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VIDEO ENCODING/ IP CAMERA/ FUZZY LOGIC CONTROLLER/

EMBEDDED SYSTEM

Trends in an embedded technology have rapidly grown in terms of
performance, cost and smaller size. Moreover, the concern on communication speed
of embedded system is also increasing. IP camera allowing user to monitor via IP
network has been popularly developed on embedded technology. To monitor a
multimedia via networks, sometimes the quality of picture is not suitable for an
available bandwidth because the data rate transmission is too high to send through
network unpredictable congestions. This can be observed by either quality or delay of
picture transmission. In this light, this thesis presents the method to automatically
adjust a video encoding of IP camera by using fuzzy logic controller. Additional small
program that runs on a player program sends congestion information back to IP
camera. Then the fuzzy logic controller on IP camera controls a video encoding
according to bandwidth condition at that time. The good point in fuzzy logic
controller is to control the process that is known only some parts of process and use

an experience of human expert to set a fuzzy control rule.
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Camera Encoding Streaming over UDP
> —» RTP >
Module Quality
Image Quality ControlT TF rame Rate Control
Fuzzy Logic Feedback over UDP
Controller
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Command ID Number Parameter 1 Parameter 2 Parameter 3 Parameter 4
Initial AAO01h 00h Color Type RAW Resolution JPEG
(Still image only) Resolution
Get Picture AA04h Picture Type 00h 00h 00h
Snapshot AAO05h Snapshot Type Skip Frame Skip Frame 00h
Low Byte High Byte
Set Package AAO06h 08h Package Size Package Size 00h
Size Low Byte High Byte
Set Baudrate AA07h 1" Divider 2" Divider 00h 00h
Reset AA08h Reset Type 00h 00h xxh*
Power Off AA0% 00h 00h 00h 00h
Data AAOAQ Data Type Length Byte 0 Length Byte 1 Length Byte 2
SYNC AAODh 00h 00h 00h 00h
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Command ID Number Parameter 1 Parameter 2 Parameter 3 Parameter 4
ACK AAOEh Command ID ACK Counter 00h / Package 00h / Package
ID Byte 0 ID Byte 1
NAK AAOFh 00h NAK Counter Error Number 00h
Light AA13h Frequency 00h 00h 00h
Frequency Type
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5.3 MINSHAT UMW (Video Encode)
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541  WudlWioos (Fuzzifier)
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Loss 1182 Frame Delay 1% 11og lugduuvvesia@ian A1 Frame Loss 1181 Frame Delay 141
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Initial
JPEG preview, VGA
(AA 010007 yy 07)

Set Package Size
512 bytes size

(AA 06 08 00 02 00)

A

ACK
(AA OE 01 xx 00 00)

——»

Get Picture
JPEG preview picture
{AA 0403 00 00 00)

ACK
Package 1D: 0000h
(AA OE 00 O 00 00)

Y

ACK
(AA OE 06 xx 00 00)

ACK
(AA OE 04 2 00 00)

A

Data
JPEG preview picture
(AA DA D5 ------)

ACK
Package 1D: 0001h
(AA OE 00 00 01 00)

ACK
Package ID: FOFOh
(AA OF 0000 FOrFO)

Y

Image Data Package

512 bytes, 1D: 0000hK

Image Data Package

512 bytes, ID: 0001h

il
|

The Last Image Data

Package

> | frame

@ Note:

xX, vy: Don't care

- Image size returned by C328R

9
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Membership
A
ZERO LOW HIGH
0 1 2 3 4 5 Frame Loss (fps)
Membership
A
ZERO LOW HIGH
16
0 1 2 3 4 5 Frame Delay (x100ms)

A sa v
319 5.4 vaaanunes NN YUV Frame Loss 118 Frame Delay

Y 1 I o I U X
f’ﬂﬂﬂﬁ?fﬂﬁ?Nﬂ1WLLZWﬂﬂlﬂTW‘U@\1fﬂWﬂﬁ'ﬁJ"IiEIUTNTLﬂuﬁ'JuWﬁQGU’E]QﬂQGlU
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Membership
A
1 LOW HIGH
0 L 2 3 4 5 Frame Rate (fps)
Membership
A
1 HIGH LOW
0 5 10 15 20 25 30
Quality (0=Best, 31=Bad)

{ Ia Jd o o J
gﬂﬁ 5.5 Llﬁﬂﬂlﬂulﬂﬂisﬁﬂﬁ\?ﬂ“lﬂ!sllﬂﬂﬂﬂﬁ1ﬂ1§ﬁ'\1ﬂ1W!Lﬁ$ﬂﬂ!ﬂ1Wﬂlﬂ\1ﬂ1W

5.4.2 ﬂ{]‘ﬁ“ﬂ‘?ﬁ (Fuzzy Rule Base)
4% @ v A i
niaFuuzINlszaumsalvediFeInynamsauaateoni luglves
Y
81-ud1 (1£-Then) ludnonfiwusilldasanglumsaduau 3 guuuude (1) mIniuaudast
Y
NMIFININ (2) AMUANAUNINVDINN Lag (3) HEUN 2 LAY
5.4.2.1 NYIUMIAILANBATINITINN
Rule:
If (Frame Delay) is (High)

Then (Change Frame Rate) is (Negative High)



5.4.2.2

Rule:
If
Then
Rule:
If
Then
Rule:
If
Then
Rule:
If

Then

(Frame Delay) is (Low)

(Change Frame Rate) is (Negative Low)

(Frame Loss) is (High)

(Change Frame Rate) is (Negative High)

(Frame Loss) is (Low)

(Change Frame Rate) is (Negative Low)

(Frame Delay) is (Zero) and (Frame Loss) is (Zero)

(Change Frame Rate) is (Positive Low)

n;flumﬁmuﬂuqmmwmmmw

Rule:
If
Then
Rule:
If
Then
Rule:
If
Then
Rule:
If
Then
Rule:
If

Then

(Frame Delay) is (High)

(Change Quality) is (Positive High)

(Frame Delay) is (Low)

(Change Quality) is (Positive Low)

(Frame Loss) is (High)

(Change Quality) is (Positive High)

(Frame Loss) is (Low)

(Change Quality) is (Positive Low)

(Frame Delay) is (Zero) and (Frame Loss) is (Zero)

(Change Quality) is (Negative Low)
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5.4.2.3 NIUMIAILANBLLNEN

Rule:
If
Then
Rule:
If
Then
Rule:
If
Then
Rule:
If
Then
Rule:
If
Then
Rule:
If
Then
Rule:
If
Then
Rule:
If
Then
Rule:
If

Then

(Frame Delay) is (High) and (Frame Rate) is (High)

(Change Frame Rate) is (Negative High)

(Frame Delay) is (High) and (Frame Rate) is (Low)

(Change Quality) is (Positive High)

(Frame Delay) is (Low) and (Frame Rate) is (High)

(Change Frame Rate) is (Negative Low)

(Frame Delay) is (Low) and (Frame Rate) is (Low)

(Change Quality) is (Positive Low)

(Frame Loss) is (High) and (Frame Rate) is (High)

(Change Frame Rate) is (Negative High)

(Frame Loss) is (High) and (Frame Rate) is (Low)

(Change Quality) is (Positive High)

(Frame Loss) is (Low) and (Frame Rate) is (High)

(Change Frame Rate) is (Negative Low)

(Frame Loss) is (Low) and (Frame Rate) is (Low)

(Change Quality) is (Positive Low)

(Frame Delay) and (Frame Loss) is (Zero) and
(Frame Rate) is (Low) and (Quality) is (Low)

(Change Quality) is (Negative Low)

29



30

Rule:
If (Frame Delay) and (Frame Loss) is (Zero) and
(Frame Rate) is (Low) and (Quality) is (High)

Then (Change Frame Rate) is (Positive Low)

54.3 ﬁ?@gﬁ]ﬂﬁ%% (Fuzzy Inference Engine)
1&denlFmsoyuuuny Min-Max (Auaas Budrluaunisi 3.5) iesan
dy Y o Y = Ay v I
mseyuuuuuildnasnlumsdszuanatosnazivua T sunsui Idvinmsnon Tnddl

< o o da & dq ya v
Gllu'lﬂlaﬂ!ﬂll'I$ﬂ‘UigUUﬂ\iﬁTﬂﬁJlu@ﬂiﬁlmﬂuiﬂﬁllﬂiuuﬂﬂ

a d
54.4 aWwa)lvlioas (Defuzzifier)
U a 4 a J {

Tudruvesdiad Iwosaziimstewludiuvesmsulasunlasguninag
o J % J { a Ia Jd o
oasimyastoyann Faludruvesmsndounlasguain ldims dommuue s salenduld

v A = .. . IR .

5 5zaune nMsasuualauuy Positive High (PH) Positive Low (PL) Zero (Z) Negative Low

(NL) Negative High (NH) aquaaaluzili 5.6

Membership
A

NH NL V4 PL PH

PH = Positive High
PL = Positive Low
Z =Zero

NL = Negative Low
NH = Negative High

| | | | »
-

I I I I
-10 -5 0 5 10 Change in Quality

{ Ia Jd o !
51U 5.6 e FIMansuvesmsnlasuuilasgainimvenin
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Tuaruvesmslasunilassasimsdanw ldimsiemmues sl
5 SEAUFUNU IAUA Positive High (PH) Positive Low (PL) Zero (Z) Negative Low (NL)

Negative High (NH) taaaa431/# 5.7

Membership
A

NH NL Z PL PH

PH = Positive High
PL = Positive Low
Z =Zero

NL = Negative Low
NH = Negative High

-
I I '

-10 -5 0 5 10 Change in Frame Rate

{ 7a 7o { o 1
319 5.7 wawessManduvesmsnlasunilassasimsaanin
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5.5  Tsunsuuaaamwingdldamu
Tdsunsuiunmuazuaasnm lddadldiminsunmnaaninndeslofinas
y & 2 ' ¢ 7 o w A
Foyaw e RTP a1 T)sunsuilazgan Induaauiluazvmoavdrduveuvlsy RTP  1ive
a 1 9 o 1 1 1 dy [ o 9 =R
15210UA1 Frame Loss 1182 Frame Delay uanimsasauraitingulidindoalodiniuns
o { o ] : P & ac
UDP T95un3u5Umnilwm1¥191n Borland Delphi 7 Falinon Tnuusi lumuiiadsalaly
e vesTusunsuuaasasgli 5.8 Taslaseadevesdsunsuilsznonlidae
551  m3sdSunalfinsan (Time Synchronization)
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T o 1 o ] Y Yo ] 1 [ . I Y =K A
AT NOU LFU mtmuwawjmuazmuagﬂuazﬂmqnmﬂu (Time Zone) L‘l]‘l!?lu WIWUAIY
o & { ' . ' 1w o <3|
$uilunvzdodm Time Offset szrIeaenuds vFziu llawanms

server time base = client time base + time offset (5.1

A ' Y

< ) ~ ] S ~ o
LLWﬂLﬂ"l]EU’OZSI‘aﬂ"IWVIﬂﬂEN3J1i]1ﬂﬂﬂ@ﬂ1’l@w1ﬂ8(l%RTP wuazdnsUsenum

U
]

~ @ < A

P 2 4 '
"lﬂﬂllﬁﬁuﬂﬂﬁ?uﬁ?‘uﬂﬂ RTP UNNIND L?J@‘li}@u“aﬁﬂ”IaﬂillﬁLLﬂiNLLﬁﬂQﬂTWﬂﬂNﬁWNWiﬂ
° ' . 2y v A Y9 ' . o oA A A2 <~
ANUIUAT Time Offset "Ll]’l,ﬂ LLWLWﬂGl,ﬁ"U’ﬂisljﬂﬂ'l Time Offset UUANUUUFDDOUINYIIVUIIN

o 3 Y o A o = vy ] a
ﬂ']'liJ"l]'lL‘lJuG]'ﬂ\W]'lﬂ'lﬁﬁ'lﬂ'llﬂﬁEli]'lﬂﬁa']flllWﬂLﬂi]LW]uVl%ziﬂfm@HQQTﬂLLWﬂlﬂﬂlﬂﬂﬁ Iﬂﬂﬂ'ﬁ?ﬂ

ANAYNANNT

time offset1 +...+time offsetn

time offset = (5.2)
n

. ] ) .
Tagf 7 A SAULRANINEG1

T video Server / Client 1.0.0

=10l x|

Server P
o227 ] s | Cler oo |

temo ;l

Lost=H
Lost=H
Lost=h
Lozt=h
Lost=h
Lost=H
WideaClient: Offset=3153
Lost=1
Lost=1

hd

Gen, Packet | Stop Gen. Packet | Gen. Lozt |
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552  mM3N91390A1 Frame Loss #aza1 Frame Delay
1 Zﬂ § ] 14
TuM3¥1A1 Frame Loss Huam13on 18910 Sequence Number fioglutaaines
' <] ' <3
Y09 RTP luuaazufiamaved RTP 9199z15znoudiedoyan1nvats q a1 uaaguinmng
2 o @ Y A A A 2 o w =
Y93 RTP 393 1Tudvelin1 Sequence Number itouonddiauvesnwiog liludaaananu
9 Y 1 Y A1 o o A A == 9 a <3 A
Wi ldedngndes mnlimaauiime lvsemndalusunsunaasnmdnunmnu lufazdon
Y Aa g
Frame Loss JANAYY
: 4 . 2 o g
Tud 103 Frame Delay 1iio 1ddoya Time Offset uaanaziiroyaillul4lu

v v <3 {2 A [
113111 Frame Delay ﬂl@ﬁlLﬁﬁ%LLWﬂlﬂ%ﬁ’Nl"ﬂﬁﬂﬂﬂIﬂillﬂﬁmLﬁﬂﬂﬂWWﬂﬁﬁNﬂﬁ

packet frame delay = RTP timestamp - time offset (5.2)

v 1 k4 [ a 1 1 { o < 1T A
%91110A1 Packet Frame Delay HiAmnamunnaIimmua nagdeliuna
,&f = Qld' 1 dy S 9 1 2 A 1
Frame Delay YU uanilu'ly1ana1 Packet Frame Delay H3gUMAIUBINIT 0 FINANNUWUIYN
= 9 =2 ° = < v A 1 . A o
RTP unanavnanoumvuagasunsodluly1diioanna Time Offset Aeudalu
[ g}.l < [ ~ A 1 =1 v o 9 1 o = =
F2U30 ) Wzt usnnmseislanuauaslumslsauunniluvazilagiy dalunsdl

2z A (=) a X
1nvz0931 13l Frame Delay (nAUU

5.5.3 ﬁi’fmdaaﬂauné’u (Feedback Information)
d ' A o Y v @ o Y I
A1 Frame Loss LiaA1 Frame Delay N ldvzgnasnaulildindecled
] R A2 FUR a A g Y A 9 Y !
FIUN UDP Tagauilumunaiauiaa sy nn 9 5 3ui Wludu dedoyalagndaeen

<3 o 1 § A o [
TUi5eudesudineesitns3isann Frame Loss iag Frame Delay tioisu1i 1
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Han1INNaod

9
Tumsnaaesmsdetoyariuasovieiulatimsnagonluanimuadon 2 galuuy

flo devyan WKL LAN (Ethernet) t1azda903ar111n50918 GPRS

6.1  @aUoyaMWAIUIAGOUIY LAN (Ethernet)

lumsnaaesd Iglndedlefilinaed e LAN Bersudfusy Falaein T
luLaN fmgenimuuddaiidesldlumsdedoya mﬁnﬂamﬁfﬂumsmﬁamammu
flaFa03n 11297 WiT Frame Loss 1182 Frame Delay A90t19ve4ngiladie

Rule:

If (Frame Delay) is (Zero) and (Frame Loss) is (Zero)

Then (Change Quality) is (Negative Low)

Rule:

If (Frame Delay) is (Zero) and (Frame Loss) is (Zero)

Then (Change Frame Rate) is (Positive Low)

Fazutamanaaeseenily 2 dufe MInIUAUANMINYEIN THIAAIAIEATINITd

MU LAZAIVALDATINTAIMHUAAINADUNTNUDINTN

Client

LAN (Ethernet)

IP Camera

Board

519 6.1 uaaaumUMMITNARD AT oY 1UAT 018 LAN
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—0— Data Rate (KB/s) —%—— Frame Rate (fps) —=— Frame Loss
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6.1.2  MINIVANSATINIAINN
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Implementation of Real-Time Video Streaming with
Fuzzy Logic Controller

Pumin Duangmanee
School of Telecommunication Engineering
Suranaree University of Technology
NakhonRatchasima. Thailand
e-mail : pumin.duangmanee(@gmail.com

Abstract— The increasing d d of video streaming recently
causes a trouble on network congestion due to a huge data rate
transmission. One concept to reduce such a problem is to
dynamically adjust the rate of video streaming according to an
available bandwidth. This paper introduces a fuzzy logic
controller to control a real-time video streaming by adjusting
either a frame rate or a video quality. In this paper, two
experimental environments, LAN or GPRS connections, are
investigated. The results show that a fuzzy logic controller is able
to control a frame rate and a quality of video streaming
according to an available bandwidth automatically.

Keywords: Video Streaming, Fuzy Logic Controller
I INTRODUCTION

To solve a problem when network traffic congestion oceurs
for video streaming, one solution is to let users make a
decision on what is a current bandwidth available to received
video streaming [1][2]. In literature. users can notice that the
video is not played smoothly and then choose another step of
lower bit rate until the quahty of video streaming 15
acceptable. They use a frame skip technique on MPEG-1
video. The disadvantage of this technique is on a big step
value of bit rate transmissions, for example as 64kbps,
128kbps. Another way to handle a congest problem is to use
the mathematical model of communication channel in order to
estimate an available bandwidth |3] before sending video files.
The work in [3] focuses on GPRS/CDMA network. A packet
loss and round trip time were used to estimate an available
bandwidth and then adjust the encoder output rate. In [4]. the
technique of reserving a resource along a communication
channel for real-time video streaming is proposed to solve a
congestion problem. By reserving a router resource from
source to destination, the efficient traffic usage is able to be
realized. However, this techmque can only comply with a
local network.

In this paper, the scope of interest is the problem on video
streaming over the internet that users do not exactly know a
dynamic behavior on the congestion of the network traffic.
Therefore, the flexible rules to handle such a problem are
required. Fuzzy logic controller 1s a suitable engine to tackle
this problem because it has a good performance under non
linear constraints [5]. This paper introduces a fuzzy logic
controller to control a real-time video streaming by adjusting

Peerapong Uthansakul
School of Telecommunication Engineering
Suranaree University of Technology
NakhonRatchasima. Thailand
e-mail : uthansakul@sut ac.th

an encoding rate transmission. The experiments under two
scenarios, on LAN and GPRS networks, are undertaken. The
remainders of this paper are given as follows. Section II
describes on the architecture of systems. Then the
experimental results are given m Section . Finally, the
conclusion is presented in Section [V,

IL. SYSTEM ARCHITECTURE

A. System Overview

In Fig. 1, a video streaming server receives a raw video
image input from video input device, example, CMOS image
sensor. Each image s sent to a client via Real Time Protocol
(RTP) over UDP and it 1s displayed to user via any player
programs. The [uzzy logic controller receives feedback
information from client and makes a decision to adjust rate of
video streaming. The feedback information in this paper is
frame loss which 1s determined by timestamp and sequence
number of RTP header. With knowledge of [rame loss, fuzzy
logic controller can now have two options on adjusting a rate
transmission. The first option is a quality of video streaming
and the second is a frame rate. Both options influence to a
channel bandwidth. For example, to increase fps (frame per
second) will increase the bandwidth or to increase a video
quality will also increase the bandwidth. The choice of
choosing the options depends on a user profile, either (a) to
keep a video quality or (b) to keep a smoothness of continuous
video.

As mentioned above, a fuzzy logic controller can control a
video streaming with two options, (a) image quality and (b)
frame rate. The image quality can be changed by encoding a
different quality block presented in Fig. 2. The output of
encoded image 1s passed to RTP block sending a video stream
to client. To control frame rate, the controller adjusts a
sending time of RTP packet instead of encoding image in a
quality option. It concerns a RTP timestamp and a sequence
number of RTP header. The detail of RTP header is shown in
Fig, 3. As seen in this figure, the useful information used for
adjustment is a timestamp and a sequence number. The
timestamp represents the sampling instance of the first octet in
RTP packet data. The sequence number 1s a unit increment for
each delivered RTP data packet. The client uses this value to
detect a packet lost.
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Fig 1 System with fuzey logic controller for a video streaming.
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Fig 2 Flow diagram of adaptive rate transmission.
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Fig. 3 RTP header.

B. Fuzzy logic controller

The aim of fuzzy logic controller is to substitute or replace a
skilled human operator with a fuzzy rule-based system [6][7].
Fuzzy logic controller has an advantage on robustness to
unknown system parameters. These parameters can be used in
a controller to control a video streaming even the system
cannot be modeled by any exactly known models. The
components of the controller are shown in Fig. 4.

As seen in Fig. 4, there are four components of fuzzy logic
controller. Fuzzifier is the first component to convert a real
input into a fuzzy set. In this case, there are three kinds of
fuzzy set: “low”, “medium™ or” high”. The fuzzy set is sent to
the next component named as a fuzzy inference engine. Fuzzy
inference engine processes an input by looking up the rule in a
fuzzy rule base. The output of each rule is sent back to fuzzy
inference engine and then passed to defuzzifier.

Fuzzy Rule
Base

'

5
=3
Fuzzy 5
Fuzzifier | Inference | Defuzzifier
Engine

* Input

Fig. 4 Components of fuzzy logic controller,

Defuzzifier 13 defined as a mapping between a fuzzy set to
an actual output. In this paper, we choose a weight average
defuzzifier to produce an actual value because of its simplicity
which can be directly implemented by a low cost embedded
system. The formula of defuzzifier is expressed by

fly) = (X p(w) * w) /2 puw) M
where
fiy) 1s an actual output value.
piw) is a membership function of input w.

The process of fuzzy logic controller can be depicted as
shown m Fig. 5.

The most important part of the fuzzy logic controller 1s its
rile base. This part requires an experience or a skill of human
operator to create a fuzzy rule base, input membership
function as well as output membership function. For this
paper, we defermine a frame loss meaning by “low™ at 1-3
frames/sec, “medium™ if frame loss is around 3-6 frames/sec
and “high”™ if frame lost is over 6 frame/sec.

The output of fuzzy logic controller is changed by its both
frame rate and quality. If video frame lost at client side, the
client will send this information back to a video streaming
server. The fuzzy logic controller at server then tries to reduce
a frame loss to zero. To reduce a frame loss, there are three
choices as follows;

> Reduce a video frame rate, fix a video quality.
»  Reduce a video quality, fix a video frame rate.
»  Reduce both video quality and frame rate.
In this paper, the simple rule is implemented to the fuzzy
rule base. The below are the rules of fixing a video quality.

» If frame loss 15 zero,

then change frame rate is positive low.
» If frame loss 1s low,

then change [rame rate is negative low.
> If frame loss 1s ligh

then change frame rate is negative high.

For fixing a video frame rate, the rules are as follows.

»  If frame loss 1s zero,

then change quality is negative low.
»  If frame loss 1s low,

then change quality is positive low.
b Ifframe loss is high,

then change quality is positive high.
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Membership
A

Zero Low  Medium High

5
Frame Loss

Fuzzy Inference Engine JL

Fuzzy Rule Base
Rule: If  Frame Loss is Low

Then Change Frame Rate is Negative Low
Rule: If  Frame Loss is High

Then Change Frame Rate is Negative High

Membership
NH NL Z PL PH

-2 -1 1
Membership
NH NL Z PL PH

2 Change Frame Rate

NH = Negative High
NL = Negative Low
Z =Zero

PL = Positive Low
PH = Positive High

6 -3 0 3 6 Change Quality

Fig. 5 Process of fuzzy logic controller.

There are many choices to reduce both video quality and
frame rate at the same time. This depends on a choice of
operator. For users, they may want to keep either a continuity
of video stream or a video quality depending on a personal
demand. If user is interested to continuously see a video, then
the rule to keep a frame rate is a major priority. In this paper,
the complex fuzzy rule as described above can be given by,

»  If frame loss is high and frame rate is high,

then change frame rate is negative high.
»  If frame loss is low and frame rate is high,

then change frame rate is negative low.
»  If frame loss is high and frame rate is low,

then change quality is positive high.
» If frame loss is low and frame rate is low,

then change quality is positive low.

C. Feedback Information

A client sends feedback information to a streaming server.
This feedback information can be analyzed by a received RTP
header at the client. Client use a time stamp in RTP header at
the beginning of stream to build a clock used as a reference for
the rest of incoming RTP packet. Frame loss can be
determined by timestamp compared with a client clock and a
sequence number in an incoming RTP header. If time delay of
incoming video frame is over predefined value, in the case,
that value is not acceptable for real time video streaming. This
will be counted as a video frame loss. The sequence number in
RTP header can be used for determining how many frames are

actually lost. Finally, the client sends this information to the
fuzzy logic controller via UDP.

1. EXPERIMENTAL RESULTS

There are many video formats widely used in video
streaming, for examples as MPEG-1, MPEG-2, MPEG-4,
H.264, MJEPG and so on. MPEG family has a relationship
between frames consisting of I-frame or main image frame, P-
frame or different frame and B-frame or bidirectional frame.
To reduce such a complexity, this paper selects a Motion
JPEG (MIPEG) format because each image frame of MIPEG
is independent and can change a frame rate at any time easily.

A. Experimental environments

There are two environments to test the proposed system. The
first scenario is that a server sends video streams via LAN
(10/100Mbps) connection and the second scenario is via
GPRS connection. Both scenarios are undertaken under an
unknown network bandwidth. The software running in a
streaming server is implemented by Borland Delphi and
Borland Ct++ Builder. The camera interfaces to the streaming
server by USB port. The program of server consists of fuzzy
logic controller, image encoder and RTP unit. For the client
software, it is also implemented by Borland Delphi consisting
of RTP and video display for user. The screenshots of
programs on both server and client are shown in Fig. 6 and
Fig. 7, respectively.

7 video Server / Client 1.0.0

o

SV Siail

SelvelSlnpl Image Qualiy Frame Interval (ms):
[ 500

[VideaServer, u_Qua=24.4 -
UdpServer, InpuData=Lost=0

VideoServer, u_Oua=24.2

Uidpserver: InputData-Lost=0

VideoServer. u_Dua=24

UdpSenver: InputData=Lost=0

VideoServer, u_Oua=23.8

Udp5erver: InputD ata=Lost=0

VideaServer U Qua=236

LidpServer, InpulD ata=Lost=0
VideaServer. u_Qua=23.4

Q=

Clear Logs Save Data

[ Data Rate (KBiz) < Frams Loss (tis) < Frame Rate (fis) |

UdpServer: InputD ata=Lost=0

0 5 10 15 0 5
Tie (sec)

Fig. 6 Screenshot of server program.
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B. Fuzzy Logic Controfler with LAN (10/100Mbps)connection

The experimental environment is illustrated in Fig. 8. In this
scenario, both client and server are located on the same LAN
with the different [P addresses. LAN speed is very high in
comparison with a bandwidth used by our video streaming.
There are other computers on this LAN which they can cause
the network congestion. However, our experimental results do
not ndicate any frame loss dug to these users working in this
network. Therefore, because of network congestion 1s not
presented, only two lypes of experiments can be performed; 1o
merease i frame rate and fix a qualily or lo increase a quality
and fix a frame rate.

The rule for increasing a frame rate is given by

»  If frame loss is zero, then increase frame rate to low.

For the other type of expenment, lo increase a qualily and
fix a frame rate, the nle is given by
» Ifframe loss is zero, then inerease quality to low.

The resulls in Fig. @ and Fig, 10 are undertaken by two rules
deseribed above. 1f frame loss is nol presenled at client side,
the streaming server can increase either frame rale or qualily.
Chent n case of increasing a frame rate will see video siream

smoother than client in case of increasing a video quality. In
turn, the better video qualily is achieved in case of mcreasing
a video quality.

| -0 Data Rate (KBUs) < Frame Loss (f/s) 2 Frame Rate (1/s) l

Fig. 9 The resuks of fuzzy logic controller via LAN for mle of increasing a
frame rate (fix video quality).

[0 Dt ate (iEu%) - Frame Loss (i) 2 Cualty (1-Bast, 31-Poor] |

Tig. 10 The results of fuzzy logic controller via LAN for the rule of increasing
aviden quality (fix frame rare).

Streaming

Server Client

L via GPRS

C. Fuzzy logic controlier with GPRS connection
In this scenario, the client and streaming server are now
located on the different IP networks, The client gets a video
strearming via GPRS commumication with an unknown amount
of network congestion. The experimental environment is
depicted in Fig.11.

The experiment begins with that the client gets a video
streaming from server without a congestion feed at the client
side and the strcaming server fixes a quality of image. The
results are presented in Fig, 12. As noticed in this figure, the
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data rate increases up to 20 Ebytesisec and then falls to 10
Kbytefsec at time 62 sec. This is due to the unpredictable
network congestion caused by real users on GFE.S connection.
The mean value of frame rate on a streaming server is about 2
frames/sec.

‘ - Data Rate (KBis) < Frame Loss (1/s) < Frame Rate (f/5) I

Time (sec)

Fig. 12 The results of fuzzy logic controller wia GFRS for the rule of
increadng a frame rate (fisx video quality)

o Dita Rite (HBIS) < Frame Loss (1is) < Frame Rate (15) |

The last experiment is done by adding more network
congestion again at time 25 sec. The results are shown in Fig.
15, The quality of video stream also begins from pocr quality.
As observed in this figure, the feeding congestion cause such a
frame loss that the fuzzy controller has to reduce a video
quality after 25 sec.

[ - Data Rate [KB) o Frams Loss fi] 4= Qualty [1=Best, 31-Pour] |

Time (sec)

Fig. 14 Theresults of fuzzy logic controller wia GPRS for the mile of
increasing a video gquality (fix frame rmte)

-0 Data Rate [KEfs) =0~ Frame Loss (i) < Quality [1=Eest, 51=Poor] I

Time (sec)

Fig. 13 The results of fuzzy logic controller via GFRS for the rule of
increasing a frame rate (fix video quality), with network congestionat 25 sec.

At client side, we add more network congestion by a small
program sending UDF broadcast packets at time 25 sec. The
results are shown in Fig. 13. The fuzzy logic controller can
reduce a video streammg frame rate in order to reduce the
frame loss to zero. Before congestion feed, a video frame rate
1s about 2 frames/sec, but after that the fuzzy logic controller
can reduce video frame rate to about 1 framefsec
autornatically

ezt experiment 15 the rule of fing a frame rate but
changing a video quality, we fix a frame rate at streaming
server to 2 frames/sec. The results are shown in Fig. 14, The
quality of video stream begins from a poor quality. When
running test, the fuzzy logic controller increases a video
quality until a frame loss 15 found. Then, it decreases a video
quality to make a frame loss being zero. The quality of video
15 varied in range of 20 to 25. This variation is caused by the
fuzzy rules described before

0 Pl 40 B0 a0 100
Time (sec)
Fig. 15 Theresults of fuzzy logic controller via GPE.S for the nile of
increasing a video quality (fix frame rate), with network congestion at 25 sec.

TV, COMCLUSION

This paper presents a fuzzy logic controller to control a
frame rate and quality of video strearing according to
avallable bandwidth automatically, The performance of
strearning depends on the fuzzy rules which they are come
from the experience of operators, net from the mathematical
model. In fiture work, the authors will focus on implemernting
a low cost embedded system by applying the proposed
controller on more video strearing formats.
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—— Data Rate (KB/s) —%—— Frame Rate (fpz) —=— Frams Loz:
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J T L

Filename : config.h
**************************************************************************************/
#ifndef CONFIG_H
#define CONFIG_H
#define FOUR_ZERO_ZERO 0
#define FOUR_TWO_ZERO 1
#define FOUR_TWO_TWO 2
#define FOUR_FOUR_FOUR 3
#define RGB 4
#define BLOCK SIZE 64
extern UINTS8 Lqt [BLOCK_SIZE];
extern UINT8 Cqt [BLOCK_SIZE];
extern UINT16  ILqt [BLOCK_SIZE];
extern UINT16 ~ ICqt [BLOCK SIZE];
extern INT16 Y1 [BLOCK SIZE];
extern INT16 Y2 [BLOCK_SIZE];
extern INT16 Y3 [BLOCK_SIZE];
extern INT16 Y4 [BLOCK_SIZE];
extern INT16 CB [BLOCK SIZE];
extern INT16 CR [BLOCK SIZE];
extern INT16 Temp [BLOCK_SIZE];
extern UINT32 Icode;
extern UINT16 bitindex;

#endif

J T e

Filename : huffdata.h
etk A R R R R R R R R ok
#ifndef HUFFDATA H
#define HUFFDATA H
UINT16 luminance_dc_code_table [] = {
0x0000, 0x0002, 0x0003, 0x0004, 0x0005, 0x0006,
0x000E, 0x001E, 0x003E, 0x007E, 0x00FE, 0x01FE
¥




80

UINT16 luminance_dc_size table [] = {
0x0002, 0x0003, 0x0003, 0x0003, 0x0003, 0x0003,
0x0004, 0x0005, 0x0006, 0x0007, 0x0008, 0x0009

I8

UINT16 chrominance _dc_code table [] = {
0x0000, 0x0001, 0x0002, 0x0006, 0x000E, 0x001E,
0x003E, 0x007E, 0x00FE, 0x01FE, 0x03FE, 0x07FE

15

UINT16 chrominance dc_size table [] = {
0x0002, 0x0002, 0x0002, 0x0003, 0x0004, 0x0005,
0x0006, 0x0007, 0x0008, 0x0009, 0x000A, 0x000B

I8

UINT16 luminance ac_code table [] = {
0x000A, 0x0000, 0x0001, 0x0004, 0x000B, 0x001A, 0x0078, 0x00F8, 0x03F6, 0OxFF82, OxFF&3,
0x000C, 0x001B, 0x0079, 0x01F6, 0x07F6, OxFF84, 0xFF85, 0xFF86, 0xFF87, OxFF88,
0x001C, 0x00F9, 0x03F7, 0xOFF4, 0xFF89, 0xFF8A, 0xFF8b, 0xFF8C, 0OxFF8D, 0xFFSE,
0x003A, 0x01F7, 0x0FFS5, OxFF8F, 0xFF90, 0xFF91, 0xFF92, 0xFF93, 0xFF94, 0xFF95,
0x003B, 0x03F8, 0xFF96, 0xFF97, 0xFF98, 0xFF99, 0xFF9A, 0xFFIB, 0xFFIC, 0xFF9D,
0x007A, 0x07F7, OxFFIE, 0xFF9F, 0xFFAO, OxFFA1, OxFFA2, 0xFFA3, 0xFFA4, 0xFFAS,
0x007B, 0x0FF6, 0xFFA6, 0xFFA7, 0xFFAS8, 0xFFA9, 0xFFAA, 0xFFAB, OxFFAC, OxFFAD,
0x00FA, 0xOFF7, 0xFFAE, OxFFAF, 0xFFBO, OxFFB1, 0xFFB2, 0xFFB3, 0xFFB4, 0xFFBS,
0x01F8, 0x7FC0, 0xFFB6, 0OxFFB7, 0xFFBS8, 0xFFB9, 0xFFBA, 0xFFBB, OxFFBC, 0xFFBD,
0x01F9, 0xFFBE, 0xFFBF, 0xFFCO, O0xFFC1, 0xFFC2, 0xFFC3, 0xFFC4, OxFFCS5, 0xFFC6,
0x01FA, 0xFFC7, 0xFFCS, 0xFFC9, 0xFFCA, 0xFFCB, 0xFFCC, 0xFFCD, 0xFFCE, OxFFCF,
0x03F9, 0xFFDO, 0xFFD1, 0xFFD2, 0xFFD3, 0xFFD4, 0xFFDS5, 0xFFD6, 0xFFD7, 0xFFDS,
0x03FA, 0xFFD9, 0xFFDA, 0xFFDB, 0xFFDC, 0xFFDD, 0xFFDE, 0xFFDF, OxFFEO, OxFFE1,
0x07F8, 0xFFE2, 0xFFE3, 0OxFFE4, OXFFES, 0XxFFE6, 0XxFFE7, 0XFFE8, 0XxFFE9, OXFFEA,
O0xFFEB, OxFFEC, OxFFED, OxFFEE, OxFFEF, OxFFF0, OxFFF1, 0xFFF2, OxFFF3, OxFFF4,
O0xFFF5, 0xFFF6, OxFFF7, OxFFF8, 0xFFF9, OxFFFA, 0xFFFB, 0xFFFC, OxFFFD, OxFFFE,

0x07F9

UINT16 luminance ac_size_table [] = {

0x0004, 0x0002, 0x0002, 0x0003, 0x0004, 0x0005, 0x0007, 0x0008, 0x000A, 0x0010,
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0x0010, 0x0004, 0x0005, 0x0007, 0x0009, 0x000B, 0x0010, 0x0010, 0x0010, 0x0010,
0x0010, 0x0005, 0x0008, 0x000A, 0x000C, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0010, 0x0006, 0x0009, 0x000C, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0010, 0x0006, 0x000A, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0010, 0x0007, 0x000B, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0010, 0x0007, 0x000C, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0010, 0x0008, 0x000C, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0010, 0x0009, 0x000F, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0010, 0x0009, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0010, 0x0009, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0010, 0x000A, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0010, 0x000A, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0010, 0x000B, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0010, 0x000B

I8

UINT16 chrominance ac _code table [] = {
0x0000,
0x0001, 0x0004, 0x000A, 0x0018, 0x0019, 0x0038, 0x0078, 0x01F4, 0x03F6, 0xOFF4,
0x000B, 0x0039, 0x00F6, 0x01F5, 0x07F6, 0xOFFS5, 0xFF88, OxFF89, 0xFF8A, OxFF8B,
0x001A, 0x00F7, 0x03F7, 0xOFF6, 0x7FC2, 0OxFF8C, 0xFF8D, 0xFF8E, OxFF8F, 0xFF90,
0x001B, 0x00F8, 0x03F8, 0xOFF7, 0xFF91, 0xFF92, 0xFF93, 0xFF94, 0xFF95, 0xFF96,
0x003A, 0x01F6, 0xFF97, 0xFF98, 0xFF99, 0xFF9A, 0xFFIB, 0xFF9C, 0xFF9D, O0xFF9E,
0x003B, 0x03F9, 0xFFIF, OxFFAO, 0OxFFA1, 0xFFA2, 0xFFA3, 0xFFA4, OxFFAS, OxFFAS®,
0x0079, 0x07F7, OxFFA7, OxFFAS, OxFFA9, 0xFFAA, OxFFAB, OxFFAC, OxFFAD, OxFFAE,
0x007A, 0x07F8, 0OxFFAF, 0xFFBO, 0xFFB1, 0xFFB2, 0xFFB3, 0xFFB4, 0xFFBS5, 0xFFB6,
0x00F9, 0xFFB7, 0xFFBS8, 0xFFB9, OxFFBA, OxFFBB, 0xFFBC, 0xFFBD, 0xFFBE, OxFFBF,
0x01F7, 0xFFCO, 0xFFC1, 0xFFC2, OxFFC3, 0xFFC4, 0xFFCS5, 0xFFC6, 0OxFFC7, OxFFCS,
0x01F8, 0xFFC9, 0xFFCA, 0xFFCB, 0xFFCC, 0xFFCD, 0xFFCE, 0xFFCF, 0xFFDO, OxFFDI1,
0x01F9, 0xFFD2, 0xFFD3, 0xFFD4, 0xFFDS5, 0xFFD6, 0xFFD7, 0xFFDS8, 0xFFD9, 0xFFDA,
0x01FA, 0xFFDB, 0xFFDC, 0xFFDD, 0xFFDE, OxFFDF, 0xFFEO, 0xFFE1, OxFFE2, OxFFE3,
0x07F9, 0xFFE4, OxFFES5, OxFFE6, 0XxFFE7, 0XxFFES8, 0xFFE9, 0XFFEA, OxFFEDb, OXFFEC,

0x3FEO, OxFFED, OxFFEE, OxFFEF, 0xFFF0, OxFFF1, 0xFFF2, OxFFF3, 0xFFF4, OxFFFS5,
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0x7FC3, OxFFF6, 0xFFF7, OxFFFS8, OxFFF9, 0xFFFA, OxFFFB, 0xFFFC, 0xFFFD, OxFFFE,
0x03FA

I8

UINT16 chrominance ac_size table [] = {
0x0002,
0x0002, 0x0003, 0x0004, 0x0005, 0x0005, 0x0006, 0x0007, 0x0009, 0x000A, 0x000C,
0x0004, 0x0006, 0x0008, 0x0009, 0x000B, 0x000C, 0x0010, 0x0010, 0x0010, 0x0010,
0x0005, 0x0008, 0x000A, 0x000C, 0x000F, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0005, 0x0008, 0x000A, 0x000C, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0006, 0x0009, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0006, 0x000A, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0007, 0x000B, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0007, 0x000B, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0008, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0009, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0009, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0009, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x0009, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x000B, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x000E, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x000F, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010, 0x0010,
0x000A

I8

UINTS bitsize [] = {
0,1,2,2,3,3,3,3,
4,4,4,4,4,4,4,4,
55,5,5,5,5,5,5,
55,5,5,5,5,5,5,
6,6,6,6,6,6,6,6,
6,6,6,6,6,6,6,6,
6,6,6,6,6,6,6,6,
6,6,6,6,6,6,0,0,
7,7,7,7,7,7,7,7,

75 73 75 73 75 73 75 73
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7,7,7,7,7,7,7,7,
7,7,7,7,7,7,7,7,
7,7,7,7,7,7,7,7,
7,7,7,7,7,7,7,7,
7,7,7,7,7,7,7,7,
7,7,7,7,7,7,7,7,
8,8,8,8,8,8,8,8,
8,8,8,8,8,8,8,8,
8,8,8,8,8,8,8,8,
8,8,8,8,8,8,8,38,
8,8,8,8,8,8,8,8,
8,8,8,8,8,8,8,8,
8,8,8,8,8,8,8,8,
8,8,8,8,8,8,8,8,
8,8,8,8,8,8,8,38,
8,8,8,8,8,8,8,8,
8,8,8,8,8,8,8,8,
8,8,8,8,8,8,8,8,
8,8,8,8,8,8,8,38,
8,8,8,8,8,8,8,38,
8,8,8,8,8,8,8,8,
8,8,8,8,8,8,8,8
¥
#endif

/**************************************************************************************

Filename : jdatatype.h
AR AR R R R AR R R R R SRR R R
#ifndef IDATATYPE_H
#define JDATATYPE H
typedef struct JPEG_ENCODER STRUCTURE
{
UINT16 mcu_width;
UINT16 mcu_height;

UINT16 horizontal mcus;
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UINT16
UINT16
UINT16
UINT16
UINT16
UINT16
UINT16
UINT16
UINT16

UINT16

vertical_mcus;
cols_in_right mcus;
rows_in_bottom mcus;
rows;

cols;

length minus_mcu_width;
length minus_width;

incr;

mcu_width_size;

offset;

INT16 1dc1;

INT16 1dc2;

INT16 1dc3;

} JPEG_ENCODER_STRUCTURE,;

#endif

J T L]

Filename : markdata.h

**************************************************************************************/

#ifndef MARKDATA H

#define MARKDATA H

UINT16 markerdata [] = {

/1 dht

0xFFC4, 0x1A2, 0x00,

// luminance dc (2 - 16) + 1

0x0105, 0x0101, 0x00101, 0x0101, 0x0000, 0x00000, 00000, 00000,

// luminance dc (2 - 12) + 1

0x0102, 0x0304, 0x0506, 0x0708, 0x090A, 0x0BO1,

// chrominance dc (1 - 16)

0x0003, 0x0101, 0x0101, 0x0101, 0x0101, 0x0100, 0x0000, 0x0000,

// chrominance dc (1 - 12)

0x0001, 0x00203, 0x0405, 0x0607, 0x0809, 0x00A0B,

// luminance ac 1 + (1 - 15)

0x1000, 0x0201, 0x0303, 0x0204, 0x0305, 0x0504, 0x0400, 0x0001,

// luminance ac 1 + (1 - 162) + 1
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b

0x7D01, 0x0203, 0x0004, 0x1105, 0x1221, 0x3141, 0x0613, 0x5161,
0x0722, 0x7114, 0x3281, 0x91A1, 0x0823, 0x42B1, 0xC115, 0x52D1,
0xF024, 0x3362, 0x7282, 0x090A, 0x1617, 0x1819, 0x1A25, 0x2627,
0x2829, 0x2A34, 0x3536, 0x3738, 0x393A, 0x4344, 0x4546, 0x4748,
0x494A, 0x5354, 0x5556, 0x5758, 0x595A, 0x6364, 0x6566, 0x6768,
0x696A, 0x7374, 0x7576, 0x7778, 0x797A, 0x8384, 0x8586, 0x8788,
0x898A, 0x9293, 0x9495, 0x9697, 0x9899, 0x9AA2, 0xA3A4, 0xAS5A6,
0xA7A8, 0xA9AA, 0xB2B3, 0xB4B5, 0xB6B7, 0xB8B9, 0xBAC2, 0xC3C4,
0xC5C6, 0xC7C8, 0xCICA, 0xD2D3, 0xD4D3, 0xD6D7, 0xD8D9, 0xDAEL,
0xE2E3, OxE4ES, OxE6E7, 0XxE8E9, OXxEAF1, 0xF2F3, 0xF4F5, 0xF6F7,
0xF8F9, OxFAI11,

// chrominance ac (1 - 16)

0x0002, 0x0102, 0x0404, 0x0304, 0x0705, 0x0404, 0x0001, 0x0277,

// chrominance ac (1 - 162)

0x0001, 0x0203, 0x1104, 0x0521, 0x3106, 0x1241, 0x5107, 0x6171,
0x1322, 0x3281, 0x0814, 0x4291, 0xA1B1, 0xC109, 0x2333, 0x52FO0,
0x1562, 0x72D1, 0x0A16, 0x2434, 0xE125, 0xF117, 0x1819, 0x1A26,
0x2728, 0x292A, 0x3536, 0x3738, 0x393A, 0x4344, 0x4546, 0x4748,
0x494A, 0x5354, 0x5556, 0x5758, 0x595A, 0x6364, 0x6566, 0x6768,
0x696A, 0x7374, 0x7576, 0x7778, 0x797A, 0x8283, 0x8485, 0x8687,
0x8889, 0x8A92, 0x9394, 0x9596, 0x9798, 0x999A, 0xA2A3, 0xA4AS,
0xA6A7, 0xA8A9, 0xAAB2, 0xB3B4, 0xB5B6, 0xB7B8, 0xBIBA, 0xC2C3,
0xC4C5, 0xC6C7, 0xC8CY, 0xCAD2, 0xD3D4, 0xD5D6, 0xD7D8, 0xDIDA,
0xE2E3, OxE4ES, OxE6E7, 0XxE8E9, OXxEAF2, 0xF3F4, 0xF5F6, 0xF7F8,

0xF9FA

#endif

/**************************************************************************************

**************************************************************************************/

Filename : prototype.h

#ifndef PROTOTYPE_H

#define PROTOTYPE_H

void initialization JPEG_ENCODER_STRUCTURE *, UINT32, UINT32, UINT32);

UINT16 DSP_Division (UINT32, UINT32);
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void initialize_quantization_tables (UINT32);

UINT8* write_markers (UINTS *, UINT32, UINT32, UINT32);

UINT8* encode_image (UINT8 *,UINTS8 *, UINT32, UINT32, UINT32, UINT32);
void read 400 format JPEG_ENCODER _STRUCTURE *, UINTS *);

void read 420 format (JPEG_ENCODER_STRUCTURE *, UINTS *);

void read 422 format JPEG_ENCODER_STRUCTURE *, UINTS *);

void read 444 format JPEG_ENCODER_STRUCTURE *, UINTS *);

void RGB_2 444 (UINTS *, UINTS8 *, UINT32, UINT32);

UINT8* encodeMCU (JPEG_ENCODER_STRUCTURE *, UINT32, UINTS *);
void levelshift (INT16 *);

void DCT (INT16 *);

void quantization (INT16 *, UINT16 *);

UINT8* huffman JPEG_ENCODER_STRUCTURE *, UINT16, UINTS *);
UINTS8* close_bitstream (UINTS *),

void* jemalloc(size t);

/Ivoid* jefree(void);

#endif

/**************************************************************************************

Filename : quantdata.h
**************************************************************************************/
#ifndef QUANTDATA H
#define QUANTDATA_H
UINTS zigzag_table [] = {

0, 1, 5, 6,14,15,27,28,

2,4, 7,13, 16,26,29,42,

3, 8, 12,17, 25,30, 41, 43,

9, 11, 18, 24, 31, 40, 44, 53,

10, 19, 23, 32, 39, 45, 52, 54,

20,22, 33,38, 46, 51, 55, 60,

21,34, 37,47, 50, 56, 59, 61,

35, 36,48, 49,57, 58, 62, 63
1
#endif

/**************************************************************************************
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Filename : dtc.c
skt ot R R S R R S A R S ok
#include "datatype.h"
/* Level shifting to get 8 bit SIGNED values for the data */
void levelshift INT16* const data)
{
INT16 i;
for (i=63; i>=0; i--)
data [i] -= 128;
}
/* DCT for One block(8x8) */
void DCT (INT16 *data)
{
UINTI6 i;
INT32 x0, x1, x2, X3, x4, X5, x6, x7, x8;
/* All values are shifted left by 10 and rounded off to nearest integer */
static const UINT16 c1=1420; /* cos PI/16 * root(2) */
static const UINT16 ¢2=1338; /* cos PI/8 * root(2) */
static const UINT16 c3=1204; /* cos 3P1/16 * root(2) */
static const UINT16 ¢5=805; /* cos 5P1/16 * root(2) */
static const UINT16 c6=554;  /* cos 3PI/8 * root(2) */

static const UINT16 ¢7=283; /* cos 7P1/16 * root(2) */

static const UINT16 s1=3;
static const UINT16 s2=10;

static const UINT16 s3=13;

for (i=8; i>0; i--)

{
x8 = data [0] + data [7];
x0 = data [0] - data [7];

x7 = data [1] + data [6];
x1 = data [1] - data [6];
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x6 = data [2] + data [5];
x2 = data [2] - data [5];
x5 = data [3] + data [4];
x3 = data [3] - data [4];
x4 = x8 + x5;

x8 = x5;

x5 =x7 + x6;

X7 -= Xx6;

data [0] = INT16) (x4 + x5);
data [4] = (INT16) (x4 - x5);
data [2] = (INT16) ((x8%*c2 + x7*c6) >> s2);
data [6] = (INT16) ((x8%*c6 - x7*c2) >> s2);
data [7] = (INT16) ((x0*c7 - x1*¢5 + x2%*¢3 - x3*cl) >>s2);
data [5] = (INT16) ((x0%*c5 - x1*c1 + x2*c7 + x3*c3) >> s2);
data [3] = (INT16) ((x0*c3 - x1*c7 - x2*c1 - x3*c5) >>s2);
data [1] = (INT16) ((x0*cl + x1*c3 + x2*c5 + x3*c7) >> s2);
data +=8;

}

data -= 64,

for (i=8; i>0; i--)

{
x8 = data [0] + data [56];

x0 = data [0] - data [56];

x7 = data [8] + data [48];
x1 = data [8] - data [48];

x6 = data [16] + data [40];

x2 = data [16] - data [40];

x5 = data [24] + data [32];
x3 = data [24] - data [32];
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x4 =x8 +X5;

x8 -=x5;

x5 =x7 +x6;

X7 -= Xx6;

data [0] = (INT16) ((x4 + x5) >>s1);

data [32] = (INT16) ((x4 - x5) >>sl);

data [16] = (INT16) ((x8*c2 + x7*c6) >> s3);

data [48] = (INT16) ((x8*c6 - x7*c2) >>s3);

data [56] = (INT16) ((x0*c7 - x1*c5 + x2*c3 - x3*cl) >> s3);
data [40] = (INT16) ((x0%*c5 - x1*c1 + x2%*¢7 + x3*¢3) >> s3);
data [24] = (INT16) ((x0*c3 - x1*c7 - x2*c1 - x3*c5) >> s3);

data [8] = (INT16) ((x0*c1 + x1*¢3 + x2*c5 + x3*¢7) >> s3);

datat++;

}

/**************************************************************************************

Filename : encoder.c
**************************************************************************************/
#include "datatype.h"

#include "jdatatype.h"

#include "config.h"

#include "prototype.h"

UINT8 Lqt [BLOCK SIZE];
UINT8 Cqt [BLOCK SIZE];
UINTI16 ILqt [BLOCK SIZE];
UINTI16 ICqt [BLOCK SIZE];
INT16 Y1 [BLOCK SIZE];

INT16 Y2[BLOCK_SIZE];
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INT16 Y3 [BLOCK_ SIZE];
INT16 Y4 [BLOCK_SIZE];
INT16 CB[BLOCK SIZE];
INT16 CR [BLOCK SIZE];
INT16 Temp [BLOCK SIZE];
UINT32 Icode = 0;
UINT16 bitindex = 0;
void (*read_format) JPEG_ENCODER_STRUCTURE *jpeg_encoder_structure, UINT8 *input_ptr);
void initialization JPEG_ENCODER_STRUCTURE *jpeg, UINT32 image format, UINT32 image width,
UINT32 image_height)
{
UINT16 mcu_width, mcu_height, bytes per pixel;
if (image_format == FOUR_ZERO ZERO || image format == FOUR_FOUR_FOUR)
{
jpeg->mcu_width = mcu_width = 8;
jpeg->mcu_height = mcu_height = §;
jpeg->horizontal mcus = (UINT16) ((image_width + mcu_width - 1) >> 3);
jpeg->vertical mcus = (UINT16) ((image height + mcu_height - 1) >> 3);
if (image format ==FOUR ZERO ZERO)
{
bytes_per pixel = 1;

read_format =read 400 format;

else

bytes per pixel =3;

read format = read 444 format;

else

jpeg->mcu_width = mcu_width = 16;

jpeg->horizontal_mcus = (UINT16) ((image width + mcu_width - 1) >> 4);

if (image format==FOUR TWO ZERO)
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}

jpeg->mcu_height = mcu_height = 16;
jpeg->vertical mcus = (UINT16) ((image height + mcu_height - 1) >> 4);
bytes per pixel =3;

read format =read 420 format;

else

jpeg->mcu_height = mcu_height = §;
jpeg->vertical mcus = (UINT16) ((image height + mcu_height - 1) >> 3);
bytes per pixel =2;

read format = read 422 format;

¥
jpeg->rows_in_bottom_mcus = (UINT16) (image height - (jpeg->vertical mcus - 1) * mcu_height);
jpeg->cols_in_right mcus = (UINT16) (image_width - (jpeg->horizontal mcus - 1) * mcu_width);
jpeg->length_minus_mcu_width = (UINT16) ((image_width - mcu_width) * bytes per_pixel);
jpeg->length minus width = (UINT16) ((image width - jpeg->cols_in_right mcus) * bytes_per pixel);
jpeg->mcu_width_size = (UINT16) (mcu_width * bytes per_pixel);
if (image format != FOUR_ TWO_ZERO)
jpeg->offset = (UINT16) ((image_width * (mcu_height - 1)
- (mcu_width - jpeg->cols_in_right_mcus)) * bytes_per_ pixel);
else
jpeg->offset = (UINT16) ((image width * ((mcu_height >> 1) - 1)
- (mcu_width - jpeg->cols_in_right mcus)) * bytes per pixel);
jpeg->ldcl = 0;
jpeg->1dc2 = 0;
jpeg->1dc3 = 0;

UINT8* encode image (UINTS *input_ptr,UINT8 *output ptr, UINT32 quality factor,

UINT32 image_format, UINT32 image width, UINT32 image height)

UINT16 1, j;

JPEG_ENCODER STRUCTURE JpegStruct;




92

JPEG_ENCODER _STRUCTURE *jpeg_encoder_structure = &JpegStruct;

if (image_format == RGB)

{

}

image format=FOUR FOUR FOUR;

RGB 2 444 (input_ptr, output_ptr, image width, image height);

/* Initialization of JPEG control structure */

initialization (jpeg_encoder_structure,image format,image width,image height);

/* Quantization Table Initialization */

initialize quantization_tables (quality factor);

/* Writing Marker Data */

output_ptr = write_markers (output_ptr, image format, image width, image height);

for (i=1; i<=jpeg_encoder_structure->vertical mcus; i++)

{

if (i <jpeg_encoder structure->vertical mcus)

jpeg_encoder_structure->rows = jpeg_encoder_structure->mcu_height;
else

jpeg_encoder_structure->rows = jpeg_encoder_structure->rows_in_bottom_mcus;
for (j=1; j<=jpeg_encoder_structure->horizontal mcus; j++)
{

if (j < jpeg_encoder_structure->horizontal _mcus)

{

jpeg_encoder structure->cols = jpeg_encoder_structure->mcu_width;

jpeg_encoder_structure->incr = jpeg_encoder_structure->length minus mcu_width;

else

~—

jpeg_encoder_structure->cols = jpeg_encoder_structure->cols_in_right mcus;

jpeg_encoder_structure->incr = jpeg_encoder_structure->length minus_width;

read format (jpeg_encoder_structure, input_ptr);
/* Encode the data in MCU */

output_ptr = encodeMCU (jpeg_encoder_structure, image format, output_ptr);
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input_ptr += jpeg_encoder_structure->mcu_width_size;
H
input_ptr += jpeg_encoder_structure->offset;
¥
/* Close Routine */
close_bitstream (output_ptr);
return output_ptr;
}
UINT8* encodeMCU (JPEG_ENCODER_STRUCTURE *jpeg_encoder_structure,

UINT32 image format, UINT8 *output_ptr)

levelshift (Y1);
DCT (Y1);
quantization (Y1, ILqt);
output_ptr = huffman (jpeg_encoder_structure, 1, output_ptr);
if (image_format == FOUR_TWO_ZERO || image _format == FOUR_TWO_TWO)
{
levelshift (Y2);
DCT (Y2);
quantization (Y2, ILqt);
output_ptr = huffman (jpeg_encoder_structure, 1, output_ptr);
if (image_format == FOUR_TWO_ZERO)
{
levelshift (Y3);
DCT (Y3);
quantization (Y3, ILqt);

output_ptr = huffman (jpeg_encoder_structure, 1, output_ptr);

levelshift (Y4);
DCT (Y4);
quantization (Y4, ILqt);

output_ptr = huffman (jpeg_encoder_structure, 1, output_ptr);
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if (image_format != FOUR_ZERO_ZERO)
{

levelshift (CB);

DCT (CB);

quantization (CB, ICqt);

output_ptr = huffman (jpeg_encoder_structure, 2, output_ptr);

levelshift (CR);

DCT (CR);

quantization (CR, ICqt);

output_ptr = huffman (jpeg_encoder_structure, 3, output_ptr);
}

return output_ptr;

}

/**************************************************************************************

Filename : Huffman.c
AR AR R R R R R R R R R R R R
#include "datatype.h"
#include "jdatatype.h"
#include "config.h"
#include "prototype.h"
#include "huffdata.h"
#define PUTBITS \
A
bits_in_next word = (INT16) (bitindex + numbits - 32); \
if (bits_in_next word <0) \
i\
Icode = (Icode << numbits) | data; \
bitindex += numbits; \
b
else \
i\
lcode = (Icode << (32 - bitindex)) | (data >> bits_in_next word); \

if ((*output_ptr++ = (UINT8)(Icode >> 24)) == 0xff) \
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*output_ptr++=10; \

if ((*output_ptr++ = (UINT8)(Icode >> 16)) == 0x{f) \
*output_ptr++=0; \

if ((*output_ptr++ = (UINT8)(Icode >> 8)) == 0xff) \
*output_ptr++=10; \

if ((*output_ptr++ = (UINTS) Icode) == 0xff) \
*output_ptr++=0; \

lcode = data; \

bitindex = bits_in_next word; \

b
H

UINT8* huffman JPEG_ENCODER_STRUCTURE *jpeg_encoder_structure, UINT16 component, UINT8

*output_ptr)
{
UINTI16 i,

UINT16 *DcCodeTable, *DcSizeTable, *AcCodeTable, * AcSizeTable;

INT16 *Temp_Ptr, Coeff, LastDc;

UINT16 AbsCoeff, HuffCode, HuffSize, RunLength=0, DataSize=0, index;

INT16 bits_in_next_word;

UINT16 numbits;

UINT32 data;

Temp Ptr = Temp;

Coeff = *Temp Ptr++;

if (component == 1)

{
DcCodeTable = luminance _dc_code_table;
DcSizeTable = luminance dc_size table;
AcCodeTable = luminance ac code_table;

AcSizeTable = luminance ac_size table;

LastDc = jpeg_encoder_structure->1dc1;

jpeg_encoder_structure->ldc1 = Coeff;
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else

}

DcCodeTable = chrominance dc code_table;
DcSizeTable = chrominance dc_size table;
AcCodeTable = chrominance ac_code_table;
AcSizeTable = chrominance ac_size table;
if (component == 2)
{

LastDc = jpeg_encoder_structure->1dc2;

jpeg_encoder_structure->ldc2 = Coeff;

else

LastDc = jpeg_encoder_structure->ldc3;

jpeg_encoder_structure->ldc3 = Coeff;

Coeff -= LastDc;

AbsCoeff = (Coeff < 0) ? -Coeff-- : Coeff;

while (AbsCoeff != 0)

f
1

}

AbsCoeff>>=1;

DataSize++;

HuffCode = DcCodeTable [DataSize];

HuffSize = DcSizeTable [DataSize];

Coeff &= (1 << DataSize) - 1;

data = (HuffCode << DataSize) | CoefT;

numbits = HuffSize + DataSize;

PUTBITS

for (i=63; i>0; i--)

{

if ((Coeff = *Temp_Ptr++) !=0)
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while (RunLength > 15)
{
RunLength -= 16;
data = AcCodeTable [161];
numbits = AcSizeTable [161];
PUTBITS
¥
AbsCoeff = (Coeff < 0) ? -Coeff-- : Coeff;
if (AbsCoeff >> 8 == 0)
DataSize = bitsize [AbsCoeff];
else

DataSize = bitsize [AbsCoeff >> 8] + §;

index = RunLength * 10 + DataSize;
HuffCode = AcCodeTable [index];
HuffSize = AcSizeTable [index];
Coeff &= (1 << DataSize) - 1;

data = (HuffCode << DataSize) | CoefT;
numbits = HuffSize + DataSize;
PUTBITS

RunLength = 0;

}
else
RunLength++;
H
if (RunLength !=0)
{

data = AcCodeTable [0];
numbits = AcSizeTable [0];
PUTBITS

}

return output_ptr;
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/* For bit Stuffing and EOI marker */
UINT8* close_bitstream (UINT8 *output_ptr)
{
UINT16 i, count;
UINTS *ptr;
if (bitindex > 0)
{
lcode <<= (32 - bitindex);
count = (bitindex + 7) >> 3;

ptr = (UINTS8 *) &lcode + 3;

for (i=count; i>0; i--)
{
if (*output_ptr++ = *ptr--) == 0xff)

*output_ptr++=0;

S

}

// End of image marker
*output_ptr++ = OxFF;
*output_ptr++ = 0xD9;
return output_ptr;

}

/**************************************************************************************

filename : main.c
**************************************************************************************/
#include <stdio.h>
#include <malloc.h>
#include "datatype.h"
#include "jdatatype.h"
#include "config.h"
#include "prototype.h"
void main ()
{
INT8 input_file name [150], output_file name [150];




INTS *input_file name ptr, *output_file name ptr;
UINT32 image_size;
UINTS *input , *output ;
FILE *fp, *fpt;
UINTS8 *output_ptr;
UINT32 quality factor, image format, image width, image height;
fp = fopen ("param.txt", "r");
while (fscanf (fp, "%s", input_file name) != EOF)
{
input _file name ptr =input file name;
output_file name ptr = output_file name;
while ((*output_file name_ptr++ = *input_file_name_ptr++) 1="");
*output_file name ptr++="";
*output_file name ptr++="p';
*output file name ptr++="g';
*output_file name ptr++="0";
fscanf (fp, "%d", &quality factor);
fscanf (fp, "%d", &image format);
fscanf (fp, "%d", &image width);
fscanf (fp, "%d", &image height);
if (image_format == FOUR_ZERO_ZERO)
image size = image width * image height;
else if (image _format == FOUR_TWO_ZERO)
image size = (image width * image height * 3) >> 1;
else if (image format == FOUR_TWO_TWO)
image size = image width * image height * 2;
else
image size = image_width * image height * 3;
input=(UINT8 *)jemalloc(2500000*sizeof(UINT8%*));
fpt = fopen (input_file name, "rb");
fread (input, 1, image_size, fpt);
fclose (fpt);
output=(UINT8 *)jemalloc(250000*sizeof(UINT8*));

output_ptr = output;
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}

J T e

**************************************************************************************/

output_ptr = encode_image (input, output_ptr, quality factor,
image format, image width, image height);
fpt = fopen (output_file name, "wb");
fwrite (output, 1, output_ptr - output, fpt);
fclose (fpt);
free (input);
free (output);
¥
fclose (fp);

Filename : maker.c

#include "datatype.h"

#include "config.h"

#include "markdata.h"

// Header for JPEG Encoder

void write_markers (UINTS *output_ptr, UINT32 image format,

UINT32 image width, UINT32 image height)

UINT16 i, header_length;
UINTS number_of components;
// Start of image marker
*output_ptr++ = OxFF;
*output_ptr++ = 0xDS;

// Quantization table marker
*output_ptr++ = OxFF;
*output_ptr++ = 0xDB;

// Quantization table length
*output_ptr++ = 0x00;
*output_ptr++ = 0x84;

/' Pq, Tq

*output_ptr++ = 0x00;

// Lqt table
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for (i=0; i<64; i++)
*output_ptr++ = Lqt [i];
/I Pq, Tq

*output_ptr++ = 0x01;

// Cqt table
for (i=0; i<64; i++)
*output_ptr++ = Cqt [i];
// huffman table(DHT)
for (i=0; i<210; i++)
{
*output_ptr++ = (UINT8) (markerdata [i] >> 8);
*output_ptr++ = (UINT8) markerdata [i];
¥
if (image_format == FOUR_ZERO_ ZERO)
number_of components = 1;
else
number of components = 3;
// Frame header(SOF)
// Start of frame marker
*output_ptr++ = OxFF;
*output_ptr++ = 0xCO0;
header length = (UINT16) (8 + 3 * number_of components);
// Frame header length
*output_ptr++ = (UINTS) (header length >> 8);
*output_ptr++ = (UINTS) header_length;
// Precision (P)
*output_ptr++ = 0x08;
// image height
*output_ptr++ = (UINT8) (image height >> 8);
*output_ptr++ = (UINT8) image_height;
// image width
*output_ptr++ = (UINT8) (image width >> 8);

*output_ptr++ = (UINT8) image width;
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/I Nf
*output_ptr++ = number_of components;
if (image format == FOUR_ZERO ZERO)
{

*output_ptr++ = 0x01;

*output_ptr++ = 0x11;

*output_ptr++ = 0x00;

else

*output_ptr++ = 0x01;
if (image_format == FOUR_TWO_ZERO)
*output_ptr++ = 0x22;
else if (image format == FOUR_TWO_TWO)
*output_ptr++ = 0x21;
else
*output_ptr++ = 0x11;
*output_ptr++ = 0x00;
*output_ptr++ = 0x02;
*output_ptr++ = 0x11;
*output_ptr++ = 0x01;
*output_ptr++ = 0x03;
*output_ptr++=0x11;
*output_ptr++ = 0x01;
}
// Scan header(SOF)
// Start of scan marker
*output_ptr++ = OxFF;
*output_ptr++ = 0xDA;
header length = (UINT16) (6 + (number_of components << 1));
// Scan header length
*output_ptr++ = (UINTS) (header_length >> 8);
*output_ptr++ = (UINTS) header_length;
/I Ns
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}

/**************************************************************************************/

*output_ptr++ = number_of components;
if (image_format == FOUR_ZERO_ZERO)
{

*output_ptr++ = 0x01;

*output_ptr++ = 0x00;

else

*output_ptr++ = 0x01;
*output_ptr++ = 0x00;
*output_ptr++ = 0x02;
*output_ptr++ = 0x11;
*output_ptr++ = 0x03;
*output_ptr++=0x11;

}

*output_ptr++ = 0x00;

*output_ptr++ = 0x3F;

*output_ptr++ = 0x00;

Filename : quant.c

**************************************************************************************/

#include "datatype.h"

#include "config.h"

#include "quantdata.h"

/* This function implements 16 Step division for Q.15 format data */

UINT16 DSP_Division (UINT32 numer, UINT32 denom)

{

UINTI16 i,
denom <<= 15;
for (i=16; i>0; i--)
{
if (numer > denom)

{
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numer -= denom;
numer <<= [;
numer++;
}
else
numer <<= 1;
}
return(UINT16) numer;
}
/* Multiply Quantization table with quality factor to get LQT and CQT */
void initialize_quantization_tables (UINT32 quality factor)
{

UINT16 i, index;

UINT32 value;

UINTS luminance_quant_table [] = {
16,11, 10, 16, 24, 40, 51, 61,
12,12, 14, 19, 26, 58, 60, 55,
14, 13, 16, 24, 40, 57, 69, 56,
14,17, 22,29, 51, 87, 80, 62,
18, 22,37, 56, 68, 109, 103, 77,
24,35, 55, 64, 81,104, 113, 92,
49, 64,78, 87,103, 121, 120, 101,
72,92, 95,98, 112, 100, 103, 99

i

UINTS chrominance quant table [] = {
17,18, 24, 47,99, 99, 99, 99,

18, 21, 26, 66, 99, 99, 99, 99,
24,26, 56, 99, 99, 99, 99, 99,
47, 66, 99, 99, 99, 99, 99, 99,
99, 99, 99, 99, 99, 99, 99, 99,
99, 99, 99, 99, 99, 99, 99, 99,
99, 99, 99, 99, 99, 99, 99, 99,
99, 99, 99, 99, 99, 99, 99, 99
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}

/* multiply DCT Coefficients with Quantization table and store in ZigZag location */

void quantization (INT16* const data, UINT16* const quant_table ptr)

{

for (i=0; i<64; i++)

f
1

index = zigzag_table [i];

/* luminance quantization table * quality factor */
value = luminance quant_table [i] * quality factor;
value = (value + 0x200) >> 10;

if (value == 0)

value = 1;
else if (value > 255)
value = 255;

Lqt [index] = (UINTS) value;

ILqt [i] = DSP_Division (0x8000, value);

/* chrominance quantization table * quality factor */
value = chrominance quant_table [i] * quality factor;
value = (value + 0x200) >> 10;

if (value == 0)

value = 1;
else if (value > 255)
value = 255;

Cqt [index] = (UINTS) value;

ICqt [i] = DSP_Division (0x8000, value);

INT16 i;

INT32 value;

for (i=63; i>=0; i--)

{

value = data [i] * quant_table ptr [i];
value = (value + 0x4000) >> 15;

Temp [zigzag_table [i]] = (INT16) value;
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}

/**************************************************************************************

Filename : readYUV.c
**************************************************************************************/
#include "datatype.h"

#include "jdatatype.h"

#include "config.h"

#include "prototype.h"

void read 400 format JPEG_ENCODER STRUCTURE *jpeg_encoder_structure, UINT8 *input_ptr)
{

INT32 1, j;

INT16 *Y1 Ptr=YI;

UINT16 rows = jpeg_encoder_structure->rows;

UINT16 cols = jpeg_encoder_structure->cols;

UINT16 incr = jpeg_encoder_structure->incr;

for (i=rows; i>0; i--)

{

for (j=cols; j>0; j--)

*Y1 Ptr++ = *input ptr++;

for (j=8-cols; j>0; j--)

*Y1_Ptr++=*(Y1_Ptr-1);

input_ptr += incr;
H
for (i=8-rows; i>0; i--)
{
for (j=8; j>0; j--)
*Y1 Ptr++=*(Y1 _Ptr-8);

}
void read 420 format JPEG_ENCODER_STRUCTURE *jpeg_encoder_structure, UINT8 *input_ptr)

{
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INT32 i, j;
UINT16 Y1 _rows, Y3 rows, Y1 cols, Y2 cols;
INT16 *Y1 Ptr=YI;
INT16 *Y2_Ptr=Y2;
INTI16 *Y3 Ptr=Y3;
INTI16 *Y4 Ptr=Y4;
INT16 *CB_Ptr = CB;
INT16 *CR_Ptr = CR;
INT16 *Y1Ptr=Y1 + §;
INTI16 *Y2Ptr=Y2 + 8;
INTI16 *Y3Ptr=Y3 +8;
INTI16 ¥*Y4Ptr=Y4 + 8;
UINT16 rows = jpeg_encoder_structure->rows;
UINT16 cols = jpeg_encoder_structure->cols;
UINTI16 incr = jpeg_encoder_structure->incr;
if (rows <= 8)
{
Y1_rows = rows;

Y3 rows =0;

else

~—

Y1 rows=8§;

Y3 _rows = (UINT16) (rows - 8);
}
if (cols <= 8)
{

Y1 cols = cols;

Y2 cols=0;

else

~—

Y1 cols=28;

Y2 cols = (UINT16) (cols - 8);
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H
for (i=Y1_rows>>1; i>0; i--)
{
for =Y1_cols>>1; j>0; j--)
{
*Y1 Ptr++ = *input_ptr++;
*Y1 Ptr++ = *input_ptr++;
*Y 1Ptr++ = *input_ptr++;
*Y 1Ptr++ = *input_ptr++;
*CB_Ptr++ = *input_ptr++;

*CR_Ptr++ = *input_ptr++;

for =Y2_cols>>1; j>0; j--)
{
*Y2_ Ptr++ = *input_ptr++;
*Y2_ Ptr++ = *input_ptr++;
*Y2Ptr++ = *input_ptr++;
*Y2Ptr++ = *input_ptr+-+;
*CB_Ptr++ = *input_ptr++;
*CR_Ptr++ = *input_ptr++;
H
if (cols <= 8)
{
for (j=8-Y1 _cols; j>0; j--)
{
*Y1_Ptr++=*(Y1_Ptr- 1);
*Y 1Ptr++ = *(Y1Ptr - 1);
}
for (j=8; j>0; j--)
{
*Y2 Ptr++=*(Y1 _Ptr- 1);

*Y2Ptr++ = *(Y1Ptr - 1);
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S

else

for (j=8-Y2_cols; j>0; j--)
{
¥Y2 Ptr++=*(Y2_Ptr - 1);

*Y2Ptr++ = *(Y2Ptr - 1);

H
for (j=(16-cols)>>1; j>0; j--)
{

*CB_Ptr++ = *(CB_Ptr-1);

*CR_Ptr++ = *(CR_Ptr-1);

Y1 Ptr+=38;
Y2 Ptr +=38;
Y1Ptr += 8;
Y2Ptr +=8;
input_ptr += incr;
H
for (i=Y3_rows>>1; i>0; i--)
{
for G=Y1_cols>>1; j>0; j--)
{
*Y3 Ptr++ = *input_ptr++;
*Y3 Ptr++ = *input_ptr++;
*Y3Ptr++ = *input_ptr++;
*Y3Ptr++ = *input_ptr++;
*CB_Ptr++ = *input_ptr++;
*CR_Ptr++ = *input_ptr++;
H
for =Y2_cols>>1; j>0; j--)
{
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*Y4 Ptr++ = *input_ptr++;
*Y4 Ptr++ = *input_ptr++;
*Y4Ptr++ = *input_ptr++;
*Y4Ptr++ = *input_ptr++;
*CB_Ptr++ = *input_ptr++;
*CR_Ptr++ = *input_ptr++;
H
if (cols <= 8)
{
for (j=8-Y1_cols; j>0; j--)
{
*Y3 Ptr++=*(Y3_Ptr- 1);
*Y3Ptr++ = *(Y3Ptr - 1);
¥
for (j=8; j>0; j--)
{
*Y4 Ptr++=*(Y3_Ptr- 1);

*Y4Ptr++ = *(Y3Ptr - 1);

else

for (j=8-Y2_cols; j>0; j--)
{
*Y4 Ptr++=*(Y4 Ptr-1);

*Y4Ptr++ = *(Y4Ptr - 1);

H
for (j=(16-cols)>>1; j>0; j--)
{
*CB_Ptr++ = *(CB_Ptr-1);
*CR_Ptr++ = *(CR_Ptr-1);
H
Y3 Ptr+=8;
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Y4 Ptr+=8;
Y3Ptr +=8;
Y4Ptr +=8;
input_ptr += incr;
}
if (rows <= 8)
{
for (i=8-rows; i>0; i--)
{
for (j=8; j>0; j--)
{
*Y1_Ptr++=*(Y1_Ptr - 8);

*Y2 Ptr++=*(Y2_Ptr-8);

H
for (i=8; i>0; i--)
{
Y1 Ptr-=38;
Y2 Ptr-=38;

for (j=8; j>0; j--)
{
*Y3 Ptr++=*Y1 Ptr++;

*Y4 Ptr++=*Y2 Ptr++;

S

else

for (i=(16-rows); i>0; i--)
{
for (j=8; j>0; j--)
{
*Y3 Ptr++=*(Y3_Ptr- 8);
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*Y4_Pir+-+=*(Y4_Ptr - 8);

¥
for (i=((16-rows)>>1); i>0; i--)
{
for (j=8; j>0; j--)
{
*CB_Ptr++ = *(CB_Ptr-8);

*CR_Ptr++ = *(CR_Ptr-8);

-~

}
void read 422 format JPEG_ENCODER STRUCTURE *jpeg_encoder_structure, UINT8 *input_ptr)
{

INT32 i, j;

UINT16 Y1 _cols, Y2 _cols;

INT16 *Y1 Ptr=YI;

INTI16 *Y2 Ptr=Y2;

INT16 *CB_Ptr = CB;

INT16 *CR_Ptr =CR;

UINT16 rows = jpeg_encoder_structure->rows;
UINT16 cols = jpeg_encoder_structure->cols;
UINTI16 incr = jpeg_encoder_structure->incr;
if (cols <= 8)

{
Y1_cols =cols;

Y2 cols=0;

else

Y1 cols=28;

Y2 _cols = (UINT16) (cols - 8);
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for (i=rows; i>0; i--)

f
1

for G=Y1_cols>>1; j>0; j--)

{
*Y1 Ptr++ = *input_ptr++;
*CB_Ptr++ = *input_ptr++;
*Y1 Ptr++ = *input_ptr++;
*CR_Ptr++ = *input_ptr+-+;

}

for j=Y2_cols>>1; j>0; j--)

{
*Y2_ Ptr++ = *input_ptr++;
*CB_Ptr++ = *input_ptr+-+;
*Y2 Ptr++ = *input_ptr++;
*CR_Ptr++ = *input_ptr++;

H

if (cols <= 8)

{
for (j=8-Y1 _cols; j>0; j--)

*Y1 Ptr++=*(Y1 Ptr- 1);

for (j=8-Y2_cols; j>0; j--)

*Y2 Ptr++=*(Y1 Ptr- 1),

else

for (j=8-Y2_cols; j>0; j--)
*Y2 Ptr++=*(Y2 Ptr- 1),
H
for (j=(16-cols)>>1; j>0; j--)
{
*CB_Ptr++ = *(CB_Ptr-1);

*CR_Ptr++ = *(CR_Ptr-1);
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input_ptr += incr;
}
for (i=8-rows; i>0; i--)
{
for (j=8; j>0; j--)
{
*Y1 Ptr++=*(Y1_Ptr - 8);
*Y2 Ptr++=*(Y2_Ptr- 8);
*CB_Ptr++ = *(CB_Ptr - 8);

*CR_Ptr++ = *(CR_Ptr - 8);

-~

}
void read_444 format JPEG_ENCODER_STRUCTURE *jpeg_encoder_structure, UINT8 *input_ptr)
{
INT32 i, j;
INTI6 *Y1 Ptr=Y1;
INT16 *CB_Ptr = CB;
INT16 *CR_Ptr=CR;
UINT16 rows = jpeg_encoder_structure->rows;
UINTI16 cols = jpeg_encoder_structure->cols;
UINT16 incr = jpeg_encoder_structure->incr;
for (i=rows; 1>0; i--)
{
for (j=cols; j>0; j--)
{
*Y1 Ptr++ = *input_ptr++;
*CB_Ptr++ = *input_ptr+-+;

*CR_Ptr++ = *input_ptr++;

for (j=8-cols; j>0; j--)
{
*Y1 Ptr++=*(Y1 Ptr-1);
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*CB_Ptr++ = *(CB_Ptr-1);
*CR_Ptr++ = *(CR_Ptr-1);
}
input_ptr += incr;
}
for (i=8-rows; i>0; i--)
{
for (j=8; j>0; j--)
{
*Y1 Ptr++=*(Y1 _Ptr-8);
*CB_Ptr++ = *(CB_Ptr - 8);

*CR_Ptr++ = *(CR_Ptr - 8);

b
void RGB_2 444 (UINTS *input_ptr, UINT8 *output_ptr, UINT32 image width, UINT32 image height)
{
UINT32 i, size;
UINT8 R, G, B;
INT32Y, Cb, Cr;
size = image_width * image height;
for (i=size; i>0; i--)
{
B = *input_ptr++;
G = *input_ptr++;

R = *input_ptr++;

Y =((77 * R+ 150 * G+ 29 * B) >>g);
Cb=((-43*R-85*G+ 128 * B) >>8) + 128;

Cr=((128 *R-107 * G- 21 * B) >> 8) + 128,

if (Y <0)
Y =0;

else if (Y > 255)
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Y =255;

if (Cb <0)

else if (Cb > 255)
Cb =255;

if (Cr<0)
Cr=0;
else if (Cr > 255)

Cr=255;

*output_ptrt++= (UINT8) Y;
*output_ptr++ = (UINTS) Cb;

*output_ptr++ = (UINTS) Cr;
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unit Unitl;
interface
uses
Windows, Messages, SysUltils, Variants, Classes, Graphics, Controls, Forms,
Dialogs, ExtCtrls, tscap32_rt, StdCtrls, tsLogBox, ShellApi, jpeg,
IdTCPConnection, IdTCPClient, IdBaseComponent, IdComponent, IdTCPServer,
IdUDPClient, IdlUDPBase, IdlUDPServer, IdSocketHandle, TeeProcs, TeEngine,
Chart, Series, ComCitrls;
type
TForml = class(TForm)
Memo: TMemo;
Button6: TButton;
Button7: TButton;
ImageShow: TImage;
ButtonStart: TButton;
udpClient: TIdUDPClient;
Button12: TButton;
VideoClientTimer: TTimer;
EditlpAddr: TEdit;
Label3: TLabel;
Button5: TButton;
NoiseTimer: TTimer;
NoiseUdpClient: TIdUDPClient;
Button8: TButton;
procedure cap32Bitmap(Sender: TObject; Bitmap: TBitmap;
msSinceFirstFrame: Cardinal);
procedure cap32Dib(Sender: TObject; pBmi: PBitmaplInfo;
pBits: PAnsiChar; msSinceFirstFrame: Cardinal);

procedure cap32Frame(Sender: TObject; pVidHdr: PVIDEOHDR);
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procedure cap32VideoStream(Sender: TObject; pVidHdr: PVIDEOHDR);

procedure Button6Click(Sender: TObject);

procedure tcpServerConnect(AThread: TIdPeerThread);

procedure udpServerUDPRead(Sender: TObject; AData: TStream;
ABinding: TIdSocketHandle);

procedure ButtonStartClick(Sender: TObject);

procedure FormCreate(Sender: TObject);

procedure Button12Click(Sender: TObject);

procedure VideoClientTimerTimer(Sender: TObject);

procedure Button7Click(Sender: TObject);

procedure EditFpsEnter(Sender: TObject);

procedure NoiseTimerTimer(Sender: TObject);

procedure Button5Click(Sender: TObject);

procedure Button8Click(Sender: TObject);

private

{ Private declarations }

public

1

{ Public declarations }

frame count : integer;

clientlpAddr : string;

clientPort : integer;
VideoServerFramelnterval : integer;
VideoServerFrameQuality : double;
VideoServerFrameNo : LongWord;
VideoServerBandwidth : Integer;
VideoServerState : Integer;
VideoServerRunTime : Integer;

VideoServerFrameLost : Integer;

// Video client property.
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//
VideoClientTimeOffset : Integer;
VideoClientFrameLostCnt: LongWord;
videoClientInitCnt : Integer;
VideoClientFeedbackTimer : Integer;
VideoClientState : Integer;
VideoClientInputCnt : Integer;
procedure BmpToJpg(quality : Integer);
function InferenceFps(frameLost: double) : double;
function InferenceQua(frameLost: double) : double;
function FuzzifyFps(rule : integer; input : double) : double;
function FuzzifyQuality(rule : integer; input : double) : double;
end;

var
Forml1: TForml;

implementation

{$R *.dfm}

/f#define C3

const

QUA DO DEC =2.0;

QUA DO ZERO =0.0;

QUA DO INC =-4.0;

DO FL _ZERO = 0.1;

DO FL LOW = 0.0;

DO FL HIGH = (-1.0);

I Zero.

ZERO_MIN =-1000000.0;

ZERO CEN = 0.0;

ZERO MAX = 2.0;

/l Low
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LOW_MIN = 1.0;

LOW_CEN =2.0;

LOW_MAX=3.0;

// High

HIGH_MIN = 2.0;

HIGH_CEN =3.0;

HIGH_MAX = 1000000.0;

function SystemTimeMs : LongWord;

var
st : TSystemTime;
timeStamp : LongWord;

begin
GetSystemTime(st);
TimeStamp := st.wHour*60*60*1000;
TimeStamp := timeStamp + (st.wMinute*60*1000);
TimeStamp := timeStamp + (st.wSecond*1000);
TimeStamp := timeStamp + (st.wMilliseconds);
Result := timeStamp;

end;

procedure TForm1.cap32Bitmap(Sender: TObject; Bitmap: TBitmap;
msSinceFirstFrame: Cardinal);

begin
//Memo.Lines.Add('OnBitmap: ' + IntToStr(frame_count));
//Bitmap.SaveToFile('out.bmp');
//Inc(frame_count);

end;

procedure TForm1.cap32Dib(Sender: TObject; pBmi: PBitmaplInfo;
pBits: PAnsiChar; msSinceFirstFrame: Cardinal);

begin

//Memo.Lines.Add('OnDip')
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end;

//

/I Frame event

//

procedure TForm1.cap32Frame(Sender: TObject; pVidHdr: PVIDEOHDR);

var
s : String;
bmpHdr : Array[0..128] of byte;
bmpData : Array[0..500000] of byte;
fileHandle : Integer;

begin
bmpHdr[$00] = $42;
bmpHdr[$01] = $4d;
bmpHdr[$02] = $36;
bmpHdr[$03] = $84;
bmpHdr[$04] := $03;
bmpHdr[$05] := $00;
bmpHdr[$06] := $00;
bmpHdr[$07] := $00;
bmpHdr[$08] := $00;
bmpHdr[$09] := $00;
bmpHdr[$0a] := $36;
bmpHdr[$0b] := $00;
bmpHdr[$0c] := $00;
bmpHdr[$0d] := $00;
bmpHdr[$0e] := $28;
bmpHdr[$0f] := $00;
bmpHdr[$10] := $00;
bmpHdr[$11] := $00;
bmpHdr[$12] = $40;
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bmpHdr[$13] :=$01;
bmpHdr[$14] := $00;
bmpHdr[$15] := $00;
bmpHdr[$16] := $10;
bmpHdr[$17] := $00;
bmpHdr[$18] := $00;
bmpHdr[$19] := $00;
bmpHdr[$1a] := $01;
bmpHdr[$1b] == $00;
bmpHdr[$1c] := $18;
bmpHdr[$1d] == $00;
bmpHdr[$1e] := $00;
bmpHdr[$1f] := $00;

bmpHdr[$20] := $00;
bmpHdr[$21] := $00;
bmpHdr[$22] := $00;
bmpHdr[$23] = $84;
bmpHdr[$24] = $03;
bmpHdr[$25] := $00;
bmpHdr[$26] := $00;
bmpHdr[$27] := $00;
bmpHdr[$28] := $00;
bmpHdr[$29] := $00;
bmpHdr[$2a] := $00;
bmpHdr[$2b] = $00;
bmpHdr[$2¢] := $00;
bmpHdr[$2d] == $00;
bmpHdr[$2e] := $00;
bmpHdr[$2f] := $00;
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bmpHdr[$30] := $00;
bmpHdr[$31] := $00;
bmpHdr[$32] := $00;
bmpHdr[$33] := $00;
bmpHdr[$34] := $00;
bmpHdr[$35] := $00;
// Move to BMP data buffer.
Move(pVidHdr.lpData”, bmpData[0], pVidHdr.dwBytesUsed);
// Save this frame to file.
fileHandle := FileOpen(‘raw.bmp', fmOpenWrite);
if FileHandle > 0 then
begin
FileWrite(fileHandle, bmpHdr[0], $36);
FileWrite(fileHandle, bmpData[0], pVidHdr.dwBytesUsed);
FileClose(fileHandle);
end
else
begin
Memo.Lines.Add('OnFrame: Failed to open file.");
end;
//Memo.Lines.Add('"OnFrame: Event.")
end;
procedure TForm1.cap32VideoStream(Sender: TObject; pVidHdr: PVIDEOHDR);
begin
Memo.Lines.Add('OnVideoStream")
end;
procedure TForm1.Button6Click(Sender: TObject);
begin

Memo.Clear;
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end;
//
/I Convert BMP to JPG with quality.
/1
procedure TForm1.BmpTolpg ( quality : Integer);
var
i: integer;
s, paramStr: string;
charPtr : Pchar;
begin
paramStr :='-gscale ' + IntToStr(quality) + ' -i raw.bmp out.jpg';
charPtr := Addr(paramStr[1]);
i := ShellExecute(Handle,
'open',
'c:\work\video_server\ffmpeg.exe',
charPtr,
'c:\work\video_server',
SW_HIDE) ;
//Memo.Lines.Add('BmpToJpg: Reture '+ IntToStr(i) );
end;
procedure TForm1.tcpServerConnect(AThread: TIdPeerThread);
begin
memo.Lines.Add('tcpServer: connect');
end;
procedure TForm1.udpServerUDPRead(Sender: TObject; AData: TStream;
ABinding: TIdSocketHandle);
var
1:integer;
s, packetStr, lostStr : string;

begin
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1 := Adata.Size;

//s :='UdpServer: InputDataSize='+ Inttostr(i);
//memo.Lines.Add(s);

//clientlpAddr := Abinding.PeerIP;

//clientPort := Abinding.PeerPort;

SetLength(packetStr, Adata.size);
Adata.Read(packetStr[1], Adata.Size);
//memo.Lines.Add('UdpServer: InputData="+packetStr);
// Check input data.

if packetStr = 'Start' then

begin
memo.Lines.Add('VideoServer: Start.");
VideoClientState := 1;
VideoServerBandwidth := 0;
VideoServerState := 1;
VideoServerRunTime := 0;

end;

if packetStr = 'Stop' then
begin
memo.Lines.Add("VideoServer: Stop.");
VideoClientState := 0;
clientPort := 0;
end;
lostStr := '"Lost=";
if StrLComp(Pchar(packetStr), Pchar(lostStr), 5) = 0 then
begin
i:=0;

if (Ord(packetStr[6]) >= Ord('0")) and (Ord(packetStr[6]) <= Ord('9")) then

begin
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i := Ord(packetStr[6]) - Ord('0");
if (Ord(packetStr[7]) >= Ord('0"))
and (Ord(packetStr[7]) <= Ord('9")) then
begin
i:=i*10;
i:=1+ (Ord(packetStr[7]) - Ord('0"));
if (Ord(packetStr[8]) >= Ord('0")) and (Ord(packetStr[8]) <=
0Ord('9") then
begin
i:=1*10;
i := i+ (Ord(packetStr[8]) - Ord('0"));
end;
end;
end;
/I If frame lost not 0.

if 1 <> 0 then

begin
VideoServerFrameLost = i;
Memo.Lines.Add('VideoServer: FrameLost="+ IntToStr(i));
end
else
begin
VideoServerFrameLost := 0;
end;
end;
end;
/1

// Start play a stream.
/1

procedure TForm1.ButtonStartClick(Sender: TObject);
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begin
UdpClient.Host := EditIpAddr.Text;
UdpClient.Port := 12345;
UdpClient.Active := True;
udpClient.Send('Start');
videoClientInitCnt := 0;
VideoClientTimeOffset := 0;
VideoClientState ;= 1;
end;
procedure TForm1.FormCreate(Sender: TObject);
begin
clientPort := 0;
VideoServerState := 0;
end;
/
/I Stop video server stream.
//
procedure TForm1.Button12Click(Sender: TObject);
begin
udpClient.Send('Stop");
UdpClient.Active := False;
VideoClientState := 0;
end;
procedure TForm1.VideoClientTimerTimer(Sender: TObject);
var
len : integer;
s : string;
buf : array[0..50000] of byte;
fileHandle : integer;

fileLen : integer;
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frameNo : LongWord;
remoteTimeStamp : LongWord;
bytePtr : Pbyte;
st : TSystemTime;
localTimeStamp : LongWord;
timeDiff : Integer;
begin
GetSystemTime(st);
localTimeStamp := SystemTimeMs();
if localTimeStamp - VideoClientFeedbackTimer > 2000 then
begin
VideoClientFeedbackTimer := local TimeStamp;
if VideoClientState = 1 then
begin
if VideoClientInputCnt = 0 then
begin
Inc(VideoClientFrameLostCnt,5);
end;
VideoClientInputCnt :=0 ;
UdpClient.Send('Lost="+IntToStr(VideoClientFrameLostCnt));
if (VideoClientFrameLostCnt <> 0) then
begin
Memo.Lines.Add('Lost='+
IntToStr(VideoClientFrameLostCnt));
end;
VideoClientFrameLostCnt := 0; // Reset counter;
end;
end;
len := udpClient.ReceiveBuffer(buf[0], 50000, 1);

if len > 0 then
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begin

//s :='VideoClient: Input data size=' + IntToStr(len);

//Memo.Lines.Add(s);

fileHandle := FileOpen('recv.jpg', fmOpenWrite);

if fileHandle > 0 then

begin
GetSystemTime(st);
localTimeStamp := SystemTimeMs();
bytePtr := Addr(frameNo);
Move(buf[0], bytePtr”, 4);
bytePtr := Addr(remoteTimeStamp);
Move(bufl4], bytePtr?, 4);
//Memo.Lines.Add("VideoClient: RecvFrameNo="'+

IntToStr(frameNo));

if VideoClientInitCnt < 7 then

begin
if VideoClientInitCnt = 6 then
begin

VideoClientTimeOffset : = VideoClientTimeOffset div|

Memo.Lines.Add('VideoClient: Offset='+
IntToStr(VideoClientTimeOffset));
end
else
begin
VideoClientTimeOffset := VideoClientTimeOffset +
(localTimeStamp - remote TimeStamp);
//Memo.Lines.Add("VideoClient: Offset="+
IntToStr(VideoClientTimeOffset));

end;
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Inc(VideoClientInitCnt);
end;
if VideoClientInitCnt >= 7 then
begin
timeDiff := (local TimeStamp - remote TimeStamp) -
VideoClientTimeOffset;
//Memo.Lines.Add("VideoClient: tDiff="' + IntToStr(timeDiff)
/[+"1Ts=" + IntToStr(local TimeStamp)
//+' rTs=" + Inttostr(Remote TimeStamp));
// If time different more than 1000ms.
if Abs(timeDiff) > 1000 then
begin
Inc(VideoClientFrameLostCnt);
end;
end;
Inc(VideoClientInputCnt);
FileWrite(fileHandle, buf[8], len-8);
FileClose(fileHandle);
ImageShow.Picture.LoadFromFile('c:\work\video server\recv.jpg');
end;
end;
end;
procedure TForm1.Button7Click(Sender: TObject);
var
i: Integer;
begin
Inc(VideoClientFrameLostCnt);

end;

procedure TForm1.EditFpsEnter(Sender: TObject);
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begin
//ShowMessage('OnEnter');
end;
procedure TForm1.NoiseTimerTimer(Sender: TObject);
var
buf : Array[0..5000] of byte;
begin
NoiseUdpClient.SendBuffer(buf[0],5000);
end;
procedure TForm1.Button5Click(Sender: TObject);
begin
NoiseUdpClient.Active := True;
NoiseTimer.Enabled := True;
end;
procedure TForm1.Button8Click(Sender: TObject);
begin
NoiseUdpClient.Active := False;
NoiseTimer.Enabled := False;
end;

end.
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#include "LPC23xx.H"
#include "type.h"
#include "uvart.h"
#include "timer.h"
#include "irq.h"
#include <stdio.h>
#include <string.h>
#include <stdlib.h>
#include <absacc.h>

#define DEBUG_CR328

#define CMD_SYNC 1
#define CMD SYNC WAIT 2
#define CMD_INIT 3
#define CMD_INIT WAIT 4
#define CMD_SET PACKET SIZE 5

#define CMD_SET PACKET SIZE WAIT 6

#define CMD_SNAPSHOT 7
#define CMD_SNAPSHOT WAIT 8
#define CMD_GET PICTURE 9
#define CMD_GET_PICTURE_ WAIT 10
#define CMD_RECV_PICTURE 11
[

* end of ethernet test.
skttt ot ok R ks R ks R ks R ks ks R ok ok /
//const u32t param_init_all=0x00000000;
// sector number 22
//const unsigned long param_init = 0x00000000 _at 0x00078000;
#ifdef DEBUG
#endif
u8t img_data buf[5000];
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void debug_send(u8t* p, int len);
void debug_recv(u8t* p, int len);
void disp_buf hex(u8t *p, int len);
void image to_serial(u8t *p, int len);
int jpg res=3;
int pic_type =5;
void ¢328 init(void) {

u8t buf[32];

int 1;

/fuart0_write_str("# CR328 Init.\r\n");

buf[0] = 0xAA;

bufl[1] = 0x01;

buf[2] = 0x00;

buf[3] = 0x07;// color type

bufl[4] = 0x05;// preview resolution.

buf[5] = (u8t)jpg_res; //0x03;// jpeg resolution.

for (i=0; i<6; i++) {
uart3 write byte(bufli]);
H
uart0_write str("# Init.\r\n");
#ifdef DEBUG_CR328
debug_send(buf, 6);
#endif
H
void ¢328 getpicture(void) {
u8t buf[32];
int 1;
buf[0] = 0xAA;
bufl1] = 0x04;

//1 = Snapshot picture
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//2 = Preview Picture.
//5 = JPEG preview picture
buf[2] = pic_type;// 0x05;
bufl3] = 0x00;
bufl4] = 0x00;
bufl5] = 0x00;
for (i=0; i<6; i++) {
uart3_write_byte(bufli]);
H
uart0_write_str("# GetPicture.\r\n");
#ifdef DEBUG_CR328
debug_send(buf, 6);
#endif
}
void ¢328 snapshot(void) {
u8t buf[32];
int 1;
bufl0] = OxAA;
bufl1] = 0x05;
// Snap shot type
// O=compressed.
// 1=uncompressed.
bufl2] = 0x00;
// Skip frame low byte.
bufl3] = 0x00;
// Skip frame high byte.
bufl4] = 0x00;
buf[5] = 0x00;
for (i=0; i<6; i++) {

uart3_write_byte(bufli]);
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}

uart0_write_str("# SnapShot.\r\n");
#ifdef DEBUG_CR328
debug_send(buf, 6);
#endif
H
void ¢328 set package size(void) {
u8t buf[32];
int 1;
/fuart0_write_str("# CR328 SetPacketSize.\r\n");
buf[0] = 0xAA;
bufl1] = 0x06;
// fixed=0x08
buf[2] = 0x08;
// Packet size low byte
buf[3] = 0x00;
// Packet size high byte.
bufl4] = 0x02;
// Fixed=0
bufl 5] = 0x00;
for (i=0; i<6; i++) {
uart3_write_byte(bufli]);
H
uart0_write_str("# PacketSize.\r\n");
#ifdef DEBUG_CR328
debug_send(buf, 6);
#endif
H
void ¢328 set baudrate(void) {

u8t buf[32];
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int 1;
bufl0] = OxAA;
bufl1] = 0x07;
// first divider
buf[2] = 0x1f;
// second divider.
buf[3] = 0x01;
// fixed=0
bufl4] = 0x00;
// Fixed=0
buf[5] = 0x00;
for (i=0; i<6; i++) {
uart3 write_byte(bufli]);
H
uart0_write_str("# SetBaudRate.\r\n");
#ifdef DEBUG_CR328
debug_send(buf, 6);
#endif
H
void ¢328 reset(void) {
u8t buf[32];
int 1;
buf[0] = 0xAA;
bufl1] = 0x08;
// reset type
bufl[2] = 0x00;
// fixed=0
buf[3] = 0x00;
// fixed=0
bufl4] = 0x00;
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// Fixed=0xff
buf 5] = Ox{T;
for (i=0; i<6; i++) {
uart3_write_byte(bufli]);
H
uart0_write_str("# Reset.\r\n");
#ifdef DEBUG_CR328
debug_send(buf, 6);
#endif
H
void ¢328 power off(void) {
u8t buf[32];
int 1;
/fuart0_write_str("# CR328 PowerOff.\r\n");
bufl0] = OxAA;
buf[1] = 0x09;
// fix=0, 4 bytes.
bufl2] = 0x00;
bufl3] = 0x00;
bufl4] = 0x00;
buf] 5] = 0x00;
for (i=0; i<6; i++) {
uart3_write_byte(bufli]);
H
uart0_write_str("# PowerOff.\r\n");
#ifdef DEBUG_CR328
debug_send(buf, 6);
#endif
}
void ¢328 data(void) {
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}

u8t buf[32];
int 1;
bufl0] = OxAA;
bufl1] = 0x0A;
buf[2] = 1;// data type.
//1=snapshot type
//2=preview picture.
//5=jpeg preview picture.
buf[3] = 0;// lenght byte 0.
bufl[4] = 0;// lenght byte 1.
buf[5] = 0;// lenght byte 2.
for (i=0; i<6; i++) {

uart3 write_byte(bufli]);
H
uartQ_write str("# data: ");

debug_send(buf, 6);

void ¢328 sync(void) {

u8t buf[32];

int 1;

/fuart0_write_str("# CR328 Sync.\r\n");
buf[0] = 0xAA;

bufl1] = 0x0D;

buf[2] = 0x00;//command id.

bufl3] = 0x00;//ack counter.

buf[4] = 0x00;//00h / packet id byte0
buf[5] = 0x00;//00h / packet id bytel
for (i=0; i<6; i++) {

uart3_write byte(bufli]);
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uart0_write_str("# Sync.\r\n");
#ifdef DEBUG_CR328
debug_send(buf, 6);
#endif
H
void ¢328 ack(u8t packet_id) {
u8t buf[32];
char str[32];
int 1;
buf[0] = 0xAA;
buf[1] = 0x0E;
buf[2] = 0x00;//command id.

buf[3] = 0x00;//ack counter.

buf[4] = packet _id;//00h / packet id byte0
buf[5] = 0x00;//00h / packet id bytel

for (i=0; i<6; i++) {

uart3 write byte(bufli]);

}

uart0 write_str("# Ack.\r\n");
#ifdef DEBUG_CR328
debug_send(buf, 6);
#endif
H
void ¢328 nak(void) {
u8t buf[32];

int 1;

uart0_write_str("# CR328 Nak.\r\n")

buf[0] = 0xAA;
buf[1] = 0xOF;
buf[2] = 0x00;//fix=0
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bufl3] = 0x00;//nak counter.
bufl4] = 0x00;//error number.
bufl 5] = 0x00;//fix=0;

for (i=0; i<6; i++) {

uart3_write_byte(bufli]);

H

H

void ¢328 light frequency(void) {
u8t buf[32];
int i;

uart0_write_str("# CR328 LightFrequency.\r\n");
buf[0] = 0xAA;

buf[1] = 0x13;

buf[2] = 0x00;// frequency type.

buf[3] = 0x00;//fix=0

bufl4] = 0x00;//fix=0

bufl 5] = 0x00;//fix=0;

for (i=0; i<6; i++) {

uart3 write byte(bufli]);

h

int main(void) {
// local var.
int i
u8t byte;
u8t  bufl20];
char str[100];
char dbg[128];
char *p;

int ¢328r_state = 0;
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#if 0

felse

int len=0;

int img_size;

u8t  ¢328r rx_buf[1024];

int  ¢328r_rx_len;

u8t my packet id;

int img_byte cnt;

char cmd[128];

int cmdlen=0;

//char  resp[]

uart0_init();

//Uart2Init();

uart3_init();
timer0_init(TIME_INTERVAL);
EnableTimer(0);

¢328r rx_len=0;

IENABLE;

uart0_write str("### C328 Driver ###.\r\n");
while (1) {

if (uart0 read byte(&byte)) {
uart3_write_byte(byte);

H

if (uart3_read byte(&byte)) {
uart)_write_byte(byte);

H

continue;

if (uart0_read byte(&byte)) {

if (cmdlen < sizeof(cmd)) {
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cmd[3]=="7") {

cmd[cmdlen] = byte;
cmdlent+;

}

// end of command.

if (byte=="r") {

if (!strncmp(cmd, "start", 5)) {
c328r_state=1;

H

if (!strncmp(cmd, "reset", 5)) {
328 reset();

H

else if (!strncmp(cmd, "jr=", 3)) {

if (cmd[3]=="?") {

}
else if (cmd[3]=="1" || emd[3]=="3" || cmd[3]=="5" ||

jpg_res = atoi(cmd+3);
b
sprintf(dbg, "# jpgres(1,3,5,7)=%u.\r\n", jpg_res);
uart0_write_str(dbg);
H
else if (!strncmp(cmd, "pt=", 3)) {
if (cmd[3]==""") {

H

else if (cmd[3]=="1" || cmd[3]=="2' || emd[3]=='5") {
pic_type = atoi(cmd+3);

H

sprintf(dbg, "# pictype(1,2,5)=%u.\r\n", pic_type);
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uart0_write_str(dbg);
H
cmdlen=0;
memset(cmd, 0, sizeof(cmd));
H
H
if (¢328r_state = CMD_SYNC) {
c328r_state = CMD_SYNC_WAIT;
¢328r rx len=0;
¢328r_timer = 100;
¢328 sync();
H
else if (c328r_state == CMD_SYNC_WAIT) {
if (¢328r_timer == 0) {
if (¢328r rx_len==12) {
//debug_recv(c328r rx_buf, ¢328r rx_len);
¢328 ack(0);

¢328r_state = CMD_INIT;

H
else {
/fuart0_write_str("# sync timeout.\r\n");
c328r_state = CMD_SYNC;
H
H

if (uart3_read byte(&byte)) {
if (¢328r_rx_len < sizeof(c328r rx_buf)) {
¢328r rx_buf[c328r rx len] = byte;
c328r rx lentt;
if (c328r_rx_len==12) {

¢328r_timer=0;
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H

// Init

else if (c328r_state == CMD _INIT) {
c328r_state = CMD _INIT WAIT;
c328r rx len=0;
¢328r_timer = 1000;
€328 init();

H

else if (c328r_state == CMD _INIT WAIT) {
if (¢328r_timer == 0) {
if (¢328r rx_len==16) {

¢328r state = CMD_SET PACKET SIZE;

H

else {
/fuart0_write_str("# timeout.\r\n");
c328r_state = CMD_SYNC;

H

H

else if (uart3_read byte(&byte)) {

if (¢328r_rx_len < sizeof(c328r_rx_buf)) {
¢328r_rx_buf[c328r rx_len] = byte;
c328r rx_lent++;
if (¢328r_rx_len==16) {

¢328r_timer = 0;
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H
// Set packet size
else if (¢328r_state == CMD_SET PACKET SIZE) {
¢328r state = CMD_SET PACKET SIZE WAIT;
¢328r_rx_len=0;
¢328r_timer = 1000;
c328 set package size();
}
else if (c328r_state == CMD_SET PACKET SIZE WAIT) {
if (¢328r_timer == 0) {
if (¢328r_rx_len==16) {
//disp_buf hex(c328r rx_buf, ¢328r rx_len);
//debug_recv(c328r rx_buf, ¢328r rx_len);
//c328 ack(0);

c328r_state = CMD_SNAPSHOT;//9;//7

H

else {
/fuart0_write_str("# timeout.\r\n");
c328r_state = CMD_SYNC;

H

H

else if (uart3_read byte(&byte)) {
if (¢328r_rx_len < sizeof(c328r rx_buf)) {
¢328r_rx_buf[c328r rx_len] = byte;
c328r rx_lent++;
if (¢328r_rx_len==16) {

¢328r_timer = 0;
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}

// take snap shot.

else if (c328r state == CMD SNAPSHOT) {
/fuart0_write_str("# do snap shot.\r\n");
¢328r state = CMD_SNAPSHOT WAIT;
¢328r rx_len=0;
¢328r_timer = 1000;
¢328 snapshot();

H

if (¢328r_state == CMD_SNAPSHOT WAIT) {
if (¢328r_timer == 0) {
if (¢328r_rx_len==16) {

¢328r_state = CMD_GET _PICTURE;

H

else {
/fuart0_write_str("# timeout.\r\n");
c328r_state = CMD_SYNC;

H

H

if (uart3 read byte(&byte)) {

if (¢328r rx_len < sizeof(c328r rx buf)) {
¢328r_rx_buf[c328r rx_len] = byte;
¢328r_rx_lent+t;
if (¢328r_rx_len==16) {

¢328r _timer = 0;

}

/I Get picture.
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if (¢328r state == CMD_GET PICTURE) {

/fuart0_write_str("# do get picture.\r\n");

¢328r_state = CMD_GET PICTURE WAIT;

¢328r_rx_len=0;

¢328r_timer = 1000;

¢328 getpicture();

}

if (c328r_state == CMD_GET_PICTURE_WAIT) {

if (¢328r_timer == 0) {

if (c328r_rx_len==12) {

/fuart0_write_str("# getpicture ok.\r\n");

img_size = (¢328r_rx_buf[11]<<16) +

(¢328r_rx_buf[10]<<8) + ¢328r rx_bufl9];

else {

//sprintf(str, "# ImgDataSize=%u.\r\n", img_size);
/fuart0_write_str(str);

//disp_buf hex(c328r rx_buf, ¢328r rx_len);
//debug_recv(c328r rx buf, c328r rx len);
¢328r_state = CMD_RECV_PICTURE;
my_packet id = 0;

img_byte cnt = 0;

¢328r_timer = 1000;

¢328r_rx_len=0;

¢328 ack(my packet_id);

/fuart0_write_str("# timeout.\r\n");

c328r_state = CMD_SYNC;

else if (uart3_read byte(&byte)) {
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//c328r_timer = 100;

if (¢328r rx_len < sizeof(c328r rx buf)) {
¢328r rx_buf[c328r rx len] = byte;
c328r rx_lent++;
if (c328r rx len==12) {

¢328r_timer = 0;

H
if (¢328r_state == CMD_RECV_PICTURE) {
if (¢328r_timer == 0) {
//c328r_state = 0;
/fuart0_write_str("# CmdRecvPictTimeout.\r\n");
i=c328r_rx_buf[2] + (¢328r rx_buf[3]*256);
if (¢328r_rx_len ==i+6) {

if (i+img_byte cnt < sizeof(img_data buf)) {

memcpy(img_data_buftimg byte cnt, ¢328r rx_buf+4, i);

H

img_byte cnt +=1;

//sprintf(str,"# PacketSize=%u, ImgSize=%u,
TotolSize=%u.\r\n",

//c328r rx_len, i, img_byte cnt);

/fuart0_write_str(str);

//my_packet id =¢328r rx_buf[0] +
(¢328r_rx_buf[1]*256);

¢328 ack(++my packet id);

if (img_byte cnt >=img_size) {
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Total=%u, Recv=%u.\r\n",

img_size);

img_size);

CMD GET PICTURE;// 9;

#endif
}

//sprintf(str, "# ImgComplete,

//img_size, img_byte cnt);
/fuart0_write_str(str);

//disp_buf hex(img_data_buf,

image to serial(img_data buf,

c328r_state =

}
¢328r rx len=0;

¢328r_timer = 1000;

else {
¢328r state = CMD_GET PICTURE;
H
H
if (uart3 read byte(&byte)) {
//sprintf(str,"[%02X]",byte);
/fuart0_write_str(str);
¢328r_timer = 10;
if (¢328r_rx_len < sizeof(c328r_rx_buf)) {
¢328r_rx_buf[c328r rx_len] = byte;

c328r rx_lent++;
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H

void disp_buf hex(u8t *p, int len) {
char str[32];
int 1;

uart0_write_str("# DataHex:\r\n");
for (i=0; i< len; i++) {
sprintf(str, "[%02X]", plil);
uartQ_write_str(str);
H
uart)_write str(".\r\n");
}
/**
* image serial protocol.

*

* @author Administrator

*

* @param p

* @param len
*/
void image to_serial(u8t *p, int len) {
char str[32];
int 1;
uart0_write_str("{");
for (i=0; i< len; i++) {
sprintf(str, "$%02X", p[i]);
uart0)_write_str(str);
H
vart0_write_str("}\r\n");

}
void debug_send(u8t *p, int len){
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char str[32];
int 1;
uart0_write_str("TX="),
for (i=0; i< len; i++) {
sprintf(str, "[%02X]", plil);

uart0_write_str(str);

H
uart0_write_str(".\r\n");
H
void debug_recv(u8t *p, int len){
char str[32];
int 1;

uart)_write_str("Rx=");

for (i=0; i< len; i++) {
sprintf(str, "[%02X]", p[il);
uart0_write_str(str);

}

uart0_write_str(".\r\n");
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