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Abst ract

Thi s docunent details the formal specification of Base32 for Humans;
an alternate Base32 al phabet which extends the "Handl ed by Humans"
text found in Section 3.4 of RFC 4648. This base features an

al phabet curated for expressing nunbers in a formthat can be
conveniently and accurately transmtted between humans and conputer
syst ens.

About Thi s Docunent
This note is to be renoved before publishing as an RFC

The | atest revision of this draft can be found at

https://github. com dougl ascr ockf or d/ Base32/ bl ob/ draft-00/draft-
crockf ord-davi s-base32-for-humans. nd. Status information for this
docunent may be found at https://datatracker.ietf.org/doc/draft-
cr ockf or d- davi s- base32-f or - hunans/ .

Di scussion of this docunent takes place on the Revise Universally
Uni que Identifier Definitions (uuidrev) Wirking Goup mailing |ist
(mailto:uuidrev@etf.org), which is archived at

https://mail archive.ietf.org/arch/browse/uuidrev/. Subscribe at
https://ww.ietf.org/ mailman/listinfo/uuidrev/.

Source for this draft and an issue tracker can be found at
https://github. com dougl ascr ockf or d/ Base32.

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working documents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Crockford & Davis Expires 12 COctober 2026 [ Page 1]



Internet-Draft

base32-f or - humans 2026

April

Internet-Drafts are draft docunents valid for a maxi num of six nonths

and may be updat ed,
time. |t
mat eri al
This Internet-Draft wll

Copyright Notice

repl aced,
is inappropriate to use Internet-Drafts as reference
or to cite themother than as

or obsol eted by other docunents at any
"work in progress."”

expire on 12 Cctober 2026.

Copyright (c) 2026 | ETF Trust and the persons identified as the

docunent authors. All

Thi s docunent

rights reserved.

is subject to BCP 78 and the | ETF Trust’s Legal

Provisions Relating to | ETF Documents (https://trustee.ietf.org/

| i cense-info)

in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully,
and restrictions with respect to this docunent.
extracted fromthis docunment nust
described in Section 4.e of the Trust Legal

as they describe your rights
Code Conponents

i nclude Revised BSD License text as
Provi sions and are

provi ded without warranty as described in the Revised BSD License.

Tabl e of Contents

1. Introduction
1.1. Goals .

wn

The Al phabet
3.1. Padding .
3.2. Checksuns .

Decodi ng

N O~

Ref er ences
8 1.
8. 2.
Appendi x A
Appendi x B.

B.1. Encoding

B. 2. Decoding
Aut hors’ Addr esses

Changel og

Crockford & Davis

Conpari ng EXI S;[I ng AI phabet S

Conventi ons énd Def| ni t| ons
Security Considerations .
| ANA Consi derations .

Nor mati ve Ref erences
I nformati ve References

Test Vectors .

Expires 12 COctober 2026

QO OVWWOWWOMOWWMWOVAONIIOPDWWW

Tl

[ Page 2]



I nternet-Draft base32-f or - humans April 2026

1.

1.

I nt roducti on

Dougl as Crockford s Base32 has been published at [ DCB32] since the
early 2000s. This Base32 variant al phabet has been wi dely

i npl emented and tested across the industry as an alternative Base32
([ RFC4648], Section 6) and Base32hex ([ RFC4648], Section 7); however
it does not have a standards-based docunent published with any
standards body. Since Base32 itself was published with the IETF; it
is fitting to publish this Base32 variant with the I ETF as well.

Thi s docunent serves to provide a standards-based reference for new
libraries and for future RFCs to cite. One exanple is its use with
Universally Unique IDentifiers (UU Ds) defined in [ RFC9562], where
Base32 for Humans is a recommended al ternate encodi ng nethod via

[ new uui d- encodi ng-t echni ques-ietf-draft].

Where possible, the content of this docunent mirrors the text of the
original webpage, with expanded conmentary and clarification where
requi red, such as new encodi ng and decodi ng test vectors and

compari sons to newer BaseXX al phabets.

1. Goals
The goal s of this Base32 al phabet are as foll ows:

* Be hunman readabl e and machi ne readabl e.

* Be conpact: Humans have difficulty in manipulating | ong strings of
arbitrary synbol s.

* Be error resistant: Entering the synbols nust not require
keyboar di ng gymasti cs.

* Be pronounceabl e: Hurmans shoul d be able to accurately transnit the
synmbol s to other humans using a tel ephone.

Conparing Existing Al phabets

When exam ni ng ot her BaseXX al phabets against the goals defined in
Section 1.1, the followi ng observations are true:

* BaselO and Basel6 ([ RFC4648], Section 8) are well-known al phabets
but tend to produce encoded outputs that are too |ong for human
consunpti on.

* Base32 ([ RFC4648], Section 6) and Base32hex ([ RFC4648], Section 7)
stri ke a bal ance between conpactness and error resistance but
i nclude characters that are chall enging for human use cases (see
[ RFC4648], Section 3.4).

* Base36 often uses the entire al phanuneric range and cannot easily
substitute probl ematic characters.
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* Baseb8 used in Bitcoin ([Base58btc]) renoves sinilar problemtic

characters (0, li, Oo, LI) but introduces both uppercase and
| owercase letters, which can cause issues for case-sensitive
i nput s.

* Base62 ([l EEEBase62]) is a |arge al phabet with no synbol s but,
| i ke Base36, uses uppercase and | owercase letters and therefore
shares the sane issues as Base36 and Baseb8.

* Base64 ([ RFC4648], Section 4) and Base64url ([RFCA4648], Section 5)
provi de conpact encodi ngs but require uppercase, |owercase, and
speci al characters; renoving any al phanuneric character typically
forces a special character into the al phabet, which is undesirable
for human-oriented use.

The I ength of the Base32 al phabet (32 characters) allows selecting a
subset of characters while omtting problematic ones. While this is
not the nobst conpact encodi ng avail abl e, avoiding synbols and
treating al phabet characters as equival ent inproves human readability
and reduces transcription errors when reading al oud or typing.

Conpared to Z-Base-32 ([ZB32]), many design considerations overl ap,
but Z-Base-32 renoves a different set of characters (0, 2, LI, W).
Z-Base-32 al so reorders the al phabet in order to nake certain
characters appear nore frequently for its target use cases. As a
result, Z-Base-32 does not follow US-ASCI| collation ([ RFC20]) and
does not sort the same as its binary counterpart.

3. The Al phabet

The Base32 for Hunans al phabet, which can be referenced as
"Base32pl us", is a superset of the Basel6 al phabet and an alternate
versi on of the Base32hex al phabet; both featuring US-ASCI| [RFC20]
characters.

The encoded data conveys each character as a 5-bit value. |If
necessary, values are zero-extended as described in Section 3.1 so
the input data length is a nultiple of 5 bits.

Base32pl us excludes four letters: I, L, O and U

I/i and I/L can be confused with the nunber 1, O o can be confused
with 0, and U can produce accidental obscenities or be confused with
V/v. Note that 5/S/s and 2/Z/z are not nodified in Base32pl us,

al t hough these characters can look simlar in handwiting (see

[ ZB32]).

Table 1 details the al phabet characters along with their respective

decodi ng and encodi ng val ues. Wen encodi ng, only uppercase letters
are used. For nore information on decoding, see Section 4.
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R S . +
| 23 | Qq | Q I
oo - N . +
| 24 | R | R |
N N oo +
| 25 | Ss | S |
R T L o mme oo +
| 26 | Tt | T |
oo - N . +
| 27 | Vv | V |
N N oo +
| 28 | Ww | W |
R T L o mme oo +
| 30 | X x | X |
oo - N . +
| 31 | Yy | Y I
N N oo +
| 32 | Z z | z |
R T L o mme oo +

Table 1. The Base32 for
Humans Al phabet as table

The Al phabet as a continuous text input can be found in Figure 1.
0123456789ABCDEFGH] KMNPORSTVWKYZ
Figure 1: The Base32 for Humans Al phabet as text
3.1. Padding
The Base32pl us al phabet does not use a special padding character.
If the bit length of the input is not a nultiple of 5, zero-extend
the nunber in the least-significant bit positions to nake the length

a multiple of 5.

For exanple if the data is a 4-bit value 0b1111 the padded data woul d
be a 5-bit value 0b11110.

3.2. Checksuns
An application MAY append a check synbol to a synbol string. This
check synmbol can detect synbol-substitution and synbol -transposition

errors, allowing transmi ssion and entry errors to be caught cheaply
and early.
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The check synbol encodes the number nodulo 37, the smallest prinme
greater than 32. Five additional symbols are defined for encodi ng or
decodi ng the check synbol; these are shown in The Base32 for Humans
Checksum Val ues and extend The Base32 for Humans Al phabet as tabl e.

These additional synbols were chosen to avoid confusion with
punctuation or URL formatting.

B ool sl et
| Value | Decoding | Encoding |
R ettty ety b p—p—j—_———
| 32 (I (I I
+----- - R R +
| 33 | ~ | ~ I
+------- F--- - - F--- - - +
| 34 | $ | $ I
+------- I I +
| 35 | = | = I
+----- - R R +
| 36 | Uu | U |
+------- F--- - - F--- - - +

Tabl e 2: The Base32 for
Humans Checksum Val ues

The the checksums postfixed to the The Base32 for Humans Al phabet as
text can be found in The Base32 for Humans Al phabet with Checksuns.

0123456789ABCDEFGHI KMNPQRSTWWKYZ* ~$=U
Fi gure 2: The Base32 for Humans Al phabet w th Checksuns

VWere these synbols prove problematic for various application use
cases, inplenentations MAY strip checksumvalues, utilize percent-
encodi ng, or other application-specific nethods to ensure proper
handl i ng and delivery of the checksum val ue.

4. Decoding

When decodi ng, both uppercase and | owercase letters are accepted. |/
i and L/|I are treated as 1, and Qo is treated as O.

Hyphens (-) MAY be inserted into synbol strings to partition them

i nt o manageabl e pi eces, inproving readability and reduci ng confusion.
Hyphens are ignored during decodi ng, although an application MAY
check hyphen placenent to help validate a synbol string.
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5.

8.

8.

Conventions and Definitions

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [ RFC2119] [RFC8174] when, and only when, they appear in all
capitals, as shown here.

Security Considerations

Section Checksuns addresses the primary security-related concern in
this docunment: data integrity and validation of decoded data.

No additional security considerations are identified.
I ANA Consi derations
Thi s document has no | ANA acti ons.
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Appendi x A.  Changel og
draft-00:
* Initial Rel ease
draft-02
* update front matter venue and alt encoding reference
Appendi x B. Test Vectors
The following text vectors start with a base of those found in
[ RFC4648] and then add additional values that illustrate decodi ng of
specific values and the usage of the checksum

B.1. Encoding

B Rty el e, s ety o
| I'nput | Encoded Data | Checksun®? | |nput Type

F e ool oo oo s
| f | CR | N | Text |
R I i I R R +
| fo | CSQG | N | Text |
F-- - - - F-- - - - - - F-- - - - I i +
| foo | CsQPY | N | Text |
I I I I +
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| foob CSQPYRG | N | Text |
T N Fomm e oo - +
| fooba CSQPYRK1 | N | Text |
T TS S R +
| foobar CSQPYRK1ES | N | Text |
T T T Sy Fom e oo Fom e e o - +
| foobar CSQPYRKLIE86 | Y | Text |
T N Fomm e oo - +
| test EHI Q6X0 | N | Text |
T TS S R +
| test EHI QB X0V | Y | Text |
T T T Sy Fom e oo Fom e e o - +
| 123456789 | OXDWI58U | Y | Integer |
T N Fomm e oo - +
Tabl e 3: Base32 for Hunmans Encode Tabl e
B.2. Decoding
| I'nput | Decoded Data | Test Info |
[} gt el e s e o}
| CSQPYRK1E8 | foobar | Basic Input 1, decoded as text |
S oo s o m e e e e e e i e e ee oo +
| CSQPY- RK1E8 | foobar | Decode as text with dashes |
o m e e e oo - S o m e e e e e e e e e +
| csqgpyrkle8 | foobar | Decode | input as text |
S R T +
| csqpyrkie8 | foobar | Decode i input as text |
S oo s o m e e e e e e i e e ee oo +
| EHIQBXO0 | test | Base Input 2, decoded as text |
o m e e e oo - S o m e e e e e e e e e +
| ehjg6xo | test | Decode o input as text |
S R T +
| CSQPYRK1E86 | foobar | Checksum 1, decoded as text |
S oo s o m e e e e e e i e e ee oo +
| EHIQBXOV | test | Checksum 2, decoded as text |
o m e e e oo - S o m e e e e e e e e e +
| OXDWI58U | 123456789 | Checksum val ue of extended |
| | | al phabet, decoded as integer |
Fom e o - oo s o m e e e e e e e e eea oo +
Tabl e 4: Base32 for Hunmans Decode Tabl e
Aut hors’ Addresses
Dougl as Crockford
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