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PHAT TRIEN THUAT TOAN XAP XI CAC PAC TUYEN PHI TUYEN
CUA BQ KHUECH PAI SONG VIBA BANG PA THUC HOI QUY
THEO HUONG TIEP CAN PA TIEU CHI

Lé Quang Cudng®”, Nguyén Dt Thiét?

Tém tit: Bé danh gia vé Iy thuyét cong sudt cia cdc thanh phan riéng lé o ddu ra ciia bg
khuéch dai cong sudt séng viba (PA), chung ta thu"ong xdy dung ddc tuyén xdap xi bién do (AX)
va pha (FAX) cua cac PA phi tuyen dua trén cac so li¢u thuc nghiém. Trong bai vzet nay, mot
thudt toan xap xi dwoc dé xudt véi cdch tiép cdn da tiu chi. Cac tiéu chi bao gom (1) Tong
binh phwong cia sai s6 tai cac diém thiee nghiém; (2) D léch lon nhat ciia ddc tuyén xdp xi SO
véi dwong thiee nghiém, (3) Tong dién tich sai léch gm"a dac tuyén xdp xi va dmfng thuc nghiém.
Cac tiéu chi nay thuong mdu thudn nhau, tiéu chi nay tot hon thi tiéu chi khac xdu di. Tac gid
sur dung tap 16i wu Pareto va phwong phap hoi thoai dé tim ra phirong dn tot hon s véi phwong
phép hoéi qui da thire thong thwong. Két qua nghién civu la thudt todn va chuang trinh may tinh
dugc ldp trinh trong moi truong Matlab. Khi chay chwong trinh cho két qua hoi qui tot. Dic
tuyen xap xi tim dwoc cé thé sik dung dé woe tinh gan ding cong sudt cia thanh phan hitu ich

va xuyén diéu ché ciia PA.
Tir khoa: Phi tuyén phuc; B khuéch dai cong suat; Xap xi dac tuyén; Bién dang xuyén dicu che.

1. PAT VAN PE

Trong cac hé théng thong tin vé tinh, bo khuéch dai cho tin hiéu da tan c6 dic tinh phi tuyén
pho ctia dao dong dau ra bi nhidu dang ké boi cac thanh phan pho xuyén diéu ché, khong co trong
phé cua tin hiéu dau vao. Cac thanh phan xuyen dleu ché tur dau ra ctia bd phat dap di vao dai tan
thu ctia tram mat dat, do trung thuc cua viée truyén dir lidu giam, dan dén giam thong lugng cua
hé thdng thong tin (s lwong thué bao hoat dong). Do do, khi phat trién thiét b thong tin v tuyen
nén thuc hién cac tinh toan so bo dé lwa chon tan sb tin hiéu hoat dong va danh gia cong suét cua
céc thanh phan xuyén diéu ché & dau ra cia bo khuéch dai may phat dép trong bang tan thu cia
mdi tram mat dat.

Dé danh gia vé 1y thuyét cong suét ctia cac thanh phan riéng 1¢ ¢ dau ra ciia bo khuéch dai
cong suat song viba (PA), st dung viéc phén tich sy phu thudc khi Xép xi dit liéu thyc nghiém cho
cac dac tinh bién d6 (AX) va bién d¢ pha (FAX) ctia cac PA phi tuyen Thong thuong, AX va FAX
cua PA thyc nghiém duge thiét 1ap du6i dang bang. ‘Trong bai viét nay, mot thuat toan xap xi dugc
dé xuét véi cach tiép can da tiéu chi va thyc hién x4p xi ddc tinh truyén phi tuyén phirc ctia PA.

Biéu thtrc cac tin hiéu & d4u vao cta PA 1a mot nhom tin hiéu:

N
Uin@® = D () = Y Up(©).COS[2ft + g (0)] ®
m=1 m=1

Tin higu & dau ra ctia PA u,,,(t) ¢ thé dugc viét dudi dang tong cac tin higu hitu ich dugc
khuéch dai ugy. o(t) [1,2].

N

touee(®) = ) BUUn () X COS[2fnt + O(8) + 40U, D] @

m=1

Céc thanh phan két hop o (£):

oo N
Ueom® = > Uk sy (DX €05 ) K[2fnt + o (O] + 49U, 0} ()
K1,K5,...Kn=—00 m=1

Trong d6: B (Um ) 1a hé s6 khuyéch dai cta tin hiéu tha m; Ago(Um,t) la d6 1éch pha cua thanh
ph?m dao dong dau ra, duoc xac dinh bai dic tuyén dap ung pha bién d¢ cua bo khuéch dai;
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Uk, k,...k, (t) 12 bién do cta thanh phin du ra clia PA & tan so:
fr, Ky, ky = Kifi + Kof2 + o+ Kyfn, (4)
v6i K 1a s6ng hai cua tin hidu thir m bat ky.
Biéq thirc phire tin hiéu va cac thanh phan xuyén diéu ché ¢ dau ra ciia PA phi tuyén duogc viét
O dang tong quat [3, 5, 6]:

N o0
n UmJKm(r)] dr. f pg(p)el P, (p)dp, (5)
m=1 0

Upue (K1, Ky, ..o, Ky 3 p) = f

Trong d6: Um =Un (t) 1a tin hiéu du vao tham; J k. 1aham Bessel loai 1 bac Km; p = p(t) =

m : Pinla cOng sudt cuia tin hiéu ddu vao ciia PA; @ ( p),(p( ,0) 1a ham truyén AX va FAX cta
PA dugc xem xét.
Biéu dién ham truyén dat duéi dang phuc [1, 2]:
ﬂ G*(p) = g(p)e’®® o (6),
Cong thuc (5) la bicu thire cta tin hiu dau ra hiru ich 6 tan s6 fm, néu chi mot trong cac hé so

Km bang mot va cac hé s6 khac (N-1) bang khong. Sur dung (5) cling co thé phan tich va tinh toan
cong suat ctia cac thanh phan xuyén diéu ché trong bang tin ctia mot nhom tin hiéu hitu ich.

Khi thuc hién tinh toan mé phong theo cong thirc (5), thong thuong ching ta phai xay dung
duoc biéu thirc ham truyén dat phiic (6) dua trén cac s6 liéu thuc nghi€m cta PA.

Tap hop céc gia tri thuc nghiém cua AX ¢, =0 (pk )va FAX ¢ = (p(pk) cho z diém quan
sat p, k= ﬂ trén khoang (0, p,,,, ) cia PA dugc xac dinh bang thuc nghiém tai cac diém roi rac
(cac diém danh dau trong hinh 1).

B4 khuéch dai
bng sang (TWT)

Hinh 1. Ddc tinh bién do va pha cua song ngdan PAI (trén béng ban dan hiéu iing trirong),
PA2 (trén bong ban dan luéng cuc) va PA3 (trén TWT): a) AX; b) FAX.
Xay dung ham toan hoc dé xap xi cac gia tri thyc nghiém bang ham da thie phirc dugce biéu
dié‘n dudi dang (7), trong d6, ham da thirc chi bao gom cac thanh phan béc I¢, cac hé s6 cua thanh
phan béc chin bang 0 [1, 2, 4].

L
6(0) = 9P/ = G -

m=1
Trong d6: Cm =a,, + jb, 1a hang s6, hé s6 phirc; L 1a s6 thanh vién ctia chudi.

Phan thyc va ph?m a0 cua dac tinh truyén duge viét lai mot cach riéng biét:
L

Gre(p) = ) amp™™? ®)

m=1
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L
Gim®@) = ) bp?™? ©
m=1

Ham hoi quy dugc xdy dung trén co sé cac gid tri thuc nghiém cta AX {g, } vaFAX {¢,} tai

cac diém quan sat duoc thyuc hién bang phuong phap binh phuong t6i thiéu [4]. Vi vay, mot hé
phuong trinh (10) va (11) da dugc viét cho phan thyuc va phan 4o ciia biéu thirc (7):

Z T L 2
dpe = Z JrCoSQy — Z A pi™” 1] = min (10)
k=1l
z
dim = Z i Singy, — Z b pi™ 1] = min (11)
k=1

Phuong trinh (10) va (11) du'qc giai bang phuong phap s6. Gia tri ctia cac hé s6 am va by ddi
v6i mot gia tri L duge xac dinh bang phuong phap Gaussian. Viéc lya tron gié tri cta L [4] theo
kinh nghiém va xac dinh theo phuong phap do dén khi chap nhan duoc.

Thuec hién x4y dung ham toan hoc mo ta dic tinh phirc d6i v6i bd khuéch dai str dung transistor
hi€u ing truong vaéi cac s6 liéu thuc nghiém béng chudi ham da thtc, ta dugc cac dic tuyén nhu
hinh 2. Ta théy r?mg: Tai cac diém thuc nghiém, ham xép xi bam tét cac gia tri thuc nghiém, nhung
chi tiéu tong binh phuong d6 18ch nho nhat phu thudc cac gia tri L; Tai khoang giira cac diém thuc
nghiém, tdn tai cac dao dong do 1éch 16n.
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Hinh 2. Xdp xi da thire ddc tuyén AX va FAX (Transistor hiéu iing truong).
2. THUAT TOAN XAP XI CAC PAC TUYEN PHI TUYEN BANG PA THUC HOI QUY
THEO HUONG TIEP CAN PA MUC TIEU
Dé khic phuc cac cac nhuge diém trén, tac gia xay dung thuat toan x4p xi theo 3 tiéu chi sau:

1 - Téng binh phuong cua sai s6 4(L) tai cac diém thuc nghiém
z L 2

ALY =) (6P = ) CupP™?
m=1

k=1
2 - Do 1éch 16n nhat h (hinh 3);
3 - Tong dién tich sai léch S (hinh 3).
Trong hinh 3, nét lién 1a AX mong mudn cua PA; duong ghém 1a dic tuyén x4p xi gan dung.
Trong do, p 1a bién do tin hiéu (V) va g la gia tri cua ham truyén dat.

(12)

Ba tiéu chi trén d6i khi mau thudn nhau, khi muén 1 tiéu chi tét thi 2 tiéu chi con lai xau di.
Trong bai bao niy, tic gia da thyc hién x4p xi gan dung cac dic tinh phi tuyén phirc ctia PA bang
cach str dung ba chi tiéu chét lugng. Thuat toan xép xi duwoc dé xudt st dung tap tdi wu Pareto va
phuong phap hoi thoai véi y kién ciia chuyén gia. So d6 thuat toan thé hién trén hinh 4.
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Hinh 3. CAc tiéu chi h, S.

BAT DAU

3 Nhip bang thong so thue nghiém e ] .
AX va FAX 9 T'im t4p Pareto cic phuong én

Tim tap Pareto cac phuong an
vl cdc gid tri muc téu sau gidi han

/a/ Nhip Lmax, Lmin / | wi Gidi han cie muyc tiéu 16i vy ]-—| Chuyén gia |

’ 4 | L=Lmin | | 1

|6

2
Giai tim cac b hé s {ai, bi} img vaiL N In tép phuong én
Tinh cac gia trj coa 3 muyc tiéu: A(L), hva S 1 4P &
’ 7 I L=L+I | KET THUC

g1 hiét ldp tip cic phuong an L cing
voi ede gid tri him muyc tiéu tuong (mg

Hinh 4. So do thudt todn xdp xi ddc tuyén phikc.

Dau vao cta chuong trinh 13 bang cac gi tri thuc nghiém ctia bd khuyéch dai cho 2 dic tuyén
AX va FAX (budc 2); chuong trinh s& lan chay véi cac gia tri L tir Lmin dén Lmax (budc 3,4,5,6,7)
va cho ra bang tat ca cac phuong an cing v6i gia tri ciia 3 ham tiéu chi (budc 8); thiét lap tap
phuong an t6i wu Pareto (budc 9); két hop hoi thoai véi chuyén gia dé duoc tip phuong an tdi wu
chap nhan duoc (budc 10, 11, 12, 13)

Tap Pareto: Tap cac phuong an xap xi {L} la tap cac gid tri L dé xay dung da thire héi quy phirc
t6i uu theo Pareto, trong d6, khong ton tai phuong 4n nao cd tt ca cac chi tidu tdi wu xdu hon phuong
an khac [3, 7].

Phwong phap hdi thoai: Phuong phap hoi thoai thuong dwoc sir dung trong bai toan ti uu
da tiéu chi, trong d6, cac tiéu chi téi wu thudng mau thudn nhau, dugc tiéu chi ndy tot hon thi tiéu
chi khac s& x4u di. Sau khi chung ta di tim duogc tap phwong an téi uu theo Pereto, thong thudng
tap nay s& c6 rat nhiéu gi tri. D& lya chon phwong an cubi cung thi can ¥ kién cta cac chuyén gia
tham gia. Cac chuyén gia s& dua ra y kién dé gioi han lai cac gia tri clia cc tiéu chi t6i wu nham
rt gon tap Pareto dén khi dugc chuyén gia chap thuén [7].

3. PHAT TRIEN MODULE PHAN MEM XAP Xi CAC PAC TUYEN PHI TUYEN BANG
PA THU'C HOI QUY THEO HUONG TIEP CAN PA TIEU CHI

Tan dung thé manh cia moi truong MATLAB trong md phong va 1ap trinh, tac gia da tién
hanh xéy dung module phan mem cho két qua tbt. Két qua cia mé dun phan mém 1a tip phuong
an t6i uu Pareto véi cac tiéu chi nim trong gidi han ma chuyén gia nhap vao.
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Chay chuong trinh véi déac tinh dau ra thuc nghiém trén b khuyéch dai st dung transitor hi¢u
ung trudong 211913, véi so0 li€u nhu sau:

Cong suat suat dau ra:
[0.05 0.4 0.6 0.85 0.95 0.99 1 0.995 0.98 0.94 0.9 0.860 0.82 0.79 0.765
0.745 0.73 0.72 0.71 0.7 0.69 0.68 0.67 0.66 0.65];

Pha tin hiéu dau ra:
[1. 6. 12. 18. 22. 25.5 28. 30. 32. 34.3 36. 37.5 39. 40.5 42. 43.5 45.
46.5 48. 49.5 51. 52.5 54. 55.5 57.]

Két qua cho tip cac phuong 4n t6i uu Pareto:

Mhap du lieu  Gioi han gia tri ham muc tieu  Tap cac phuong an

Phuongan| L | Delta | h S
1 1 12 0.0018 0.0274 0.0148
T 2 17 0.0013 0.0328 0.0149
T 3 24 0.0014 0.0300 0.0147
T 4 25 0.0014 0.0239 0.0149
T 5 33 0.0010 1.9636 0.1178

Str dung y kién chuyén gia dé giéi han cac gia tri ham tiéu chi A(L), h, va S nhu bang sau:

Mhap du lieu  Giaol han gia tri ham muctieu Tap cac phuong an

Deta | = | n | = |
1 00010 1 0.0274 1
BN 00043 A 0.0299 1
BN o004 A 0.0300 1
4 | opefs o 0.0328 0
T /g;n:ﬁ / 0

Két qua cudi cung ta con mot phuong an toi wu nhu sau:

Mhap du lieu  Gioi han gia tri ham muc tieu  Tap cac phuong an

Phuongan ‘ L ‘ Delta ‘ h | S
1 3 24 0.0014 0.0300 0.0147

Tir két qua chay chuong trinh ta thdy riing, dbi voi bang dit lidu thuc nghiém cua bd khuéch
dai, khi chua sir dung y klen ctia chuyén gia dé gidi han cac gia tri ham tiéu chi thi ta c6 5 phuong
an xay dyng ham da thurc xap xi dic tinh thyc nghlem trong do, khong c6 phuong 4n nao xau hon
cac phuong én con lai vé ca 3 tiéu chi. Sau khi gidi han lai cac ham ti€u chi, ta chi con 1 phuong
an xAp xi sao cho tat ca cac gia tri tiéu chi déu nam trong gidi han.

4. KET LUAN
Bai bao dé xuét str dung cach tiép can theo hudng da tiéu chi nham tim dugc ham da thirc phirc
xap xi dac tuyeén cia bd khuéch dai bérp sat cac so liéu thuc nghiém. Tac gié da phat triéq thuat
toan va xay dung thanh cdng module phan mém trong mai truong Matlab. Két qué nay co6 thé dugc
s dung d€ ude tinh gan dung cong suat cua cac thanh phan hitu ich va xuyén di€u ché cia bo
khuyéch dai n6i chung va khuéch dai song vi ba noi riéng.
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ABSTRACT

DEVELOPING ALGORITHM FOR BUILDING REGRESSION POLYNOMIAL
TO APPROXIMATE NONLINEAR CURVE OF TRANSMISSION FUNCTION OF
VIBA POWER AMPLIFIER USING MULTI-PURPOSE OPTIMIZATION METHOD

This paper presents the algorithm for building regression polynomial to approximate the

nonlinear curve of the transmission function of viba power amplifier using a multi-purpose
optimization method based on the experimental data for amplitude characteristics (AX) and
phase (FAX) of the nonlinear microwave power amplifier. The multi-purpose optimization
method is solved by including the following criteria: (1) Sum of squares of error at
experimental points; (2) The maximum deviation (h) of the regression characteristic from
the experimental line; (3) The total area (S) is biased by the regression and experimental
characteristics. These purposes are almost opposite to each other, achieving one purpose
will lose another. The author uses the Pareto set and the conversation method to find a
better solution than the conventional polynomial regression method. The found
approximation regression polynomial is used to calculate the power of the useful and
intermodulation components. The author has developed a software module in the MATLAB
environment to maximize the automation of the steps.

Keywords: Complex nonlinearity; Power amplifier; Characteristic approximation; Intermodulation distortion.
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