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Lossless data compression methods

Entropy type: Dictionary type:

o Arithmetic; o DEFLATE;

o Huffman; ° Lempel-Ziv;

° Golomb; ° Run-lenght encoding;
° Range; ° etc.

o S.hannonjFano; Other types:

o Fibonacci; - Delta:

° etc.

o Burrows—Wheeler;
o etc.
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Huffman coding

Huffman coding is lossless entropy compression algorithm;

h, 0,5
: ’ 1
Based on variable-length code table called Huffman tree; h
h 0 2 1 123456 ®
Coding process can be divided in two parts: 2 ’ | hy3 1,0
o creation of Huffman tree; hs 0,1 0,3 ! 0
° creation of code for each symbol in alphabet; 0 hj3456 05
h 0,1
Universal data compression block (UDCB) is based on a 4 ! 0
particular type of Huffman coding called Canonical Huffman h 005 — T2 hyse
coding. > ’ hse | ™
—0
he 005 — %!
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Canonical Huffman coding

. . . Canonical Canonical
Canonical Huffman coding allows to describe | Nr. | Huffman code Nr. | Huffman code
Huffman tree: Huffman code Huffman code

’ 1 000 011 9 10100 01000

Description table is created using one formula | 2 001 100 10 | 101010 000000
and S|mp|e «for» Ioop. 3 010 101 11 101011 000001
4 011 110 12 101100 000010

for f == 5downto 1do first[f] := 5 10000 00100 13 101101 000011

. . 6 10001 00101 14 101110 000100

= irst|f + 1| + probabilit + 11/2
[(f [f ] p y[f ]/ )] 7 10010 00110 15 101111 000101
where first[6] := 0 8 10011 00111 16 110000 000110
Code length 1 2 3 4 6
Code “probability™ 0 0 4 0 7
First number 2 4 3 5 0
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Development methods

Possible UDCB development methods:
o ASIC (Application-specific integrated circuit) or similar;

o Microcontrollers (Modified C or other languages);
o FPGA (VHDL, LabVIEW environment).
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LabVIEW FPGA

rrrrrr‘ NATIONAL INSTRUMENTS

LabVIEW* is a system-design platform and - -
development environment; = [&>E
. . T
LabVIEW FPGA is an extension module for e
La bVI EW to ta rget F PGAS O n N I kx> ] ,,,,,,, - PID gains-l;;uzeﬂsgﬂw{ A PID gaing ix 2f\8)|
. . -+ 0 bk | output range L.

reconfigurable 1/0 (RIO) hardware

Implements true parallelism for parallel data | T ]

processing on FPGA chip in real-time [ e o )

T Bundle B Narr:e i sws B 2 i
@ N setpiint P » appclj-'rlf;i?irgazlroa:ion 1024 v NumlE{aFrODfEIaeE:nents
PID qains (x 248 =(4 PID' gains (x 2°8) channel{s) to reset -+ Tirmeout {ms)
et R i § Il e e
I%ual #to Update configuration
Ia:%configuratio B
%EKS) to reset VE """ Initialize Array i Setpoint, Qutput, Py
[ 2
apply reset(s) B
?Ent(u&ac)
*Laboratory Virtual Instrument Engineering Workbench =8 Bl sy
|

**National Instruments
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FPGA target device

Xilinx Spartan-3E FPGA Family chip:
o System gates — 500K;

Equivalent Logic Cells — 10 476;

Distributed RAM bits — 73K;

Block RAM bits — 360K;

Dedicated multipliers — 20;

User I/O —232;

[e]

[e]

[e]

o

[¢]

---------------------------
---------------------------
---------------------------
---------------------------
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Development of UDCB

The goal of development is a true parallelism for high speed compression of large amount of
data;

Possible to change the capacity of the buffer memory;
UDCB can compress 8 bit input data;

Despite of Huffman coding sequential nature, it is possible to do parallel data processing:
o Data reading;

o Compression of data;
o Data sending.

Structure of UDCB is divided in units which can be implemented in many ways (add new, edit
existing)
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Development of UDCB

Edit View Project Operate Tools Window Help

|2 [&@| ) | 200t Aoolication Font |~ || 3o~ || e |12 | &5~ | WSearch m_

Loading data from Host Number of leaves Sending data to Host

e

Load data Load data from Host Send data Send data from Host

Q Q Q Q

A e Send address

Write data Read data 0
yj 0 31

0 0 Sent datas Message bit
GeeufESEEEL
Table sent Message sent

huffman_coding_vZ2.lvproj/FPGA Target| <
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Load data

Load data from Host

Development of UDCB

™

g

- {rawrite data

BRoBoHo R RN NN NN RN B §

BB {»aWrite data

Address Address to Host

% Biss

Write data 1

l=s} - | Number of leaves 1
Write data 2 l!m

Number of leaves 2
)

Data ‘ Data to Host

3] _ﬁWnte data

#

H True 'H

@ {»#Load data from Host|

@ v o]
@ v g 1]
@ ot o)

T M True <M

(3] ['ﬁLoad data from Hos!}

@ [ as)
@ fawie g 1]
@ [oissa o)
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Development of UDCB

Tree done
BBBBB

-1 +&Send data

WTrue -}

q2[y ¥ Memary select

IﬁMemory selecth +#Buffer select|

@] __mTree done

Leaves 2 done

AMemory select]-B - (3B [aClean vree]
Info sent
Leaves 1 done H
#Building treer
Build tree True ~
[E-{#Build vee]

MNumber of leaves '

E‘;‘:: rlffvn v TreE dOnE

Clean tree
Read data
=

Write data

4 True 'E
=
[E}-{+#Building tree

Building tree

Memory select

M False ~p]

[F1-|»#Message sent

»&Number of leaves

= 4

'
@ Preaves 2 one]

| +#Build tree

True ~

o v#Building tree
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Development of UDCB

0, Default ~|

Sending step

=

HTrue 'H
(SN NNsNsNsNsNsNsNsNsNrNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeeNeNeNeNsNsNeNeNeNeNeNeN e NeNeNeNeNeNeNeNeNeNeNNsNsNsNsNsNs NN NsNsNrNsNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeN*Ne}e}eNeNsNeNeNeNeNeNeNeN e NeNeNeNeNeNeN-N-N-N-NeN+}+}sNsNeNsNsNsNrN NN seNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNeNe}Ne}eNeNeNeNeNeNeNeNeNe N NeNeNeNeNeNeNeNeNeNeNeNeN+}+NsNsNsNsNsNsNeN NN NeNeNeNeNeNeNeNeNeNeNeNeNe N NeNeNeNeNeNeNeNeNeN-}s}e}eNeNeNeNeNeNeNeNeNeN-NeNeN-NeNeNeNeNeNe]

True -}

F[0. Defautt -H
Sanddaia‘ [Hrcheck address [£]-|»#Send data
[} » #Building tree

o -N=N-N+N-N-N-NeN+N-NeR-N=N:NeReN-N-NeN-NeN-N-N eR=N-NeN-NeNeN-NN-NoReN+N o =N+ N-NeN-NeN+N-NeN-NoN o oReR-N-NeN-NeNeN-NeR -NoNsNeN=R-N-NNeNoNeN-N-N -NoN-Ne =N eNeN-NeN-NeN-N+N eR-N-NeN-NeNeN-NeN-NoN e +N e =N+ N=NeN-NeN+N-NeR N =N -N-NeN-N-NeN-NeR-N-N e -NoNNe=ReN-N-NeN-ReN-N o -N-H-NeN-NoN-N-NeN-NeN NN eR-H-NeN-NeReN-3 EI
»#Table sent

#Check address'l—'}—{ r#Check address
Table sent [0} #sending step

Send data from Host

DO OOOOO00O000000000000000000

J{True -}

OO0 OOOOOOO00000000O0000000000000000000000000000000000000060800

DOOO0OOO0O0O000000000000000000000000000000 000000000000

[F1-{>#Read data

=} _ﬂLcad data

[r#Check bi

Check b
i F =
= ke Check bit from Host B

-

e |
L @ Sent datas
Check dat. Sent datas from Host
eck data =
Check address +#Send address,
‘ i

vARead data [+ #Read data Send address from Host

OO0 OOO0OOO000000000000000000000000000000000000000000

OO0 OOO0OOO0O000ON0UO00000000000000000000000000000000000000000

[-N-N-N-H-E-H-N-N-N-N-H-N-H+H+N=H-N-H-N-R-H-N-R+N-N-H-E=H-N-N+N-N-H-N-N-N-N-N N-N-N-E>H-N-R+N-N-H-N - o+ N N-N-H-N-R-H-N+N - N -NH-E=H-N-R+N-N-R-N-RN N -N - N=-N-HH-N-ReN-N-H N -+ H+ N N-N-H-N-RH-N+N - N -NH-E=H-N-ReN-N-R-N-H o -N-H-NR-N-H-H-N-ReN-N-H-N-H-H+ E=-N-H-0 -H-H-N+N N -1 H-E=H-N-ReN-N-R-N-H - N -H-1--N--H-1} s[#Send data

(sNeNsN NN sN-NeNeN-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N°
i
¢|*# Send data from Host

0 [aGee]
[oH> #5end address]

jeNeNeNeNsNeNeN:NeNeNeNeRsNeRe e}

e NeNeNeNsNeNeNeNeN eNeN sNs NeNeNeNeNsNeNsNeN=NeNeNeNs e NaNeNsNeNeNeN =N sNeNe N NeNeNeNeRsNeNeNeN =N e+ NeNs NeNeNeNeNeNeNsNeN =N+ NeNeNeNeRsNeNsNeNeN eNeN ss e e NeNeNeNeRsNeN N eNeNoNs N NaNeNeNeNeNeN =N sNeNe N NeNeNeNeRsNeNsNeN =N e s NeNs NeNsNeNeNeNeRsNeN N eNeN=Ne NeRsNeNsNeNeN eN =N sNs e s NeNoNeNeRsNeN sNeNeN=Ns e NsNeNsNeNeNeNeN sNeN e NeNeNeNeNsNeNsNeN =] eNs NeNs NeNsNeNeNeNeNsNeN sNeNeN=N N NsNeRsNeNeN eN =N eNs e s NeNeNeNeNsNeN eNeNeNeNNeNeNeRsNeNeNeNeN eN e s Ns Ne N}
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Development of UDCB

True -}

e NeNe NeNs NeNeNeNeNsNeNsNeNeNeNeNsNeNsNeNeNeNeNsNeNsNeNsNeNeNsNeNsNeNeNeNeNeNeNsNeNeNeNeNeNeNsNeNeNeNeNeNeNsNeNeNeNeNsNeNsNeNeNeNeNeNeN sNeNNeNeNeNeN sNeNNeNeNeNeN sNeNNeNeN eNeN sNeNNeNeN e+ NeNs e e NeNoNe NeNs Ne N NeNeNe NeNs e e NeNeNs e Ns e s NeNeNe NeNaNeNeNeNeNeNeNsNeNsNeNeNsNeNsNeNsNeNeNsNeNsNeNsNeNeNsNeNsNeNsNeNsNsNeNsNeNsNeNeNsNeNsNeNsNeNeNsNeNsNeNsNeNeNeNeNsNeNsNeN=]eN=N eNeN sNeN =N eNeN eNeN sNeN =N eNeN eNeN sNeN o] eNeN sNeN sNeN=N=NeNeNs e NsNeNeNeNeNe Ne s NeNeNeNeNs Ne s NeNeNeNeNs e Ns ke

N k True -]
Send data ) [o}H»#Send address [E-{>#Send data

»#Building tree
rATable sent

{=NsN=N=NsN:N=NsNeN=NsN:N=NsN-N=NsNeN=NsNeN=NsNeN=NsNeN=NsNeN=NsN=N=NsN=N=NsN=N=NsNsN=NsN=N=NsNsN=NsNsN=NsNsN=NsN=N=NsNsN=NsN=NsNeN=NsNeN=Ns NeN=Ns NeN=Ns NeN=Ns NeN=Ns e N=Ns NeN=Ns Ne M= s e N=Ns NeN=Ns M= N=NsNeN=Ns M= N=Ns M= N=NsNeN=Ns M= =N NeN=NsNeN=Ns NeN=Ns NeN=Ns M= =N NeN=Ns M= =N NeN=Ns NeN=NsNeN=NsNeN=NsNeN=NsN=N=NsN=N=NsN=N=NsN=N=NsN=N=NsNs] m »#Sending step

Buffer select #Send addresst|fit>—{» #Send address
]

Send address ‘[op T N
Mo O0000000000000000000000000000000000000000 O000000000000000000000000000000000000000000000000000
[E}-|»#Read data +#Read data +#Check b [E}-{»#Read data

Message bit

Send data from Host

rAlLoad data

#Check bitt]—{3> :

#Check bit from Hasv'" D

Message bit from Host

OOOOOO0O00000000UO00000000000000000000000000000000000000000000000000000000000000000000000000000

Message sent
I

{eNeNNeNsNeN-N-N-NsN-N-NeN-N-N-NsN-N-NeN-N-N-NsN-N-NeN-N-NeNsN-N+N-N-N-N-N+N-N-N-N-N-N-N+N-N+NeN-N-N-N+NeN+N-N-N-N-N+NeN+NeN<N-N-NeNsNeNeN-N-N-NeNsNeNeNeN-NNeNsNeNeN-N-N+NeNsNeNeN-N-N-N-NsNeN-N-N-N-N-NsN-N-N-N-N-N-NsNeN-N-N-N-N-NsNeN-N-N-N-N-NsNeN-N-N-N-N-NsNeN-N-N-N-N-NsNeN-N-N-NsN-N-NeN-N-N-N+N-N-N-N-N-N-N+N-N+NeN-N-N-NsN-N*N=N]

OOOOOOOOOOOOONOOOO0ON 0000000000000 000000000000 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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Development of UDCB

Build Specifications Status
[/] build_the_Huffman_tree (huf

|C0mp|ete

Reports
|Summary E“

Compilation completed successfully.

Device Utilization

Slice Registers: 57,2% (5326 out of 9312)
Slice LUTs: 80,7% (7513 out of 9312)
Block RAMSs: 65,0% (13 out of 20)

Timing

ChinchClk (Used by non-diagram components}: 50,00 MHz (313,28 MHz maximum)
OnboardClock: 50,00 MHz (73,90 MHz maximum)

Compilation Time

Date submitted: 05.06.2014. 19:02
Date results were retrieved: 05.06.2014. 19:14
Time waiting in queue: 00:08
Time compiling: 11:55

- PlanAhead: 00:14

- Core Generator: 00:00

- Synthesis - Xst: 06:34

- Translate: 00:58

- Map: 01:28

- Place & Route: 01:46

- Bitgen: 00:38

@ The compilation completed successfully.
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Testbench

File Edit View Project Operate Tools Window Help

o & @IEH 20ot Aoplication Font |~ ||3m‘ ||'JEIE' ||$' ||@"| FSearch T|

Sending values Receiving values Tree path

S endlatdress | Seni Hatas lE.‘\JanksWentspils Augst..\1\test_text_tree.csv

Case value
e 256 o1 o Message path

I EMNJanks\Ventspils ..\ 1\test_text_message.csv

Generated values Aereived-tabic

Stop

error 10 Received message

fs
Ji7 90000000000 00e00

huffman_coding_v2.lvproj/My Computer| <
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Testing results

File Edit View Project Operate Tools Window Help m
=
[ ]=] @EH 200t Application Font |~ |[ %=~ [[@a~ ||$'| *| Search 7] !

Value case Mumber of leaves

o 5

Generated values Decoded message
al 0

Tree path
I EM\Janks\Ventspils Augst..\O\test_text_tree.csv

Decoding table

!—!—!—!—!—!—!—!—
N T - N TR N

Message path
I E’\Janks\Ventspils ..\0\test_text_message.csv

Message

Pl P v P o |

Decoding table size in bits Message size in bits

% e

Compression correct Compression size in bits Entropy

420 I 1,379 Efficiency, %
Compression ratio Average bit count |91.929
|4.876 I 1,5

huffman_coding_v2.lvproj/My Computer| <
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Performance results

Testing for each case — 500 runs:

Clock edge count depending on unique symbol count

350000
Symbol |Average clock| Average
. 300000
count counts timems [ e
3 66809 1,34 _ 25000 4 3"'““““.‘\;‘;;'1;15,(0.3475 °
28 141479 2,83 e o e R~ 0,0763
33 146498 2,93 g 0 )
168 238394 4,77 ié 150000 - ..
2 60354 1,21 o :
1 33422 0,67 1000907
256 268958 5,38 0000 F
0
0 50 100 150 200 250 300

Symbol count
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Conclusions and suggestions

UDCB is developed successfully and it is compressing data correctly;

UDCB can be implemented in low power FPGA in data storing subsystem on nano-satellite
CubeSAT type satellite;

Implement another Huffman coding type algorithms better performance comparing;
Implementation in other FPGA targets for more accurate and close to real-time testing;

Create adaptive table sending algorithm:
> Unique symbol count <86 then send only coded symbols and their code length;

o Unique symbol count >86 then send whole table but only each symbol code length;

Upgrade UDCB to compress another length data (ex. 16 or 32 bit data);

Upgrade UDCB buffer memory for larger amount of compressible data (ex. 1024 or 2048
symbols).
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“The laws of probability, so true in
general, so fallacious in particular.”

- Edward Gibbon
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