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PHUONG PHAP TiNH TOAN CU' LY HOAT PONG CUA THIET BI
ANH NHIET DUA TREN PQ CHENH LECH NHIET TOI THIEU

Nguyén Ngoc Son*, Pham Pinh Quyl* Vil Thanh Binh?

Tém tit: Cac thiét bi anh nhiét ngdy cang dwoc sir dung rong rdi trong quén su cho
cdc thiét bi ngam bdn ciing nhu quan sdt. C6 nhiéu phwong phdp dé tinh todn ciing nhu
danh gid cu ly quan sat cua cac thiét bi anh nhiét, ca phwong phdp 1y thuyét lan quan sdt
thuee té véi nhitng wu nhwoe diém khdc nhau. Bai béo dwa ra phirong phdp tinh todn cuw ly
hoat dong cua thiét bi anh nhiét: Cu ly phat hién, nhdn dang va phdn biét dua trén do
chénh léch nhiét téi thieu (MRTD) duwoc do trong phong thi nghiém theo tiéu chudn
STANAG-4347 ciia NATO. Phuong phdp dwoc dp dung dé tinh todn cu ly quan sét cho
kénh anh nhiét ciia kinh ngdm phdo thii hon hop ngdy dém ding cho xe ting T-54B (T55).
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1. MO PAU

O nudc ta dac biét 1a trong quan doi cac thiét bi anh nhiét ngay cang dwoc sir dung rong réi.
Céc thiét bi anh nhiét c6 nhiéu vu diém vuot troi trong quan sat so véi cac thiét bi khac 1a sir
dung dugc ca ban ngay va ban dém, sir dung trong diéu kién ti hoan toan, chi can co nhiét phat
ra tir muyc tiéu, kha nang phat hién muyc tiéu ni troi hon cac cong nghé khac, khdng bi 16a sang.
Thiét bi anh nhiét dugc ding dé quan sat, phat hién, theo ddi myc tiéu, canh gi¢i ngay dém. Cy
ly hoat dong la mot trong nhiing thong sé quan trong va duoc quan tdm nhat dbi vai cac thiét bi
anh nhiét. Trén thé gioi da hinh thanh kha hoan chinh cac phwong phap ca ly thuyét Ian thuc
nghiém dé danh gia cy ly hoat dong cua thiét bi anh nhiét. Tuy nhién, & nudc ta mac du cac thiét
bi anh nhiét ngay cang dugc su dung phd bién nhung viéc danh gia chat luong quan sat ciing nhu
cac yeu t6 anh huong dén chat lwong quan sat cua cac thiét bi anh nhiét chua duoc nghién cau
nhiéu, chua c6 nhirng tiéu chuan ciing nhu cac thong sé dé danh gia mot cach khoa hoc, dic biét
1 tiéu chi v& cy ly hoat dong cua thiét bi.

Trong bai béo trinh bay phuong phap tinh toan cu ly hoat dong cua thiét bi anh nhiét dya trén
d6 chénh léch nhiét tdi thiéu (MRTD) dugc do trong phong thi nghiém theo tiéu chuan STANAG
— 4347 (1) ciia NATO. Trén co sd do, tinh toan cu ly quan sat cho kénh anh nhiét cia kinh ngam
phao thu hdn hop ngay dém dung cho xe ting T-54B (T55).

2.CO SO VA PHUONG PHAP TINH TOAN

Cu ly hoat dong cua thiét bi anh nhiét phu thude rat nhiéu yéu to: Tinh ning k¥ thuat cia
thiét bi (Tiéu cu vat kinh, gia tri ham truyén, do phan giai dau thu, d6 nhay nhiét dau thu.. )
cac diéu kién moi truong (Thoi tlet tam nhin xa, hé so truyen qua cia moi truong, phong nén
quan sat...); cling nhu muc tiéu quan sat. Cé nhiéu phuong phap xac dinh cu ly hoat dong cua
thiét bi anh nhiét: Phuong phap tinh toan 1y thuyét, phuong phép do truc tiép trén thuc dia,
phuong phap két hop do trong phong thi nghiém va tinh toan [2, 4, 5, 8]. Phuong phéap duoc
trinh bay 1a két hop do trong phong thi nghiém va tinh toan dua trén do dac do chénh léch
nhiét tbi thiéu (MRTD).

MRTD (Minimum resolvable temperature difference) [1, 2] — d chénh léch nhiét tdi thiéu dé
thiét bi anh nhiét c6 thé phat hién, nhan dang, phan biét muc tiéu, 1a mot ham sé phy thudc vao
tan sb khong gian cta mia thir nghiém. So do khéi do dac tinh toan ctiia phuong phap duoc trinh
bay trong hinh 1 [1, 2, 6, 8].

Tiéu chuan STANAG - 4347 [1] 1a tiéu chuin NATO nham xac dinh cy ly hoat dong danh
nghia cua cac hé théng anh nhiét dya trén sy phu thudc cia d6 chénh 1€ch nhiét t61 thiéu vao cu
ly hoat dong theo cong thirc sau:
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AT(R)=AT,-7(R)=AT,-e " (1)
trong d6: AT(R) - Do chénh léch nhiét tdi thiéu [K];
R - Cu ly hoat dong cua thiét bj anh nhiét [Km)];
AT, - P chénh 1¢ch nhiét giira phong nén va muc tiéu, AT, =2K [1];

r( R) - Hé sb truyén qua moi trudng cia birc xa hong ngoai;

o - Hé s diéu kién méi truong; o =0,2km™ [1] dbi v6i moi trudng c6 didu kién khi
tugng t6t cho birc xa hong ngoai truyén qua; o =1,0km™ [1] d6i véi mdi trudng co diéu kién
khi twong khong tbt cho biic xa hong ngoai truyén qua;

Do gia tri MRTD cua thiét bi
trong phong thi nghiém
X4y dung ham s6 phu thuéc MRTD vao Y
tan s6 khong (theo tiéu chuan STANAG Xay dung ham s6 phu thudc
4347 [1]) gian dé phat hién, nhan MRTD thiét bi vao tin sb
dang, phan biét muc tiéu khong gian

. e —

Xay dung dd thi cac ham MRTD theo tan
s0 khong gian

v

Xac dinh giao diém, tir 46 xac dinh cy ly
phat hién, nhan dang muc ti€u cuia thiét bi

Hinh 1. So do cdc bude xdc dinh cy ly hoat déng ciia thiét bi anh nhiét.

Cu ly hoat dong cua thiét bi dugc chia thanh: Cy ly phat hién, cu ly nhan dang va cu ly phan
biét muyc tidu. Muc tiéu dung dé danh gia cu ly hoat dong cac thiét bi anh nhiét theo tiéu chuén
STANAG- 4347 c6 kich thudce: 2,3 x 2,3m.

Cac gia tri MRTD s€ dugc xdc dinh thong qua thyc nghiém bang cach str dung thiét bi anh
nhiét quan sat myc tiéu qua mot hé thong ong chuan tryc hong ngoai chuyén dung. Muyc tiéu
duogc stir dung la mia hong ngoai USAF 1951 [2, 4, 5] ¢6 cau trac nhu hinh 2.

Hinh 2. Mia hong ngoai USAF 1951.
Méi lién hé gifra cac cu ly hor;}t dong cua thiét bi voi mia quan sat duoc xac dinh theo tiéu
chuan Johnson [2, 3, 7] v6i xac suat dang 50%, va dugc biéu dien theo cong thirc sau:
2.3r 2.3-r

77 rec
trong do: Rget, Rrec, R,d lan lugt 1a cy ly phat hién, nhan dang va phan biét muc ti€u [km];
r - Tan s khong gian ciia mia quan sat [mrad™].

2)
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r— fin
2.7

trong do: - Ty, 12 tiéu cu vat kinh dng chuan truc caa thiét bi do MRTD (mm);
- T: Chu ki cta mia quan st (mm).
Ttr cong thire (1) va (2) xay dung dugc ham phy thu¢e cia MRTD vao mia quan sat, v6i cac
cu ly hoat dong khac nhau cua thiét bi.

@)

—o23r. 70'-2.3-% ) —0'-2.3-%

ATy (1) =ATy - AT () =AT, e (ATig (r) =AT, -e (4)
trong do: AT, (r); AT..(r);AT,(r)lan luot 1a ham s MRTD tuong mg v&i cu ly phat hién,
nhan dang va phan biét muyc tiéu phu thudc vao tin sé khong gian ciia mia quan sat.

Nhu véy, trén co so 1y thuyét da xay dung duoc ham s6 phu thudc MRTD vao tan s6 khong
gian cla mia quan sat. bé xac dinh dugc gia tri cu thé cac cy ly quan sat, tién hanh xac ‘dinh gi’é
tri cu thé cua MRTD d61 v6i cac mia khac nhau. Gia tri nay xac dinh khi quan sat mia bang thi€t
bi qua ong chuan tryc hong ngoai, khi d6, gia tri MRTD dugc xac dinh nhu sau [2, 3, 7]:

AT = AT +AT 5)
2
trong d6: AT " 1a chénh léch nhiét d6 dwong t6i thiéu khi nguoi quan sat phan biét duoc mia;
AT ~chénh léch nhiét 6 am téi thiéu khi nguoi quan séat phan biét duoc mia.

Tu cong thuce (5) xay dung duoc tap hop cac gia tri MRTD tuong (ing Vi cac mia khac nhau,
hay ndi cach khéac la cac tan sé khdng gian khac nhau cua mia. Sir dung phuong phap ndi suy
xay dung duoc ham sé phu thudc gitra MRTD vao tan s6 khong gian caa mia: AT( )(6). bay
chinh 1 ham sé thuc nghiém phan anh gi4 trj thuc té caa MRTD.

_ Trén co s cac ham s6 (4) va (6) xay dung céc do thi biéu dién sy phu thuoc MRTD vao tan
so khong gian trén cung mot h¢ toa do, tir d6 xac dinh giao diem gilta cac do thi, cac giao diem
nay chinh la cac cu ly hoat déng cua thiét bi, bao gom cu ly phat hién, nhan dang va phan biét
(hinh 3) .

AT K] |
L

—  Hom WRID xdy dung theo kél
qua do
-S- Ham MRTD khi thoi figt 157

A lam URTD ki thei 1iét xéu

Cat 1in s6” khong gian xat
dinh cir ly hoot dong

t[mra71]

Hinh 3. Do thj xdc dinh cu ly hoar déng cua thiét bi.

3. AP DUNG PHUONG PHAP TiNH TOAN VAO KiNH NGAM PHAO THU THEO
NGUYEN LY ANH NHIET SU DUNG CHO XE TANG T-54B (T55)

Ap dung phuong phap trén dé tinh cy ly hoat dong cho kinh phao tha anh nhiét sir dung cho
xe tang T-54B (T55).
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Kénh anh nhiét cta kinh ngdm phao thu c¢6 cac thong s co ban nhu sau:

-Vat kinh: Tiéu cu: f, =100 mm; Khau d¢: F=1:1.2;

- Pau thu: Khoéng lam lanh, 640 x 480 pixels.

Thiét bi do ham MRTD Ia thiét bi kiém tra cac h¢ théng anh nhiét DT200 cua hang Inframet
(Ba Lan), tiéu cu vat kinh thiét bi: f;,=1600 mm.

Két qua do ham MRTD kénh anh nhiét kinh ngdm phéo thu véi cac mia khac nhau, st dung
cac cong thuc (3) va (5) nhan dugce cac s6 liéu trinh bay nhu trong bang 1.

Bing 1. Két qua do MRTD.
N . Tan so +

Chu ki mia " . AT AT~ AT

T T(mm) krh(‘r’:f’ag'.?)” (MK) (MK) (MK)
1 0,3 2,67 380 -530 455

2 0,59 1,36 216 -209 2125
3 1,19 0,67 270 114 78
4 1,68 0,48 254 124 65
5 2,38 0,34 228 118 55

Trén co so ket qua do dac, dung phuong phap néi suy xay dung ham s6 phu thudc gura
MRTD va tan sb khong gian ctia mia r. Sir dung phan mém Mathcad xay dung dugc ham sb noi
suy c6 dang nhu sau:

-6.4361072.r2 )

AT (r) =-56.631+200.846-r -e( (6)

Nhu véy, di xay dung duoc ham sb (6) xac dinh phu thudéc MRTD vao tan s6 khong gian cia
mia trén co so thyc nghiém.

Nhu d3 phan tich ¢ phan trudc gia tri cu ly quan sat dugc xac dinh trén co so tim giao diém
cua d6 thi ham s6 AT(r)(6) xéc dinh bang thuc nghiém, v6i dd thi cdc ham sb ATy (r);

AT (r); AT, (r) (4), tir do, tim giao diém tan s khong gian ctia mia twong tng véi cac cy ly
phat hién, nhan dang va phan biét muc tiéu.

Céc db thi trén 1an luot duoc biéu din trén cac hinh (4), hinh (5), hinh (6) theo dang logarit.
Trén mdi do thi biéu dién ham s6 AT(r)cung véi do thi AT (r) (hinh 4); AT, (r) (hinh
5); AT, (r) (hinh 6) trong ca hai truong hop diéu kién thoi tiét 6t AT, (r)va xdu AT, (r).

MRTD (mK)

1x104 T T T

1x10°F

ATldet (1)
AT2det (1) 100

AT (1)

10

1

Hinh 4. Bé thi xdc dinh cu ly phat hién muc tiéu ciia thiét bi.
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T MRTD (mK)

1x10

1x10°
ATldet (1)
AT2det (1) 100
el

AT (1)
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1 »
Hinh 5. P6 thi xdc dinh cu ly nhdn dang muc tiéu cua thiét bi.

4 MRTD (mK)
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100

: \\ r (mrad™)
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100
Hinh 6. Bé thi xdc dinh cu ly phdn biét muc tiéu cua thiét bi.

Tir cac d6 thi (4), (5), (6) xac dinh dugc giao diém gitta ham MRTD thuc nghiém va ham
MRTD khi phat hién, nhén dang, va phan biét muc tiéu cta thiét bi. Gia tri giao di€m theo truc
hoanh la tan s0 khong gian cuiia mia quan sat, thay cac gia tri nay vao cac cong thure (3), xac dinh
duoc cu ly hoat dong cua thiét bi. K&t qua tinh toan dugc the hién trong bang 2.

Bing 2. Cu ly hoat déng ciia thiét bi.

Cu ly phat hién Cu ly nhin dang Cu ly phan biét

TT | Thongso | 1y Thoi Thoi Thoi Thoi Thoi
tiét tot tiét xau tiét tot tiét xau tiét tot tiet xau

r giao diém

(mrad™) 2,98 1,09 5,53 2,19 8,81 3,31

Cu ly hoat

2 dong (Km)

6,85 2,52 4,24 1,68 3,38 1,27

Theo bang c6 thé théy cu ly phat hién, nhan (jang va phan biét myc ti€u cta kénh anh nhiét
trén kiph ,ngér’n phao thu trén xe tang fl"54, T55 lan lugt 1a: 6,85; 4,24; 1,27 km trong dicu kién
thoi tiet tot, ket qua nay phu hgp voi két qua thir nghiém quan sat ngoai thuc dia.

4. KET LUAN

Nhu vay, ap dung phwong phap do kiém trong phong thi nghiém két hop véi xay dung cong

thtc tinh toan, chung ta da xéac dinh dugc cu ly quan sat ciia kénh dnh nhiét trén kinh ngam phao
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thu trén xe tang T54, T55. Cac két qua duoc tinh toan ca trong diéu kién thoi tiét xdu va thoi tiét
tot. Phuong phap xay dung trén co so chinh la thyc nghiém, do dac trong phong thi nghlem co
tinh dén yéu td khi tuong, vi Vay, co ban phan anh chinh xac cy ly hoat dong ngoa1 thuc té cua
thiét bi. Tuy nhién, con nhiéu yéu 6 moi tru:orng chua duoc tinh dén, vi vay, can hoan thién hon
phuong phap dé cho ra mot két qua chinh xac nhét.

Bai bdo nay di dwgc bdo cdo tai Héi thao Quoc gia: Ung dung Cong nghé cao vao thuwe tién — 60
ném phdt trién Vign KH-CN qudn su.
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ABSTRACT

A METHOD OF CALCULATING THE OPERATION RANGE OF THERMAL IMAGE
DEVICE BASED ON MINIMUM RESOLVABLE TEMPERATURE DIFFERENCE

Thermal imaging devices are increasingly being used extensively in the military for
surveillance and observation. There are many methods to calculate and evaluate the
observation distance of thermal imaging devices, both theoretical and practical, with a
range of different advantages and disadvantages. In this paper, the method of calculating
the operating distance of thermal imaging device: Detection distance, identification and
discrimination based on the minimum resolvable temperature difference (MRTD)
measured in the laboratory according to STANAG- 4347 standard of NATO is presented.
The method is applied to calculate the observation distance for the thermal imaging
channel of a mixed day and night gunner viewfinder for a T-54B (T55) tanks.

[6].
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Keywords: Thermal image; Operating range; MRTD.
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