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Tom tait

Ngay nay vdn dé an toan thuc pham noi chung va chd’t lirong cuia san pham twoi song hay
bado quan dong lanh noi riéng la mgt trong nhiing vdn dé néi com cua xa hgi. Nhu cau xde dinh
nguon géc va dé tuwoi cua thit 1a nhu cdu chinh dang ciia ngwoi tiéu ding. Phirong phdp do do
twoi cua thit bang téng tré sinh hoc da ¢6 nhing thanh qud bude dau trong nghién ciu. Ching
16i dang c¢é gang gidi quyét bai toan thiét ké mach do tong tré sinh hoc d@é khdo sdt dé tioi cua
thit tir @6 c6 thé danh gia buée dau chat lwong thit khi dén tay nguoi tieu dung bang pho tro
khang sinh hoc.
Tir khéa: tong tré sinh hoc, dé turoi thuc pham, dé tuoi cua thit
Abstract

DESIGN AND INVESTIGATION OF BIOIMPEDANCE MEASURING CIRCUIT

Today, food safety issue has arisen from quality of fresh food, and cryopreservation.
Consumers legally need to determine the origin and freshness of the meat. The method of
measuring freshness of meat using bioimpedance has had success on the first step of research.
On the first attempt, the circuit is being designed in order to investigate freshness of meat.
Based on the use of bioimpedance, that investigation makes a first move to evaluate quality of
the meat distributed to supermarkets and markets.

1. Mé dau

Tré khéng sinh hoc, dién sinh hoc, céc tinh chat vé dién cia mé déu néi vé cing mét van
dé, tro khang lién quan dén tinh chat thu dong vé dién ciia mo d6 1a kha nang can tro dong dién.
Dién sinh hoc lién quan dén kha ning tao ra dién cua mo, dién nay la noi sinh — duogc tao ra boi
chinh mé d6 nhu dién tam d6 hay ngoai sinh — lién quan dén dién tac dong tir bén ngoai. Trong
céc cdng bd khoa hoc, nhitng phuong phap nhu do phd cua d6 dan dién hay dién méi thuong
tach biét nhau trong viéc do trd khang sinh hoc. Tuy nhién nhiing phuong phap do do lai co
méi lién hé mat thiét v6i nhau nhu hai mat cia mot vin dé. C6 ching su khac nhau co ban la
viéc sir dung nhiing dai tan sb riéng biét, thiét bi va trinh bay hay thé hién két qua. Nhitng thuc
pham thuong duoc Kiém tra chat luong va xac dinh ham lugng md trong san pham [5]. Dac biét
phuong phéap do dbi véi dién mai trong dai tan s6 antennas cho phép khong tiép xuc vao vat can
do, diéu d6 thich hop cho cac thiét bi xir Iy. Nhitng thuc pham bi nhiém vi sinh d& nhan biét vi
s& thay doi do dan dién o tan s thap, tir d6 sinh ra nhitng san pham chuyén héa khéc nhau
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trong thuc pham. Véan dé dang luu tim khi do trd khang sinh hoc 1a d6 nhay thap cua thiét bj va
su phu thuc manh mé& vao cac yéu té moéi trudng nhu nhiét do, ap suat tir d6 anh huong dén
céc théng sé trong qua trinh xur ly.

Do luong nhiing dic tinh dién 12 mot céng cu don gian khdng xam hai ddi vé6i nhimg dic
trung ctia vat liéu. Viéc do luong tra khang chi mang tinh chat twong déi déi véi mé hinh toan
hoc mang tinh hoc thuat nén gan nhu chi tét trong viéc danh gia chat lwong ddi vai cac san
pham néng nghiép. Bai vi trd khang rat nhay véi tinh thim ciia mang té bao, né luén 1a lya
chon téi wu cho viéc danh gia sy thay ddi véi nhitng tng dung cua dién thé cao. Ngay nay,
nhitng ¢d ging dé sir dung viéc do ludng tré khang trong cong nghé thuc phim di dua dén
nhitng thanh cdng ruc r& trong nghién ctru nhung van con nhiéu bd ngd va ca nhiing that bai
trong thuc hanh thyc nghiém[1,6]. Nguyén nhan dugc dua ra thuong l1a danh gia qua cao do
chon loc ma khéng chi trong dén viéc khao sat trong méi trudng phuc tap va nhing ddi tuong
sinh hoc can xir ly. Tuy nhién, viéc str dung nhitng hé théng do luong xu ly thiét thuc va gioi
han do luong tré khang cho nhiing tng dung vai hiéu qua cao va co ¥ nghia ciing nhu bd sung
trong viéc do ludng cho nhiéu thong sé khac. Trong bai bao nay ching toi gisi thiéu qui trinh
thiét ké va khao sat mach do tong tra sinh hoc dé danh gia do tuoi cua thit huéng téi wng dung
trong thuc pham.

2. Phwong phap nghién ciru

2.1. X&c dinh tong tré sinh hec

Néu vat liéu tich trir dién, né duong nhién s& c6 gia tri dién dung. Thanh phan tré khang
Xc phu thude vao tan sé:
kK 1

Xc=
weeg, oC

Trong d6 o la tan s6 goc o =2nf va .6y 1a hang s6 dién moi tuyét dbi cua vat lieu. C
thuong su dung khi miéu ta vat liéu gitra nhiing dién cyc vi né la dién dung trong mach
v6i C==2 Vi sy tich trit ning lugng trong ban than ciu tric dién dung nén khong sinh ra sy
truyén dé&l dién tich mang, nhirng dién tich mang nay dugc ghi nhan 1a nguoc lai (twong phan)
V&1 nang luong bi tiéu tan bai viéc truyén dién tich trong dién trg, tro khang ndo co6 chua thanh
phan dién dung dugc goi la phan ao. Vay tro khang tong bao gdm cac thanh phan R va C:

1 j .
Z=R+--=R-3J =R-jx,
JoC oC

Thuong thi, X 1 phan phic va duoc viét: Z=R+jX. Ciing gidng véi: Z = Re(Z) + jim(2)
=7’ +jZ’’. Re(Z) va Im(Z) biéu thi cho phan thuc va phan ao cua trg khang. Phan ao am cua
tro khang 1a dung khang cua d6i twong ¢ nghia 14 ¢6 sy thay doi pha am, tac 13, dién &p bi tré
c6 lién quan dén dong dién, diéu ndy c6 nguyén nhan tir sy tich trit ning luong trong dién dung.
Truong hop nguoc lai, phan ao duong 1a cam khang, tuy nhién d6i véi hé sinh hoc can khao séat
thi cam khang khdng quan trong Iim va vi vay n6 khong dugc trinh bay trong bai bao nay.

Dan nap Y la nghich d4o cua tré khang: Y===G +jB

R khong don gian chi la gia tri nghich dao cta G. Trong khi Z =R+jX miéu ta cho mét
chudi két hop ciia R va C, mo hinh don gian tuong duong 1a Y =G + jB.
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M&i quan hé gitra ching la:
__R + X 7= G 4 jB
R*+X? R?+X? G’+B* G?+B?

Vé&i méi truong khdng cd cau tric té bao hoic tai tan s6 rat cao, dién moi, khi d6 hang s6
dién moi (46 tham dién ctia moi truong) € ciing bao gdm phan thuc va phan 4o (&', "), s tién
loi hon bai vi n6 1a thong sé dé giai thich hon so vai tré khang; o 13 dién moi cta chan khong.

. Yk 10°°
e = ——=1¢g"4j", g,=
JE 036

(F/m)=8,85.10""% (As/Vm)

JWEg n
~ r T E—

MOi s6 phirc c6 bién do va goc pha. Bién do cua tro khang: |Z| = +/R2 + X2

va goc pha la: @ = arctan(X/R).

K¥ thuat do tong trs dugc ding & day dua trén dinh luat Ohm co ban (Z = V/I).

Nguoi ta do ddng thoi ca 2 gia tri dién thé va dong dién. Sau d6, dya vao dinh luat Ohm
ta cO thé xac dinh tré khang Z. Tuy nhién, cac phuong phap trén déu sir dung ngudn dién 1
chiéu DC (Direct Current) va chi p dung cho céc vat liéu khdng thé ap dung cho md séng. Bai
vi trong céc md séng, né khong tudn theo dinh luat Ohm, va tré khang lai bi phu thudc vao tan
s6 va néu cho mot nguon &p hoic dong 16n hon 5mA s& gay bong cho cac mé sbng hoic phan
cuc cac ion trong mang té bao. Chinh vi vay, dé do duoc nguoi ta st dung phuong phap quét
tan s6 va str dung mot ngudn dong ¢ dinh cip cho mo. Ngudn dong nay c6 bién do dinh cb
dinh dao dong tir vai trim uA dén tdi da 1a SmA va tan s6 c6 thé thay doi tir vai Hz dén vai trim
kHz.

Nhiing nghién ctu vé do téng tro dé déanh gia hoat dong cua t6 chirc sinh hoc da duoc
tién hanh tir rat lau, nhu do dién tré mang té bao dé danh gia kha ning trao d6i chat, may do
téng tro dé xac lugng md cua co thé, do cat 16p tro khang, trong d6 tong tro 1a phuong phép
dugc ng dung nhiéu trong xac dinh d6 tuoi, d6 an toan cua thyc pham. Mdi té bao lién quan
dén hai méi truong dan dién twong ddi tot 1a dich gian bao va dich noi bao (bao chét), bi ngin
cach boi mot 16p dan dién kém 14 mang té bao. Mdi hé thdng nhu vay hoat dong nhu mot tu
dién va duoc dic trung boi mot gia tri dién dung C. Vi vay c6 thé xem té bao nhu mot mach
dién twong duong gdm tu dén va dién tré, dugc minh hoa nhu hinh 1.

ALPHAMELIX PROTEIN

GLOBULAR
PROTEIN

HYDROPHOBIC
SEGMENT OF - S —/
ALPHA-HELIX PROTEIN (;

CHOLESTEROL
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Hinh 1. So' do tré khéang sinh hoc cia té bao

Té bao dugc mo hinh hda mot cach don gian nhu sau, dién dung mang té bao Cp, néi tiép
Vv6i chit noi bao co dién trg R; (Hinh 1). Ching duwoc mic song song véi mot dién tro khac Re
dong vai tro 13 chat ngoai bao [2,3]. Biéu d6 quy tich cua mach dién duoc thé hién & nira vong

tron nam & goc phan tu tha tu cua mat phang Z.

Hinh 2.(a) Chdt dich té bao
duoc don gian hoa vgi nhirng
phan tir dién dung va dién tre,
(b) Mach dién twong duong
doi véi phin tin B (B -
dispersion), c¢6 nguon goc tir
cdu tric mang té bao. Cpla
dién dung mang va R; la di¢n
tro ngi bao, va R, la dién tro
ngogi bao cua dung dich dién
phan.

2.2. Thiét ké mach do

Céc thdng sé yéu cau: Dua vao nhiing két qua da trinh bay ching t6i thiét ké mach voi
nhiing théng s6 yéu cau nhu sau: tan s6 quét tir 10 Hz dén 20.000 Hz, tan s6 ¢6 dinh la 100 kHz
ding dé do trong thoi gian dai, dong ra ¢ dinh c¢6 bién d6 dinh la 1mA, tré khang do tir 0 Q
dén 5kQ, ngudn dién hoat dong (-5V) - (+5V). Céach bd tri dién cuc cho mach st dung 4 dién

cell

(a)

electrode

cuc, hai dién cyc kich thich 1a CC1 va CC2, va 2 dién cyc do ap tra vé 13 PU1 va PU2.

Ngudn cung cép +- 5V

Mach dao dong —————

Mach &n déng

Dién cwc dong 2 [~—

Dién cwc dong 1
Dién cuc ap 1
Dién curcap 2

Khuéch dai

Hinh 3. So dé khéi ciia mach do
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Giai thich chire nang tirng khéi:

Mach dao dong: Mach c6 chirc ning phat xung, dong vai tro 1a tao song sin ¢ tan sé
dugc xac dinh truéc. Néu nhu chung ta can sir dung chirc ning quét xung, c6 nghia 1a thay doi
tan s thi ta can phai tac dong trén mach nay. Luu ¥ 1a trong khi quét xung thi cac gia tri khac
cua tin hiéu phai duoc giit nguyén, chi mdi tan sb cua tin hiéu 1a thay doi.

Mach 6n dong: Mach cé chiic nang tao ra mot nguon dong ¢ dinh, khdng bi phu thudc
VA0 gi4 tri cua tan sé va tra khang cua tai. Bé do tong trg khang sinh hoc thi yéu té dé do dugc
dung 1a ngudn dong phai dugc ¢ dinh, bai vi trong mé séng ¢é nhiing tinh chat thay déi khong
nhu voi cac vat lidu khac. Ngoai ra, trong mé séng cé céc dich va cac bao quan rat dé bj thay
doi khi c6 kich thich vé dién. Néu dong qué cao c6 thé gay ra su dién phan cac ion gay ra hién
tuong bong va lam tén thwong mé. Dong dién duoc cung cip dén mo théng qua hai dién cuc
dong 1a “dién cuc dong 17 va “dién cuc dong 2”. Dé thu dugc dién ap thi ta ngudi ta st dung
thém 2 dién cuc ap dat gitra 2 dién cuc dong.

Mach khuéch dai: dugc sir dung nham khuéch dai hai tin hiéu 4p va dong tra vé. Do hai
tin hiéu tra vé c6 bién do tin hiéu qué thap, chi vai millivolts nén kho c6 thé thu thap va phan
tich. Mach khuéch dai & day str dung céc IC khuéch dai do ludng chuyén dung trong linh vyc
do dién y sinh. Nhitng I1C khuéch dai nay c¢6 hé s6 CMRR (Common mode reject ratios) cao
nham loai bo nhidu nén tét hon, d6 loi dugc thiét 1ap chi bang 1 dién tro gén thém bén ngoai.

Vi diéu khién: St dung dé thu thap dir liéu va tién xir Iy trudc. Loc nhidu 50 Hz, tinh toan
gié tri Z, sau d6 s& guri 1én may tinh dé xu ly théng tin cy thé hon.

7 NATIONAL
INSTRUMENTS

Hinh 4. Chip vi xu ly NI myRIO
Xilinx Zyng — 7010 EE——

]7 User Defined LEDs

Xilinx Zynq - 7010

Trong hai khdi trén 1a khdi phat xung va khéi vi diéu khién duoc sir dung trén board NI
MyRiO cuia National Instruments ¢ tich hop chip vi xi Iy Xilinx Zyng-7010. C6 thé lap trinh
FPGA, cho téc d6 xir Iy nhanh hon va do phan giai cua bo chuyén d6i ADC(Analog digital
converter) 1a 12bits cho phép tin hiéu do dugc thap nhat 1a 1.2mV dén 5.0 V.

Mach én dong: Gilp tao mot nguon dong cé dinh khdng bi anh huong béi tré khang
ctia tai. Mach ngudn dong dugc sir dung & day sir dung ban thiét ké cia mach current source
cua howland. Dong dinh muc ra 1a ImA va tré khang nam trong khoang cho phép tir 0 dén
5000 Q.
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Hinh 5. Mach 6n
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Hinh 6. Mach khuéch dai
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Hlnh 7. So do tong quat
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Hinh 8. S do thuc té ciia mach
2.3. Phwong phap do
Sau khi d co6 phan cung xong thi ta s& do
theo phd quét tan sd, mach dao dong do board
MyRiO 1900 s& quét tan sb tir 10 Hz dén 5000 Hz.
Sau d0, ta s€ do ca hai tin hié¢u dién ap va dong dién
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\t

T(1;tana)

bang hai kénh ADC duoc tich hop sin trén board
controller. Gié tri do vé s& duoc phan tich ra bién do
va goc pha bang thuat toan bién doi fourier FFT
(Fasst fourier transfer) cho mai kénh.

Ta co |Z]

= phase (4p) — phase (dong). Sau khi c6 dugc module Z va géc léch pha. Ta c6 thé d& dang tinh

duoc phan thyc va phan ao bang dudng tron luong giac.
3. Khao sat

V6i mach dién di rap chung t6i tién hanh khao sat thi nghiém trén khéi thit bo thin (phan
ludn bo dé 6 it gan véi cac dién cuc duoc cam doc theo sé dé do tong trd sinh hoc) va da thu dugc
nhitng két qua ban dau, s6 liéu do duoc gié tri tro khang va pha dao dong dé tir d6 tinh toan duoc
phan thuc va phan 4o cua phuong trinh Ny, sau d6 miéu ta bang biéu db quy tich (biéu d6 Wessel),
né s& thé hién phan thuc va phan 4o trén cling mot do thi hinh 9. Bang 2 1 s6 liéu diéu chinh céc gia

tri tan s cb dinh.
Bdng 2. Quét tan so tir 500Hz dén 20kHz

Tén s6 R z phase

Img

500Hz 978.855 979 0.8748

14.7251
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1kHz 978.367 979 1.98 34.1344
5kHz 966.643 978.4 9.046 151.202
10kHz 924.396 978.6 19.1 321.11
15KHz 867.735 979.2 27.63 453.7
20kHz 787.778 980 36.53 582.88

Hinh 9: Pé thi biéu dién gia
tri phan thuc va phan do véi
Cac gid tri tan sé chon loc
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1 Hinh 10: P thi biéu

dién phan thuc va phan
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4. Két luan

1 do véi gia tri tan so quét
| tir 500Hz d@én 20kHz

Tir d6 thi hinh 10 chling ta d& dang nhan thay rang véi gia tri tan sb quét tir 500Hz dén
20kHz ta thu dugc cac gié tri phan thyc va phan a0 nam trén cung tron tir d6 cho phép ta xac
dinh d6 tuoi cua thit. Tuy nhién, vin con cd nhiing gié tri khdng nam trén cung tron ma minh
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mong mudn va phan dudng cong ta thu duoc van con rat nho, vi vay can phai cai tién mach do
Vi dai tan sé rong hon dé dat dugc gid tri t6i wu nhat tir d6 c6 thé danh gia chinh xac hon do
twoi cua thit noi riéng va do tuoi cua thuc pham néi chung.

Tur két qua nghién ctiu cho thay trién vong thiét ké mot thiét bi do tong tré sinh hoc ding
dé khao sat do tuoi cua thit cho két qua téi wu 1a rat Ion. Trong bai bao nay ching t6i chi méi
thiét ké mach do c6 tan sé quét tir 50Hz dén 20kHz, két qua cua nd co thé cai tién mach do véi
dai tan sb rong hon dé dat duoc gia tri GHz trong mach do va mong mudn thiét ké mét thiét bi
do tong tré sinh hoc dwoc trién khai va ap dung trong thuec té.
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