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Introduction



Sanskrit Prosody

Recite

Tis=q: Yfaed 7H JrEffH 9wl yo'ntah pravi§ya mama vacamimam prasuptam
TellagaEgaheR: Tgm=Tl  safijivayatyakhilasaktidharah svadhamna |
3T EEAARUTHAUTCRTIGH anyams$ca hastacaranasravanatvagadin

JTOT=THT Tad ges™ @Il pranannamo bhagavate purusaya tubhyam | |

What is the chanda in this verse?
Ans: gE=afdaeT (Vasantatilaka)

Recite
Tis=: UfdeT 7A€ Ugwi - yo'ntah pravisya mama vacam prasuptam

Why does it feel odd?

- Deviation from a known pattern
- How do we know these patterns?

- Sanskrit Prosody!
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Background

- Classification of syllables
- Pronunciation dependent
- Laghu (short)
- Letters with short vowels
- Guru (long)
- Letters with long vowels
- Laghu letters followed by a joint letter (samyogah)
- Last letter of a pada (conditional)
- Matra: Laghu 1, Guru 2
- Gana: Sequence of three letters (2° = 8)
Chanda
- Types
- Aksaracchanda: Sequences of laghu-guru
- Samavrtta, Ardhasamavrtta and Visamavrtta
- Matracchanda: Counts of matra
- Literature: Vrttaratnakaral, Chandovicitih, Chandomafijari etc.
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Why another meter identification tool?

Aim
- Add more user-friendly features.

- Catch errors in the text and suggest corrections!

- Web-based application

- Python library

- Three input modes: (1) plain text, (2) images (3) text files

- Two OCR Engines: (1) Google Drive OCR (2) Tesseract OCR

- Transliteration support (powered by indic-transliteration)
- Two meter identification modes: (1) line mode (2) verse mode
- Fuzzy matching support using edit distance comparison

- Informative scansion display

- Downloadable results
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Feature Comparison

Features [Mis07] [MGS13] [Raj20] [Nei22] Chandojiianam
Availabilit Web Interface V! V2 v v v
y Software Library v v v
Text v v v v v
Arbitrary Lines v
Input Multiple Verses v
Textfile Upload v v
Image Upload v
Meter Identification v v v v v
Functionality  Error Tolerance v v v
Fuzzy Matching v v

Table 1: Feature comparison of extant meter identification systems

"http://sanskrit.sai.uni-heidelberg.de/Chanda/HTML/ no longer functional.
’https://sanskritlibrary.org:8080/MeterIdentification/ no longer functional.
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Metrical Database

Exl e oy T AEEEN WET AR
HICQIEEaIED] HESTT TR A TR FTERT 19 30 12,7
HuEE TR TANTERRTERTT 11 20 47
FHuT 1 e AACTACTENTENTENT 11 14
N 2 AR AT 12 16
TR 1 I ACHTCRTATTRTE 10 13
Ry 2 A& ACTACHTCHTCHT 10 13
Ry 3w TERTATETAT 10 14
Ry 4 T AT AT 13 18
T 1 - -~ 8
I 2 - T 8

Figure 2: Generic Chanda definition format

- Column ‘Pada’: index of pada in the meter
- Uniform treatment of samavrtta, ardhasamavrtta and visamavrtta
- Regex pattern (reqular expression) definition
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Metrical Database

- Two types of dictionaries
- Signature of individual padas (CHANDA_SINGLE)
- Signature of consecutive padas (CHANDA_MULTIPLE).

CHANDA_SINGLE = {
'"LGGLGGLGGLGG': ['Bhujangaprayata'],
' [LG] [LG] [LG] [LGILG[LG] [LG]': ['Anustubh (Pada 1)'],
' [LG] [LG] [LG] [LGILGL[LG] ': ['Anustubh (Pada 2)']

CHANDA_MULTIPLE = {
'LGGLGGLGGLGGLGGLGGLGGLGG' : ['Bhujangaprayata (Pada 1-2)']
' [LG] [LG] [LG] [LGILG[LG] [LG] [LG] [LG] [LG] [LGILGL[LG] ': [
'Anustubh (Pada 1-2)'
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- Text input
- Textfile input
- Image file input

ATEIAGAE, YAy SeqarE-ed
i AT T AARASeEES e |
AHTFTER HAEFHSASGE "R
AASFE FTAGEAIATE TAEEA, |l

Upload Choose image file Browse

Google OCR  © Tesseract OCR

Figure 3: Upload a screenshot of a verse for meter identification
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Text Processing

- Common text processing pipeline for all input modes
- Transliteration (powered by indic-transliteration?)

- Detect scheme
- Convert to internal scheme (Devanagari)

- Line identification

IIYA“I o

- Standard line-end markers: ‘\n’, ‘I’ ‘I, *
- Syllabification (powered by sanskrit-text*)
CWRA=T+3+7T
- Laghu-Guru markers
- Standard rules
- 3 Chanda where last letter is laghu (Padanta Laghu)

- Last letter not forced to be guru

*https://pypi.org/project/indic-transliteration/
“https://pypi.org/project/sanskrit-text
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Meter Identification Algorithm

Algorithm 1: Meter Identification
Data: Metrical Database (MD)
Input: lg-signatures of every ‘line” in the input (T = {lg1, (g2, ..., lgn})
Output: Result set containing exact or fuzzy matches
1 forall [g € T do
2 SM; = FindDirectMatch(lg, ‘CHANDA_SINGLE")
3 SM; = FindDirectMatch(lg, CHANDA_MULTIPLE")
4 RM = FindRegexMatch (lg, ‘CHANDA_SINGLE’ + ‘CHANDA_MULTIPLE")
5 DM = SMy + SM, + RM

6 | FM=¢

7 if DM = ¢ then

8 ‘ FM = FindFuzzyMatch(lg)
9 end

10 return DM + FM

1 end
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Direct Matching

Algorithm 2: Direct Matching

Input: lg-signature

Output: Result set containing exact matches
1 Function FindDirectMatch(lg, ‘MD")

2 My = Query(lg, ‘MD’) // dictionary lookup

3 M, = qu

4 if My = ¢ then // if no match found
5 if the last letter of lg is laghu then

6 lg1 = replace last letter of lg with guru

7 M, = Query(lgy, ‘MD’)

8 end

9 end
10 return My, + M,
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Fuzzy Matching

What?

Finding approximate and close matches if exact match not found
Why?

- Digitally available Sanskrit text can be erroneous

- Manual data entry

- Post-scanning OCR followed by manual correction
- Types of Errors

- Characters may be misspelt, e.g., % (ru) as & (ra)

- Characters may be missing, e.g,, @ (vargai) as & (vagai)
- Characters may be misidentified, e.g, % (r) as % (kra)

- Characters may get split, e.g, @ (kha) as 3@ (rava)

- Several such errors can affect the metrical pattern of the text
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Fuzzy Matching

How?

- Problem: Finding the nearest matching string for the
lg-signature of the text

- Compute Levenshtein edit distance of the observed pattern
(powered by python-Levenshtein5)

- Normalize the edit distance by the length of target pattern

Levenshtein distance

Similarity =1 — length of target match

- Topmost k matches as the possible fuzzy matches (k = 10)
- Suggestions: changes required to transform input into target
- insert, delete, replace

Shttps://pypi.org/project/python-Levenshtein/
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Fuzzy Matching Example - Matching

Input text Output Scheme:  Match Input -
T T Fedel AGH

T ferge g aftidise)

HETIEe qUaH @l

TAAY T A T I

A

Verse Mode © Line Mode

Resdults nE
Aksarani I 7 @& § ¥ ¥ & @« W F ¥ 7
Laghu-Guru a9 T T [ B B | T T a9 T
Gana k] g g q
Counts 12 S7erifoy, 19 7=

Jati St

Chanda sorEyaT (1 edit)

Figure 4: Meter identification with fuzzy matching
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Fuzzy Matching Example - Suggestions

Chanda ergyard (1 edit) - Fuzzy
Fuzzy Matches

# Chanda Gana Cost Similarity

1 erguard Rppp) 1 91.7%
(0=, w, <, [, ], [, & W, [, G, A

2 gfeoft R 2 83.3%
(K@), 'dE), ', &, [¥, ar], [, =, &, [+, T, o, 3]

3 faeagamren FadmT 2 81.8%

[rdEy, =, &0, [4, &, [4, &, &, (4, (DKL, A1)

4 gowrer (UrE 1-2) TRATTT 3 78.6%
[0, Ly, Ly, =3, 1@, &r], (7, & A, (AT G, W

5 gEsn qdoR 3 75.0%
[rdEy, =, &, [4, &, [4), &, r@)L]], [47, ', (G), (G), '’T]

Figure 5: Fuzzy matching suggestions
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Identification Modes

- Line mode: Treat the input as a set of arbitrary lines
- Useful for checking meter of a single line or a set of
unrelated lines
- Verse Mode: Treat the input as a collection of verses

- Useful for identifying meter of a single or multiple verses
- Utilizes information from other lines of the verse
- Re-order results if required
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Input text

s o
i e
e e

i o 42 o 3

Verse Mode © Line Mode

Input text Output Scheme:  waich Input
Output Scheme:  atch Ino. - o e o

1 T A o A

© Verse Mode  Line Mode

LEUA Results

Results oo o

Aksarani @ @ ¥ @ @ ow 4 @ ;W W W = Aksarani wo@ 7 @ wow Ao

Laghu-Guru R T T T o9 a « R Toa T a Laghu-Guru T T T T a @ @ n

Gana i ks a a Gana L L a

Counts 12 siarifd, 20 wraT: Counts 12 SiERIfor, 20 7

Jati ST Jati Suc

Chanda ATt (1 edit) Si2l Chanda anfardt (2 edits) +Fu

Figure 6: Meter identification in (a) Line mode and (b) Verse mode
Chanda e (1 edit) Chanda et (2 edits)
Fuzzy Matches. Fuzzy Matches.

# Chanda Gana Cost Similarity # Chanda Gana Cost  Similarity

1 amdnft TG 1 90.9% 1 anferft AT 2 81.8%
{Irar, @), [0, ), (=, =, @y, @, (29, = w ) s, ], [<r, =), [d(R), WG], [fr, &), p2r, 'm, =, =)

2 wefiof TSR 2 84.6% 2 awdr AT 1 90.9%
(=, ), {20, LY, [, =, (7, |, G i =) (e, @y, [=r, =), (=2, w, pd@y, v, e w, =, )

Figure 7: Fuzzy matches in (a) Line mode and (b) Verse mode
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Other Languages

- Transliteration-based primitive® multilingual support

Input text

i e 7<) R o

© Verse Mode - Line Mode

Output Scheme:  Devanagari ~ Input text

2620 &

© Verse Mode

dentiy

Reslts nn Results
L 1. wectes
Aksarani gdafRwaa g T a @ & Ao Aksarani
Laghu-Guru @an @ @@ T T @a @A @ AT & T LaghuGuru
Gana o g s g T @ T Gana
Counts 17 Sferafoy, 24 w0 Counts

Jati srafe: Jati

Chanda et Chanda

Output Scheme:  Telugu -

Line Mode

oon

D8 8% 8 F ko dopIE WK w0 dE ow Do fodd

oo A Ko o foKo o o K KA o K K of

5 3 5 3 EY @ oK
20 syllables, 30 morae
28

Sodzsoldes

Figure 8: Identification from other Indian languages, (a) Marathi (b) Telugu

6Uses the rules and metrical database of Sanskrit prosody

ttachar
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Evaluation for Error Correction




- Single text from different sources can differ in several places
- Three versions of Meghaduta’ composed by Kalidasa

- Wikisource, sanskritdocuments.org and GRETIL
- Texts with more metrical variety

- Santavilasa (36 verses) (12 distinct meters)
- Sriramaraksastotra (39 verses) (9 distinct meters)
- Rajendrakarnapira (72 verses) (4 distinct meters)

- Manually tagged meters for each verse from these texts
- Realistic evaluation: Simulate digitization pipeline for all four texts

- Generate PDF from Wikisource text
- Run both the OCR systems
- Obtain the OCR-ed versions of the text

- Total 14 text versions, 1038 verses, exhibiting 17 distinct meters

7Also used by [Raj20] for evaluation
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Meghaduata Santavilasa | Ramaraksa | Rajendrakarnapira Total
SD GR WS GO TO |WS GO WS GO WS GO TO

Number of Verses M7 11 123 123 12336 36 36[39 39 39|72 72 72 1038

Unique Chanda 1 1 1 1 1 2?12 129 9 4 4 4 17

Erroneous Verses f20 79 2 31 7|13 % 3|1 4 13|12 26 71 | 39
Correct [Nei22] 20 79 2 30 66 |1 13 4|0 2 9|12 24 36 318 (80.3%)
Meters [Raj20] 19 79 2 30 75|12 15 24| 1 2 9 |12 26 58 364 (91.9%)
Identified | Chandojfianam | 20 79 2 31 77 |13 16 29| 1 3 9 |12 26 7 389 (98.2%)

Table 2: Error tolerance of meter identification systems. (Versions are WS:
Wikisource, GO: Google OCR, TO: Tesseract OCR, SD: sanskritdocuments.org,
GR: GRETIL.) Chandojfianam is able to detect correct chanda from
erroneous verses 98.2% of the times.
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Error Analysis

- Successfully detected and corrected two errors from Wikisource
version of Meghadita

Error #1

- Line: FTe1aNd hgpeRReft Udd uda o (Pada 3, Sloka 1.23)

- Incorrect word 9dd (should be wdd)

- Likely due to OCR error and an oversight by the curator

- Suggestion: [[[&, '@, &, @], [F, &, 'w, g, ¥, 4], [T, &, 'd1,
(o, (@)L, a1, (&

- System correctly points to the location where a change is
required
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Error Analysis

Error #2

- Line: AfRMVieag eRdagaiem i (Pada 3, Sloka 2.53)

- Extra letter (@) present in the sandhi of words Feret: and dgaita:

- Suggestion: [[[=T, T, @r, =, W, &, @, 'F, ¥, «, d), 'd, 5,
=, oy, o, v, )]

- Points out correctly that a syllable needs to be deleted

- However, points to an incorrect syllable ¥ to be deleted

- Both & and d are laghu letters
- Deletion of either letter = the correct metrical signature
- Impossible for a meter identification based system
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Conclusions




Conclusions and Future Work

- User-friendly meter identification system
- Several input options

- Focus on error detection and correction

Future Work

- Inclusion of Matracchandas
- Improvements to meter correction algorithm
- Possible consideration of semantic aspects

- More extensive support for Indian languages that use similar
rules of prosody

Links
System: https://sanskrit.iitk.ac.in/jnanasangraha/chanda/
Source: https://github.com/hrishikeshrt/chanda/
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Thank you!

Questions?
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