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TOM TAT

Coéng nghé Internet van vat - Internet of Things (IoT) dang tro nén rat pho bién va
trd thanh xu hudng cong nghé cua twong lai, cho phép két ndi tat ca cac thiét bi voi
nhau. Trong hé sinh thai IoT, c4c thiét bi duoc két ndi va trao ddi thong tin véi nhau
cht yéu dua trén nén tang truyén thong vo tuyén. Hién nay, c6 nhiéu chuan v tuyén
da va dang dwoc phat trién nham phuc vu cho qué trinh nay. Mot trong cac chuan
khong day thu hat dwgc nhiéu sy quan tam nghién ctru 1a chuan 802.11ah, day la
chuan khong day mdi véi nhiéu vu di€ém nhu: ¢é vung phu rong, cong suét tiéu thu
thdp va chi phi thdp. Trong bai bdo nay, ching t6i thuc hién nghién ctru vé chuan
802.11ah, cu thé la 16p vat ly, tir d6 dé xudt thiét k€ phan ctiing ctia bo diéu ché s
tich hop, cho phép thuc hién nhiéu dinh dang diéu ché tir don gian dén phtic tap
(BPSK, QPSK, 16-256 QAM) theo chuan 802.11ah. Phan ctiing dwoc chung toi thiét
k& bing ngdn ngit mo ta phan ctiing Verilog va kiém thi bing phan mém mo phong
ModelSim.

Tw khoéa: 802.11ah, thiét ké phan cing, by diéu ché tich hop.

1. MO PAU

Ngay nay, Internet van vat - Internet of Things (I0T) trd nén rat pho bién va dong
vai tro quan trong trong nhiéu ting dung nhu thanh phé thong minh, ludi dién théng
minh, néng nghiép thong minh va cham soc sttc khoe thong minh nhu Hinh 1 [1]. Cac
tng dung IoT dwgc két ndi chu yéu dua vao trén cac két n6i khong day. Trong s6 nhiéu
mang v0 tuyén nhu Zigbee, LoRa, Bluetooth LowEnergy, v.v., IEEE 802.11ah la mét tng
ct vién trong viéc phat trién b thu phat cho cac tng dung IoT. Mot s6 vu diém ndi bat
ctia chudn 802.11ah c6 thé k& dén: viing phti séng 16n (1én dén 1 km); ho tro s6 lwong 16n
thiét bi (1én téi 8192 thiét bi trén mdi diém truy cap); cong suat va chi phi thap [2]. D€
dat duwoc nhitng vwu diém trén, chudn 802.11ah c6 nhiéu thay d6i so véi vi cac chuan
802.11 khac, cu thé la & 16p diéu khién truy nhap dwong truyén - Media Access Control
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(MAC) va 16p vat ly - Physical layer (PHY). Trong d6, 16p MAC cung cap giao thic va
cac co ché€ diéu khién can thiét cho mot phuong phap truy cap kénh nhat dinh. Lép PHY
la 16p thap nhat trong md hinh bay tang OSI - Open Systems Interconnection, cung cap
phuong tién truyén tin hiéu tho so 6 dang bit. Tang nay thuwong duoc hiéu la phan cting
cua mang truyén thong.

Hién nay, viéc tim hiéu, nghién cttu vé cac chuén khong day cho IoT dang duoc
cacnha nghién cttu trén thé gidi trién khai. Trong nghién cttu [3] gidi thiéu mot s6 chuan
khong day cho IoT, nghién ctru [4] trinh bay vé chuan khéng day LoRa va NB-IoT cho
IoT, chuan khong day 802.11ah duoc gidi thiéu trong nghién ctru [5]. O Viét Nam, viéc
nghién cttu cc chuan khong day ciing nhu cac ting dung cua IoT dang duoc thuc hién
nhu trong cac nghién ctu [6], [7], [8]. Tuy nhién, viéc nghién ctru va thiét ké phan cting
cho cac chudn khong day nhw 802.11ah hau nhu chua dwoc thuc hién. Vi vay, véi muc
dich nghién cttu thiét k&€ phan cting ndi chung va cho chuan 802.11ah néi riéng, chung
toi da thye hién nghién ctru va thiét ké phan cing cho bd diéu ché s tich hgp cua chuan
802.11 ah, bao goém cac kiéu diéu ché€ BPSK, QPSK, 16-256 QAM. Day la co sé cho viéc
thiét k€ phan ctiing toan bd 16p vat ly ctia chuan 802.11ah.
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Hinh 1. Cac tng dung ctia Internet van vat [1].

Trong bai bao nay chung t6i trinh bay vé viéc thiét ké€ phan cing ctia khoi diéu
ché tich s6 hop ctia chuan khong day 802.11ah cho cac ting dung IoT véi cac ndi dung.
Phan mo dau gidi thiéu vé muc dich thiét ké phan cing. Gidi thiéu vé chuan 802.11ah
dwgc trinh bay ¢ phan 2. Phan 3 md ta vé cac kiéu diéu ché s6 sé dugc thiét ké. Phan 4
trinh bay vé qua trinh thié€t k€ phan cting va kiém thtr. Cudi cing la két luén ctia bai bao.

86



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué Tap 21, S8 1 (2022)

2. CHUAN KHONG DAY 802.11ah
2.1. Gi6i thiéu vé chuan 802.11ah

IEEE 802.11ah hay thuwong goi la HaLow la cong nghé duoc stv dung dé€ cai thién
Wi-Fi bang cach hoat dong ¢ dai phd dwdi 1 GHz dé cung cap pham vi rong hon va két
ndi voi muc tiéu thu dién nang thap hon. Day la chuan giao thitc dugc danh gia phu
hop valy tudng cho cac thiét bi IoT, vén can hoat ddng trong pham vi rong nhung khong
can toc do truyén dit liéu thong qua moéi treong vo tuyén qua 16n.

Nho cac déc tinh lan truyén cta phd tan s6 thap, chuin 802.11ah c6 thé cung cap
pham vi truyén dan 16n hon so véi cdc WLAN 802.11 thong thuong hoat dong 6 bang
tan 2,4 GHz va 5 GHz. Chudn 802.11ah ¢ thé duoc sit dung cho cac muc dich khac nhau
nhuw mang cam bién quy md 16n, diém phat séng mo rong va Wi-Fi ngoai troi d€ giam
tai lvu lwong di dong, trong khi bang thong kha dung tuwong ddi hep [9].

Ban stra ddi IEEE 802.11ah nhdm muc dich dinh nghia mot 16p vat ly mé rong
véi ky thuat ghép kénh phan chia theo tan sd truc giao (OFDM) cho phép st dung céc
bang tan cong nghiép, khoa hoc va y t& - Industrial, Scientific and Medical (ISM) mién
cdp phép dudi 1 GHz, ¢6 sdn dé€ truyén v tuyén & mot sé khu vire, bao gdm Trung Qudc,
Chau Au, Nhat Ban, Singapore, Han Qudc va Hoa Ky [10].

2.2.Céc tinh nang noi bat caa 16p vat ly 802.11ah

Lop vat ly ctia chudn 802.11ah ¢ mot s6 thay doi so véi cac chuan 802.11 trude
va ¢ mot s6 tinh nang noi bat nhw sau [11]:

v’ Lép vat ly 802.11ah ké thtra thiét ké co ban tir 802.11ac/n
- Bang thong 20, 40, 80, 160 MHz giam xu6ng 2,4,8, 16 MHz.
- HBO tro t3i da 4 ludng khong gian.
v Hb tro pham vi mo rong (1km).
- Ché€ dg bang thong méi 1 MHz dua trén chuyén do6i FFT 32 diém.

- Ché& do 150kbps dwoc lap lai @ mode BPSK, toc d6 ma %2 va lap lai @ mode
MCS10 nhu Bang 1.

v' HO tro cu thé cho mdi treong ngoai troi.

- Truyeén tin hiéu pilot trong méi treong Doppler cao.

- Khoang thoi gian bao vé dai hon vdi khodng thoi gian bao vé kép (16 usec).
v Céc mtrc danh gia kénh - Clear Channel Assessment (CCA).

- Loai 1 chu yéu dwoc str dung cho cac tram cam bién:
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+ Uu tién bao vé cac duong truyén dang dién ra va tang pham vi truyén
cua thiét bi.
+ -98 dBm trong kénh 1 MHz.
- Loai 2 chu yéu duoc st dung cho cac tram khong c6 cam bién
+ Khong cam bién thién vé bang thong rong hon va tdc d6 truyén da liéu
cao hon, tang kha nang tai sit dung bang thong.
+ -89 dBm trong kénh 1 MHz.

Lwgc d6 ma hoa diéu ché cua 802.11ah str dung 10 mode tir MCS0 dén MCS10
véi cac kiéu diéu ché tir BPSK, QPSK dén 256 QAM nhu ¢ Bang 1 [11]. T6c do truyén div
liéu nam trong khoang tir 150Kbps dén 86,67 Mbps cho 1 luéng khong gian, trong d6
802.11ah h tro t3i da 4 ludng khong gian [11].

Bdng 1. Cac kiéu diéu ché va tc d6 hd tro véi cac bang tang ctia chudn 802.11ah [11].

1 MHz 2 MHz 4 MHz 8 MHz 16 MHz

biéu ché& Ma3 héa
(Mbps) (Mbps) (Mbps) (Mbps) (Mbps)

MCS0 BPSK 1/2 0.3 0.65 1.5 3.25 6.5
MCS1 QPSK 1/2 0.6 1.3 3.0 6.5 13.0
MCS2 QPSK 3/4 0.9 1.95 4.5 9.75 19.5
MCS3 16QAM 1/2 1.2 2.6 6.0 13.0 26.0
MCS54 16QAM 3/4 1.8 3.9 9.0 19.5 39.0
MCS5 64QAM 2/3 24 52 12.0 26.0 52.0
MCS6 64QAM 3/4 27 5.85 13.5 29.25 58.5
MCS7 64QAM 5/6 3.0 6.5 15.0 32.5 65.0
MCS8 256QAM 3/4 3.6 7.8 18.0 39.0 78.0
MCS9 256QAM 5/6 4.0 N/A 20.0 43.33 86.67
MCS10 BPSK 1/2 0.15

2.3. Khéi thu phat 16p vat 1y ctia chuin 802.11ah

So d6 thu phét ctia 16p vat Iy chuan 802.11ah duoc trinh bay ¢ Hinh 2. O phia
phat, ngudn dit liéu bit ngau nhién dwoc tao ra béi “PSDU Generator”. Cac dong bit nay
duoc xao tron boi khoi “Scrambler” dé tranh mét chudi gom cdc bit 0 hodc bit 1 lién tiép.
Chiing dugc ma héa bang ma chap nhj phan - Binary Convolutional Code (BCC) tai
“BCC Encoder”. Sau d6, khoi “Interleave” thuc hién hoan vi cac bit dwoc ma hoa. Tiép
theo, chiing duoc anh xa thanh chom sao tai khoi “Mapper”. Trong khdi “Mapper” st
dung cac kiéu diéu ché khac nhau bao gom BPSK, QPSK, 16-256 QAM. Dt liéu dau ra
cua “Mapper” di qua khoi “IFFT” la tin hiéu truc giao do két qua cua phép bién doi
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Fourier nhanh dao nguoc. Khdi nay cling thay d6i mién tan s cua dit liéu thanh mién
thoi gian. Ky tu ghép kénh phan chia theo tan s6 truc giao - Orthogonal Frequency
Division Multiplexing (OFDM) duoc duwa vao mot khoang bao vé tai khoi “GI Inserter”
dé tranh nhiéu gitra ctia cac ky tu lién ké. Cudi cling, cac dong bit nay dugc truyén dén
may phat d€ truyén di qua kénh truyén vo tuyén.

O phia mdy thu, cac khéi chitc ning duwoc xay dung dé thuc hién cac hoat dong

nguoclai. Lac dau, cdc khoang bao vé bi loai bo khi nhan dong bit tai khoi “GI Remover”.

BO PHAT IP-Thinh phin déng pha
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Hinh 2. So d6 thu phat 16p vat ly cua 802.11ah.

Tiép theo, dit liéu dugc chuyén ddi tir mién thoi gian sang mién tan sd béng cach
thuee hién bién doi Fourier nhanh tai khoi “FFT”. Sau d6 di liéu duoc giai diéu ché tai
khoi “Demapper”. Khdi “De-Interleave” chuyén doi tht ty bit vé vi tri ban dau. Khoi
“Interleave” va “De-Interleave” duwoc sit dung d€ giam anh huwong cta 16i cum di liéu.
Dt liéu nhan dwgc sé dwgc giai ma tai khoi “Viterbi Decoder”. Cudi cung, dit liéu dugc
giai xao tron tai khdi “Descrambler” dé€ khoi phuc thong tin ban dau. Thong tin chi tiét
vé so d6 thu phat 16p vatly ctia chudn 802.11ah ¢ thé tham khao thém trong nghién cttu
[12], [13].

3. KHOI PIEU CHE SO MAPPER

Trong phan nay chiing tdi trinh bay nguyén tac hoat ddng ctia khéi diéu ché s6
Mapper. Khéi diéu ché s6 Mapper cua bd phat ¢ 16p vat 1y caa chuan 802.11ah st dung
céc kidu didu ché's8 BPSK, QPSK, 16-256 QAM. Trong diéu ché ky thuat s8, bang tan goc
dwgc tach thanh cac thanh phan dong pha — Inphase Part (IP) va thanh phan vuong pha
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Bang 2. Thong tin chuyén d6i cua bd diéu ché€  Bdng 5. Thong tin chuyén d6i cua bo diéu

BPSK/QPSK ch& 256-QAM
Thong tin dau vao (IP Pau ra 256-
Thong tin dau vao Paura hodc QP) QAM
(IP hodc QP) 0000 15
0 -1 0001 -13
1 1 0011 -11
Bang 3. Thong tin chuyén d6i cua bd diéu ché 0010 9
16-QAM
. . 0110 -7
Théng tin dau vao Dau ra 16-
(TP hodic QP) QAM 0111 B
o0 3 0101 3
01 1 0100 -1
1 1 1100 1
10 3 1101 3
— — 1111 5
Bdng 4. Thong tin chuyén doi ctia bd diéu ché 1110 o
64-QAM
Thong tin dau Dau ra 64- 1010 ?
vao (IP or QP) QAM 1011 1
000 7 1001 13
001 5 1000 15
011 -3
010 1
110 1
111 3
101 5
100 7

— Quadrature Part (QP). Sy két hop cua IP va QP duoc goi la tin hiéu diéu ché€ bang tan
co s0. Biéu d6 chom sao dai dién cho tat ca cac ky hiéu diéu ché cd thé cé sé dugc sw
dung bang k§ thuat diéu ché& d& anh xa cac bit thong tin. Cac ky hiéu khac nhau nay
duoc biéu dién trong mit phang phttc véi cac thong tin vé bién dd va pha ctia chiing.
Céc gia tri dau ra d duoc hinh thanh bang cach nhan gia tri (I +jQ) thu duoc véi hé s§
chuén héa KMOD:

d = (I +jQ)*KMOD (1)

Mot s6 thong tin ky thuat dau vao/ra ctia cac dinh dang diéu ché dugc thye hién
trong nghién cttu dugc trinh bay téom luoc 6 cac Bang 2 - 5 (twong tng tir don gian dén
phtc tap).
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Hé s chuan héa KMOD vdi cac gia tri cu thé cho ting kiéu diéu ché dugc thé
hién ¢ Bang 6 [14]. Hé s6 KMOD nham dam bao cdng suat trung binh gifta cc tin hiéu
O dau ra. Thong s6 vé so bit, s6 trang thai ctia cac kiéu diéu ché€ dwgc thé hién ¢ Bang 6
[14].

Qua trinh chuyén déi thong tin ctia cac khoi Mapper nay dwgc thé hién 6 cac
Bang 2 - 5. DBdi voi BPSK va QPSK thi dir liéu dau vao la 1 bit nhi phan 0 hodc 1, dau ra
twong tng sé la -1 va 1. Véi 16-QAM thi dau vao 1a 2 bit nhi phan, dau ra twong ting sé
la-3,-1, 1, 3. V6i 64-QAM dir liéu dau vao la 3 bit nhi phan, dau ra twong tng la -7, -5, -
3,-1,1,3,5,7. Vi 256-QAM dir liéu dau vao 1a 4 bit nhi phan, dau ra twong tng la -15,
-13,-11,9,-7,-5,-3,-1,1,3,5,7,9,11, 13, 15.

Bang 6. Thong s6 cua cac ki€u diéu ché

Loai diéu ché S0 bit/I(Q) S6 Bit/Ky tw SO trang thai Hé s6 chuin hoa.
BPSK 1 1 2 1

QPSK 1 2 4 1/Sqrt(2)
16-QAM 2 4 16 1/Sqrt(10)
64-QAM 3 6 64 1/Sqrt(42)
256-QAM 4 8 256 1/Sqrt(170)

4. THIET KE PHAN CUNG VA KIEM THU

Trong phan nay, ching toi sé trinh bay vé qua trinh thiét ké phan ciing bo diéu
s0 ché tich hop bao gom cac kiéu diéu ché€ s6 BPSK, QPSK, 16-256 QAM st dung ngon
ngit mo ta phan cting Verilog va duoc kiém thit bing md phong sit dung ModelSim.
4.1.Kién trac cta khéi phéan ctng

Khéi phan cting cta bo diéu ché sd tich hgp bao gébm phan ctiing ctia cac khoi
don duoc tich hop chung vao mot khdi phan cting bang cach st dung khdi chon kiéu
diéu ché. Dt liéu dau vao & dang nhi phan duoc chuyén doi thanh céc tin hiéu IP va QP
¢ dau ra ¢ dang nhi phan c¢6 dinh 18 bit v6i 1 bit ddu, 2 bit phan nguyén va 15 bit phan
thap phan dé biéu dién dau ra IP va QP.

Vé cdu truc ctia cac khoi phan ciing BPSK, QPSK, 16-256 QAM, chuing t6i st dung
cdu truc Case cua Verilog dé thuc hién viéc anh xa tir thong tin nhi phan dau vao thanh
cac gia tri thap phan IP va QP ¢ dau ra dudi dang nhi phan 18 bit. C4u trac cta khoi
Mapper dam bao don gian vé kién trac dé tiét kiém nang lugng cho cac bo thu phat st
dung cho IoT nhue ¢ Hinh 3.
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76543210 543210 3210 10 10
g L LI | || |
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Hinh 3. So d6 ctia by diéu ché so tich hop véi thanh phan IP.

Sau khi thiét k& khdi diéu ché s§ bang ngon ngit Verilog, chiing tdi tong hop trén Intel
Quartus Prime Version 16.0 duoc so &6 chan nhu Hinh 4. Khéi phéan cting bao gom hai
khoi dé€ xtx 1y tin hiéu IP va QP. Céc tin hiéu diéu khién bao gom: tin hiéu dong ho CLK,
tin hiéu khoi dong lai RST, tin hiéu cho phép ENABLE va tin hiéu chon loai diéu ché
MAP_TYPE. Hai tin hiéu vao la tin hiéu vao IP (IP_IN) va QP (QP_IN). Sau khi diéu ché,
tin hiéu ra sé c6 hai thanh phan 1a tin hiéu ra IP (IP_MAP_OUT) va tin hiéu ra QP
(QP_MAP_OUT).

4.2.Két qua kiém thtr phan cling

mapmap_IP

CLE

CLKB » prg
IP_IN[2.0] —
RET

RST IP_MAP_CQUT[17.0

D erable - - [ 1
map_type[2.0]

mapmap_0OF

IN[3..0]
RET

QP_IN[3.0][ >
enable [ -

map_typel2.0] D_T map_ty :;ZT

Hinh 4. So d6 chan ctia khoi diéu ché'so tich hop.

OP_MAP_OUT[17.0]

Dé kiém thr két qua thiét ké phan cing, chung toi viét testbench dé kiém tra khoi
thiét k€ phan cting va chay mo phong trén ModelSim. Két qua kiém thte duoc thé hién
nhw ¢ Hinh 5.

Qua kiém tra biéu d6 dang song trén ModelSim thé hién duoc véi mot kiéu diéu
ch& map_type thi tin hiéu dau vao dang nhi phan IP, QP sé duwgc chuyén thanh cac tin
hiéu dau ra & dang nhi phan 18 bit twong ting. Cu thé, trong Hinh 5 la két qua kiém thu
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v6i kiéu diéu ché map_type = 3'b010 twong tng véi kiéu diéu ché 16-QAM. Khi ¢6 tin
hiéu ENABLE=1 thi hai tin hiéu vao IP_IN va QP_IN duwoc cho phép dua vao. O dau ra
sé thu duoc tin hiéu IP_ MAP_OUT va QP_MAP_OUT 18 bit nhi phan.

EE| Wave - Default S H A x|

010

0 1000 1101 11100 1111 11010

B-“. QP_MAP_OUT 0011110...

Hinh 5. Két qua chay kiém thtt m6 phong trén ModelSim.

Chung t6i da kiém tht véi tat ca cac kiéu diéu ché tir BPSK, QPSK, 16-256 QAM.
Két qua thu duoc qua phan m6 phong phan ciing dung véi két qua tinh toan ly thuyét.

4. KET LUAN

Tém lai, qua nghién cttu nay ching t6i da tim hiéu duoc chuan khong day
802.11ah c6 thé sit dung cho IoT véi nhiéu vu diém vé cong suét thap, vung phu rong,
s0 lwong thiét bi truy cap 16n. Chung toi da nghién ctru 16p vat ly, tir d6 da thiét ké phan
cting cua bd diéu ché€ so tich hop ctia chuan 802.11ah.

Két qua thiét k& phan cting duwoc kiém thir bing mo phong trén ModelSim cho
thdy két qua chay trén phan cing dung nhu ly thuyét. Day la co sé d€ thiét ké phan ctiing
cua toan b cac khoi truyén nhan 16p vat ly ctia chuan khong day 802.11ah.
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ABSTRACT

Internet of Things (IoT) technology thatbecomes popular nowadays allows many
devices to connect together. In many IoT applications, the devices are connected via
wireless communication. There are a number of wireless standards in the process of
development for the connection purpose. Among them, 802.11ah that is a wide-area,
low-power and low-cost technology is being developed for IoT applications.
Therefore, in this article, we study about the 802.11ah standard and the detail of the
physical layer. Then, we design the hardware of the digital intergrated modulation
with variety modes BPSK, QPSK, 16-256 QAM of the 802.11ah standard. The
hardware is designed by using Verilog Hardware Description Language and tested
by ModelSim.

Keywords: hardware implementation, digital modulation, IoT
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