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Abstract- The unorganized electrical service sector in 

developing economies suffers from chronic ineffi-ciencies 

characterized by technician delays, absence of contractual 

accountability, and opaque billing practices. Existing on-

demand platforms rely predominantly on reactive rating 

mechanisms that fail to prevent delays in real-time. This 

paper presents VoltMitra, a full-stack smart electrical 

service platform built on PHP 8.2 and MySQL, designed to 

enforce structured accountability through a novel 48-hour 

Service Level Agreement (SLA) penalty engine. The system 

introduces an automated billing mechanism where services 

completed within the 48-hour SLA window are charged at 

standard rates, while breaches incur a 50% reduction in 

base charges—applied automatically within atomic 

database transactions. Pilot evaluation over 60 days in 

Lucknow demonstrated a 37.46% reduction in mean 

service resolution time and a customer satisfaction score of 

91.2%. 

 

Index Terms—Service Level Agreement (SLA), Gig 

Economy, Automated Billing, PHP 8.2, MySQL, 

Technician Management, Behavioral Economics, Nudge 

Theory. 

 

I. INTRODUCTION 

 

The digital transformation of the service industry has 

revolutionized transportation and hospitality, yet the 

technical home-repair sector remains largely immune 

to these systemic improvements. In India alone, over 

40 million skilled technicians operate in informal or 

semi-formal arrangements, often resulting in 

in¬consistent pricing and unreliable delivery 

schedules. The fundamental problem lies in the 

”accountability gap”—the lack of real-time 

consequences for poor service delivery. 

 

Current market leaders utilize aggregate star ratings as 

a proxy for quality. However, research suggests that 

reputation systems suffer from inflation and bias, 

where customers avoid giving low ratings to avoid 

social friction. Consequently, a technician may 

consistently arrive late but maintain a high enough 

rating to remain on the platform. 

 

VoltMitra (Sanskrit for ”Companion of Voltage”) is 

proposed as a structural solution. It integrates a 48-

hour SLA Penalty Engine directly into the financial 

layer of the application. By transforming delay 

consequences from a passive review to an active 

financial deduction, the system leverages ”Loss 

Aversion” to ensure punctuality. This paper details the 

architecture, mathematical modeling, and empirical 

results of the VoltMitra platform. 

 

II. LITERATURE REVIEW 

 

A. SLA Management in Technical Services 

Service Level Agreements have traditionally been the 

domain of IT Infrastructure and Cloud Computing. 

Kiefer et al. formalized SLA monitoring as a 

compli¬ance problem with threshold-based penalty 

models. However, applying these to human-centric gig 

labor is challenging due to the unpredictability of 

physical transit and diagnostic complexity. VoltMitra 

bridges this by introducing a generous 48-hour 

window that accounts for material procurement while 

still enforcing a hard deadline. 

 

B. Behavioral Economics and Incentive Alignment 

Prospect Theory, developed by Kahneman and 

Tversky, posits that humans perceive losses as 
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sig¬nificantly more painful than equivalent gains. 

Most gig platforms offer ”bonuses” for high 

performance, which technicians eventually view as 

part of their standard pay, leading to a ”diminishing 

returns” effect on motivation. VoltMitra’s 50% 

penalty mechanism acts as a potent negative 

reinforcement, ensuring that the cost of delay is 

immediate and tangible. 

 

C. Trust and Decentralized Accountability 

Zervas et al. identified trust as the primary barrier to 

sharing-economy adoption. In the Indian context, trust 

is often broken by ”opaque billing”—where 

technicians add hidden charges for spare parts. 

VoltMitra addresses this by integrating a Master 

Inventory module where part costs are pre-verified and 

logged atomically during the billing process, 

preventing manual tampering. 

  

III. SYSTEM ARCHITECTURE AND 

TECHNICAL STACK 

 

A. Stack Justification 

The platform is developed using the LAMP Stack 

(Linux, Apache, MySQL, PHP 8.2). PHP was chosen 

for its mature ecosystem in handling transactional web 

applications and its native PDO (PHP Data Objects) 

extension, which provides a secure, object-oriented 

interface for database interactions. MySQL 8.0 serves 

as the relational engine, chosen for its robust support 

for ACID transactions, which are critical for the SLA 

engine. 

 

B. Database Normalization and Integrity 

The schema is designed to 3NF (Third Normal Form) 

to eliminate data redundancy. Key tables include: 

• Users: Role-based partitioning (Admin, Expert, 

Customer). 

• Complaints: Tracks the lifecycle of a ticket (T0 to 

• Tn). 

• Inventory: Manages stock levels and pre-set 

pricing for components. 

• Billings: Stores the final invoice, linked via foreign 

keys to both the complaint and the expert. 

 

 

 

IV. MATHEMATICAL MODELING OF THE 

SLA ENGINE 

 

The efficiency of the VoltMitra platform is predicated 

on the objective calculation of the final invoice F . Let: 

 

= Unix timestamp at the moment of ticket creation. 

• 𝑇𝑒𝑛𝑑= Unix timestamp at the moment of job 

completion. 

• Δ𝑇 = 𝑇𝑒𝑛𝑑 − 𝑇𝑠𝑡𝑎𝑟𝑡(Elapsed time in seconds). 

• 𝐵= Base service fee defined by the category. 

• 𝑀= Sum of inventory materials used 

(∑ 𝑞𝑛
𝑖=1 𝑡𝑦𝑖 × 𝑝𝑟𝑖𝑐𝑒𝑖). 

• 𝑆𝑙𝑖𝑚𝑖𝑡= 172,800 seconds (48 Hours). 

The platform’s financial controller evaluates the 

following logic: 

𝐷(Δ𝑇) = {
0 if Δ𝑇 ≤ 𝑆𝑙𝑖𝑚𝑖𝑡

0.5 × 𝐵 if Δ𝑇 > 𝑆𝑙𝑖𝑚𝑖𝑡
(1) 

 

The final billing amount presented to the user and 

deducted from the expert’s payout is: 

𝐹 = (𝐵 − 𝐷(Δ𝑇)) + 𝑀 (2) 

 

This model ensures that while the technician is 

penalized for their time management, the cost of 

materials (which is a variable out-of-pocket expense) 

is recovered to ensure the platform’s sustainability. 

 

V. SYSTEM DESIGN AND 

REPRESENTATION 

 

A. Data Flow Analysis 

To understand the interaction between the three 

primary actors (Customer, Admin, and Expert), a 

Level 0 DFD is presented in Fig. 1. 

 

 
Figure 1. Level 0 Data Flow Diagram showing the 

transactional lifecycle of a service request. 

 

B. Flowchart of SLA Enforcement 

Fig. 2 details the internal logic of the Billing 

Controller. It highlights the non-negotiable nature of 

the 48-hour threshold. 
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Figure 2. System flowchart illustrating the SLA-

driven billing logic. 

 

VI. IMPLEMENTATION DETAILS 

 

A. Frontend Security and OTP Authentication 

To minimize barriers to entry for customers, Volt-

Mitra uses passwordless OTP (One-Time Password) 

authentication. This prevents unauthorized access to 

the user’s timeline while removing the friction of 

remembering passwords. 

1) User enters email. 

2) System generates 6-digit cryptographically secure 

integer. 

3) Dispatch via PHPMailer (SMTP over TLS). 

4) Validation against session-stored hash. 

 

B. Backend Atomic Transactions 

A significant challenge in electrical services is the” 

Double-Spend” or” Stock Inconsistency” problem 

during high-concurrency billing. VoltMitra utilizes 

PDO’s transaction methods to ensure that the invoice 

creation, stock deduction, and ticket closure happen as 

an atomic unit. 

 

Listing 1. Core Billing Controller Implementation 

1 

2 

3 

// Start atomic database operation 
$pdo ->beginTransaction(); 

4 try { 

5  $job = $pdo ->prepare("SELECT  created_at  FROM 

6  
complaints WHERE id = ?"); 

$job ->execute([$id]); 
7  $startTime  =  strtotime ($job['created_at']); 

8  $elapsed = time () - $startTime; 
9   

10  // SLA Calculation 

11  $discount = ($elapsed > 172800) ? ($baseFee * 
0.5) : 

 0; 

12 $finalCharge = ($baseFee - $discount) + 
$materialSum; 

13  

14 // Record Billing 
15 $stmt = $pdo ->prepare("INSERT  INTO  billings 

(c_id , 
 disc, total) VALUES (?, ?, ?)"); 
16 $stmt->execute([$id,  $discount,  $finalCharge]); 
17  

18 // Atomic Stock Update 
19 foreach ($parts as $p) { 
20 $pdo ->prepare("UPDATE  inventory  SET  stock  

=  stock 
 - ? WHERE p_id = ?") 
21 ->execute([$p['qty'],  $p['id']]); 

22 } 
23  

24 $pdo ->commit();  //  Success 
25 } catch (Exception $e) { 
26 $pdo ->rollBack(); // Fault tolerance 
27 } 

 

VII. EXPERIMENTAL EVALUATION AND 

RESULTS 

 

The VoltMitra platform was evaluated during a 60-day 

pilot study in Lucknow, India. The field force 

consisted of 12 certified electricians across five 

appliance categories (AC, Fridge, Fan, Cooler, Table 

Fan). 

 

A. Performance Metrics 

Three primary KPIs were measured and compared 

against traditional manual service baselines: 

1) Mean Resolution Time (MRT): The average time 

from ticket creation to completion. 

2) Billing Accuracy: The percentage of invoices 

without arithmetic or pricing errors. 

3) CSAT Score: Customer satisfaction measured via 

a 5-point Likert scale post-service. 

 

Table I Comparative Performance Metrics 

Metric Traditional VoltMitra Change 

Mean Resolution 

Time 

61.4 Hrs 38.4 Hrs -37.46% 

First-Visit 

Completion 

54.2% 82.3% +28.1% 

Billing Accuracy 71.8% 99.3% +27.5% 

CSAT Score 63.5% 91.2% +27.7% 

 

B. SLA Compliance Trend 

As the pilot progressed, technicians showed a marked 

improvement in punctuality. In the first two weeks, 

22.1% of jobs breached the 48-hour SLA. By weeks 7-
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8, this dropped to 8.9%, confirming that the 50% 

penalty acts as a successful behavioral nudge. 

 

 
Figure 3. Trend analysis showing the successful 

reduction in service delays over the pilot duration. 

 

VIII. DISCUSSION 

 

A. Addressing Information Asymmetry 

In traditional electrical services, the customer suffers 

from significant information asymmetry—they do not 

know the fair price of parts or the standard labor time. 

VoltMitra’s transparent timeline (Fig. 3) and 

inventory-linked billing mitigate this, fostering trust. 

 

B. Scalability and Localization 

While the pilot was conducted in an urban center, the 

lightweight PHP architecture allows the system to run 

on low-cost hosting environments, making it suitable 

for expansion into semi-urban areas. The use of 

pincode-matching for expert assignment ensures that 

travel times are minimized, further aiding SLA 

compliance. 

 

IX. CONCLUSION AND FUTURE WORK 

 

VoltMitra demonstrates that financial enforcement at 

the application layer is a powerful tool for formalizing 

the unorganized service sector. By automating the 

penalty for SLA breaches, the platform removes 

human bias from accountability and provides a 

consistent quality of service. The 37.46% reduction in 

resolution time proves that Loss Aversion is a more 

effective motivator for human field experts than 

traditional rating systems. 

 

 
Figure 4. VoltMitra Customer Dashboard UI 

Overview. 

 

Future work will focus on: 

• Dynamic SLAs: Adjusting the 48-hour window 

based on the complexity of the task (e.g., full house 

rewiring vs. fan repair). 

• Machine Learning: Predicting delay risks based on 

traffic patterns and technician history to trigger 

proactive re-assignment. 

• Native Mobile Integration: Developing dedicated 

Android and iOS apps to provide real-time GPS 

tracking for field experts. 
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