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Bai bao trinh bay cac két qua nghién ctiu chinh clia dé tai theo nghi dinh thu hgp tac khoa hoc giiia
Viét Nam va Phap “Nghién ctu phat trién va (ing dung phuong phap laser LIDAR trong méi trudng
sol khi mé than” (ma s 14/2011/HD-NDT). San pham chinh cta dé tai 1a hé LIDAR VF tan xa dan hoi
do luu déng, st dung phuong phap do Kllet-Fernald két hgp véi hai chum tia va quy trinh do LIDAR
Iuu dong. Thiét bi nay da dugc thi nghiém tai khu vuc mé than Nudi Béo (Quang Ninh). Ung dung
phuadng phap xU ly sé liéu, dé tai da xac dinh dugc hé sé tan xa ngudc.

Tu khod: hé sé tan xa nguoc, laser LIDAR, LIDAR, phuong phap hai cham tia, phuong phap Kllet-

Fernald.
Chi s6 phan loai 1.3

STUDY ON DESIGNING,
SETTING AND TESTING
THE LIDAR VF

Summary

This paper presents the main
results of the protocol project
between Vietham and France
“Development and application of
LIDAR method in the coal mining
aerosol medium” (code 14/2011/
HD-NDT). The main product of the
project is the LIDAR VF system
for outside measurement, using
Kllet-Fernald method combined
with two-stream method and
outside measurement process.
This LIDAR system has been
tested at Nui Beo coal mine in Ha
Long city, Quang Ninh province.
The backscattering coefficient
has been found by applying the
data analysis method.
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Dat van de

Sol khi bao gdm bui va cac khi co tac dong truc tiép va gian tiép
1én trlr lwgng birc xa cua trai d4t va khi hau. Tac dong tryc tiép la cac
sol khi phan tan va hép thu céc tia xa buc xa mat troi trong khong
gian. Tac dong gian tiép 13 khi sol khi & tang thip cua khi quyén co
thé lam thay d6i kich ¢& cua cac phan tir may, lam thay ddi phan
xa va hap thu birc xa mat trdi cia may, va nhu vy tac dong 18n trir
luong nang lugng cua trai d4t. Nhiém ban khi quyén con la tac nhan
gay nén nhiém ban ngudn nudc thong qua qua trinh giang thuy.

Cong nghé LIDAR duoc ding dé khao sat va dong gop sb liéu
nhim danh gia tac dong cia sol khi dbi véi qua trinh bién doi khi
hau. LIDAR (Light Detection And Ranging) 13 mot thuét ngit dé chi
mot cong nghé do vién tham cha dong, img dung cong nghé laser va
cac tién bo khoa hoc va cong nghé (KH&CN). Sau khi xung laser
LIDAR kich thich cac sol khi va bui, c6 mot ph?m burc xa laser tan
xa nguoc trd lai hé LIDAR. Cac photon tan xa ngugc nay dugc thu,
xtr 1y va phan tich boi cac thiét bi va phan mém chuyén dung dé xac
dinh cac thong sé dic trung twong tac laser moi truong va cac dic
trung moi truong [1, 2].

Vi hé LIDAR can tranh cac dao dong nén cac tram LIDAR
thuong dugc lép dat va hiéu chinh rat can than tai mot vi tri. Tuy
nhién, khi chua c6 mang ludi LIDAR cd dinh thi cong tac do LIDAR
luu dong c6 mot nhiém vu cép thiét dé khao sat bui tai khu vuc mo
than Quang Ninh. D6 ciing 1 ndi dung chinh cua dé tai theo Nghi
dinh thu gitra Viét Nam va Phap “Nghién ctru phét trién va tng dung
phuong phap laser LIDAR trong mdi truong sol khi mo than”. Viéce
trién khai dé tai do Truong Pai hoc Mo - Dia chat két hop véi Vién
Vat ly (Vién Han 1am KH&CN Viét Nam) thuc hién da thu duoc két
qua tot.



Noi dung nghien ciu

Dé tai ¢6 2 ndi dung nghién ctru chinh 1a nghién ciru
ché tao hé LIDAR VF do luu dong va phuwong phap do
hé LIDAR VE. Bé phu hop v6i nhiém vu do luu dong,
h¢ LIDAR VF dugc thiét ké thanh cdc modul c6 thé
lip dit nhanh ma van dam bao d¢ chinh xac. Modul
quang duoc thiét ké theo nguyén 1y nhan tin hiéu truc
tiép dé giam céc suy hao do duong dan truyén. Két ndi
cac modul quang va dién can dap ng nguyén 1y tin
hi¢u quang dugc dua truc tiép vao cac detector.

Nguyén Iy va yéu cau thiét ké hé LIDAR VF

Céc h¢ LIDAR s€ thu nhan tin hi€u tdn xa ngugc
(g6c tan xa bang 180°). Giita tin hiéu thu va tin hiéu
phat duoc lién h¢ thong qua phuong trinh LIDAR.
Phuong trinh LIDAR biéu dién su phu thudc cta cong
sut P theo khoang cach R va budc song A nhu sau [3,
4]:

R

P(R,2) = PO.%.AU% B(R Ayexp[ -2 ur. )] (1)
0

Trong do :

- u(r,)) va B(r,A) 1an luot 1a hé sb suy giam va
hé s0 tan xa nguoc.
- Hé s6 LIDAR duogc tinh theo cong thuc:

V6i P 1a cong suét trung binh ciia may; ¢ 1a téc do
laser; T 1a thoi gian xung; A 1a ti€t dién thau kinh (b0
thu); 1 14 hiéu suat hé thong.

- Théng sb hinh hoc: G(R) = O(R)/R*= 1/ R?

Vi R 1a khoang cach tir ngudn phat laser toi d6i
tuong nghién ciru; O(R) 1a ham overlap: 0<O(R)<1;
néu O(R) = 0 thi khong c6 tin hiéu hay khong thu dugc
tin hi¢u, O(R) = 1 thu duogc tin hiéu o nét nhat, khi giai
phuong trinh thuong gia thiét cho O(R) = 1 dé phuong
trinh don gian hon.

Hai hé s6 dau hoan toan dugc xac dinh boi viée
thiét 1ap LIDAR va c6 thé diéu khién dugc boi nha ché
tao thiét bi; hai hé sb sau phan anh cac tinh chét cua
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moi trudng sol khi, thong tin vé khi quyén. Qua nghién
clru khéao sat thiét ké cac LIDAR tan xa dan hdi cua
Phap, Ba Lan va cac h¢ LIDAR da duogc ché tao trong
nudce, dé tai da 1én phuong an thiét ké hé LIDAR VF
theo cac modul, ¢6 thé thao lip don gian va nhanh gon
dé thyc hanh do & Quang Ninh.

Hé LIDAR VF tan xa dan hoi cua Truong Dai hoc
Mo - Dia chét dugc thiét ké vai cac ndi dung yéu cau
sau: do tin hiéu LIDAR tan xa Mie do sol khi v&i mat
do6 thap tai 2 budc song 532 nm va 1064 nm; khoang
cach do 1a 8 km trong diéu kién thoi tiét thuan loi nham
xéc dinh cac thong sd dic trung cia moi truong nhu ty
s6 LIDAR, hé s6 tan xa nguoc, hé $6 suy giam, mat do
tap trung sol khi; laser c6 dang xung, tan s6 13p lai cao,
cong suit 16n, 46 rong xung ngan; thu dugce tin hidu tan
xa nguoc dan hdi voi do nhay cao, loai trir nhiéu tot;
thiét ké virng chic, déng thoi ¢6 do linh hoat cao, dé
dang thao lap, di chuyén va sir dung.

Xdc dinh hiang sé LIDAR bang phwong phdp hai
chum tia

Trong phuong trinh LIDAR, hang s LIDAR duoc
dinh nghia bang cong thuc (1), trong d6 1 13 hiéu suat
ctia toan b hé thong. N6 bao gdm hiéu sudt quang hoc
clia tat ca phan tir truyén qua va thu nhan anh sang.

Nhu trén di thiy, trong qué trinh ché tao hé LIDAR
can co phuong phap tdi uu hing sé LIDAR. Dé xéc
dinh hang sé LIDAR, dé tai st dung phuong phap hai
chum tia. Tir thap ky 80 cua thé ky XX, Kunz (1987),
Hughes va Paulson (1988) d4 nghién ciru phat trién k¥
thuat hai chum tia dung cho LIDAR [3]. K¥ thuat nay
da giai quyét dugc ton tai cua phuong phap Raman
thuong 1a khong tim duoc dong thoi hé sé suy giam va
tan xa nguoc trong mot phuong trinh LIDAR. LIDAR
sol khi UltraViolet Aeroporte (LAUVA) dugc phat
trién tai CEA/CNRS cua Phap 1a loai LIDAR an toan
cho mat nguoi su dung, voi budce song 355 nm, 1a mot
trong cac thiét bi dé trién khai phuong phap hai chim
tia. N6 c6 thé dit trén may bay hodc khinh khi cau dé
do dac (Chazette va cs, 2007, 2008) [5]. Phuong phéap
hai chum tia LIDAR da duogc nghién ciru phat trién tai
Phap, mot trong cac két qua nghién ciru 13 thuat toan
dao nguoc cua Juan Cuesta, Pierre H Flamant [6, 2].

Hai may LIDAR dugc dat cach nhau mot khoang d



trén mat phiang ngang dé cung khao sat ving khi quyén
giira hai may. Dé tai gia sir rang, hai chum laser phat
ra tir hai may cung phuong, nguoc chiéu. Pat S(r) =
P(r)R?, phuong trinh LIDAR cho hai may tr¢ thanh hé
phuong trinh sau [5, 6]:

S1(1) = K B(Mexp[—2 [, u(rdr'] 3)

S;(r) = KB (rexp[—2 [ u(r')dr'] @)

Giai hé hai phuong trinh trén, dé tai thu duoc hé s6
tan xa nguoc va hé sb suy giam:

0=
B(r) =p (rref)J S(i(:;) sé(r:);) ©

Thay cac gia tri tinh dugc trén vao hai phuong trinh
LIDAR, d2 tai xac dinh duoc cac hé sd LIDAR cia hai
h¢ LIDAR:

K. = S(r)1
L B@expl-2fy u(rar | )
K, = S(r); (8)

B(r)exp[—z f:iu(r’)dr’]

Thiét ké, ché tao va thir nghiém hé LIDAR VUF
Thiét ké hé LIDAR VF
Hé LIDAR VF gdm 3 khéi chinh: khdi phat tin

hiéu, khdi thu tin hiéu, khéi ghi nhan va xt 1y tin hiéu.
Cac khoi nay dugc le“ip dat trén mot ban quang hoc
chdng rung xoc va co thé di chuyén dugc. Co ciu két
nbi cac khdi can dat yéu cau théo lip, hiéu chinh don
gian va thuan loi, pht hop vé6i diéu kién do luu dong.
Trén hinh 1 cho théy, hinh anh hé LIDAR VF do dong
thoi 2 kénh 532 nm va 1064 nm. Dé giir hé 6n dinh can
c6 bo phan co khi d& h¢ quang thu. Huéng chum tia

dugce 6n dinh trong qua trinh do.
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Hinh 1: anh hé LIDAR VF do dong thoi hai kénh 532 nm
va kénh 1064 nm
(1. Khéi phat; 2. Khéi thu; 3. Khoi xit Iy 56 liéu)

Khéi phat tin hiéu c6 nhiém vu phat xung anh sang
kich thich vao vung khong gian can nghién ctru. Hé
phat bao gdm cic thiét bi nhu may phat laser cong suat
cao, cac linh kién quang hoc nham dinh hudng chum
tia va photodiode nhanh dé xac dinh thoi gian phat
xung laser.

Cin ct theo yéu cau ciia may phat tin hiéu cho hé
LIDAR tan xa dan hoi do xa dén 8 km, Laser Litron
Nano S 120 - 20(UK) dugc chon cho hé¢ LIDAR VF
tan xa dan hoi. Laser ¢ hoat chét 1a tinh thé Yttrium
Aluminium Garnet (Y,Al,O,,) ¢6 pha tap cac ion Nd**
lam tam hoat chat. Laser Nd: YAG c6 ngudng kich thich
kha thap, do dan nhiét cao cho phép phat & ché d xung
tan sd cao va ca ché do lién tuc. Hiéu suit cua laser nay
khé cao, vao ¢& vai phan trim. Laser dugc bom quang
hoc bdi dén xung. Laser hoat dong & ché d6 Q-Switch
nhd mot té bao quang dién KD'P (KD,PO,) Pockels
(hinh 2) va mét kinh phan cuc.

Hinh 2: Laser Litron Nano S 120-20
1. Buéng bom; 2. Té bao pockels; 3. Buong cong hieong;
4. Guong thoat laser, 5. Ban budc song va kinh phan cuc;
6. Van an toan dién; 7. Cap nguon nudi



Nguon laser phat ra xung laser hong ngoai dic trung
¢ bude song 1064 nm, tan sé 10 Hz, ning luong xung
¢ 120 mJ. Bé chuyén d6i budc séng sang ving kha
kién hodc tir ngoai, nguoi ta ding tinh thé phi tuyén
KTP (KTiOPO,) dat trong budng cong huong. Guong
ctia budng cong hudng phan xa 100% birc xa tan sd co
ban va truyén qua burc xa tan sd hoa 3 bac 2, nhd vay
hiéu suét nhan d6i tan s 16n; tia laser 16i ra c6 budc
song 1a 532 nm, ning luong xung t6i da 1a 60 mJ; hop
chira khoi laser duoc 1am bang nhom; bé mit bén trong
duoc son hép thu anh sang; cac bd phan quang hoc
duge dit cb dinh trén mot gia béng céc vit diéu chinh.

Bdng 1: cdc thong sé ky thudt ciia chimm tia laser

TT Cac dic trung Buée song 532 nm | Buée song 1064 nm
1 | Buong kinh chum tia 4 mm 4 mm
2 | Do rong phd 1,4-1cm 0,7 -1 cm
3 | Do tr6i nang lugng +2% +2%
4 | Do 6n dinh diém <70 prad <70 prad
5 | Nang luong xung cuc dai 120 mJ 60 mJ
6 |DPJ rong xung ~10ns ~8ns
7 |Tansh Xxung 20 Hz 20 Hz
8 | Phan cuc ngang ngang
9 | Ty 1¢ phén cuc >90%

May laser Nano S120-20 thudc loai laser LIDAR
cong suat cao c6 kich thude nho nhat, dap ing yéu cau
cua h¢ LIDAR phai van chuyén di do thuc té.

Khéi thu tin hiéu 1a bo phan quan trong thir 2 ctia
hé do LIDAR, cho phép thu nhan cac tin hi¢u tan xa dé
phan tich va xu ly, tr d6 xac dinh dugc cac dac trung
vat 1y cua sol khi va phan bd ciia chung trong khong
gian va theo thoi gian. So d6 nguyén 1y cua khdi thu
duoc mo ta trong hinh 3.
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Hinh 3: so' do nguyén Iy thu tin hiéu LIDAR VF
1: Telescope LX 200 8 inch; 2: Phin loc khong gian (pinhole);
3: Thau kinh chudn truc = 60 mm, 4: Guong tach chum tia;
5: Phin loc 532 nm; 6, 9: Théu kinh hoi tu =25 mm;
7: Photomultiplier tube; 8: Phin loc 1064 nm,; 10: Avalanche Photodiode
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Khéi thu bao gdm céc thiét bi nhu kinh thién vin,
chan chim khong gian, thau kinh chuan truc, guong
tach chum tia, phin loc giao thoa, tinh thé tach chum
phan cuc, cac thiu kinh hdi tu va cac dau thu. Kinh
thién van c6 tic duyng thu nhan cac photon tan xa
nguoc gy ra bdi cac dam may va sol khi tuong tac voi
chum tia laser. Kinh thién van dugc dung ¢ day la mot
hé théng quang hoc, duogc ciu tao dua trén loai kinh
thién van Cassegrain cua Hang Quasi-Cassegrain co
duong kinh 20 cm, 1/10. Tin hi¢u thu dugc tir telescope
s& duoc di qua phin loc khong gian (2) rdi hoi tu boi
thu kinh (3) dén guong tach chum (4). Tai guong tach
chum tia, chum tia 532 nm dugc truyén qua, con chim
tia 1064 nm bi phan xa. Chum tia 1064 nm di qua phin
loc giao thoa 1064 nm (5) 101 duge hoi tu vao modul
APD (10) boi thau kinh (9). Chum tia 532 nm di qua
phin lgc giao thoa 532 nm (8) dugc hoi tu vao modul
PMT (7) boi thau kinh (6).

Thir nghigm h¢ LIDAR VF

Thuc nghiém do tin hi¢u LIDAR véi cac thong s6
may phat laser khi tién hanh do dac: may phat budc
song 532 nm, tan s6 ldp 10 Hz, ning luong laser 14 86
mJ. Trén hinh 4 cho thiy, cic hoat dong thir nghiém
ban ngay va ban dém h¢ LIDAR VF tai hién truong
Tram phat song cdt 5 va Ban quan 1y Dy an phuong
Hong Hai - Ha Long, khu vuc m6 than Nui Béo.

Két qua cho thdy, sol khi tip trung trong ving tir
2 km tré xudng. Dé tranh nhiéu do trdi swong mu va
nhiéu may, dé tai dung s6 liéu thu duoc vao trua chiéu
ngay 21.3.2013. Trong thoi gian nay, troi quang may,
nfmg nhe, c6 gi6. Voi nhitng s6 liéu thu duoc, dé tai da
tién hanh xir Iy va tinh toan hé sb tan xa nguoc bang
phuong phap Klett - Fernald. Hinh 4 cho thy, hinh
anh tin hiéu thu vé dugc hién thi sau khi di s hoa bang
phan mém Picoscope.
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Hinh 4: hinh anh tin hiéu thu vé qua phdn mém Picoscope



Mot dac trung quang hoc quan trong cua sol khi 1a
hé sb tan xa nguoc. Dya vao dai lugng nay co thé xac
dinh dugc mat do sol khi trong khi quyén. Dé tai da thu
duogc duong dac trung hé s6 tan xa nguoc nhu hinh 5.
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Hinh 5: hé sé tan xa nguoc ciia sol khi do ngay 21.3.2013

Trén hinh 5, duong mau xanh duong 12 hé s6 tan xa
nguoc tong cong (sol khi va phan tir khi), dudng mau
xanh 14 cdy 13 hé s tan xa ngugc cia sol khi, duong
mau do 1a hé s6 tan xa nguoc cua phan tir khi quyén.
Chung ta thdy, & 6 cao khoang 500 m c6 mét 16p sol
khi ¢6 hé sb tan xa nguoc ¢d 3.10%sr!, & do cao khoang
2200 m c6 mot 16p sol khi co hé sb tan xa nguoc cd
1,5.10%sr". Nhin vao hinh, ta co thé thiy sol khi phan
bd thanh hai 16p: 16p dudi thap trong khoang 1 km
tr lai; 16p cao hon ndm trong d6 cao tir 2-3 km. C6
thé theo ddi duogc su van dong cua khdi sol khi trong
khong gian va theo thoi gian khi thuyc hién phép do
lién tuc.

Céc két qua nghién ciru trén cho thay, hé LIDAR
VF c6 cac thong s6 laser tuong duong véi thiét bi nudce
ngoai va hoat dong 6n dinh. Hé LIDAR VF da cho
phép xac dinh dac trung quan trong ctia moi truong sol
khi 14 hé sb tan xa nguoc cua sol khi. S liéu do phu
hop voi két qua nghién ctru co ban vé tinh chit quang
hoc khi quyén, d6 1a dudong do dic trung hé sb tan xa
nguoc ciia cac phan tir khi quyén. Nhu vay, cac két qua
do la dang tin cay.
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Két luan

Bai b4o da trinh bay cac ndi dung nghién ctru thiét
ké, ché tao, thur nghiém h¢ LIDAR VF va khao sat moi
truong sol khi ¢ tinh Quang Ninh. Thuc nghiém st
dung quy trinh 1ap rap, van chuyén cho thay, quy trinh
do va thiét ké hé LIDAR VF dap tng duoc yeu cau do
lwu dong. Cung véi cac két qua phan tich miu buyi va
than tai cac phong thi nghiém cua Phéap cho thiy c6
su tham gia cua bui than kich thuéc nho hon hon 2,5
pum vao moi truong khong khi ¢ tinh Quang Ninh. Tuy
nhién, dé danh gia dtng mac d6 6 nhiém do byi than
gdy ra can c cac nghién ctru ddy du vé cac ngudn 6
nhiém khac cta thanh phd Ha Long, tinh Quang Ninh
va sy anh hudng cta cac vung khi hau lién quan.
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