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TOM TAT

Hién nay, cac thiét ké gidm sat hanh trinh chu Yéu tdp trung vao cdc san phcim hoat dong
trong dat lién. Nhu vay, mot thiét bi giam sat hanh trinh hoat dong ngoai khoi xa can chi y dén
cdc van dé gl trong thiét ké? Ngoai khoi xa han ché vé nguon ndng luong cung cap cho thiét bi
va khong c6 mang di dong truyén dir liéu vé trung tam. Gidi phdp truyén dir liéu bang mang vé
tinh va diing pin ngi két hop néng heong mdt troi la tiéu diém dwoc trinh bay trong tai liéu nay.
Pé gidi quyét bai todn thiét ké can thuc hién tuan tw 3 bude. Bude dau tién la chon loc gidi
phap phu hop nhat (Dleu nay dd bao gom phan do kiém hiéu nang trong phong lab tung phan
roi ciia thiét ke) Thiét ké va do kiém tich hop trong thiét bi hoan chinh la buéce tlep theo phal
thire hién. Cudi ciing la thuc nghiém véi s6 lwong I6m thiét bj trong thoi gian dai dé danh gid
hiéu qua va cac han ché phat sinh. Viéc thwc hién phwong phdp nghién civu nhu trén da gitip
gidi phdp dwoc dp dung thanh céng trén 2000 san phiam thwong mai dang hoat déng xa bo. Cdc
gidi phdp dwoc dé cdp trong tdi lidu nay da gép phan tao nén mét hé sinh thdi sé héa cho nganh
khai thac thuy san xa bo va mo rong sang cdc nganh khac hoat dong trén moi truong bién nhu
thu thdp diF liéu trong nuéi trong thity san va dau khi, nghién ciru méi triecong bién.

Tir khéa: Thiét bi gidm sdt hanh trinh; khai thdc thity san; truyén dir liéu bang mang vé tinh;
thu thdp dir lieu trong nuoi trong thuy san, Hé thong nhung tiéu thu nang luwong thap.

ABSTRACT

Currently, designs of tracking-device are primarily for inland operation. So, what are the
problems when designing a tracking-devices for an offshore vessel? The offshore environment
limits the power supply to the equipment and breaks the mobile-network to transmit data. The
document presents the solutions of satellite-network-based data transmission, internal battery,
and solar-cell-based charger for the offshore tracking-device. There are three necessary steps.
The first step is choosing the most suitable solutions (included measuring the performance of
separate parts in the lab). Design and measuring the completed device is the second step. And
the last is using a large number of devices for long-term experiments to evaluate the effects
and the limitations. Now, there are over 2000 commercial products based on successful
solutions. The solutions contribute to building a new digital ecosystem for the offshore fishing
industry, aquaculture data acquisition, oil and gas exploitation, and marine environment.

Keywords: Tracking-device; offshore fishing industry; satellite-network-based data
transmission, aquaculture data acquisition, low-power embedded system.

1. CAC VAN PE TRONG THIET KE Trong bdi canh loai bo hoat dong danh
THIET BI GIAM SAT HANH TRINH  bit ca bat hop phéap, khong c6 bao cao va
CHO PHUONG TIEN KHAI THAC khong dugc kiém soat (IUU Fishing), Viét
THUY SAN XA BO Nam trién khai quan 1y khai thac thuy san
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CAC GIAI PHAP XU LY CAC VAN

dua trén hé thng giam sat hanh trinh phuong 2.

tién khai thac xa bo [1, 2] bao gdm phan thiét
bi giam sat hanh trinh va hé théng quan ly.
Trong d6, thiét bi giam sat hanh trinh dugc
thiét ké dua trén nguyén tic thu thap toa do
vi tri chinh né béng b0 nhan tin hiéu
GPS/GNSS va truyén dit liéu toa do nay vé
hé théng qua mang internet. Didu nay khong
chi gop phan chimg minh ngudn gbc thiry san
khai thdc ma con canh bao kip thoi céac
truong hop khan cip nhu cp ctru trén bién,
bao bao.

Néu trén dét lién, truyén dir liéu thong
qua mang di dong [3] hodc cac duong két nbi
khéc nhu wifi, ethernet,... 1a nhitng lya chon
t6t nhét Do co so ha ting mang dugc dam
bao tt. Tuy nhién, dbi voi vung khoi phuong
thirc truyen thong phod bién nhat van 1a truyén
trén bang tin MF/HF cho cu ly dai (vai trim
km) va VHF cho cu ly ngan (vai chuc km).
Bén canh phu thudc cac tram thong tin duyén
hai, cac kénh truyén nay con phu thudc nhiéu
vao moi truong hoat dong: ngay dém, thoi
tiét,... kénh truyén loai nay khong dam bao
do 6n dinh cua dir liéu 24/7. Mot giai phép
phu hop hon dugc Iya chon 1a truyén cac du
lieu s6 ngan théng qua mang vé tinh
(SBD)[4, 5, 6,7, 8].

Trong khai thac thuy san xa bo ¢ Viét
Nam, ciu tao tau gd truyén théng ludn 1a lya
chon ciia ngu dan. Tuy nhién, khong ¢ bét
¢t quy chuin nao vé cach thic bd tri cac
ngudn dién trén tau: dién DC tir acquy 12V-
24V, di¢n 220V tor may phat AC va cac bd
tao ngudn DC 12-24V tir dién 220V. Cac quy
chuan an toan cho tau ra khoi chi kiém tra
cac trang thiét bi thong tin lién lac, ctru ho,

. du s6 luong va con hoat dong. Bén canh
do yéu cau ve giam sat khai thac thuy san va
g ctru trén bién ciling bat budc cac thiét b
giam sat hanh trinh phai c6 kha nang hoat
dong ngay ca khi tau mat di nguon cap di¢én
do cac su cb vo tinh hodc cdy Xxay ra. Diéu
nay dan dén phai can mot bo ngudn dy phong
bén trong thiét bi va mot nguén sac doc lap
v6i ngudn dién cua tau. Pin sac Lithium-ion
va nang luong mat troi 1a mot lya chon thich
hop cho muc tiéu do.

PE TRONG THIET KE

2.1 Tong quan hé théng giam sat hanh
trinh phwong tién khai thiac thiy sin
xa bo

Hé théng giam sat hanh trinh c6 thé chia
lam 4 phéan: phan giam sat hanh trinh truc
tiép, mang truyén dan dir liéu, trung tam luu
trir va phan tng dung khai thac. Phan giam sat
hanh trinh truc tiép hay thiét bi giam sat hanh
trinh phai dam bao mot sé tinh ning co ban:
thu thap toa do vi tri hi¢n tai thong qua hé
thong dinh vi GNSS, dong goi va giri dir lidu
trong dinh dang goéi tin tuwong thich vdi giai
phap truyén dan va tinh bao mat giita thiét bi
va trung tdm dir liéu; kiém soat murc ning
luong str dung bang cach phan thanh cac ché
d6 hoat dong khac nhau; giao tiép nguoi ding
thong qua cac loai két ndi c6 day hodc khong
day nham kiém soat trang thai hoat dong va
dir lidu dugce luu trit trén thiét bi.
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Hinh 1. Tong quan hé thong giam sdt hanh
trinh phwong tién khai thac thuy san xa bo

Phan mang truyén dan duoc st dung
trong hé théng giam sat hanh trinh thong
thuong 1a mang di dong do co s¢ ha tang, toc
d6 truyén dir liéu va gia thanh ré. Tuy nhién,
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d6i v6i hé théng gidm sat hanh trinh cho
phuong tién khai thac thay san xa bo can st
dung mang v¢ tinh song song voi mang di
dong. Mic du mang vé tinh c6 thé giri dir liu
trén pham vi rat 16n nhung ciing kém theo
han ché: @6 tré 16n (thong thudng giao dong
hang chuc gidy dén vai phuat), gia thanh cao
(gia thanh tinh trén tung byte cao, rang budc
murc phi phat cho ngudng dudi thap nhit cua
dung luong dugc gui va dinh ra muc phi
khac nhau cho tung loai 1€nh tuong tac khac
nhau), gid thanh module cao va sir dung nang
luong 16n khi hoat dong.

Phan trung tdm dir liéu bao ham cac hé
thdng server twong tac thiét bi giam sat thong
qua mang truyén dan; quan 1y va luu trir dir
liéu trong céc co s¢ dir licu chira toa do thiét
bi, thong tin phuong tién khai thac thuy san
va nguoi st dung dir licu; phan phéi dir liéu
cho cac h¢ théng khac (vi du: hé thong quan
Iy phuong tién khai thac xa bd cua chinh
phu) va tuong tac nguoi ding bang Gmg dung
trén di dong hay web browser trén may tinh
(phan tmg dung khai théc).

2.2 Truyén dir li¢u bang mang v¢ tinh

Dit lidu toa do thiét bi sau khi duoc thu
thap, dong goi s& duge giri dén mang vé tinh.
Céc tram vé tinh s& phdi hop truyén dir lidu vé
cho server ctia nha cung cip. Sau do, dit liéu
s& dugc guri vé cho trung tim dir lidu thong
qua dia chi IP. S dung mang v¢ tinh dé
truyén dir liéu dong nghia vé6i viéc thué mot
kénh truyén. Piéu nay bat budc phai lap mot
bang so sanh hiéu ning cac san phdm ma céc
nha mang cung cap bén canh gi4 ciia ching.

Trén thé gi6i, c6 nhiéu nha cung cip
mang v¢ tinh: Inmarsat, Iridium, Thuraya,
Globalstar,... Tuy nhién, cung cip module
phat trién cho cic cong ty lam thiét bi thu
thap dir li¢u thi hién tai chi c6 Iridium va
GlobalStar. Cac hang con lai tap trung vao
cac san pham cua minh chu dao 1a dién thoai
vé tinh. Dua trén bang so sanh d6 phu cua
mang v¢ tinh, Iridium vuot troi do c6 d phu
bao hét trai dat. Tuy nhién, danh d6i gia
thanh module truyén din va gia cudc thué
bao s& cao nhit. Trong giai phap thiét ké
dugc trinh bay, module 9603 [10] cua

Iridium dugc Iya chon do do bao phu toan
trai dat. Piéu ndy cho phép mé rong thir
nghiém va thuong mai ¢ cac méi truong o
cac luc dia khac nhau ma khong can thay ddi
qua nhiéu trong thiét ké phan cimg.

Bing 1.Ving phii cia cdc nha cung cdp gidi
phap vé tinh [9]
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Trong thiét ké phan cung cua thiét bi
gidm sat hanh trinh loai nay, chi phi module
thu phat vé tinh va cic phan ctng bd tro
thong thudng s& chiém 50-60% tong chi phi
BOM phan ctng. Chi phi nay c6 thé giam
khi mua module v&i sé luong 16n nhung
giam khong nhiéu do day 1a mat hang dic
thi. Do d6, rat kho dé ha gia thanh cua thiét
bi khi ban ra thi truong. Tuy nhién, viéc giam
chi phi tong thé thi c6 thé thuyc hién bang
cach st dung thém 1 kénh giri dit liéu bang
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mang di dong 2G/3G/4G. Thiét bi s& tin
dung mang di déng gan bd va & cac dao dé
uu tién gui dir ligu.

Bén canh d6, t6i wru kich thudc goi tin gii
di 1a cach kiém soat cude vé tinh st dung cho
thué bao ma van dam bao cac thong tin quan
trong duogc cap nhat cho hé théng giam sat.

Bing 2. Dinh dang géi tin can truyén

Kich
STT| Noi dung goi tin | Kiéu mé ta | thwée
(bit)
1 ID dai dién cho | Sb nguyén ]
goi tin khong dau
Thoi diém dit lidu | X
2 |dugc thu thap SOA nguyen |- 55
- khong dau
(Unix TimeStamp)
S6 thu ty goi tin | SH nguyén 3
duoc tao khong dau
Trang thai cua | S6 nguyén 5
thiét bi khong dau
A S6 nguyén
Murc pin ndi khong ddu 5
Tbe d@qVE‘l hudng Sb nguyén 1
di chuyén khong dau
Kinh do 50 nguyen | 5,
c6 dau
8 |Vido S0 nguyén | 5,
c6 dau

ID cua goi tin dai dién cho dinh dang goi
tin. Thong tin nay cho phép hé thong nhan
dang va gidi ma dung dir li€u cua goi tin.
“Unix Timestamp” 13 thong sé danh dau thoi
diém dir lieu dugc thu thap. “Unix
Timestamp” duogc st dung rdng rai do nho
gon va dé dang chuyén d6i thanh thoi gian
UTC trén cac hé thong may tinh.

S6 thu tu g61 tin dugc tao s€ dugc danh
theo quy luét ting dan. Khi thiét bi roi vao
trang thai “Khdi dong lai”, gid tri nay cling
dugc khoi tao thanh Zero. Tac dung cua thu
tu goi tin s& cho hé thdng biét trang thai thu
thap va gui dit liéu cua thiét bi: sé goi tin
ting déu va dung chu ky: thiét bj giri binh
thuong; sO goi tin tang dan nhung do thay
ddi khac nhau: thiét bi bi mat goi; Va sb

luong goi tin voi s6 thir tu zero duoc tao va
giri nhiéu: Thiét bi roi vao trang thai khoi
dong lai bét thuong do su ¢b phan cimg hoic
phan mém.

Trang thai ctia phuong tién 13 truong thé
hién tinh trang hoat dong cua phuong tién:
dang chay, dang neo dau, mét dinh vi, vuot
qua ving quy dinh hodc dang gip su cb
(trang thai cdp ctru). Trang thai cua phuong
tién s& quyét dinh do phan giai cia truong
tbc d6 va huodng di chuyén Khi phuong tién
roi vao trang thai cap ctu, cac sy cd nguy
hiém c6 thé xay ra: phuong tién bi tréi theo
dong hai luu hodc chim dan xubng bién.
Thong thudng, cic thiét bi giam sat hanh
trinh trén bién sé ting tan sut giri dit liéu 1én
nhiéu lan dé dam bao théng tin cho ciru ho.
Khi d6 huong di chuyén s& dugc uu tién hon
do don vi ctru hd can du doan cac vi tri tiép
theo dé ung ctu kip thoi va dang vi tri.
Nguoc lai, & trang thai binh thuong thi do
phan giai toc do s& dwoc uwu tién. Nguyén
nhan 14 do cach thic van hanh cia tirng loai
tau khai thac thuy san: cac tau hau can
thuong di chuyen lién tuc gitra nhiéu noi dé
cung cap nhu yéu pham va thu ‘mua thuy san,
cac tau doi di song song véi tbe do6 cham dé
bét ca, cac tau dang bam theo ludng ca véi
tdc do cham, tau dang neo lai, ....

Mtrc pin néi hodc nang luong con lai
trong thiét bi. Théng s6 quan trong nay can
thiét dé danh gia cach thuc sir dung thiét bi
trong thyc té theo timg khoan thoi gian trong
ngay, thang, nim. Trong trudng hop cép ctu,
mirc pin ndi cho phép du doan thoi gian thiét
bi c6 thé phat tiép cac ban tin giam sat phuc
vu ciu nan. Trong gidi phdp hién tai, pin st
dung 1a Lithium-Ion 3.7V va muc pin dugc
ma hoa nhu sau: 0=2.0V, 1=2.1V, 2&=2.2V,
305.0V va 3116n hon 5.0V. Viéc ma hoa
nay cho phép biét duoc d6 hop 1y khi sir
dung pin: Mitrc pin thap hon 3.3V canh bao
thiét bi da hét pin ndi va cac goi tin dang
duoc giri di bang ngudn ning luong khac;
murc pin 16n hon 4.2V canh bao da xay ra su
cd phan cimg lam murc pin sac tang cao hodc
sy ¢d phan mém 14 nhan dang sai muc pin
sac dang hoat dong; va céac truong hop khac
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xem nhu mtc nang luong dam bao cho viéc
thu thap dir licu.

Toa do vi tri 1a gia tri lam tron cua kinh
d6 va vi d6 sau khi nhan vé6i boi s6 10°. Quy
dbi sai s6 107 do twrong duwong 1.11 m. Diéu
nay dam bao chét lugng vi tri tau dugc giam
st trén bién.

2.3 Pin ndi du phong va nguon sac bang
nang lwgng mat troi

Ngay nay, pin Lithium-ion dugc st dung
rong rai trong cong nghi¢p. Cac dac tinh nhu:
dung lugng cao, dong xa 16n, kich thudc nhd,
khéi Iugng nho hon acquy truyén théng, dé
kiém soat va tiiy bién hinh dang hon (d6i véi
loai pin Lithium Polymer) da tao mdt loi thé
dé sur dung pin Lithium-ion nhu mot ngudn
dién dy phong cho céc thiét bi can kha nang di

dong cao va doc 1ap voi ngudn dién co dinh.

Khi so sanh nhim lya chon cac chung
loai pin Lithium-ion khac, cac thong sb co
ban thuong dugc dé cap dén: Dung luong,
cong suét, do an toan, hiéu suét, chu ky séng
va chi phi. Céac chung loai pin hién tai bao
gdbm:  Lithium-nickel ~ Cobalt-Aluminum
(NCA), Lithium-Nickel manganese-cobalt
(NMC), Lithium-manganese spinel (LMO),
Lithium titanate (LTO) va Lithium-iron
Phosphate (LFP). Loai phd bién thuong dung
la NCA, NMC va LFP. Trong giai phap hién
tai, NCA dugc lya chon do: dung lugng cao
cho phép viéc gia ting nang luong luu triv
nhung van dam bao cic yéu cau kich thudc
va khoi luong thiét bi trong muc cho phép,
cong suét cao hay cho phép xa dong dién cao
tie thoi va khong gay sut ap khi tai dang can

Lithium-nickel- Lithium-nickel- Lithium-manganese
cobalt-aluminum (NCA) manganese-cobalt (NMC) spinel (LMQO)
Specific energy Specific energy Specific energy
Cost specific Cost Specific Cost Specific
power pawer pawer
Life span Safety Life span Safety Life span Safety
Performance Performance Performance
Lithium titanate Lithium-iron
(LTO) phosphate (LFP)
Specific energy Specific energy
Cost Specific Specific
power power
Life span Safety Life span Safety
Performance Performance

Source: BCG resaarch.

Mate: The farther the colored shape extends along a given axis, the better the performance along that dimension.

Hinh 2. So sanh cdc loai pin Lithium-ion [11]
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dong cao (chil yéu 1a dong tic thoi cua cac
module RF dang trong trang thai phat tin
hiéu giao tiép mang), bén v6i méi truong
nhiét 46 ngoai troi va chi phi thap. Riéng do
an toan thp c6 thé cai thién bang cac mach
han dong xa cua pin (gia tri ndy giao dong tir
2-3A phu thudc vao dong dinh ctia module
phat RF), mach chéng qua 4ap khi sac va
chong dudi ap khi xa. Bén canh do6, do do
phé bién cua loai pin nay nén cac giai phap
IC sac pin rat dé tim va lya chon. Trong mot
s6 thiét ké, LFP cling dugc st dung do do an
toan cao va gid thanh hop ly.

Trong giai phap nay, dung luong pin du
phong duoc lya chon 1a 10Ah @3.7V. Gia tri
nay dam bao thiét bi c6 thé phat dugc dir liéu
trong 2 tudn & ché do cip ctu véi chu ky
phat di liéu 1 15 phut / 1an va hon 40 ngay &
ché @6 giam sat 90 phut / 1an. Piéu kién tinh
s6 ngay hoat dong duoc udc luong dua trén
diéu kién pin sac ddy giam dén 3.6V (diéu
kién t6i thiéu module mang di dong con hoat
dong t6t). Khi wdc luong cling phai cha ¥
dén tudi tho cua pin s& giam theo ting nam.
Thong s6 tudi tho nay tiy vao diéu kién hoat
dong cua pin. O déy, udc luong thiét bi sé bi
giam 30% dung luong theo tirng nam.

Song song do, giai phap dung nang
luong mat tro1 nhu nguén dién doc 1ap voi
ngudn dién trén tau dé sac cho pin noi 1a mot
Iya chon phii hgp. Mic du diéu kién anh sang
mit troi trén bién ung ho giai phap nay. Tuy
nhién viéc lya chon loai cell mat tro1 va IC
sac pin lithium-ion bang nang luong mat troi
1a cac van dé phai giai quyét.

Dua trén cac diéu kién can sac pin
Lithium-ion 3.7V don, cell ning lugng mat
troi s& ¢ gidi han 13 5V. Do kich thudc tam
pin nang luong mit troi bi han ché, loai cell
monocrystalline dugc lya chon dé tang hiéu
sudt ciia qua trinh chuyén hoa ning luong
anh sang thanh dién nang. Pé dam bao duoc
mirc ning lugng can thiét cua hé pin nang
luong mat troi va IC sac, can phai tién hanh
do kiém thuc té véi didu kién anh sdng manh
dén yéu va tng véi tinh trang dién ap pin sac
khac nhau.

Bing 3. Ning lwong tiéu hao va dw dodn sé
ngdy hoat dong khong cdan sac pin trong
modem cdp cuu (SoS)

SoS — Period = 15 minutes

Load t(s)
Num | Action Current @15m mAh
(mA)
1 Sleep 0.77 | 790 |0.168972222
2 GPS 21.5 30 ]0.179166667
3 GPRS 1 150 20 |0.833333333
4 GPRS 2 350 10 |0.972222222
6 IRI1 20 20 | 0.111111111
7 IRI2 150 10 |0.416666667
8 IRI 3 80 20 |0.444444444
3.125916667
96 lin
1 Day @24h 321.75 mAh
Year .
Number Condition mAh Days
Number
of Day No
Year 1 | Charging |Normal| 5000 15.54
50%) -
3.6V
Min | 4500 13.99
Number
of Day No
Year 2 | Charging |Normal | 3500 10.88
(50%) x
70%
Min | 3150 9.79
Number
of Day No
Year 3 | Charging |Normal| 2000 6.22
(50%) x
40%
Min | 1800 5.59
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Bing 4. Nang lwong tiéu hao va dw dodn sé

ngdy hoat dong khéng can sac pin trong
mode hoat dong binh thuong

Normal — Period = 90 minutes

Load t(s)
Num Current @90m mAh
(mA)
1 Sleep 0.77 | 5140 | 1.099388889
2 GPS 21.5 180 1.075
3 GPRS 1 150 20 |0.833333333
4 GPRS 2 350 10 |0.972222222
6 IRI'1 20 20 | O0.111111111
7 IRI 2 150 10 | 0.416666667
8 IRI 3 80 20 |0.444444444
4.952166667
16 l4n
1 Day @24h 100.90 mAh
Year .
Number Condition mAh Days
Number of
Day No
Year 1 | Charging | Normal | 5000 49.55
(50%) -
3.6V
Min | 4500 44.60
Number of
Day No
Year 2 | Charging | Normal | 3500 34.69
(50%) x
70%
Min | 3150 31.22
Number of
Day No
Year 3 | Charging | Normal | 2000 19.82
(50%) x
40%
Min | 1800 17.84

Ngudn sang
C6 thé diéu chinh

T4m nhwa PC trong suét bao vé bé mat thiét bi

Cam bién
anh sang

May do cwdng
do6 sang

TAm pin ndng lwgng mét troi

l

Mach sac pin Lithium-ion 3.7V

l

Pin Lithium-ion 3.7V

Hinh 3. M6 hinh do dong sac pin Lithium-
ion

Bai do dugc tién hanh gdm cac budc:
hiéu chinh ngudn sang (bang dén cao ap) dé
dat dugc cuong dd sang mong mubn trén
may do, quan sat va ghi két qua dong sac pin
Ung v6i myc dién ap cua pin. Trong qua trinh
do klem dong sac pin Lithium-ion, can luu y
mot s6 van dé& sau: cam bién anh sing kém
bén vé6i nhiét nén khong duoc dé cam bién
gﬁn ngudn nhiét (sinh ra boi ngudn anh sang
dleu chinh dugc) trong thoi gian dai; dé rat
ngén thoi gian do kiém, nén chuan bi bg sac
pin va tai xa cho pin lithium-ion dé co thé tao
ra mic dién 4p pin mong mudn.

Bing 5. Két qua do dong sac pin Lithium-ion

Cuong | Dong sac theo dién ap Pin sac (mA)
do
sang
trung
binh
(kLux) 4.09 | 3.76 | 3.57 | 3.04 | 2.48
99.04 56 | 122 | 164 | 180 | 307
62.80 31| 122 153 | 158 | 269
29.02 23| 120 | 120 | 119 | 217
6.65 23 74 67 76 76
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3. KET QUA AP DUNG GIAI PHAP
3.1 Pham vi ap dung giii phap

Giai phap dang duoc ap dung trén hon
2000 thiét bi giam sat hanh trinh cho phuong
tién danh bét xa bd phan bd trén ca nude(chu
ky cap nhat binh thuong 90 phut / 1an va hoat
dong 24/7). Trong Hinh 4, man hinh web
browser hién thi phuong tién don dbi voi
vung thua phuong tién khai thdc va nhom
phuong tién kém theo s luong dbi voi ving
¢6 tap trung nhiéu phuong tién khai thac.
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Hinh 4. Phan bé phwong tién khai théc xa bo
s dung thiet bi giam sdat hanh trinh vé tinh

3.2 Cac han ché caa giai phap

Bén canh nhiing loi ich da mang lai
trong qua trinh trién khai thuc té, giai phap
chua phai 13 t6i vu tot nhat. Van dé tan dung
chua triét dé phan du thira ctia pin Lithium-
ion. Giai phdp hi¢én tai dang dung pin don
3.7V. Khi di¢n ap pin giam dudi 3.6V thi
viéc van hanh truc tiép module di dong s€ bi
han ché. Tir d6, thiét bi phai sir dung truc tiép
module vé tinh gay tiéu tén chi phi van hanh
bang mang vé tinh & cac truong hop co thé
két nbi voi mang di dong.

Céc thiét bj van hanh trong thoi gian dai
(hon 1 nim) c6 hién twong bé mat 16p nhua
trong bao v¢ thiét bi s& bi mo dan anh hudng
dén hiéu suit sac pin clia tAm nang lugng mat
troi. Bén canh d6 con phat sinh thém quy
trinh danh bong lai 16p nhya nay trong qua
trinh bao tri thiét bi.

4. KET LUAN

Giai phap da dugc thyc hién thanh cong
trén san pham thuong mai. Gop phan tao nén
mot hé sinh thai s6 hoa cho nganh khai thac
thily san xa bd. Giai phap c6 thé duoc mo
rong cho céc thiét bi thu thap dir liéu xa bo
ap dung cho cac nganh nudi trong thiy san,
nghién ctru moi truong bién (thu thap nhiét
do, stic gio, song,...) hay dau khi.
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