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What is Sound?

• Sound = Air pressure variations over time 

• Microphone = converts pressure —> electrical voltage (analog) 

• ADC = Samples the voltage thousands of times per second —> List of 

integers

[0, 214, 1024, 3100 …..]ADC
Pressure wave Voltage Digits

Vocal Chords

Air Molecules

Mic

Analog Signal

Chip Digital Samples



The Three Numbers That Define Audio

1 min * 16,000 samples/sec * 2 bytes * 1 channel = 1.9 MB/minute

Parameter What it controls
Our 

choice
Why

Sample Rate How often we measure 16,000 Hz
Nyquist: speech tops at 8kHz -> need 2x = 16kHz. 

Wishper trained on 16kHz

Bit Depth How precisely we measure 16-bit 65, 536 steps — clean voice, no overkill

Channels How many mics Mono (1)
ASR ignores spatial audio. Stereo = double data, zero 

benefit



PCM, WAV, FLAC
Same Audio, Different Wrappers

• PCM = Flat list of integers. Zero 

overhead. 

• WAV = PCM + 44 byte header. 

Universally readable 

• FLAC = lossless compression 

(~50% smaller)

Browser Media Recorder

Websocket Stream

WAV - stored to disk

FLAC - email attachment

Raw PCM bytes

Prepend - 44 byte header

Predict —> store errors only



VAD - Voice Activity Detection

Without VAD With VAD

Silence
Whisper -> “Thank 

you…”
[SKIP]

Fan hum
Whisper -> 

“Please subscr…”
[SKIP]

Breathing
Whisper -> “BG 

music..”
[SKIP]

Hi Mom
Whisper -> “Hi 

Mom”

Whisper -> “Hi 

Mom”

Hallucination Clean input

Final Transcription Live Transcription

vad_filter=True vad_filter=False

500ms silence gap = cut Everything passes through

Accuracy over 

completeness

Responsiveness over 

accuracy

The Quality Gate



The History of Speech Recognition

Rules  

hand-crafted  

phonemes

HMMs  

probabilistic  

acoustic +  

language models

DNNs 

learned features 

from data

End-to-end 

one model: 

audio —> text 

no phonemes

Whisper 

680k hours 

99 languages 

web-scale

Digits only 

one speaker

Dictation 

software

Big jump 

in accuracy

Simpler  

pipeline

Zero-shot 

any language

1950s 1980s 2012 2015 2022

Every generation stopped hand-engineering one more thing and let the data decide instead.



How Whisper Works

<|te|> —> Telugu script 

<|en|> —> English 

Same model.  

One token switches language.

<|transcribe|> —> Write what was said 

<|translate|> —> translate to desired  

                              language 

Same model.  

One token switches task.

Audio (16kHz WAV)

STFT + Mel Filterbank 

• 2D grid:  

• 80 freq bands * 3000  

time steps 

• Whisper sees audio as a picture

Transformer Encoder

Transformer Decoder

<|te|> <|transcribe|>

నేను బడికి వెళ్తు న్నాను.

What sounds are 

here?

What words do I 

write?



https://arxiv.org/pdf/2212.04356




What Whisper Actually Sees
The Log-Mel Spectrogram

Raw audio (PCM) 

[0, 214, 1024, 3100] 

16,000 numbers/sec 

“hard to learn from

STFT 

[freq * time grid] 

8,000 freq bins 

“too many bins”

Mel + Log 

[80 bins * 3000 steps] 

compressed, human-scaled 

“what Whisper sees”

Human hearing is logarithmic 

We hear 200Hz vs 400Hz easily 

We barely notice 7800Hz vs 8000Hz 

Mel scale matches perception  

- compress high, expand low

A whisper vs a shout = 1, 000, 000x energy difference. 

Log compresses this to a 0-6 range 

Quiet and loud speech become equally learnable

Why Mel Scale? Why Log Scale?



Word-level Timestamps
How Whisper Knows When Each Word was Said

Decoder generates 

tokens 

[“_Shah”, “reen”, “_my”]

Cross-attention weights 

“Shah” peaks at frames 16-34 

“reen” peaks at frames 34-35 

“my” peaks at frames 45-58

DTW finds clean path 

start: 0.32s 

end: 0.68s

No timing info yet Implicit timing in weights Explicit Boundaries

“_Shah”: 1.20s-1.45s 

“reen”: 1.45s=1.68s
Shahreen: 1.20s - 1.68s

Subword - Merging: Byte Pair Encoding





The Hallucination Problem

• Audio: [silence]     → "Thank you for watching. Don't forget to subscribe." 

• Audio: [fan noise]   → "I'll see you in the next video." 

• Audio: [child: "Hi"] → "Hi. Welcome to my channel. Today we're going to..."

Mitigation Where What it Prevents

temperature = 0.0 Live transcription Prevents random amplification of transcription errors

vad_filter = True Final transcription Prevents silent frames from reaching the decoder

100 ms minimum clip WebSocket handler
Prevents clips that are too short to contain meaningful 

speech

Explicit language 

token
Every transcription call Prevents incorrect language detection/guessing

Human review
Parent Journal 

Manager

Catches anything that slipped through the automated 

pipeline











Syllable

Word Syllables Pronunciation

Book 1 Book

Hello 2 Hel. Lo

Computer 3 Com. Pu. Ter

Intelligence 4 In. Tel. Li. Gence




















