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ABSTRACT

A study of energy conservation on point to point wireless network by automatic gain
power transmission control aims at reducing radio signal interference between hosts and hosts or
hosts and basé stations at the same radio frequency. A controlling program was studied and
constructed based on one host sending control signal to the other host requiring it to increase the
level of the radio frequency when it was lower than the level needed. On the other hand, it was
required to decrease the frequency when it was higher than the level needed.

A power transmission controlling model was based on an experiment using Wireless
Point to Point Brand ‘Ubiquiti’ controlled by airOS dperating system, firmware version 5.5.x .

Power transmission control was from an analysis of the level of received signal from the
sender by considering the quality of received signal. Then factors affecting the quality of received
signal, which cbnsists of SNR and signal loss, were analyzed in order to tune level of
" transmission gain appropriately.

The experiment reQealed that the automatic gain control program was able to tune level
of transmissibn gain appropriately. Furthermore, when the program was used at Summit Auto
Seat Industry and- its branches, the amount of power consumption and interference among
Wireless Models at the same frequency channel were reduced. This can also last longer lifetime

of the module.
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“Low-energy signaling”

2.2.3.1 amilnenssnvasszun1ime

Network protocol stack Hardware implementation

Application
Transport Host computer
- Network ) ]
Data link
' Baseband
Physical etwork interface
RF front ends

v

51 2.14 dauvesaorlnenssugunsal 1Fme

v X ¥
11317 2.14 gunsalinsedielimeaifivufosidtusuveslemalaluna (OSI

v ¥ ]
Model) 1&Tudauun5U MAC-Sub layer 04'l1/auAadu Physical auduq szgnianislag

a ea a & [
53‘1]‘1]1'5]ﬂﬂﬂ'ﬁl!ﬁgll'ﬂwmﬂ‘ﬁuﬂlﬂﬂig'ﬁﬁ

Low-noise amplifier

|\F/Baseband
Conversion

interface signal processing

} LNA
Antenna Local Oscillator Intermediate <=1 Baseband
N {L0) Frequency (IF) | . = | processor

MAC Layer &
Physical Layer above

b
|

‘Power amplifier

31 2.15 Taozunsumslindsnuvesginsslindevie13ee
- ingilii 2.15 uaaslnezunsuaessnieluvesgilnsalins ed1e13me Zhong (2011)
1 .o 1 T in 1 o v [ 4
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Components Power (mW)
Power amplifier 246
(PA)
BPA
Frequency
synthesizer 67.5
(VCO/FS)
Mixer 303
LNA 20
Baseband 5
processing

4 a @ C4 [l
314 2.16 uwugiinisldnasnuvesgnsaiinsevin 15ae

9110317 2.16 uanIn1veIns IgNaIUluAINGs (Power Amp) voenauInglu
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1 9 Y & Yy a3 & Y o
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laozunsugilnssidods 13ae (Wireless Interface)

Low-noise amplifier

Huge dynamic High duty cycle

range 10° '
Ltocal Osciilator Intermediate < )| B &
Antenna L0} 55 flazebing
’ = {LO} Frequency (IF) > 85 ) | Processor
interrace i i w2
t Atedrernsfurdys on signal processing é 2
o]
¥ 0O

-4

Power amplifier

MAC Layer &

Physical Layer g

High power
consumption
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« Tupamsilserdandanu
- ﬂﬂi‘i’f‘ﬂmﬁﬂﬁuui al (Complete power off)

« WITAIVAUMIHAUNNTINAUIAT 0 18UMS (Circuit Wake-up Latency + Network Association
Latency) Uumdslundniui
~ Trualsgudandanuiiuandiedu wu Uszndandsauiosududanisasugunisndy

v
WALLUUDU 9

Radio Deep Sleep Wake-up latency on the order of micro
seconds

| K— | Baseband
| | processor

MAC Layer &
above

31 218 Tumailsendanasau

11n3UN 2.18 UAAIIIVIAIVANNITHAVRN I WA ULAS DU 18UHA (Circuit Wake-up
Latency + Network Association Latency) pumas luvdanlulasiui Taeesnuuuninsie’

ﬁ‘JuLm‘u Local Oscillator (LO)

Sleep Mode Wake-up latency on the order of
milliseconds

_ |Low-rate clock with
saved network

Baseband
processor

MAC Layer &
above

37 2.19 Tuma)sendandanu (de)
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10317 2.19 uaartesnruguas Idwdsnu TaeldnsiSudyanautinilde
1 @ LY o o i 1 )
Smfunsufinauduiusvesdoyaluniev1e (Low-rate Clock With Saved Network

Association Information)

2.2.4 Anwnalnauazifdefiisnaunumsiuaaididweunioda Fmefiuniu
anuduiu
2.2.4.1 ﬂ’amuiwmﬁ’ﬁgtwa'i”lﬁ%'u (Received Signal Strength)
n. N153aAInMdu VBT a9 Received Signal Strength Indication (RSST)

o v as = { s : Y } o
RsSI Humnlfuenanuussvesdyaaingh 185 luduvesmdseuiiviiodu

dBm (Decibels Milliwatts) Tagf1 RSSI azuilsfuasenuauussvesdygy i tufedis

1 [ s

Al 2 o Ay Yo A ) Y 3 1w [
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@ A
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Fmedanilaliddndamile Testianuduiusauaunisn 2.8 fail
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Prx=Pr<Gant{ Ad ] SO Prxmpk(ij

4 d
(47d ) (d) 2.9)

4‘ o o

(110 A = AfudRyR 9 (signal wavelength), d = 520¥N9INAIEINAUTYYIY, Gtx = BATIVEY

o
'

YDIAERIMARITY, Grx = OATIVHVDITERINMAAITY, Ptx = maan 19 lumsds uag Prx =
o Ao Y
fasnsula
1 { { { 1 4 Qo g o 4 L o
fnuald AP aafinnudnef on 61 2rs A ¢ Aomineh Aaiundnun ldsusznniy
uananu ldmumenmdiaesvesszegmaiiedygraauma Uiy udedalsaw
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aumsiingndeuiioad sy Tuaan 9 luRunanniu

2.2.4.2. szvunIene13ae 802.11 MAC Counters

dmsugunsalindodteFmoauunasgiu 802.11 bign viidaasiniuiEoni

' 4

“MAC Counters” YnHthiiumanuza q all

fanlsnsdvii

1. Tx Fragment Count

o o -4 'Q' 3 v L &

ausasrnuilewinudu 1 aeande i un1 MPDU (MAC Protocol Data Unit)
fnoundulveIaaydIu luve LI AgAtoYA

2. Tx Failed Count

9 o A A X 4 . . o

dnsaviuilsziindudle MSDU (MAC Service Data Unit) gnasd1s anasniniinig

N Y
geaauanilans a1y

Physical Layer SDU (PSDU)

i

TE] T actaver

Frame
MAC | ayer SDLU (MSDL) “arrectio
Sequence

3. Multiple Retry Count (Graphics View Only)

o 1 a 4 4 1 o o = v ¥ A ' & >
AINTIVUUUAITISIWUIULIUD MSDU QﬂfNﬁ'lLi%IﬂEJ?Jﬂ'ﬁfN“lme'lﬂﬂ'nﬂuﬂﬂﬁ»1
4. RTS Success Count

o - Y Q‘ 3 4 o Q 4

a1 uTazmuILie Id5UNIARY CTS Ma191n# 1A3 9998 RTS
5. ACK Failure Count

o o 3 Q‘ 3 4 1 o Qo o 4 o
An591DHILINUAUIID ACK (Acknowledge) 11 A5 UMsAOUNAUAINAIANIY
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6. Multicast Rx Frame Count

s o ¥ Q' 3 4 o v
MastiutlgiRuiilo MSDU aoundudie35n1sdauuuyayed multicast bit 11

8§39 MAC address 1181114

7. Ix Frame Count

o 1 4 X ' o o 1 g
AINTIVUUUHISANYUNUNITEI MSDU fT'ILiﬂhlu!.mﬁSﬂiﬁ
8. Multicast Tx Frame Count

as Y ¢ 2 3 4 R .9 { 1
dmsanfuileziudumwiziiio Multicast bit (Hugaiinglu MAC address Ua1om1e

o o ! A o a I .
nANFUT IUMIds MSDU (lodutiun15idu STA (Station) 11 1v3a ESS (Extended

. v 'y X
Service Set) TngMWsurariidansa 1169 AP (Access Point) Tuftivanedanis ey Ack lu

10 ] MPDUs Nifgdoq

9. Retry Count
o A Z A 42 g 1 9. & Y { v ¥ 3
MnTIfullasiniie MSDU gnasdiswndniniideslimsdetaudiSe

10. Frame Duplicate Count

Yo A L) o o Y ¥

ANTIUVUILANI UL DI T (Frame) ‘Vlvlﬂi’ﬂ'ﬂllﬂ']'i%miEN'L’I']ﬂ‘lJ!m'J‘WUﬂ']i“]ﬂﬂu

YouUnsY

@ o~

ALTEN

11. RTS Failure Count

o .73 4 A‘ 3 ¥ 1 [-7] % {
fansiutezmuvudie 1 ldsunsaou cTs ndenint 1dseevs RTS 11/
12. Rx Fragment Count

o @ 4 1 4 o v o & & g 2
Amsnivtarnimuuiie I8 uudas MPDU A5 vdadlugadeyatiadeeiinng

13. FCS Error Count

mm’muuﬁm'mzrwmmﬁeﬁmimm‘wummWﬂwmmm FCS (Frame Check

Sequence) Tu MpPDU #1450

- 14. WEP Undecryptable Count

o v A s X 4 H o . .
dmsraiuilszmniuiomsuiilasuisyneudae WEP (Wired Equivalent Privacy)

't ade

1 1 2 v g & o3 ar v ‘o [y
ﬁ?uﬂﬂﬂ‘l}@\uwiuﬂ'ﬁﬂ'JUﬂiJﬂ\?ﬂ’llﬂuﬁuulﬁg WEP Lﬂuﬂ’]ﬂﬂﬂ’]ﬂiﬂﬂ'ﬁﬁQﬂ'ﬁlﬁﬂUﬁ']WiU

t ] =1 ] ] s Y] g’/ )
A1SE9AT MAC Address taaeliiruiuvsyliaas lasunmisidrsvansomlsuiudlumsy

. & 4 v o a <] 1 o .
agnuilesninaniil (Station) T ldduiumsluTnuaarududiuda (Privacy)
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2.3. ﬂ,\iﬂ‘ﬂu WRAPI t1ag a339UU9

2.3.1. WRAPI foozls
< ' 2
WRAPI 2.0 Usznoudaegaveaianduluginsalszumnievis 1¥meadaiuuu

=1

3201 1A 3uTaardidnfl (Windows XP) fundn galisunsulausiives WRAPI

M
=

(wrapi.dll) 320l Huonndmduiivhauunlneniemissnouiunoin llamsaniey
fummiedanisduglnsaiinietis 802.11 #1 WRAPI vhaw 18Aduesauafuuy IEEE
802.11b Tumndwin
2.3.2 M543 WRAPI
Warduvos WRAPI fudoyaifaduiniovie1ime (wireless LAN) Tauld NDIS

User Mode I/0O Protocol (NDISUIO)

27

User Area . Network Applications
; Windows Sackets
Socket Interface : |
] Sockes Service Provider
.......... ‘"1}WM L CRRppep ot
Socket MelperDLL | t Sacket MelperDLL | | Socket Helper DLL
for TCP/IP ! for Other Transpart : {ar Third-Party Transport
e ¥ W | I .
i =
Protocol Layers i § § ! ; ¢
; [ 1agp. | Transport Orivers Third-Party Transport
f s ,1 é Ot Protoced Stackad Provcos: ks fr Thrd Pwray
’ £ : I
§ £ }
$ 8
NDIS Drives

f NDIS interface

' v
31 221 nameguves1is Tanea NDISUIO

TusTanea NDISUIO vushanuiuy linsdauzideude(Connection-less) uaz
NDIS 5.1 fulasnes s Taneaasgugao i Tnuavosdldionndnduannsoadaiay
Wi aszauAnI3uReIAS 8916 (Network Adapter) 1914 Ethernet WLAN U0A9InHA631926015
Pumsmmdfuindaiimsdansmsiudeyauazfansmgnisaluvuidouseud 1y
(Plug-and-play) Fafuludiulszneuves NDIS ins1wfe NDISUIO annsafideudany
‘|A31703 1TIN03 A (Miniport Driver) Y84 NDIS I 1991 Network Driver Card [0 @401550390
viemsmmgunsafiniern NDISUIO szdamuazindeldsznie Inuadlduenndingy
waz NDIS Tag1dginsainauguleTe(Device VO Control) NDISUIO 19'1a51203 (ndisuio.sys)
édﬁaﬂé‘/\iﬂéuﬁl’ﬂu “CAWINDOWS\system32\drivers”




233 msmanumaldszvnl§iRnmsvedlans wrapr

el WRAPI 11911 1Adp4a 59980 UUS AT (Service) Y09 NDISUIO a1y -

&v Tavamnsafuiidade Ui Taoldmourifuda (command prompt) “% net start
ndisuio” 84 mmfuﬁ’mﬁmﬁ gARNAS LS AT “Wireless Zero Configuration”

ﬂﬁﬂﬂ!aﬂ‘l"f Wireless Zero Configuration

“Wireless Zero Configuration” (Ju13n1svesszuniulasdfedunsingnade

aAa a a wva I [ Y a Y] 1 oy o o
hinsFuszuvlians Wudrliusmsdanmameudndmivuiasgiu 802.11 exuall

]
AAad

o o oa - et v 9
wos 15a1e (NICs) 80 TusiA lagnisaunmusamanossn gy lduazidou Toesuao1 i

a  w v

o ) { a yd ~a [ s v
doyguusanga vinstdluuinsdalut@ygniany NDISUIO waz lieygiald

L]

v i 1) 9
LONNAIATUDUITY WRAPI deuaefiuiu laausnisil lugnila WRAPT aziflpasieanuniilu

"Could not open NDIS Device, error 170" oz daldu3nig “Wireless Zero Configuration”
Y
1ﬁﬁ1ﬁﬂﬂﬂ’lﬂdﬁ “Control Panel ---> Performance and Maintenance ---> Administrative Tools --
-> Services” LALAANN “Wireless Zero Configuration” azilaguAIMNaBIAIUAY "Startup
[~ ° o a v v

Type" 1A11]Y "Manual” tragsiin1sngan1sviauusmsaena

2.3.4 mssulanielf WRAPI a1

& P o ¢ & Ao
dvansziufassunishaesnisly WRAPT vseldwedduifloglu wRAPI
A A A a t4 " . I £ L o ¥
visoasny Tilsunsy lu WRAPI Apaa1ail Inan “WindowsXP DDK” #aeansnvi1 1aein
LY a § a %’, 1 t 1 4 ) YY) ]

msaiaTauIFn MSDN (ilafnne DDK deauiledidiwesalfa (Source Code) dMTUAI18814

Y A T = V) Y 4 A A LY S
A1ssaN1ssEULIAg 01 sdesHad iy lasies NDISUIO tWewin DDK i/ laisanes
"include" Tudls “path”

2.3.5 17309388319 WRAPLAII 9106117

e F
a¥191U5130970 Visual Stuido 6.0 #aelWadunTUNiada WRAPL Yuiuag

ma%aauhﬁqmﬁnﬂﬁﬂsuﬁaﬁ

—  Microsoft WindowsXP DDK (Driver Development Kit) -

—  MSVCRT.dIl (41U usinAtssa(Multithreaded) Debug Wag Release (105 FUYBININTFIU C-
runtime 'lavs13)

—  MFC42.dll (tUUNaRI5TA(Multithreaded) Debug Li8g Release (195 FUVDI MEC runtime
Taus )

— 111196 "nuiouser.n” 910 NDISUIO lousameddumnialunim “include” voeTalsion
(Project)

—  1hlWd “wrAPL EXPORTS” 1113113 Insiwaare (Preprocessor) voeltlsian
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2.3.6 Wanduniledud 1y WRAPI

s
1 a 1 { { o 1 o o
WRAPI fidudademslsnuiidesnisdeyanodunievre Fmemiinesn
o { T ' = 4
arfuayuiisey 13 lumene 2.3 $19n156199 109 "Query” uag "Set' uaasiimniimesae

"read-only" "write-only" 130 "read-write"

M319A 2.3 uaneansfline$ i WRAPI IifeddulidamsSengdoyarion/feuulasi

Parameter Query Set
Service Set Identifier (SSID) Yes Yes
Basic Service Set Identifier (BSSId) Yes Yes
Network Types Supported Yes No

Network Type in Use » Yes Yes
Transmit Power Level —_— Yes Yes
Received Signal Strength Yes No

Received Signal Strength Trigger Yes Yes
Infrastructure Mode ' Yes Yes
Fragmentation Threshold Yes Yes
RTS Threshold Yes Yes
Number of Antennas Yes No

Receive Antenna Selected Yes Yes
Transmit Antenna Selected Yes Yes
Supported Rates ' Yes Yes
Desired Rates : Yes No

Configuration _ "] Yes Yés
Statistics Yes .| No

Add WEP No Yes
Remove WEP No | Yes
Disassociate No Yes
Power Mode Yes Yes
BSSId List Yes No

BSSId List Scan No Yes
Authentication Mode ' Yes Yes
Privacy Filter : ‘Yes Yes
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2.4 Uszansmmmsiszndandanuainaiuvesginisal Wireless LAN

2.4.1 nfsuieunsliwdsaudmiudud139ves Mobile Device
a o
VNUANUN YD Aaron A Gernot (NICTA: Australia’s Information Communications
Technology) lRuarasfian1sIdwdsaruludiun19ques Smartphone Tugtuuumsilsznda
o Yo dy
wae i lugeauuy 1idsd

- s ldndsem luaeusgnszdu (Suspended device)

38 . . . . . . ,
ol

5

20
1%
10 e

Power (rmy)

Graph 3
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Graphics
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gl 223 msldndsumde luvazfoguanuz i lilaldauila W backlight witaus
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Flu 268.8 TadTad

910317 2.23 uaraans 1wae9 11009 Smartphone Tuamuzgunsal a8 1¥nu fims
149911 CPU = 13.8%, GRAPHIC = 31%, LCD = 17.9%, GSM = 21.6% Uag WiFi = 2.6%
uarasIifudaniiesngans Idaugassludrfalinms 1dmasaniy Wireless LAN 54 2.6%



2.4.2 Yszanswamsiseninnasauiseiuty Physical Layer
=] Y Y3 R Y
INNIFANYINIUYBI Marco uazanz Iauaas Idifiudsgluuunmsweemlssnda
& . i o . ' o o ¢t
115 19NT99 1409 Wireless LAN 31I7iTlu Physical Layer uazifuludruvesdidads
é 1 1 s s Ig o/
“transmission power” cmmwam'ﬂmi11szwaﬂwma1m1u"1ﬁ’mﬂmml§mmaﬁ’ay’mmz"lmuﬂu
= < o Y o [
siiavestoyn iHude ldifeunisisendanislimdnuressiuuuasisendandaanmuly
3 o o ‘g 4 o g‘/ ¥ . e
Layer Nawugaau liilosninnisldusms luauil 1a1¥us s luna Layer duuundausdlu
= 9 Y o Y =] 3/ ' 9 o 1
Layer unazlinmisldna lnnisilszndandsmudmanaunsaldniug liwdousy Layer a1g
I8deui

2.5 NEVHA Capacity Y84 Shannon ,
Sunguimsmemes Capacity iy 1§ ungaves Link (ops) finnwdi q Taedas

N30 SNR (Signal To Noise Ratio) Az Bandwidth 1 l8%ernit Idaziiludagmsii 2.10

C =B * log2(1+ S/N) (2.10)
e C e Capacity futhiTa)Ifqeea B o Bandwidth %09 Link #3u S Aefszauidunded
sy ldvesdeSudyana uaz N fediiidivesdyanasuniumied Ta 8o ndsfy &4 signal-
to-noise ratio (S/N) asfivtiaeilu decivels (4B) ausuasidmlugnasii 2.11

10 * log10(S/N) (2.11)
A29619n13A1U2I111A1 SNR Tuniiae dB Tuguasidau 1000
10 * log10(1000) = 30 dB.
Famnnguiamnsotunldmiuanme SNR fszuvsonsy 1A Fail

SNRth > 2¢/B —1 (2.12)

Taefl SNRth fiod1 SNR Mijaniadodia lidndnidnlala

H
=

[ ' o & 1 1 Q) o as i
ﬂ'lﬁﬂ'lu'JmW']ﬂ'I‘Uf‘)\‘iﬂ']ﬁ\?ﬁ\wlLW?J'ISﬁﬂJrlﬁiJlﬂuﬂ\iﬁiJﬂ15@]\311@\517] 2.13
SNRth

Ptx(new) = X Ptx(old) (2.13)
e Ptx(new) ﬂﬂmmmmmﬂm“lﬂuwmqﬂi‘um SNR ﬂaﬂmmﬂ%’m"lﬂinﬂmﬂ'iuﬂmﬂmﬂ

Px(old)Aomidsduduiideldifa fading oz SNR
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3.3 Wanduidfeyveslsunsu Control

3.3.1 Telnet function

Private Sub btnConnect_Click(Byval sender As System.Object, ByVal e As
System.EventArgs) Handles btnConnect.Click

' Try

clientSocket.Connect (txtIP.Text, 23)

serverStream = clientSocket.GetStream() _

Dim telnetThread As Thread = New Thread(AddressOf RunClient)
telnetThread.Start() A\

Catch ex As Exception

End
End Sub

Private Sub

MessageBox.Show("Client application closing")
Try

Buttonl_Click(ByVal sender As Object, ByvVal e As System EventArgs)

Handles Buttonil.Click
If clientSocket.Connected Then

End

Dim outStream2 As Byte()
outStream2 = Encoding.ASCII.GetBytes("admin" & vbCr)
serverStream.Write(outStream2, 0, outStream2.length)

Dim outStream3 As Byte()

outStream3 = Encoding.ASCII.GetBytes("w,j[vd" & vbCr)
serverStream.Write(outStream3, @, outStream3.Length)

If

3.3.2 Stream text function

Private
Try

Sub RunClient()

Do While (clientSocket.Connected)
serverStream = clientSocket.GetStream()
‘ Dim inStream(10248) As Byte
Dim inStream(65535) As Byte
' Dim inStream(10246@) As Byte
serverStream,Read(inStream, 0, c11entSocket ReceiveBuffersSize)
GetDispData(inStream)
readData = DispData
DispData = ""
ShowText ()
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Loop
' MsgBox(readData.ToString)
Catch ex As Exception
MsgBox(ex.Message.ToString)
End Try
End Sub

3.3.3 Search text function

For nRow2 = @ To Arr2.Length - 1

' dwiy & bug power off

If Arr2(nRow2).IndexOf("Tx-Power=off") >= @ Then
MessageBox.Show("TX power is off Client application closing™)
clientSocket.Close()

End If

' #wfy search iwconfig atho
If Arr2(nRow2).IndexOf(tSearch3) >= @ Then

Dim MidText As String = Arr2(nRow2)
Dim Localtion As Integer = Arr2(nRow2).IndexOf("=")
Dim Localtionas As Integer = Arr2(nRow2).IndexOf("dBm")
Dim L As Integer = Localtionas - Localtion
Dim location2 As Integer = InStrRev(MidText, "=") i O
Dim Midtext2 As String = Mid(MidText, location2 + 1, L - 1)
TextBox4.Text = Midtext2
End If
Next

3.3.4 Receive set power function

Public Function Recived_CMD2(ByVal first As Integer) As Long
If clientSocket.Connected Then
Dim outStreaml® As Byte()
outStreaml® = Encoding.ASCII.GetBytes("/usr/sbin/iwconfig atho
txpower " & first & vbCr)
serverStream.Write(outStream10, @, outStreaml®.Length)
End If
End Function
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