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TOM TAT
Bai bdo tém tat co so 1y thuyét nguyén Iy tinh toa dé dwong dan trén co sé do léch thoi gian
thu dwoc (TDOA) cia cac cam bien siéu am, tdp trung xdy dung thudt todn tinh todan toa do
dwong dan, tir do nghién cuu thiét ké bo thiet bi phu hop voi thudt toan, bao gom: khoi tinh toan
hién thi, khoi thu thdp truyén so liéu, khoi ga lap cam bién.
Tir khéa: Cam bién siéu am; TDOA; Ultrasonic shooting target.
1. PAT VAN PE

Céc hé thong bia bao diém tu dong str dung nguyén 1y chap mach duoc ung dung rong rii,
nhung c6 nhuoc diém 1 tudi tho thp. Sir 'dung nguyén ly xu ly anh dé x4c dinh diém cham trén
mat bia cling dugc ap dung, tuy nhién, thiét bi Jphure tap, kho dam bao ky thuat trong diéu kién da
ngoai. Bia sir dung cam bién siéu 4m c6 mot sb uu diém, khic phuc duoc cac nhuge diém trén.

Hién nay, chua c6 cong trinh cong bé chi tiét vé cac thuat toan kha dung xac dinh toa do diém
cham vién dan trén mat bia (rng dung cam bién siéu dm. Pay chinh la nhiém vu ma bai bao sé&
giai quyet. Bai bao s€ giai quyét ba van dé sau: xay dung hé phuong trinh xac dinh toa d¢ diém
cham theo d¢ chénh léch thoi gian cua thoi diém song am thanh dén cac cam bién trong truong
hop tong quat; lya chon thuat toan thich hop giai quyét bai toan ‘mg dung cam bién siéu am
trong xac dinh toa d§ di€ém cham d¢€ hiéu chinh duong ngam; xay dung bd thiét bi phu hop véi
thuét toan luya chon.

2. GIAI QUYET VAN PE
2.1. Co sé' Iy thuyét sir dung cam bién siéu 4m dé xic dinh diém cham ciia vién dan vao mit bia

Khi vién dan bay trong khong khi véi van téc siéu am, song 4m do dau dan va cham vao
khong khi lan truyén ra véi van toc am thanh ¢, theo phuong vuéng goc véi canh hinh nén. Goe
ntra dinh hinh nén: o = arcsin(c/v), vaéi ¢ la van toc &m thanh trong khéng khi va v la van toc vién
dan. Biéu nay dugc minh hoa trén hinh 1 duéi day.

Quy dao am thanh
( Vin téc 4m thanh c)

Quy dao duong dan
( Van toc duong dan v)

Hinh 1. M6 ta song dm tao ra do vién dan chuyén dong voi van t6c V.
2.2. Xy dyng hé phwong trinh xac dinh toa do diém cham theo dd chénh 1éch thoi gian cia
thoi diém song Am thanh deén cac cam bién
a. Pinh nghia cac hé toa do
Do chénh léch thoi gian cua thoi diém séng am thanh dén cac cam bién, phu thudc vao toa do
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cua c4c cam bién trong mdi quan hé véi dudng dan. Tuy nhién, viéc b tri cac cam bién duoc
thuc hién kh{)ng phu thuoc vao duong dan ma theo mat bia, toa d6 cua cac cam bién dugc xac
dinh tuong doi theo mat bia. Chinh vi vay can xay dung hai h¢ toa dg, h¢ toa d6 duong dan va hé
toa @6 mat bia.

Pinh nghTa‘ 1. H¢ toa @6 duong dan OXYZ la hé toa do co tém O néﬂm trung goc trai bén dudi
mat bia, OZ ndm ngugc hudng duong dan, OY nam trén mat phang thang dung chaa duong dan
va hudng 1én trén, OX vubng goc véi mat phang OYZ va két hgp vai OY va OZ tao thanh mot
tam dién thuan.

binh nghia 2. Hé toa d6 mat bia la hé toa d6 co tam Oy trL‘Jngv tdm O, OZ, vubng goc vaoi mat
bia, hudng nguoc hudng duong dan; OYy, OX, nam trén mat phang mat bia OYp hudng 1én trén,
OX, vudng goc voi OYy va két hop vai OY, va OZ;, tao thanh mét tam dién thuan.

Hé toa do duong dan khac véi hé toa do mat bia & chd c6 cac goc O le so véi hé toa do mat
bia la B - d6 Iéch goc hudng duong dan va € - goc nghiéng dudng dan. Hinh 2 mo ta dinh nghia
cac hé truc toa do.

b. Xday dung hé phuong trinh

Gia su trong giai doan bay cubi trudc khi vién /dan cham vao mat bia, quy dao cua né la
duong thing va van toc ctia n6 khong d6i. Khi do, néu biét diém cham cta dan vao mat bia la (x,
y), céc goc ciia dudng dan véi miat bia 1a 8 (goc hudng) va ¢ (goéc tim), van tde dan v, van toc

am thanh c. Thi c6 thé xac dinh duoc dd 1éch thoi gian song am dén céac cam bién.
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Hinh 2. Dinh nghia cac hé toa do. Hinh 3. So do xdc dinh thoi diém tin hiéu

séng am truyén dén cam bién Mi, Mj.
Chon diém A la diém bat ky trén duong quy dao, ta co khoang thoi gian tir khi vién dan di
qua diém A, cho dén khi song am dén 2 cam bién M;, M;, dugc xac dinh nhu sau:
AQ, AN, +NQ, AN N d.

t = = !
Y v v tg(a)v (1)
_AQ; _AN;+NQ;  AN; d, @
Y v v tg(a)v
Bién d6i (1 va (2) dugc:
AN. — AN, d -d _ z,-7 d -d,  z,-z (d;-d). vZ —c?
At“:t]—tlz ) 1 ! _ ! +( J l) ( (3)

v tg (a) v v tg (a) v v

Tr o= arcsin(gj = sin(a) = ¢ =>tg(a)=
v v V- —C
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Bién ddi (3) duoc:
At;tg(@) v +(z; —z)g9(a)=d; —d, (4)
Voi:

d; =0, = J0 =07+ (v, = y) =06 =27 + (3, - Y’

t9(@)=———
Jv? —c?

Thay d; —d; vao (4), taco:

\/(Xj -x)° +(y; - y)* _\/(Xi —X)°+ (Y —y)° =At; tg(@) v +(z; - z)t9(a) ®)

(5) 1a phuong trinh tong quét biéu dién do 1éch thoi diém thu dwoc tin hidu song siéu 4m cia
cac cam bien. Chu y (xj, yj, Zj), (Xi, yi, Zi) 12 céc toa do cua cdc cam bien trén h¢ toa d6 OXY. Do
dg’), chﬁng qlé cac ham phuy thupc vao (g, B). Tu do, péc @n can tim 1221 X, v, & B, v). Co 5 an nén
can toi thiéu 5 phuong trinh dé tim ra 101 giai (hay to6i thieu 6 cam bién).

2.3. Thuét toan tinh toan
a. Xdc dinh tham sé géc tam &

Qua tim hiéu thuc té ban chiqh sung va duong dan, Kkét hop tham khé}o mot sb nghién curu yé
quy dao duong dan danh cho 1 s6 loai siing bd binh théng dung, nhén thay trong huan luyén, ban
hi€u chinh duong dan, goc tam € = 0.

b. Xdc dinh cdc tham sé géc hwéng P, vin toc v
Xay dung cic ham toa dj cia diém hinh chiéu quy dao dwong dan 1én OXY phu thuéc vao (B, v):

7500
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Mt bia R \ /'/ Mt bia
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Hinh 4. So' dé 3 cam bién. Hinh 5. So' d6 b6 tri cam bién kiéu H.
Str dung 3 cam bién bb tri theo hinh 4 (cac khoang cach don vi cm), ta c6 hé 2 phurong trinh:

O =%+ (Y, = ) = (% = X)? + (¥, — Y)? = Aty kg (@) + (2, — 2,) 19 () (6)

N0 = %) 4 (Y = Y) =04 =) + (%, = ¥)* = Aty 19 (@)V + (2, - 2,) 19 () ™
Trong d6, (X, i, zi) (i bang 1, 2, 3) an luot 14 toa d6 cam bién M1, M, Ms trong hé toa 46 OXYZ.
B.%mg cac phép bién ddi, va dat an trung gian ta xac dinh duoc cac toa do (x, y) nhu sau:

_& :
s ®

y =k = (x=%)* +, ©)

X
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Trong d6: ai, C1, K1, X1, Y1 1a cac ham phuy thudc vao (B, v), do do (x, y) phu thudc vao (B, v).
Xdc dinh cdc an (B, v):

bé t,inh toan B, v, nhom nghién ctru Iya chon so d6 bd tri cam bién kiéu H, nhu hinh 5. Vi 3
cam bién Ms, Ms, Mg, ta c6 thé xay dung thém h¢ 2 phuong trinh:

6 = X)7 +(Ys = ¥)? = (X = X)% + (Y, — y)? = Atg, g (@)v + (2, — 2,) 19 (a) (10)

O =X+ (Ys = ¥)? = (% —X)? + (Y, — ¥)? = Aty g (@)v + (2, — 2,)1g (@) (11)

Thay (x, y) ¢ hé phuong trinh (8, 9) va (X, Vi, zi) theo B vao hé¢ phuong trinh (10, 11), tir do
thu dugc hé 2 phuong trinh ¢6 2 an 1a (B, v). Tuy nhién, vi day 1a hé phuong trinh phi tuyén nén
rat khé xay ding mot 16i giai twong minh. Ta dung phwong phap tinh x4p xi dé giai hé trén.

bat:
Fos =3 (% = X)2 + (Y5 = ¥)? = (% = X)7 + (¥, = ¥)? — Aty 19 () v + (25 - 2,)19 () (12)

Fao =y (% = %) + (Y = ¥) = (% = X)* + (Y = ¥)* = Atg, g (@) + (26 - 2,)19 () (13)

F =[P, +[Fe| (14)

Thay vi giai h¢ (10, 11) ta tim (B, v) d¢ ham F dat cyc tiéu. Chu ¥, ¢6 thé c6 nhiéu cip (B, v),

do do dé gidi han nghiém, ta dung phuong phap “ vung tin cay”. Trong mdt vung gioi han du
nhd cia Bo- AB <P <Po+ AP vaVo- Av <V <Vg+ Av, ham F ¢6 1 cuc tieu.

Dé xac dinh vung tin cay cua (B, v), ta gia thlet rang, bai toan hiéu chinh duong ngim gan

nhu vudng goc v6i miat bia. Can cir vao thyc té thao truong, kich thudc bia, khoang cach bin
hiéu chinh, nhdm nghién ctru dua ra gia thiét -3° < p < 3°,

Vé6i goc hudng bin nhu trén, ta c6 thé tinh toan:

— (25 - Zz)

A (15)

0

Qua tinh toan nhiéu 1an thuc nghiém vo-15 <v< vo+15 13 “ving tin ciy” cta v.
) Nhu vay, voi phuong phap tim cuyc tiéu trén vung tin cdy, ta co thé xéc dinh duoc 2 an (B, v),

két hop véi gia thiét (¢ = 0), phuong trinh tong quat (5) con lai 2 an can tim 1a (x, y).
c. Xac dinh toa 6 diém cham cia duong dan trén mat bia

Ta xéc dinh toa d diém cham ciia duong dan trén mit bia theo cac budc sau:

- Tir két qua tiqh toan (g, B) ta xac dinh cac toa d6 cam bién My, Mz, M3 trén hé toa d6 OXYZ,
thong qua phép bién doi truc toa do OpXpYnZs sSang OXYZ;

- Tinh toan toa do (x, y) theo 2 phuong trinh (8, 9);

- Xac dinh z tir phuong trinh z, = 0;

- Xac dinh (x», Yb, Zb) theo phép quay Ole OXYZ sang OpXpY v Zb.
2.4. Phit trién thiét bi

Pé ¢o thé co dong Vélr st dung thuén tién trén thao truong, nhom dé t’éi st thié't’ ké hé théng
nhu hinh 6, bo tri thuc t€ ngoai thao trudng - hinh 7. Su dyng 6 cam bién dugc bo tri trén mot
thanh ga hinh chir H. Dir liéu tir cam bién s€ dugc truyén vé mach FPGA xir ly. Sau khi da tinh
toan dugc thoi gian TDOA, magh s€ truyen sO li€u thong qua b thu phat khong giéy LoRa v¢
may tinh. May tinh, tinh toan di€ém cham theo thudt toan trinh bay ¢ trén, sau do, hién thi két qua
Ién man hinh.
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Mach FPGA

l RS232

Diy audio
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Khing diy

B thu

May tinh tinh
todn toa dd

RS232

Hinh 6. So' dd hé théng. Hinh 7. B tri thiét bi thir nghiém ngodi thao truong.
3. KET QUA THU NGHIEM BAN
Qua nhiéu lﬁn ~‘[hfr nghiém, hoan thién trang thiét bi, 1an bian g?m nhét cho ké:t qqé, théng ké
trén bang 1. bé d@ quan sat, do dac, cac t(_)a’d(f) (x, y) trong bang da dugc quy doi vé d6 léch so
voi tdm bia. Sai sO trung binh qua 19 luot ban, theo phuong ngang 1a 0.2 cm, theo do cao 1a 0.3

cm, theo khoang cach 14 0.4 cm. Sai sb 16n nhat qua 19 luot bén, theo phuong ngang 14 0.3 cm,
theo d6 cao 1a 0.9 cm, theo khoang cach 1a 0.9 cm.

Bang 1 cho thiy d6 chinh xac cao hon, khi so sanh v&i phuong phéap thuong ding “xac dinh
giao nhau ctia cac phuong trinh toan hoc”.

Bdng 1. Két qud tinh toan va do dac diém cham dwong dan va mat bia.

STT Xiinh | Xao | Sai X'| Yinn | Yao | SaiY | Sai khoang
(cm) | (cm) | (cm) | (cm) | (cm) | (cm) | céach (cm)

1 25 | 23 | 02 | -77 | -75 | 0.2 0.3
2 63 | 66 | -03 | -57 | -55 | 0.2 0.4
3 69 | -73 | -04 | 13 | 16 0.3 0.5
4 3.4 3 -0.4 4.3 4.4 0.1 0.4
5 -8.6 -9 -04 | 43 | 44 | 01 0.4
6 -0.7 | -08 | -0.1 | 106 | 108 | 0.2 0.2
7 -13.3[-134| -01 | -29 | -2 0.9 0.9
8 85 | 84 | -0.1 | 158 | 155 | -0.3 0.3
9 -9.9 |-102] 03 | -29 | 22 | 0.7 0.8
10 -95 | -95 0 |-105] -10 | 05 0.5
11 116 | 11.3 | -0.3 -3 -34 | 04 0.5
12 -36 | -38 | -0.2 | 118 | 123 | 05 0.5
13 -3.8 | -3.8 0 59 | 64 | 05 0.5
14 11.7 | 116 | -0.1 | -144|-145| -0.1 0.1
15 26 | 24 | -02 | 09 | 08 | -0.1 0.2
16 25 | 22 | -03 | 0.7 | -0.8 | -0.1 0.3
17 13 | 127 | -03 | -56 | -6 -0.4 0.5
18 5.4 4.9 -05 | -16 | -1.3 0.3 0.6
19 46 | 42 | -04 | -35 | -32 | 03 0.5
Trung binh 0.2 0.3 0.4
Lén nhat 0.5 0.9 0.9
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4. KET LUAN

Bai bao di xay dung duoc co so 1y thuyét dé xac dinh diém cham cua dan trén mit bia bing
cach st dung cac cam bién siéu am. Cac két qua nay dugc ching minh chét ché vé& mit toan hoc
va duoc kiém ching bang cac két qua thuc nghiém. Pay 1a nhiing két qua budc dau dé lam co so
xdy dung hé thong bao diém theo nguyén ly siéu am. Tuy nhién, anh hudng cta gié theo ca
phuong ngang va doc dén sai s tinh toan con chua dugce xem xét. Pay 1a huéng nghién ctru tiép
theo dé hoan thién va dua hé théng vao hoat dong thuc té.
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ABSTRACT
Target touch point determaining algorithm based on ultrasonic sensors

In this paper, the target touch point determaining algorithm based on ultrasonic
sensors for evaluation shooting results is concerned. The target touch point determaining
method is based on time difference of arival (TDOA) of ultrasonic shockwave to ultrasonic
sensors. Derived equations are complicate nonlinear equations. In order to symplify in
solving this equations, the sensor arrangement are considered for isolation of every
unknown. The sensor arrangement diagram and target touch point determaining
algorithm are proposed and strigly mathematically verified.

Keywords: Ultrasonic shockwave; TDOA; Ultrasonic shooting target.
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