complaints a user can

make.
id integer C | category_id integer ¢ keywords json C  example_phrases json C  response_text text C | is_approved boolean
1 1 ["fige @3", "W og", .. ["Y@ QWY A3F AR", .. | 9Afofss @ 7o @l | TRUE
2 1 ["oFA feE Jor”, "se.  ["CRRAIEI BEE A ofw". | o f5SE T wef¥® .. | TRUE
3 1 ["XFR f58s 1", "tran.. ["3FEEIRE 58S f$ oL, | IEINEE PSS o ofw.. | TRUE
4 1 ["8~eamia 78", "transfo.. ["§RTOANR QW @A Sbe. | §reAwid e At A8 T .. | TRUE
5 1 ["HT s>t o, "HT St | ["HT S@© fow", "HT St HT S@e for @t oS ofw .. | TRUE
6 1 ["LT gt ", "LT gt .. ["LT gt & oie", "LT q.. LT gt Sfoas = v of .. | TRUE
7 1 ["sifes gt fow", "s/D .. | ["@trg i s gst fo.. | ey Siw fora @t & Gt | TRUE
8 1 [RS8 for", "Neutral ...  ["fASEE o z@ =HF z.. fNS8ter at @tef sewtst forer .. | TRUE
9 2 ["CT got go=”, "CT loo.. | ["CT gt & olg","CT .. CT gt *fo =@ fBfae/s.. | TRUE

Figure 9. B): This table stores the actual complaint data which is used to determine a solution for a user who has

sent a complaint query.

id bigserial

created_at timestamp w...

token text S

serial integer <

status complaint_status <

customer_name text

64 2026-01-04 22:53:25.13.. GB-20260104-225325 1 Pending Demo Userl
65 2026-01-04 23:06:59.33.. GB-20260104-230659 2 Pending Demo Userl
66 2026-01-06 06:58:35.84.. GB-20260106-065835 3 Pending Demo Userl
67 2026-01-06 17:42:02.61.. GB-20260106-174202 4 Pending Demo Userl

Figure 9. C): This table stores the tokens associated with a particular user.

2.2.3. Admin Panel: Management of Complaints Data

TaritBandhu features a continuous feedback mechanism where complaints and responses are

stored in a central database, which serves both as training data and a tracking repository. The system

incorporates a two-tiered administrative process:
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. Content Management: Administrators can add, edit, or delete complaint categories and
solutions via an admin panel. This allows the system to be updated with new complaint types or
modified responses, ensuring adaptability to evolving user needs.

° Approval Workflow: Changes made by content managers require approval by a higher
authority before they go live. This ensures quality control and consistency.

Any new complaint category automatically appears in the user interface once approved, making
TaritBandhu a plug-and-play system that can support new services, utilities, or geographic regions
without extensive reprogramming. This dynamic update capability ensures the system remains
current and scalable across different contexts.

2.2.4. Voice Integration

To ensure TaritBandhu is accessible to a wider demographic, particularly those who may find
typing in Bangla challenging, the system includes a robust voice interaction layer. This feature allows
users to communicate naturally using speech for both input and output. The voice architecture
leverages the Bangladesh Government’s Speech API (specifically the socket-based services at
voice.bangla.gov.bd for STT and read.bangla.gov.bd for TTS) to ensure high-accuracy recognition of
the Bangla language.

BANGLADESH
2] USER BROWSER @ aonT APtS

4.Bot Response

Y S Taxt
0 P
S‘_) ‘I Voice (WebM)

5. Audio Data _J,_ b
Voice Input (WAV) TTS API
(STT Trigger) (Texctto-
Speech)
< .
& Audio EW}"\V} FLASK 2 Audio Stream

)" T

Transcoding, p 3. Transcnbed Text_»— |

Audio Chatﬁli_gigic & STT API
Playback -ta-
ﬁ'y'rsa? Orchestration fsgﬁl'_:::; to

Figure 10. The diagram shows the voice interaction flow: (1) the browser captures user speech and sends WebM
audio to the Flask backend, (2) the backend streams audio to the STT API to obtain transcribed text, (3) the
chatbot generates a response and sends it to the TTS API for synthesis, and (4) the resulting WAV audio is
returned to the browser for playback.

Voice Input (Speech-to-Text): Users can tap the microphone icon within the chat interface to
record their query or complaint. The browser captures the audio, processes it into the required format
(16kHz WAV), and streams it directly to the government’s STT server. The transcribed Bangla text is
then returned to the chat window, ready to be sent as a message.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 11. Speech-to-Text (STT) User Interface. Upon clicking the microphone icon, a modal overlay appears
with a pulsing animation to indicate active recording status. This interface includes a "Stop & Send" (I PPN
& ATS) button, giving users manual control to terminate recording and instantly submit their audio for

transcription, ensuring no premature submissions occur during pauses in speech.

Voice Output (Text-to-Speech): Once the assistant generates a response (whether from the LLM
or pre-set data), the text is processed to optimize pronunciation. This cleaned text is sent to the TTS
server, which returns an audio file that is played back to the user automatically. There is a play/pause
button to stop the playback audio (Figure 11).

Sierget forestst

Fisto! Wi SfSeIg| WATIE FIOI AR FACo AMf?
QY72

R [{e o
08:5% PM

AN @ T 3 IFRI B TIACS B2 SHIZI: "G 202¢" | WIST IR A 157 3 97

>

10:12

.l -

11. Text-to-Speech (TTS) Output Interaction. Following a user query ("IN Re1 $9"), the system generates a
textual response which is then converted to audio. A dedicated play button () appears alongside the chatbot's

response bubble, allowing users to listen to the answer.

3. Related Work

The domain of Al-driven customer service and utility management has seen significant research
and development in recent years. Early approaches focused on rule-based systems for query
resolution, but these lacked flexibility and scalability [1]. With advancements in natural language
processing (NLP), more adaptive systems using intent recognition and dialogue management
emerged [2]. In the context of developing countries, studies highlight the importance of local
language support and low-bandwidth optimizations for digital services [3][4]. Chatbots for utility

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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services, particularly electricity billing, have been explored in various regions. For instance, Al-based
assistants in India and Kenya have shown improvements in query resolution times and customer
satisfaction [5][6]. Hybrid human-Al interaction models, where complex cases are escalated to human
agents, have been proposed to balance automation and personalized support [7][8]. Research also
indicates that grounding Al responses in domain-specific data—such as billing records and
complaint logs —improves accuracy and trust [9][10]. In Bangladesh, prior efforts in digitizing public
services have leveraged government APIs for voice interfaces, aligning with the national Digital
Bangladesh vision [11][12]. However, integrated systems combining LLMSs, voice interaction, and
real-time complaint tracking for electricity services remain underexplored [13]. Our work builds
upon these foundations by introducing a Bangla-first, voice-enabled hybrid assistant that integrates
LLM reasoning with structured complaint matching and administrative oversight.

4. Conclusions

The current implementation of TaritBandhu encounters several notable limitations. Firstly,
handling large-scale data efficiently remains a challenge, which may affect system performance and
response times as user data volumes increase [25]. Secondly, maintaining long-term conversation
context is limited; the system is designed to keep up to five dialogue turns per mode, which restricts
the ability to support extended interactions and may impact the overall conversational coherence
[26]. Lastly, results from field deployment are still pending, meaning that the system has not yet been
tested extensively in real-world environments to validate its robustness, scalability, and user
satisfaction [27]. Addressing these limitations is essential for enhancing the system's reliability and
effectiveness in broader deployment scenarios.

Regarding the system's real-world utility, deploying it in practical environments is a critical next
step, allowing for comprehensive evaluation of its performance and user acceptance outside
controlled settings [28]. Furthermore, integrating live agent chat functionality is key to enabling
seamless handoffs from automated responses to human agents, improving the system's ability to
handle complex or unique user issues that cannot be addressed by the Al System [29]. Additional
future directions include exploring multimodal inputs [30], enhancing personalization through user
behavior analysis [31], and extending the system to other utility domains [32].
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