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Abstract—Radix-64 or Base-64 is an encoding algorithm. In
this algorithm, binary data is represented using a concise, limited
and common-subset of character, which is very much efficient
than using a binary string of 0 and 1. In this paper, we will be
discussing about proper implementation of Radix-64 algorithm
along with a discussion regarding its encoding and decoding
process. The paper is also supported by graphs and flow charts in
order to clearly express the experimental findings and algorithm.
Both theoretical and empirical findings are presented related to
Radix-64 encoding and decoding technique in this paper.

I. INTRODUCTION

Base64 encoding is employed to take a binary data stream
as input and convert it into a data stream stored in text-
like format that allows easier transportaion of data stream
in environments that are not well suited for binary data
stream transmission. Base64 is a group of similar binary-to-
text encoding schemes that uses radix-64 representation for the
ASCII string format converted from the binary data. It helps in
transporting encoded textual data over a network uncorrrupted
and without any data loss. The usefulness of this algorithm
can be understood from the fact that sometimes sent normal
binary data can be misinterpreted by underlying protocols, this
results in producing incorrect data at receiving node. To get rid
of all such problems, Radix 64 conversion algorithm is used.
By using this Base-64 encoding, the encoded data has those
characters which are widely present in many character sets so
there is very less chance of data being corrupted or modified
and integrity of data can be ensured.

So the main aim of this paper is to present an algorithm
which takes image or any other data as its input. Radix-
64 conversion algorithm first encodes it and later decodes it
simulating the behaviour of protocol at sender and receiver
nodes over a communication channel.

II. DESIGN AND FLOWCHART

There are two phases of the algorithm consisting of en-
coding and decoding phase. Encoding is performed at sender
side before the transmission of stream of bits over a network.
Similarly, decoding is done at receiver side, where encoded
data is converted back to original ASCII string [1].

Encoding Phase is carried out in the sender side. The first
step includes selection of 3-bytes(24bit) of normal binary data
to be split into four numbers, such that each number is of
six bits. ASCII standards are based on use of seven bits,

but Base64 only uses 6 bits(corresponding to 64 characters).
Base64 assures that encoded data is printable and none of
the special characters available in ASCII are used. Next there
are two flowcharts given, which explains about the complete
encoding-decoding process.

A. Encoding

Encoding process starts with defining a character-set in
Base64 which consists of digits 0-9, alphabets a-z and A-Z, +
and / [4].

Encoding steps are as follows :
1) Fetch the input file which is byte-readable.
2) Three characters are to be selected together.

• File is padded to ensure all three valid characters
are chosen in each iteration.

3) Initialize reading pointer start of the file.
4) Read next three bytes(24 bits) and adjust reading pointer

accordingly.
5) Group the selected 24 bits into four blocks where one

block will hold 6 bits.
6) Map each block to a printable character from the

character-set.
• Convert each block of six bytes to its decimal value.
• Each decimal value will point to a printable char-

acter in defined character-set.
• For three selected bytes,four characters from

character-set are obtained.
• Write obtained characters to an encoded output file.

7) Repeat from step 4 until reading pointer reaches to end
of file.

Above steps are explained clearly in (Figure 1). Output of the
encoding phase is an encoded file which consists characters
only from printable character-sets.The decoding phase will
fetch this file and perform the other half of algorithm.

B. Decoding

Following the encoding phase, Decoding phase is generally
performed at the receiver’s end or at sink node. Given an
Base64 encoded file, this algorithm converts back file into
original ASCII format. Decoding process is explained thor-
oughly in (Figure 2).

The steps of decoding algorithm is as follows :



Fig. 1. Base64 Encoding

1) Fetch the Base64 encoded input file.
2) Initialize reading pointer to the start of the file.
3) create temporary string named temp for creation of

original ASCII text.
4) Read next one byte and adjust reading pointer accord-

ingly.
5) Get index value of selected character and convert it into

six-bit binary number.
6) Append the current result to temporary string temp.
7) Repeat from step 4 until end of file.
8) If reading pointer reaches end of file.

• Initialize reading pointer to the start of temp string.
• Read next one character and append it to an output

file.
• Adjust reading pointer accordingly.
• Repeat this process until end of file

9) Return the decoded output file.

Output of this phase is original ASCII file which consists
of all the characters (both printable and non-printable).Once
decoding is complete,original data can be accessed.This de-
coding is loss less as no information is lost during this process.

Fig. 2. Base64 Decoding



III. EXPERIMENTAL SETUP

The whole task was performed on a Intel i7-
4510U@2.6GHz processor, 8GB RAM system. The program
was written in python 3.5. No inbuilt libraries were used. The
program was run on various file sizes and types (namely, txt,
jpg, pdf, png, mp3 etc.)

IV. RESULTS AND ANALYSIS

Each time, integrity of the file was ensured using diff
checker and the output was found to be identical. Below given
are the graphs for File-size vs Time-required-to-encode and
File-size vs Encoded-File-size.

Fig. 3. File size vs Time taken

Fig. 4. Original vs Encoded File size

The results were found to be as expected. The increase in
file size of encoded file was about 33.33 per cent, as depicted
by a slope of 1.33 in the (Figure 4). The time taken vs input
file size was found to have a slope of 4.

DISCUSSION

Radix-64 is a popular encoding technique and it has many
variations which are frequently employed in many network

security applications. Some of the popular variations of Radix-
64 conversion are used in Privacy-enhanced Electronic Mail
(PEM) protocol, Pretty Good Privacy (PGP) [2], Multipur-
pose Internet Mail Extensions (MIME) etc. The first known
standardized use of the encoding was in the Privacy-enhanced
Electronic Mail (PEM) protocol. A printable scheme is defined
by PEM that employs base64 encoding for the transformation
of an arbitrary sequence which are expressable in 6-bit char-
acter lines, as required by transfer protocols like SMTP [3].

Radix-64 is also used in variety of contexts. Few of them
are discussed below.

1) Base64 is used for transmitting and storing text that may
cause delimiter collision.

2) Spammers frequently employ Base64 for evading simple
anti-spamming tools.

3) LDIF files are often encoded using Base64 character
strings.

V. CONCLUSION

When some binary data is needed to be shipped across a
network, streaming of bits and bytes over the wire in raw
format is not encouraged because some mediums are suitable
for streaming information in the form of text only. Binary
character streams may sometimes be wrongly interpreted by
protocols as control character or special character. So inorder
to get around this, the binary data is encoded into characters.
Base64 is generally used for encoding process because the
sender can generally rely on the presenece of same 64 charac-
ters in different character sets, and can be reasonably confident
regarding the uncorrupted sending of data to the other side of
the wire.
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