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METHOD FOR DETERMINATION
OF TARGET ACQUISITION

AND RECOGNITION TIME

WITH ENGAGEMENT

OF LAND UNMANNED COMPLEX

Existing model of adversary engagement does not
permit to assess the time behavior of adversary enga-
gement process and it should be upgrade. Land-unmanned
complexes equipped with both wide-angle TV-camera and
TV-sight is considering as the first opposing force.

The main parameters of viewing process at acquisition
and recognition: condition of image watch and target con-
trast are took into consideration. Time of target acquisition
and recognition is assessed for different contrast and target
image watch conditions: on remote display or head-
mounted indicator.

Assessment results have shown following. Information
should be present simultaneously on remote display and head-
mounted indicator at target acquisition by wide-angle TV-
camera and target recognition by TV-sight taking into account
the relevant advantages of augmented reality systems.

Keywords: land unmanned complex, adversary
engagement, acquisition and recognition time.

INTRODUCTION

Analysis of the trends on armament and military
equipment development of the leading states has permitted
to identify an important trend [1]. It is engagement of the
battle robots for execution of the reconnaissance, engi-
neering, battle and logistical tasks. It deals with prospects
of the land-unmanned complexes (LUC) of heavyweight
and middleweight classes [2]. Therein an assessment of
LUC participation results in adversary engagement with the
different kinds of enemy weapon is important.

As it is shown in paper [3], the most probability for
target discomfiture in adversary engagement has a party X
or Y, which early has acquired and recognized target and
began to attack it:

PX>Y (t, At) — [e-xAt e-x(t- At) (1 _ e-y(t-At)] /[ 1 _(1_ e-x(t- At))
( 1- e-x(t-At) e-y(t—At))] , ( 1 )

where Px-y — win probability of X party the Y party,
t — shooting duration, At — advantage in time for shooting
start of one from party, x and y — density of shot flows of
opposite parties X and Y accordingly.

However, that model of adversary engagement does not
permit to assess the time behavior of adversary engagement
process and it should be upgrade.

The purpose of this research is to develop the method
for determination of target acquisition and recognition time
with engagement of LUC.

TARGET ACQUISITION TIME

Target acquisition is carrying out by wide-angle TV-
camera, target recognition is carrying out by TV-sight and
information is presenting on remote display, when LUC
participates in adversary engagement from X party. Therefore,
a time advantage in shot start is determining by formula

At= (tach + trecY) - (tach + trec:X)~ (2)

In addition, it depends on operator experience [4] which
interacts with remote display, where f,qy is target
acquisition time by Y party, fu.qx is target acquisition time
by X party, t..cyis target recognition time by Y party and fecx
is target recognition time by X party.

Let we analyze the possibility of early target acquisition
on screen of remote display on basis of random search
theory [5]. Time #.,,; depends on coefficient a only when
probability P, of target acquisition is prescribed:

tacg.j = ~In(1- Pacg )/ 0y. 3)

Whereas coefficient o (at other equal conditions)
depends on object image area on display y° (min?) and its

contrast K:
Iga; = -4,3 +5,6K + 1,61gy;”. 4)

Let we consider a model of wide-angle TV-camera for
determination of parameter yy” (Fig. 1).

As it is shown in paper [5], observer begins to act on
determined system in training process when target search
within wide field. He divides that field mentally by zones,
where he realizes an accidental target acquisition and
transition between zones is realizing line-by-line of row-
by-row. There is necessary to take into account the eye
view field, where image quality is satisfactory, to prevent
time losses during view transfer. According to [6] that field
is 30° on elevation angle and 40° on azimuth.

Then, the display dimensions should not exceed 182 mm
on horizon and 134 mm vertical (diagonal is 226 mm = 8,9")
at information imaging on remote display 4, which is observed
from distance of the best eyesight equal to 250 mm.

Electron magnification M,; in information imaging
system is determining as ratio of the display and CCD-
matrix and at application of CCD-matrix with average size
(width 20,32 mm, height 15,24 mm, diagonal 0,5", pixel
size dcea = 2 pm) M,; =8,9"/0,5" = 17,8*.

In order to LUC operator had possibility to be oriented
in space, view field of wide-angle TV-camera must
correspond to observation angle of display (horizontal
component of TV-camera view field 28, = 40°). Focal
length /"> of lens 2 of wide-angle TV-camera is determining
by formula /> = 20,32/2¢gf; and it equal to 28 mm at the
mentioned type of CCD-matrix. Resolving power R of
wide-angle TV-camera is determining by formula R = ac./
f>and itis 0,07 prad = 14".
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Fig. 1. Models of wide-angle TV-camera and TV-sight:
1 — target, 2 — lens of wide-angle TV-camera,
3 — CCD-matrix, 4 — remote display (micro-display when image presentation on helmet-mounted indicator),
5 — lens of helmet-mounted indicator, 6 — eye of LUC operator, 7-lens of TV-sight

Maximal distance D, for acquisition of man with
average dimensions 1,67 x 0,41 m [7] in accordance with
Johnson’s criteria with probability 0,95 is determining by
formula

Dacq = 0,41/MNR, (5)

where: N = 1 — quantity of test object equivalent periods
for target acquisition with probability 0,5, M = 2 — factor
for recalculation of probability perception [8] and 0,41 —
man critical dimension.

We get Dueg = 2928 m, if to enter all known data into
(5). In this case, parameter yy’ is determining by formula

v = (1,67 x 0,41)(3440 f'> My /250 Do)’
and it is 3,7562 (min?). Entering this value into (4) permit

to get dependence of coefficient ¢; on contrast K of target
image on display:

oy= ]0—3,3804+5,6K' (6)
Formula (3) takes a form:
tacq,X :3/] 0—3,3804+5,6K, (7)

if to take into consideration the probability of target
acquisition P,q; = 0,95 for successful execution of battle
task by party X with engagement of LUC.

As it has been shown on the last international exhibi-
tions of armament and military equipment, the helmet-
mounted indication system, which was applied at first in
aviation engineering, find a wide application now in Land-
forces. The advantage of that system before remote display
is information correspondence to real observation direction
into prescribed coordinates and information maintaining
before operator eyes at free position of his head if there is
integration with system for protect helmet positioning [9].

If information imaging on micro-display 4 of helmet-
mounted indication, then linear aperture of lens 5 should be
determined by formulas

width = dex pupir +21tgf, height = dex pupir
+20tg0,750, ®)

where dexpupir = 8 mm on experience [10] — exit pupil
diameter of helmet-mounted indicator, / =20 mm — eye
relief (fig. 1).

Substitution of the known data into formulas (8) gives
the valued of lens width 22,6 mm, height 18,7 mm and lens

conditional diameter D5 = 29,3 mm. Lens focus f's would
be determined from D.S. Volosov’s quality criteria [11] for
lens with diameter 29,3 mm and view field 50° (f = 25°):

f's=(Dstg B/Co)’, )
where Cp = 2,4 — lens quality criteria according to
D.S. Volosov’s researches.

Substitution of the known data into formulas (9) gives
result f's > 32,4 mm. Let we accept f's = 32,4 mm for
minimization of the helmet-mounted indicator dimensions.
Having such value of 5 lens focus the dimensions of micro-
display 4 are determining by formulas

width = 2 f's tgf, Bucotra =2 f's 120,756, (10)

and it is 23,6 x 17,4 mm (diagonal 29,3 mm = 1,15"). The
last achievements of micro-electronic engineering in area
of production of the liquid-crystal micro-displays [12]
(matrix 8K4K D-ILA has pixel dimension 4,8 micron)
create preconditions for designing of the indicators with
high resolution. Electron magnification M,; in information
imaging system is 1,15"/0,5" = 2,3 ones when such micro-
display.
In that case parameter yy” is determining by formula

P = (1,67 x 0,41)(3440 > Mot/ f's Dacy)?

and it is 3,7338 (min?). Substitution of that value into (4)
permits to get a dependence of coefficient o on contrast K
of target image on display:

oy= 1(33846+5.6K.

(1)
With accepted probability of target acquisition Pacg; =
0,95 an equation(3) gets a view
/]0—3,3846+5,6K (12)
Analyzing the dependences (7) and (12) we can do a
following conclusion: time of target acquisition on screen
of remote display is less to a certain extent then a time of
target acquisition on helmet-mounted indicator. That time
advantage At..q x may be determined by dependence

Atacq'x = 70/1 05'6K.

We can see from that formula: if K—0 then Atseq x —70
and if K—/ then At,cqx —0. And it is meaning: if target
contrast is high then both options of information
visualization are equivalent. Option of information

Lacg, X =3
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visualization on remote display has advantage if low target
contrast.

Therefore there can be concluded — information should
be presented simultaneously on remote display and on
helmet-mounted indicator when target is acquisitioned with
application of wide-angle TV-camera taking into account
the relevant advantages of augmented reality systems.
Operator will choose a need image personally estimating
visually its quality.

TARGET RECOGNITION TIME

Let we consider possibility of early target recognition
on screen of remote display on base of random search
theory. As it was mentioned above, target recognition is
carrying out by operator with application of TV-sight.
Block diagram of TV-sight is similar to block diagram of
wide-angle TV-camera presented in Fig. 1, where digit
7 indicates a lens of TV-sight. In choosing the view field of
LUC TV-sight we should proceed from the following
considerations.

In recognition of man with average dimensions
1,67 x 0,41 m on the Johnson’s criteria with probability
0,95, the maximal distance for recognition D, is
determining by formula (5), where N = 8 [8].

At CCD-matrix of chosen type, a focal length /7 of TV-
sight lens 7 is determining by formula: f'; = 20,32/2tgwp,
where 2w;,— horizontal component of TV-sight view field.

The following condition should be carried out in order
to LUC operator acquisitioned target on maximal distance
Dycq = 2928 m and recognized it on a same distance:

£7= 16 Ducy. Geea /0,41. (13)

Such approach is based on the fact that LUC has not
always possibility to get near target for it recognition,
therefore there is reasonably to accept Ducg = Dyec.

Substitution of the known data into formulas (13) gives
result /7 = 228,5 mm. With these we get 2w, = 5,1° and
TV-sight resolution R is determining by dependence
R = a../ f7and it is 0,009 mrad = 1,75".

In that case parameter yy’ is 250,15 (min?) when
displaying on remote display. With the accepted target
recognition probability Py..; = 0,95 formula (3) get a view

tree x :3/10—044629-%—5,6[(‘ (14)

When information is displaying on helmet-mounted
indicator micro-display 4 (Fig.1) then parameter yy’ is
248,66 (min?). With the accepted target recognition
probability P..;= 0,95 formula (3) get a view

trec.x =3/ 1074575, (15)

Analyzing the dependences (14) and (15) we can do a
following conclusion: time of target recognition on screen
of remote display is less to a certain extent then a time of
target recognition on helmet-mounted indicator. That time
advantage At...x may be determined by dependence

Atrecx= 0,0826/10°%,

We can see from that formula: if K—0 then
Atyecx —0,0826 and if K—1 then At,..x —0. And it is
meaning: both options of information visualization are
equivalent.

Therefore there can be concluded — information may be
presented on remote display or on helmet-mounted indica-
tor when target is recognized with application of TV-sight.

Substituting the expressions (7) and (14) or (12) and
(15) into (2) we can find the expressions for calculation of
man acquisition and recognition time on distance 2928 m
by party X with application of remote display and helmet-
mounted indicator depends on target contrast:

(tach + trecX) =7212 X10_5’6K,' (tach + trecX)
= 7282107

Obviously, a same approach may be applied for
acquisition and recognition time assessment for any other
target if it critical dimension is known.

There is necessary to know a target type and its search
and sighting system for assessment of component (Z,cqy +
trecy) in formula (2). It is reasonable to consider in the
further researches.

CONCLUSION

The proposed method for determination of target
acquisition and recognition time with engagement of LUC
has permitted to identify some peculiarities. For example,
time for target acquisition on screen of remote display is
some less then a time of target acquisition on helmet-
mounted indicator. Information may be displayed on
remote display or on helmet-mounted indicator at target
recognition by means of TV-sight because of both options
are equivalent to recognition time.

General conclusion may be done on the results of the
carried out comparison of man acquisition and recognition
time at application of remote display and helmet-mounted
indicator.

The images formed by wide-angle TV-camera and TV-
sight of land-unmanned complexes should be displayed
simultaneously on remote display and helmet-mounted
indicator with purpose to present possibility for operator to
choose image estimating visually its quality.
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CenatopoB B.M., I'ypuoBuu A.B.

METOJINKA BU3HAYEHHS YACY BUSIBJIEHHSA
TA PO3INI3HABAHHS IIJII HASEMHUM
POBOTHU30BAHUM KOMIIVIEKCOM

lMposedeHuti aHaniz po3sumky 036po€HHA Ma 8ilicbKo-
801 mexHiKu nposioHUX KpaiH 00380/1U8 8UGIIUMU 8aX-
Jlugy meHOeHUito: 3acmocy8aHHA 6oliogux pobomis npu
BUKOHAHHI  p038i0y8asnbHUX, i[HXeHepHuX, 6ouosux i
musosux 3aday. B CyxonymHux gilicekax ye cmocyemsca
nepcnekmus CMBOpPeHHA HA3eMHUX pobomu308aHUX
KOMNJIeKcia 8aXKK020 | cepedHb020 Kacy.

Tomy ouiHKa pe3ynemamis yuacmi HazemHuUx pobomu-
308aHUX KOMNJieKcis y npomubopcmai 3 pisHUMU munamu
B0POX020 030POEHHA € B8AXJIUBOIO. [ MAKOI OUiHKU
3acmocosyemobca UMOBIpHICHa MoOesb, npuliMaryu 00
ysaeu wineHicme ma mpusasnicme o6cmpinie npomu6op-
yux cmopiH. OOHAaKk ysa modesb npomubopcmea He
00380/19€ 00CTIIOUMU HYACosi xapakmepucmuku npouecy
npomubopcmaa i nompebye 800CKOHAIEHHS.

Mema cmammi — po3pobumu memoOuKy 8U3HAYeHHSA
yacy susesieHHs | po3ni3HasaHHsA yini npomubopyoio
CMOPOHOI0, AKA BUKOPUCMOBYE HAzeMHuli pobomu3osa-
HUll  KomnJsiekc, 0671a0HAaHUl MmeJiesi3iliHO Kameporo
WUpOKo20 NnoJsA 30py i menesisiliHum npuyinom, Axkul
p032/190a€EMbCA AK Nepwid npomubopya CMopoHd.

Yac suseneHHs i po3nisHa8aHHA Yini oyiHeHo, 8UX00S-
4u 3 meopii 8UNAOK0B020 NOWYKY 018 Pi3HO20 KOHMpaAcmy
i ymo8 cnocmepexeHHs 306paxeHHA Uini — Ha eidoasne-
Homy ducnsiei abo Ha HaWOIOMHOMY iHOUKAMOPI.

3anponoHosaHa MemoOUKa B8U3HAYeHHA 4dcy 8uAs-
JIeHHA | po3ni3HAB8aHHA yini 00380/1Usid 8UABUMU OesKi
ocobsusocmi. Hanpuknaod, yac po3ni3HasaHHA Ha eKpaHi
8i00aneHo20 oucnnelo 0euwjo MeHwe 4dcy po3ni3HABaHHA
yini Ha HawonoMHoMy iHOukamopi. IHhopmayis moxe 8i-
dobpaxamuce Ha 8iodaneHomy oucnsiei abo Ha HawWoIoM-
HOMy iHOUKamopi npu po3ni3HasaHHi yini menesisitiHum
npuyinom, ockineku obudea eapiaHmu pieHO3Ha4YHi w000
yacy po3ni3HagaHHs.

3azaneHUll BUCHOBOK MOXHA 3pobumu 3a pe3ysib-
mamamu NopiBHAHHA 4Yacy 8UABJIEHHA MA PO3Ni3HABAHHA
JII00UHU Ha eiddaneHomy oucnniei i HA HAWOOMHOMY
iHOukamopi.

3o06paxeHHs, COpMOBAHI MenesiziliHo Kameporo
WUPOKO20 NOJIA 30py | menegisitiHuM npuyisiom HazeMHo-
20 po60MU308aHO20 KOMNJIEKCY, 00YiIbHO 8id0bpaxamu
00HOYACHO Ha si0daneHoMy ducnsiel | Ha HaWOoIOMHOMY
iHOukamopi 3 Memoto HaOaHHA onepamopy subopy 306pa-
XKeHHs, OUIHIoIYU 8i3yas1bHO Lio2o AKiCMeb.

Knioyoei cnoea: HazemHuli po6omu3o8aHuli KOM-
nsiekc, npomu6opcmaeo, 4ac 8UAB/EHHSA | PO3NI3HABAHHS.
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