1 In-flight Progranmng O Trigger Time O A Projectile Field of Invention
[ 0001] The present invention relates to systens and net hods for programm ng
trigger tine of a projectile after the projectile is launched froma
barrel. Background [0002] Projectiles fired frombarrels follow
trajectories that are well-defined or dredictable. In use, a firing
control or ballistic conputer determ nes the barrel's angle of inclination
a for a specific projectile type when given a desired inpact point, barrel
conditions, w nd vhi-ﬁﬁgthr@mmﬂih@@ﬁTriggerwfﬁPixlsj%ctitethe amount  of
explosive charge prined in a cartridge of each projectile, tolerances in
the driving band and associated barrel wear and thernal expansion,
cleanliness of the barrel, variations in humdity, and so on, the nuzzle
velocity of each projectile after Egidafdaventiom t he barrel suffers some
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factors also affect the accuracy of the inpact or detonation position.

[ 0003] For large projectiles, there may be sufficient space and payload to
enpl oy active tracking of the targes,pegjyhijon. Target tracking may use

gl obal position system |aser, etc., anhd suppl enentary booster and/or
steering fins and brakes. However, for small and inexpensive projectiles,
tar get tragdoogl Prgjectiles dirpd ofyad; baredls efiolowl eajebioriePahanhreNovelldefiddd 1637,
assigned to the US arny, describes an amunition |auncher in which trigger
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associated barrel wear and thermal expansion, cleanliness of the barrel, variations in
humidity, and so on, the muzzle velocity of each projectile after exiting from the barrel
suffers some deviations. The deviations in the muzzle velocity thus cause the impact
point to deviate from the desired target position. In addition, after a projectile is air-
borne, variations in wind velocity and environmental factors also affect the accuracy of

the impact or detonation position.

[0003] For large projectiles, there may be sufficient space and payload to employ
active tracking of the target position. Target tracking may use global position system,
laser, etc., and supplementary booster and/or steering fins and brakes. However, for
small and inexpensive projectiles, target tracking is not employed; for example, US
Patent No. 7,021,187, assigned to the US army, describes an ammunition launcher in
which trigger time of a typical ammunition is permanently programmed into a fuse
contained therein. Deviations in muzzle velocity and variations in environmental

factors cannot be accounted for in setting the trigger time of the ammunition.

[0004] A known method for updating the trigger time of a small projectile is to track
the speed of each projectile, for example, by Doppler or laser tachometer and re-

programming the trigger time according to the remaining flight time to the target



the speed of each projectile, for exanple, by Doppler or |aser tachoneter
and re- programmng the trigger tine according to the remaining flight tine
to the target 2 position; for exanple, US Patent No. 6,216,595, assigned
to Gat Industries, describes such a nethod. Thus, there is a need for

ot her nmethods of tracking or determni ngzthe speeds of small projectiles
so that the trigger tinme of each projectile can be programmed or updated
to optim Z@O’Sﬂﬂe?ﬁi;oi‘ egmnplfe, USeP e N t6, %ms%gmagnyd tdé m&ahdgdn@est dédfcﬁw'f]mg
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Rat her, sto presen sone 0 e |nve Erve concept's I's ITnvention
in a gener qirmgreninfedmupéatedm@tmnieeﬂmeffebeofdhdspno!]@dla:lescr| ptlon that is to
follow. [0006] For small projectiles, an approach to inproving the

ef fectiveness of the projectile is to update or change the trigger or
detonation tinme of each projectile du§if@ar/ ts remaining flight tine to a
target position. Wth this approach, variations in wind velocity and
environmental factors can be conpensated for. [0007] In one enbodi nent, the
present i n\[eaes] dihefollowihgspresentst disichplified somrmnyrinproaideta basieunderstendinfg a
projectile, .the nethod cogEr ses: determnin muzzl e vel ogi.ty of a
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fired; and accounting for the deviation of the projectil e’s nuz
vel oci ty asame|of dghe inyputid ¢ancepts lof sls deteation iteal gbyeralised fonwes atpeeludkatd i sti c

conputer a a r time during the remaining flight tine
as the pro% t?lged‘%m?réng’@ﬁqﬁﬂ O%ﬁBWget t hereby optinizing the
effectiveness of the projectile. [0008] In another enbodi nent, the

projectile emts periodic S|glnal at rel evant ) )
[0006] For small projectiles, an approach to improving the effectiveness of the

projectile is to update or change the trigger or detonation time of each projectile during
its remaining flight time to a target position. With this approach, variations in wind

velocity and environmental factors can be compensated for.

[0007] In one embodiment, the present invention provides a method of programming a
trigger time of a projectile, the method comprises: determining a muzzle velocity of a
projectile after it exits from an associated gun barrel; determining an flight speed of the
projectile a predetermined time after it has been fired; and accounting for the deviation
of the projectile’s muzzle velocity and flight speed from those determined by an
associated ballistic computer and programming the trigger time during the remaining
flight time as the projectile is reaching its target, thereby optimizing the effectiveness
of the projectile.

[0008] In another embodiment, the projectile emits periodic signal at relevant
predetermined time after the projectile is fired and the signal strength received by an
antenna connected to the ballistic computer is determined, and the projectile’s muzzle
velocity and flight speed are then determined from signal strength-distance data stored

in the ballistic computer.



predetermned tine after the projectile is fired and the signal strength
received by an antenna connected to the ballistic conputer is determ ned,
and the projectile's nuzzle velocity and flight speed are then determ ned
from signal strength-distance data stored in the ballistic conputer. 3

[ 0009] In another enbodi nent, the proj edtile's nuzzle vel oci ty and flight
speed are obtained froma flow sensor. In yet another enbodi nent, the
projectile [unoapzzlaaotheelembbdiyneancthé IprgjbtileaadzA¢ oelobitypiane dlilitaspeed heM
accel er orret hg B{ ctile's _muzzle vel oci ty and flight s[%eseds may be
transm tteé? 8m; Actio| Sepsar; dn giskaaether regbodimgné.y thet prejecti
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and flight speeds nmay be ‘conputed In a m croprocessor In
[0010] | n ywizzkeneidoiy aadﬂbghtrspeﬁd,s nhdyebepirajsanitted back tondrzbatiistielcomiputer &ord
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wei ghting farpkiy ﬁndrﬁighbgpe@mnbﬁ@e tompae it Qﬁﬁ&%ﬁﬂﬁ@ésbym RO dakk, muzzl e
velocity and flight speed. Brief Description of the Draw n s [0011] This

invention will be descrl bed by way of non-limti ng enbodi nents of the
present in r ef nce tqg the. acconpanyi ng, draw n in i ch:
Poora] Fi cloofor i yet bidtag s g%ﬁwrpﬁéﬁe&%aﬁségm i Hidbestine o
t he presenbbtainedanddpendentl Q)?{?dle Fdve delséeld ScisiRalyl obidihdd 13ORRBIiAr for
use with the gun system shown in Fl 14] FI G illustrates a

control ci ﬁé‘@ﬂt’g dn addision; relighility, weighting ﬁagﬁomsmp}a ¢ applied e eachrindependentlys hown
in FIG 1, Qﬁ}:é I t s an algorithmfor updating a
trigger ti e gr\‘et fr‘gfill%é?lﬂéfnhdléﬁ é&é“eng to anot her enbodi nent of the

present invention.

Brief Description of the Drawings

[0011] This invention will be described by way of non-limiting embodiments of the

present invention, with reference to the accompanying drawings, in which:

[0012] FIG. 1 illustrates a gun system in accordance with an embodiment of the present

invention;

[0013] FIG. 2 illustrates a ballistic computer for use with the gun system shown in FIG.
1;

[0014] FIG. 3 illustrates a control circuit of a projectile, which forms part of the

ammunition shown in FIG. 1; and

[0015] FIG. 4 illustrates an algorithm for updating a trigger time of the projectile

according to another embodiment of the present invention.




4 Detailed Description [0016] One or nore specific and alternative

enbodi nents of the present invention will now be described wth reference
to the attached drawings. It shall be apparent to one skilled in the art,
however, that this invention may be practised w thout such specific
details. Some of the details may not be4descri bed at |l ength so as not to
obscure the invention. For ease of reference, common reference nunerals or
series of numerals will be used DeaietDestriptibe figures when referring to
the sane or simlar features coormon to the figures. [0017] FIG 1 shows a
gun system 10 according to an enbodi nent of the present invention. As

shown in F 1 Elg@ﬁ- r LL.St] ter
30 and an (ﬁgg]n r?e{lte 2’3 n?c?&ﬁ ﬁgﬁg%cﬁ%t a Pfi%sep%dgléen%%?%@e%g%se tnlh{éér\%@ﬁe% H
enbodi ment powtiee ddseribezl with referenpe tattiecattachéddlawiggsalt shall $8@pparantiot dhe
respect to a.,horizontal axis x. | .addition, the barrel, 20 may be |,
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FIG 2, the ballistic conputer 30 has a radio-freguency € anal og front
end 34 andinveption.tak eassraf cefsnre, 40mnidierefarencequuirecals oesedeSdf mimérhls will
ballistic computer 30 is.caonnected to.the antenna 32, and _the central
processor EB %%@I%'{?g‘ﬂ‘étc?’fa 3’?%‘“‘5@’{’ dfferiing tonthe sme 05 ﬁ’t‘mgﬁ deatvigs SOMMORe
central presgs <0 i nclude channels for received signal strength

i ndication (RSSlI) input 41, Doppler frequency shift input 42, data receipt
I nput 43, and data transmt output 44. In addition, the central processor

40 also in e sgr j.nput 45 _  channel . ..The user input 45 i ncl ude a
plurality gkgﬂnﬁﬁgs? %ﬁgﬁfggu%%&$gpa céw%¥dugd%rﬂ1ﬁg+8@n5?t8f3@¥§f?m“
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conditions, and so on. In another enbodi nent of the central processor 40,

the centr &P apd gaewtesna 33dinkge o the balkitici comnutes 39n e Anofherfesnbasimentc theon

with a | asgg Lafp operable to incline at an angle o with respect to a horizontal axis x. In

>/

addition, the barrel 20 may be additionally rotatable about an angle 6 with respect to a

vertical axis z.

[0018] FIG. 2 shows a schematic of the ballistic computer 30. As shown in FIG. 2, the
ballistic computer 30 has a radio-frequency (RF) analog front end 34 and a central
processor 40. The analog front end 34 of the ballistic computer 30 is connected to the
antenna 32 and the central processor 40. The connections between the analog front end
34 and the central processor 40 include channels for received signal strength indication
(RSSI) input 41, Doppler frequency shift input 42, data receipt input 43, and data
transmit output 44. In addition, the central processor 40 also includes a user input 45
channel. The user input 45 may include a plurality of inputs, such as a distance or
coordinates of a target position P with respect to the gun barrel 20, wind velocity,
weather conditions, and so on. In another embodiment of the central processor 40, the
central processor includes an additional channel 46 for connection with a laser range

finder.

[0019] The gun system 10 is used for firing an ammunition 50. As shown in FIG. 1,

each ammunition 50 includes a projectile 60 and a cartridge 52. Each projectile 60




finder. [0019] The gun system 10 is used for firing an amunition 50. As
showmn in FIG 1, each ammunition 50 includes a projectile 60 and a
cartridge 52. Each projectile 60 5 <carries a control circuit 70 and an
expl osi ve charge 62. As shown in FIG 3, the control circuit 70 includes a
m croprocessor 72, a radio-frequency (RI5) analog circuit 73 connected to
an antenna 75, and a detonation circuit 80. Also as showmm in FIG 3, the
connect i ongairizis\aentroherdilt 7anmdeg explosivetchdige &0 dAmslfdvﬁptrDEIEB $pthe ©énirsic| ude
a data receipt jnput 72a and a received si nal stren I ndi cat or (RSSI)
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Alternatively or in addition, the mcroprocessor 72 1ncludes the

encoder / de@aeter pmbodimeshof1tbe neimtopmoseser 735 at dsa dransmis| ouspwtcTAct P, bet he
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of the contheballisticqemputey mayhke transpitiediocdhe wcrvnrorc%%@egf the preigctile i 96,
whi ch Stor%@ﬁébﬁéﬁbﬁtmt ers used by the ballistic conmputer 30.

[0020] In another embodiment of the control circuit 70, the RF analog circuit 73
includes an encoder/decoder 74. Alternatively or in addition, the microprocessor 72
includes the encoder/decoder 74. In another embodiment of the control circuit 70, the
microprocessor 72 includes a timer 76; the timer 76 sets the trigger time of the
detonation circuit 80, either by time count down or count up according to the remaining
flight time to the target position P in response to an output of the microprocessor 72. In
yet another embodiment of the control circuit 70, the microprocessor 72 includes a data

unit 96, which stores ballistic parameters used by the ballistic computer 30.

[0021] FIG. 4 illustrates a process flow 400 during in-flight programming of the
projectile 60. Process box 410 represents loading of an ammunition round 50 into a
firing chamber of the barrel 20 and firing of the associated cartridge 52. After the
cartridge 52 is fired, the projectile 60 is projected through the gun barrel 20 at high
speed and acceleration. A predetermined time To after firing of the cartridge 52, the
projectile 60 exits from the barrel 20. The speed of the projectile 60 at the exit of the
barrel 20 with known direction of the barrel defines the muzzle velocity Vo of the

projectile.



[0021] FIG 4 illustrates a process flow 400 during in-flight progranm ng
of the projectile 60. Process box 410 represents | oading of an anmunition
round 50 into a firing chanber of the barrel 20 and firing of the

associ ated cartridge 52. After the cartridge 52 is fired, the projectile
60 is projected through the gun barrel 20 at high speed and accel eration.
A predetermned tinme To after firing of the cartridge 52, the projectile
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time T2, another signal, S2 is sent out. The sendi ng out of signals at
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[ 0023] As sihevperiods fik@etefiniriede process box 420 |Ilustrat es three

I ndependent processes. In the first process, represented by box 422, the
signal S corresponding to the respective predeternmined tinme periods are
recei ved bynob§e AANKIRIWAR iR 2FIGNG, ShONRbcesk S5 US4 A "Meptader _f €d.
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speed of the projectile 60 at each predetermned time To, 11, 12, etc. is
sent via t hallighig eamputg23@Q. Jhercenlpalcgre@smréoebemﬂmemunes the isignal’s stoangth at| n

anot her e”HlOdlleg;?eQ{we Elme er%oL(’ial R)OEchilsg 1(1)1;c s1tgg ét?lc ll%tlal?ce c?ata stored in the

ballistic computer 30, the speed of the projectile 60 at each predetermined time is

calculated. In one embodiment, the calculated actual speed of the projectile 60 at each
predetermined time To,T1,T2, etc. is sent via the antenna 32 to the projectile 60 whilst
it is airborne. In another embodiment, the actual speeds of the projectile 60
corresponding to each time period To,T1,T2, etc. are coded into a signal, which is sent
to the projectile 60, via the RSSI input 72b. In another embodiment, the calculated
speed of the projectile 60 at each predetermined time is converted in the ballistic
computer 30 as firing time, which is then transmitted to the projectile 60 whilst the

projectile is within range of the antenna transmission.

[0024] In the second process, represented by box 424, acceleration of the projectile 60
obtained from the micro-electromechanical (MEM) accelerometer 94 is integrated with
time of flight, and the actual flight speed is then determined at the respective
predetermined time To,T1,T2, etc.

[0025] In the third process, represented by box 426, the actual flight speeds of the
projectile 60 at the respective predetermined time To,T1,T2, etc. are obtained from the

flow sensor 92.



corresponding to each tine period To,T1, T2, etc. are coded into a signal,
which is sent to the projectile 60, via the RSSI input 72b. In another
enbodi ment, the calculated speed of the projectile 60 at each
predetern1ned time is converted in the ballistic conputer 30 as firing
time, which is then transnitted to the projectile 60 whilst the projectile
Is wthin range of the antenna transm ssion. [0024] In the second process,
repr esent eqoo2g] by abadhl fﬁgﬁtehﬁedtdﬂ)ﬂleoﬂfwrojééﬁle%@,l 2C HéteBnifd b9LéahNETtHer om
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actual speed of the projectile 60 at thé respective tine riod
anot her enbﬁdhﬁhknanrfdﬁﬂaglalgonﬁimlﬁ(}»el ghting factors may be applied to the
out puts of processes 422,424,426 before the respective output is operated
by the Kalman filtering aI gorithm 430. [0027] The better estimte of the
actual spegsb2?f Thb®eRéOisEftatd 6f B0 aRtual spe@ UTHRE Bt le 50 BEa ptareteefﬁﬁ{éal e at

To, T1, T2, etc. whilst the projectile is still airborne, is used, in
process 44tme; dorexammie ah Todily B2, qie-ewhidstithe prtieatile is stithrinborge.fisiuged, ini ne.

The predi Cb?o%ess 440, to provide a better prediction of the remaining flight time. The predicted

remaining flight time is then used to set the trigger time for the detonation circuit 80 to

activate its FIRE output.

[0028] As shown in FIG. 4, when the projectile 60 is still airborne, a decision is then
made in process box 445. In decision box 445, if the trigger time has not elapsed, the
process reverts to box 420 and the actual speed of the projectile is determined again in
processes 422,424,426. If transmission between the antennae 32 and 75 is no longer
effective, the Kalman filtering process 430 may recursively estimate the actual speed of
the projectile 60 based on the results of processes 424 and 426. Once the trigger time is
reached, the microprocessor 72 or timer 76 activates the detonation circuit 80 and the

explosive charge 52 is fired.

[0029] In the above embodiment of the present invention, the computations of the
actual velocity of the projectile 60 at each predetermined time and Kalman filtering are
carried out by the microprocessor 72. In another embodiment, such computation may
be done at the ballistic computer 30 and results of computations may be coded in radio
signal transmissions between antennae 32 and 75. In another embodiment, these radio
signals may be encrypted by encoder/decoder 74 in the respective analog end 34,73 of

the antennae 32,75, central processor 40 or microprocessor 72.




remaining flight tinme is then used to set the trigger tine for the
detonation circuit 80 to activate its FIRE output. [0028] As shown in FIG
4, when the projectile 60 is still airborne, a decision is then nade in
process box 445. In decision box 445, if the trigger tinme has not el apsed,
the process reverts to box 420 and the 8actual speed of the projectile is
determ ned again in processes 422,424,426. |f transm ssion between the
antennae 32 and 75 is no longer effective, the Kalman filtering process
430 may recursively estimate the actual speed of the projectile 60 based
on the res(A088] &t appiber smbediprent Hf the Tresemhnnventinn, tafter gepredétermined timsached,
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projectile 60 at each predetermned tine and Kalman filtering are carried
out by the m croprocessor 72. In another enbodi nent, such conputation nmay
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corresponding to a safety distance fromtheé gun ystem I0, t%e
m cr opr ocedmweh yehigletand theeccnirabpratéssor 40 incthe balfistic compgeraimay delude@31]
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thereof canfefnd82M9deh Hs bOEtIBAASAMENNaN VRN ErA] PrddBQeE 4deREiveNandth@m t he
scope of the invention. For exanple, t he gun G?;éstem 10 may be a | arge

cal i ber gupignelustieagthdnpyt antion yelocie ii¢asibacka tlis additionnhsigakl preogbsisput 4@ in
the balli Skh&wﬁ; QTR %rog*iothg%ﬁsﬁg lcggl%u%? 30 allows more accurate determinations of
the projectile’s muzzle speed and in-flight speed/location. Further, the projectile may
incorporate a self-destruct detonation mechanism so that unexploded ammunition
would self-destruct after they are armed and fired. In another example, the
microprocessor 72 may also additionally determine the projectile’s actual speed from
the Doppler frequency shift input 42. In yet another embodiment, the present invention

may be used for firing tear gas and similar irritants.




addi ti on channel 47 for connection wth another antenna that is spaced
apart fromthe antenna 32. Wth this additional antenna, the central
processor 40 receives another signal strength input and/or velocity
feedback; this additional signal strength input at a known distance from
the ballistic conputer 30 allows nore aCcurate determinations of the
projectile's nuzzle speed and in-flight speed/|ocation. Further, the
projectil e Gig4IMBncor porate a sel f-destruct detonation nechani sm so that
unexpl oded amrunition would self-destruct after they are arned and fired.
I n anot her exanple, the mcroprocessor 72 may al so additionally determ ne

the projectile’ u aptMad §PGRGerhimmiThg t DEyiPRAPkRe TdreqUpRTR)! e | 42.
In yet another enbodi nent, Gi,t?ﬁger pres%nt etlngg@ﬂtt?%en angyﬁg)g%&g%d{h%ob{%ﬁb?i ng
tear gas awmdmgiisingar irritants. 9 CLAIMS: 1. A nethod of progranmming a

trigger tine of a projectile, the nethod conprising: determning a nuzzle
vel ocity of a prdSﬁegEF’Elq%aé’F%}e Y¢log® ?fgaPF‘BFﬁt %aggrsgcﬁng digm Qﬁﬁssg%afe | ;
determ ni n%uﬁ'ﬁaﬁrél@ght speed of the projectile a predetermined tinme after it
has been fired; and accounting for the deviation of the projectile's

nuzzl e vel oci t y dgistminingyan flight sgeeds efotine trojsetild et predétermingy time aftes dichast ed
ballistic SoIPHL ,ranz%fﬁd programm ng the trigger tine during the remaining
flight tinme as e projectile is reaching its target, thereby optim zing

the ef f ecti veneascovhtibd forRh®i&aatidreof tBe p{bﬁmﬂéﬁgmﬁgl@%wc&g ah@ figdrispRed
wher ein deternlnlngﬁthe projectile's nuzzle velocity and flight speed

conpri ses &om thopydetersninerhby an asspeinied balbisde eomputer andgregramming thedeiggerni ned

oo ved bR S e ey DA, O o Rt O bR B IFRRYL 1 g

t he optimizing the effectiveness of the projectile.

2. A method according to claim 1, wherein determining the projectile’s muzzle
velocity and flight speed comprises emitting a signal from the projectile at relevant
predetermined time after the projectile is fired and determining the signal strength
received by an antenna connected to the ballistic computer and calculating the

projectile’s speeds from signal strength-distance data stored in the ballistic computer.

3. A method according to claim 2, further comprising determining the projectile’s
muzzle velocity and flight speed by a flow sensor at relevant predetermined time after

the projectile is fired.

4. A method according to claim 2, further comprising determining the projectile’s
muzzle velocity and flight speed by integrating the projectile’s acceleration with time

of flight by a MEMs accelerometer.

5. A method according to claim 3 or 4, wherein results of determining the
projectile’s muzzle velocity and flight speed are transmitted back to the ballistic

computer.




projectile's speeds fromsignal strength-distance data stored in the
ballistic conmputer. 3. A nethod according to claim2, further conprising
determning the projectile's nuzzle velocity and flight speed by a flow
sensor at relevant predetermned tine after the projectile is fired. 4. A
met hod according to claim2, further coldrising deternining the
projectile's nuzzle velocity and flight speed by integrating the
projectile'ss ac _@ehﬁﬂféﬁia@fbrﬂin%ho tahyBne 6f thé pi<@bdin® ¥lasndyiterds @8 Rojebmerr . 5.
A net hod accordln? toclaim3 or 4, wherein results of determ ning, the
proj ect i | eTauzale valecityeanscilight spredrdetegmined o indgpandentapropgssesedre tyam%uteé t he
ballistic . hod according to any one of the preceding
cl ai s, mhgﬁgﬁﬁﬁgﬁgnﬁ%%F%ékgé%ii?i nmuzzl e velocity and flight speed

determ ned by i ndependent processes are conbined wth reliability

wei ghting factors. 7. A nethod according to any one of the preceding,
clai ms, whér ei n A F8thodGeeqrdingdo any gue of fge Praceding glaypy whergip thegpaisgtile’s

det er m ned r@&éirewda%ﬁ?ﬂiﬁfﬁfﬁﬁéé BSteRhihel B Undipthloht pRREEEDEH R¥uERBOYI Ng

a Kalman filt gorit
obtained by employing a Kalman filtering algorithm.



