USING WEIGHTED SUM METHOD FOR THE CHOICE
OF THE NIGHT VISION GOGGLES BATTERY POWER SUPPLY

Daniela Borissova

The paper presents a night vision goggles (NVG) design multicriteria optimi-
zation taking into account device working range, weight and price and also
clectrical battery power supply lifetime, teraperature working range and its
mechanics. The multicriteria optimization choice of the electiical batiery
type’s and capacity (respectively battery supply liferime) depends on the im-
age intensifier tube (1IT) choice through its input current. The proposed op-
timization mode! is used to formulate multicriteria nonlinear mixed integer
problems solved by the weighted sum method to get numerical results. The
experimental results show that the proposed optimization model can be used
for the 11T and baitery power supply choice on the NVG design stage and for
‘some prelithinary estimation of the battery power supply lifetime. The opti-
. mization mode! could be modificd to satisfy other practical requirements.

INTRODUCTION

Optimization of the engineering systems and in particular of the NVD design
needs optimizing of multiple performance criteria. That is because the real-life
engineering optimization problems require simultansous optimization of more
than one objective function [1, 2, 3]. In such cases multicriteria mathematical’
optimization models can be formulated. The majority of engineering systems can
achieve an essential raise of their effectiveness using combinatorial optimization,
The appropriate optimization methods for the device elements choice {4, 5, 6, 7}
are necessary for a preliminary theoretical estimation of the designed device
parameters. The device quality” can be considered as an optimization criterion
defined in different ways depending on the user requirements. There exist 4
number of quality parameters to be used in optimization models of the NVD an
amongst them the working ranges (detection, recognition, identification), weight
and price are considered as of essential practical importance [S, 6, 7]. Another
essential quality parameter from practical point of view is electrical battery power
supply litetime which also influences significantly on the device weight and pric
The device power supply lifetime depends on the used electrical battery type and
on the IIT input current. A multicriteria optimization medel for the electric
battery type’s choice depending on the IIT choice can be used on design stage fo
preliminary estimation of-the device electrical battery power supply lifetime, pric
and weight,

2,
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THE MULTICRITERIA DPTIMIIZATION MODEL OF THE NVG INCLUDING
-ELECTRICAL BATTERY POWER SUPPLY LIFETIME AND MECHANICS

Most realistic optimization problems, particularly those in design, require the
witancous optimization of more than one objective function. Some of
cally recognized NVG quality parameters could be listed as follows {5, 6,
orking range (detection, recognition or identification}, weight and price.
m practical point of view another significant parameter is electrical battery
upply lifetime depending on the electrical battery’s type and capacity and
echanics that also reflect on the device weight and price.

3 the NVG are powered by batteries, the battery supply lifetime becomes an
portant design consideration. The electrical battery power supply lifetime L,
ends on the electrical battery capacity C, 'and the curtent demand of the used
asi7,8] L, = C,/1,, [hours]. :

ere bxmih variety of electrical batteries with diffevent parameters that can be
:d on two basic categories depending on their type and supply voltage: AA
atteries with supply voltage 1.5 V and button (coin) cell type with 3.0 V
¢ voltage. The typical supply veltage needed for the IIT of the NVG is 3.0
o. increase the device electrical battery power supply capacity and
ectively. its lifetime it is possible to use a number of parallel connected
ies, t.e. to design a custom electrical battery power supply {7]. The custom
ical ‘battery power supply meehanics influences on. the device weight and
80 it is necessary to include it in the optimization model also. The
ement for the bigger electrical battery power supply lifetime reflects on its
rting mechanics - the bigger capacity requires the bigger mechanics to pack
electrical batteries.

peneralized optumzdlmn problein can be defined as maximizing of the NVG
king range while minimizing device weight and price, satisfying some
rements about the electrical battery power supply lifetime and temperature
ge, taking into account electrical battery power supply mechanics:

max {I{{t o H, - .[')}:

R{/ —

\/2‘C EK,L]“}’ —2 KK, —detection range [9],
7T

nt

Kir :Z"i-K;!r - TIT quality [4],
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(4) | : Zx,. =1, x, & {0,1}; - for single IT choice,

. 9‘ 8, SR
(5) K= TR — quality of the /" 1T,
‘ M ‘

0. ph

Sy — HT luminous sensitivity, [A/lm], §,, — UT limiting resclution, [ip/mm],

M — 1T signal to noise ratio, ® - = T photoca.thc}de h'miting sensitivity fiml

minph

Here the parameters of the NVG optical system objective-ocular a
considered as known. The objective quahty parametes is'defined as {4]:

(()) . L K:Ir Dm fulvtn >

[¢

D - diameter of the mlet pup11 {mj fy - obje{:tive focal length {m'xfh ;

T, ”—~ objective transmittance.

A different working range types, for example ~ orxentatmn recognition
identification {9] can be used instead (2). The:parameters of the external
surveillance conditions (T, — atmcsphm‘ic transmittance, E — ambient Hom
nation [lx], X — contrast and 4, - reduced target area-[m’}} are also know

oh
with some determined values. L ‘

The customn electrical battery power supply capacity can be provided by cho
of different battery types [7]. A relevant battery power supply packing mechani
depending on the chosen battery type and number is needed and its weight an
price has to be considered also. The device weight H is calculated as:

(N ’H=HHT+H,,+H +Hy,

(8 o ’”_ ZxH,,, —IIT weight,

=i

H,H, - objective and ocular weight (fixed), H, — electrical battery power suppl

of?

and'its mechanics weight.

Let us assume that there are i-types electrical batterics with different supp
voltage 1.5 V or 3 V respectively. Each s-type battery could have & -subtypes wit

-
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s power supply weight

~n - number of the parallel connected batteries accordingly to the capacily
guireient,
i, - binary variabie for battery p-type,

{1 —forthe 3V batteries,

3 > A VI
12 —iorthe 1.3V batleries,

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

z

s —single p-type electrical battery power supply niechanics weight.

[ the electrical battery type withont combining of the

erent battery types and sublypes for each pe {1.2,...,¢} is:

s practical to have some upper Bmit A" lor the electrical battery power

weight:

as summarized price of its

S TiTe
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n

(14) Py = in, o~ T price,
=1

P o~ ob]cctw e and ocular price, P, — electrical battery power supply price.
T he electrical battery power aupply price P, depends on the chosen battery.,
type, on the batteries number » and on the battery supply mechanics also:

0:9

—
O
Nt
g
i
=
N
EQ
,,::;_\
>
1
-3
-+
L
]

P} — price of the p-type and g-subtype electrical battery,

k,~ single p~type electrical battery power supply mechanics price.
The electrical battery power supply lifetime L, could be expressed as:

(16) : Ly =

where the electrical battery power supply capacity LB is defined as:

¢ k, :
(17) - Cp=n) a,y bICE, [mAb],
. p=t =i ) '

(4 -~ the capacity of the p-type and ¢-suptype battery.
The 1T input current /,, depends on the chosen i<type IIT:

i

(18) Ly =2 %1}y [mA]

fel

.Z'j/;p —the iﬁput current of the 11T,

The minimum battery supply lifetime L, defines the counstraint:

Bmin

(} 9) LE 2 L.’imin'

It does not make sense to design a custom electrical battery power supply wif
lifetime larger than [T lifetime, so an upper limit for the battery supply lifetim
also exist:
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#1
4

N 51
Ly = Z.xl.lﬁ,]. , [hours]

i=1
lifetime of the /* 1IT. _

he clectrical battery power supply is also characterized by its working
erature range and it is good to include the requirements for the electrical
) depending on the battery type

ries temperature working range (7, }f’”‘ ””"”

ran

1 gy T fw mn

low bhattery working temperature boundary,

v iak > wm«mrrax
B

-~ high battery working temperature boundary,

\l'rm iy [(111
e =S S

~ low working temperature boundary of the p—typé and g-subtype
cal battery,

,,, v} }m:!/
igh __ Z ap Y [ ,

p=1 PEg

'i'gh;;
— high werking temperature boundary of the p-type and g-subtype
rical batfery.
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¢ proposed NV G optimization model allows tormulating of the multicriteriy
ger optimization tasks

nonlinear mixed inte

MULTICRITERIA OPTIMIZATION PROUBLEM SOLVING
BY THE WEIGHTED SUM METHOD

The proposed multicriferia optinuization task formulation should affow UT an
electrical power battery supply choice for the monoeular NVG while providing
maximum standing man detection range on the ambient hght condition at %
moon, minimum of the device price and weight including the electrical batier
power supply working femperature range (— 30 °C, + 30 °C) with minimus
lfetme 100 0, 1.6 :

I

P

{26} max { R, ~ H,— £,

subiect to { 223 Ywhere the used values are:
o the exteraal ng parameters: ©o= 0.7, £ = 0.01 Ix (4% moon)
K=072, 47 =07 m"l
» the objective parameters: £ = 042235, I Sgr,P,=350%;

o the oculay parameters: H = 63 gr

e the electrical battery power supply parameters: L, . =100h,

v e
=30 °C, T/ =20 °C.

The formulated mullicriteria nonlinear mixed intege
solved using the parameters of the 5 differeni T, one fixed pair objective an
ocular and 6 battery types shown i twble 7 and table 7
""" FABLE L HT s parameters
lA.bJ TULIA L Hapaserpy #a enekTROHHO-OOTHYAETE BpeolpazyBaTeny

N T , 3, M ;
NO 14 ) -
Adlm Ipfmm $

i Geall[100 | 0.00045 | S0 | 16| 16 | 2000 | 85 | 660
SHD-3{10] | 0.00060 | 54 |20 1 )
XD-4110] 0.00070 | 3% | 24| 20 |13000 80 |20
XR-5 {1 o} 0.00080 | 70 | 28] 35 |15000] 80 5600

MX-10160A [11] | 0.00180 | 64 1211 40 |10000] 55 | 4900

o]
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tivpes 6 are 15 groand 20 § and-are gpproximate values,
4 widely uv,d and popular method for the multichiective optimization is the

3

ghted sum 1m,mod. 1 takes into account the p‘r’efermmes of tjhe decision-maker

deii{di‘()l} of ﬁ)c, (mamllvc lumtum by mavmu jrmmmudimn and mlmrmmi—
ngle-criterion problems for the each one of the criteria, discarding the rest of
The formulated multicriteria problem (26) has maximum and minimum
s for each criterion as shown in fable 3.

£.3. The maximum and minimum values for each critérion
LA 3. Magcumanis W MEHEMATHE CTORHOCTY 32 BCEKH OT KPHTEPHUTE

R\m CHgr PS
max 551.56 460.60 6306.00
min | 31915 L 286.40 | 1374.00

he weighted: sum method transforms multiple criteria task to a single-
ion problem defined as a sum of normalized criteria with proper weight

3
nts w, where Zua P 1 and 0 < w5 - The values from the tabie 3 are
. il
(;ed{mv normalized single objective iunctmn for the using of the weighted
athod to solve (23); '
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Four sets of the weight coefficients w, have Deen chosen as shown in fabi. 4

TABLE 4. The used scts of the weight coefficients
TABJVHIA 4. Visnonssann HabopI OT TETA0BU KOSOUIMERTH

et W, W, W,
{13 (.334 0,0333 0.333
{2) 0.450 0.450 - 0,100
(3 0,100 0.100 0.800
{4) 0.900 0.050 (.050

The transformed single criteria problems for the used different sets of th
weight coefficients are solved by means of the LINGO software system {18
(LINDO Systems Inc). The solutions for the each transformed problem are
shown in table 5. :

The results from the roble 5 show the equality of the values of the man
detection range, weight and price, for the problems (1) and (3} and for th
problems (2) and (4) respectively. The solutions of the problems (1) and (3) are
dominated by the price weight coefficients — i.e. 0.333 for the problem (1) and
0.800 for the problem (3}, which leads to the cheapest clements commmuon

"[' ABLE S, Transfornied problems solutions resuits
AI)JH/HIA 5. PesyrraTi OT peliaBaHeTo Ha YpaHedropMupanuTe Mﬂd‘-}}i

Device Problem (1) | Problem (2) | Problem (3) | Probiem (4)
eclements Chosen element
Chosen 11T (table 1) 1 5 | § 5
¢ ”’0‘5"({;}5 i u;jv type ‘4 (2pc) 4 (5pc) | 4‘(2}3,‘:) 4 (5pc)
iDdevice parameters Calculated value
Man detection range, m| 319.15 551.56 319.15 351.56
Weight, gr 291.40 376.00 291.40 376.00
Price, § 1374.00 6710.00 1374.00 6710.00
Blectrical batiery power| ¢ 55 118.75 118.75 118.75
supply lifetime, h

Note: Because of the fact that not all elements have needed values in their data sheets’
some practically expected values were used and the resulis in the bl 5 can be used. fo
some theoretical estimations.
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he welght coefficient for the detection range parameter in the pmme 05 (23
ud (4} are considerably bigger then the price weight coefficients — i.e. 0450 vs.
00 and 0900 vs. 0.050. As a result the price is ignored and the longest
tection ranges are determined. Some further numerical experiments will be
me to determine the dependability between the weight coefficients relations and
e solution results.

Asumbther extension of current work some other methods for the formulated
D design multi-criteria problem solving will be used (“g-constraint* method,
cographical methods, etc:) to evaluate their applicability and efficiency.

CONCLUSION

[he obtained results show that the defined multicriteria optimization model
g into account dectrxca.l battery power supply lifetime depending on the HT
¢ can be used for a preliminary theoretical estumation of the NVG
rameters on the design sta ¢. That means decreasing of the device design costs
me as the number of the prototypes to buili and test decreases:

he proposed battery power supply for NVG mathematical optimization modei
| be expanded and meodified to estimate other practical requirements on the
G design stage. For example, the battery power supply packing mechanics
depends not only on the batteries iype and subtypes but on their mechanics -
‘geometrical dimensions. The geometrical dimensions of the chosen HT could also
aken into consideration for mechanical construction design.
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N3NOA3BAHE METO[A HA MPETEFAEHATA CYMA

- 3A HOWHO BM)KAAHE

- H.-Bopucons

Peswme

4bopMmepm OUTHMI JAUACHEH MORES 1A ONA 32 HOUIHO BUAAAHE {OHB),
RIEMAUL IPEABKY PAICTOSHUETO. HA TeHOTHHE, TELIOTO # LEHATA, KAKTO M 8pe-
METO A Henpexsonata pabora na GaTepuHHDTO 3@Npanmane, pabOTiHI My
TEMPCPATYPEN AMANA30H 1 THI M KOHCTRYKUMSTA My, Vsbopur i o
Kd{l&lln‘[z‘,‘l‘ Ha ﬁa'mpuiéimm 3 xpfsmsam = B’bwaﬁ mﬁop‘e wa e mmvomxm

hmﬂommxr MoueH ¢ mnomaa;f 34 q)opx;) mpwe ha mmronpmpmm He-
JAHEHHA CMECCHO-UCAOUNCIEHE GITUMHISHHONHA 33442, PEMABARA 10 MC-
TOMA HL (PETerieHaTa cyMa. UHCIEHATS PEIyATATH HOKAIBAT, Y€ UPELIoKe-
Hi Moaest Moxke ta Bbae wonoazean, fa w36op na EQN n Garepuiing saxpan-
RANE HA CTARA HA NPOCKTHPAHE 34 MOJYUABEME HA TEOPETHYHA DUEHNA 34
BPEMETO Ba feuperenara pabota va OHB, 32 reraore x uenara ua uabpam-
e cAeMEeRTH. [TpeaouensdaT onTitMasaniores Mogell Moxe Ja Guae moiu-
GHUMPAR M ZONBABAH K. 32 rxpvm NP3 KTUHECKH mncmamm

 IToemsmuaa na 20.09.2606

© Wuwerepam Hay s, roa. XLIV , 2007. Nel - 76 © Engineering Sciences, XLIV, 2007, Ne |




