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1. Introduction

The variety of the night vision devices and its elements recently [1] puts a question
for device elements choice to satisfy different requirements. Because of that an
appropriate design optimization methods for the device elements choice [2, 3] is
necessary for a preliminary theoretical estimation of the designed device parameters.
Designing a complex technical system in nowadays conditions is impossible without
the use of optimization techniques. The device “quality” can be considered as an
optimization criterion that is defined in different ways depending on the usage area
and user requirements. There exist a number of quality parameters which can be used
in optimization models and amongst them the working ranges (for detection,
recognition or identification), weight and price are considered as of essential practical
importance [2, 3, 4]. Another essential quality parameter is electrical battery power
supply lifetime which also influences significantly on the device weight and price.
The device power supply lifetime depends on the type of the used electrical battery.
To make an appropriate electrical battery power supply choice on the design stage a
mixed-integer problem is formulated involving binary variables. The single criterion
optimization mathematical model for the monocular night vision goggles (MNVG)
design by a choice of its elements includes practical quality parameters as: working
range, weight and price and also electrical battery power supply lifetime and working
temperature range.

2. Single criterion nonlinear mixed-integer optimization problem

The practical usage of the NVD shows that a number of device parameters are essential
for the device quality. The most practically significant could be listed as follows
[2, 3]

“ The investigations in this paper are in the frame of IIT — BAS projects, code: 010068.
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o working range (detection, recognition or identification),

o weight,

e price.

Another significant from practical point of view is

o electrical battery power supply lifetime.
It depends on the electrical battery type which also reflects on the device weight and
price. The most obvious limitation of the electrical battery power supply lifetime will
be an electrical load placed on the battery which in our case is IIT electrical current
supply HIT. The electrical battery power supply lifetime LB also depends on the
electrical battery capacity CB. The lifetime based on an electrical load can be calculated
by dividing the available electrical battery capacity in mAh by the current demand in
mA to get the lifetime in hours:

Ceg
IIIT .

The electrical battery power supply lifetime parameter demands to develop an
optimization model with the possibility of an optimal choice among different electrical
battery types. The most popular electrical battery types can be divided on two basic
categories depending on their type and supply voltage: AA type with supply voltage
1.5 V and button (coin) cell type with 3.0 V supply voltage. The typical supply voltage
needed for MNVG is 3.0 V. Different companies produce variety of electrical battery
with different parameters, so an optimization choice is necessary to get the appropriate
result. To achieve the device working voltage power supply is necessary to include at
least one electrical button cell type battery or at least two AAtype batteries. To increase
the device electrical battery power supply capacity and respectively its lifetime it is
possible to use a number of parallel connected batteries. The different electrical battery
combinations for the MNVG electrical battery supply will have different capacity,
temperature range, weight and price. The goal of this mathematical model is to find
the optimal electrical battery power supply with some requirements about device
lifetime, temperature range while is minimizing the device weight and price. The
practical requirement for the electrical battery power supply is to include only the
electrical batteries of the same type. All of these requirements are to be included in a
mathematical optimization model. To express the MNVG quality, the some criterion
as in [2, 3] will be used one objective function

1) max {RY —H - P},
subject to:
27, EKAS
2) RY = \/Ta—A"b K, rK — detection range [4];
T
(3) Kir =D %Kir  — image intensifier tube (I1T) quality,
i=1
X, — binary variable for choice of a single IIT,
(4) D x =1, x{0, 1}, — for single IIT choice,

i=1
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Ki = _ i i-
5) LAY D in o quality of the i-th IIT,
S, =T luminous sensitivity (A/Im), o, — lIT limiting resolution (Ip/mm), M- IIT
signal to noise ratio, @ . . — IIT photocathode limiting sensitivity (Im).

The parameters of 'rfﬁré MNVG optical system objective-ocular are considered
that is preliminary known and objective quality parameter is defined as [2]:

K,, = D,, ..z, — objective quality,

D,, — diameter of the inlet pupil (m), f - objective focal length (mm),
7 — objective transmittance,

For different user requirements the working range type (2) can be changed to
the one of other working range types — orientation, recognition or identification as
shown in [4].

The parameters of the external surveillance conditions (z, — atmospheric
transmittance,

E — ambient illumination (Ix), K — contrast and A?, — reduced target area (m?))
are supposed to be known with some determined values.

The device weight is calculated as summarizing of each elements weight:

(6) H= H||T + Hob + Hoc + HB'

(7 Hur =D %H |,y — image intensifier tube weight,

H,, — objective weight,

H,. — ocular weight,

H, — electrical battery power supply weight.

The device price is summarized price of its elements:

(8) P= I:)IIT + Pob + Poc + I:)B'

(9) Pur = > %Piir — image intensifier tube price,
i=1
P_,— objective price,
P,. — ocular price,
P, — electrical battery power supply price.
The electrical battery power supply lifetime could be expressed as:
Cs
I 1T
Let us assume that there are t-types electrical batteries with supply voltage 1.5V
or 3 V. Every t-type battery could have k-subtypes with different capacity to choose
from. That means the electrical battery power supply capacity C, could be expressed
as (in m.A.h):
t kp
(10) Co=nY a,> b/Cs,
p=l  g=1
n — the number of the connected in parallel batteries to increase capacity,
a_— binary variable for battery type p,
be - binary_ variable for p-type and g-subtype battery,
C4%, - capacity of the g-suptype battery
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and to have electrical battery power supply one battery is needed at least.
(11) n>1.

The single choice of the electrical battery type without combining of the different
battery types and subtypes for each pe {1, 2, ..., t}:

(12) 2.2, =1
p=l

t kp
(13) >|a,~db¢ |=o0.
p=1 g=1
The chosen 11T input current 1 is (in mA):

(14) IIIT:inIIiIT :

I"Tis the input current of the i-th [IT.

There should exist a minimum L . electrical battery power supply lifetime:
(15) I_B e I_B min®

It does not make sense to design a custom electrical battery power supply with
lifetime larger than IIT lifetime, so an upper limit is needed:

(16) L<L,.

where L, inhis

7 Lir = z X; Ly :
i1

L% is the lifetime of the i-th I1T.

The electrical battery power supply weight H, and the price P, depend not only
on the chosen battery type but on the batteries number also. When the chosen battery
type has 1.5 V supply voltage a pair of them have to be connected serially to get the
MNVG standard power supply of 3 V;

t kp
(18) He =”Zap5pzb«§’“§,
p=1 q-1

s — constant, where s = 1 for the electrical battery with 3 V supply voltage or
s = 2 for the batteries with 1.5 V/ supply voltage,

H¢, — weight of the p-type and g-subtype electrical battery.

It is also practical to have some upper limit HJ™ for the electrical battery power
supply weight:
(19) H, <HI™

The electrical battery power supply price P should also be taken in consideration
and is defined as:

t kp
(20) Pg =”Zap5pzbqppé‘.
p=1 g=1

P4, is the price of the p-type and g-subtype electrical battery.

98



The electrical battery power supply is also characterized by its working
temperature range. It is possible to include the requirements for the electrical batteries
temperature working range (T " and T_"") as constraints depending on the battery
type choice:

(21) Téow < Téow min

T~ low battery working temperature boundary,
(22) TEr;igh > TEr;igh max ,

T2~ high battery working temperature boundary,

t kp
W low
(23) T = zap qupTBo "
-1 gl

Tao%s — low working temperature boundary of the p-type and g-subtype battery,

i t kp .
24) To =>"a,> bTy "
p=l =L

Txo9a — high working temperature boundary of the p-type and g-subtype battery.

The proposed MNVG mathematical optimization model allows formulating of
the single criterion nonlinear mixed integer optimization tasks. Their solution is to
provide an optimal choice of batteries type to get an electrical battery power supply
according to the user requirements, chosen IIT and a given optical system objective-
ocular while maximizing the device working range and minimizing its weight and
price.

3. Numerical experiments

The optimization task formulation goal is to get a solution where the choice of some
IIT and electrical battery type for the MNVG design has to provide:
¢ 2 maximum standing man detection range on
o the ambient light condition at j moon with
o minimum of the device price and weight and
o the electrical battery power supply working temperature range (-30 °C, +30 °C)
e and minimum of the electrical battery power supply lifetime 100 h, i.e.:

(25) max {RY - H - P},

subject to 2-24 where the typical values are substituted:

o for the external observing parameters 7, = 0.7; E = 0.01 Ix ( moon), K= 0.2,
A =0.7;

" o for the objective parameters: K = 0.42235; H , =859, P, =350 $;

o for the ocular parameters: H _=65g; P, =300 $;

o for the electrical battery power supply parameters: L =100 h, T ¥ = -30 °C,
Theh=30°C.

The formulated single criterion nonlinear mixed integer optimization task chooses
from the parameters of the five different IIT, for given objective and ocular and three
electrical battery types with subtypes shown in Tables 1 and 2.
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Table 1. lIT’s parameters

SZ? 6? I—IIT: TIIT: PIIT:

No T Allm [1p/mm|M Al g | $

1 |Gen Il [5] 0.000450( 50 (16| 16 |2000| 85 |660

2 | SHD-3 [5] 0.000600( 54 |20/ 18 (10000 80 |1500

3 | XD-4 [5] 0.000700( 58 |24/ 20 (15000 80 |2000

4 | XR-5 [5] 0.000800( 70 (28| 35 (15000 80 |5600

5 | MX-10160A [6]|0.001800/ 64 |[21| 40 (10000 85 |4900

Table 2. Battery’s parameters

No Battery Vol\t/age, m(.:,il.h Hgb' T%hégh' T%ZW' Pa?,
1 |Varta Longlife [7] 1.5 1200 |23.0| 30 -30 |1.00
2 |GP Super Alkaline [8] 1.5 2500 |24.0, 35 -35 |1.40
3 |Energizer Ultimate Lithium [9] 1.5 2900 |24.0| 35 -35 |4.00
4 |Renata CR2477N [10] 3.0 950 |8.2| 35 -35 |7.00
5 |Duracell 2450 Long Life Lithium [11] 3.0 560 [6.2| 30 -30 |2.50
6 |CR2477 Sony Lithium Coin Battery [12] 3.0 1000 |10.0/ 30 -30 |4.95

The formulated optimization task is solved by “LINGO” system (LINDO Systems
Inc.) and the results are shown in Table 3.

Table 3. Optimization task results

Device elements Chosen element

11T (No from Table 1) 1
Battery type (No from Table 2) 5 (3 pc.)

Device parameters Calculated value
Man detection range, m 319.15
Weight, g 253.60
Price, $ 1317.50
Electrical battery power supply lifetime, h 105.00

The task solution provides an optimal MNVG design combination of the 1T
and electrical battery power supply elements for a given optical system objective-
ocular according to the requirements.

4. Conclusion

A single criterion nonlinear mixed integer optimization task for the electrical batteries
type and IIT type optimal choice for some given optical system objective-ocular is
formulated and solved. The numerical experiments show that the defined optimization
model for electrical battery type choice depending on the IIT choice can be used to
satisfy practical requirements and also allow preliminary theoretical estimation of
the MNVG parameters on the design stage. Using optimization modelling on the
design stage decreases costs and time for producing of multiple prototypes and their
testing. The proposed mathematical optimization model could be modified if needed
to satisfy other practical requirements.
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(Pezome)

[Ipemioxena oqHOKpUTEPHAIbHASL ONTHMH3ALIMOHHAS MOJIENb [T BEIOOpA 2JIEMEHTOB
JUIS MOHOKYJISIPHBIX O4KOB HouHoro BuaeHus (MOHB). MaremaTtuueckass Mozienb
BKJIFOUAET MPAKTUYECKUE KAYECTBEHHBIE [IapaMETPhL, TAKUE KaK: JAIBHOCTD JEUCTBHUS,
BEC U II¢Ha, a TaKXe J)KM3Hb M pabo4yuil TeMIepaTypHbIN Juana3oH OaTapeiHOro
anektporuTanus. ChopMynnpoBaHa OAHOKpUTEpHATbHAS HETMHEHHAs cMeIIaHHO-
[eTOYKCIIeHHas 3a7adya ONTHUMH3alNK JJs ONTUMAaJIbHOTO BBIOOpa THUIA 3JIEK-
TpHUYECKUX OaTapeil v THIa IIEKTPOHHO-ONTHYECKOT0 peodpa3yBarelis Py 3a1aHHOH
ONTHUYECKON CHUCTEMBI 00BEKTHUB—OKYISIP. DKCIIEpUMEHTAIbHbIE PE3YIbTaThl
MOKAa3bIBAIOT, UYTO MPEMJIOKEHHAasi ONTUMHU3AIlMOHHAsT MOJEIb MOXET OBITh
ncrnonb3oBaHa Juist npoektupoBanus MOHB u 11 npenBapuTenbHOM TeopeTnyeckon
OLIGHKH TOJIb30BATENbCKUX TpeOOBaHMI 0e3 CO3MaHMs M HCIBITAaHUS MHOXKECTBa
OIBITHBIX 00Pa3IIoB.

101



