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€n cudi thé ky XX, da hoan thién xong ly thuyét u‘ng dung con quay va may gia téc

dé xac dinh vi tri khong gian clia ddi tu0ng chuyén déng, quang dudng da di, van

téc va gia tc - dé chinh 1a ly thuyét clia dao hang quan tinh. Song hanh véi su phat
trién cla linh vuc khoa hoc cong nghé nay la su xudt hién céac thiét bj thang bang hang
khdng, dia ban con quay, con quay ding, con quay ngang... Trong nhiing ndm gan day
thay vi san xuét cac con quay co hoc, ngu’dl ta da ché tao ra cac con quay phi cd hoc, c6
dé chinh xac, dé 6n dinh cao ma khéng can cac bd phan chuyén déng. Thi du nhu cac con
quay Laser vong, con quay cap quang dudc sU dung trong cac he théng dinh vi va dinh
hudng (Position and Orientation System) POS/AV. Tuy nhién cac t6 hop thiét bi dao hang
quan tinh, dinh vi toan cau GPS/INS hay GPS/IMU dugc dua trén cac nguyén ly con quay
va may gia t6c dé giai cac bai toan vé dao hang.

IMU (Inertial Mesurement Unit) dudc dich nghia la thiét bi do quan tinh, xuat hién tur
nhimg nam 1960. Trong t& hdp, GPS va IMU hoat dong déc lap nhau dé thuc hién nhiém
vu dao hang clia minh. Tinh t6 hop xuét hién {rong qua trinh xtt ly két qua do déng bd &
cling mét thai diém. Két qua dinh vi khéng gian clia hé théng la:

- Toa d6 Trac dia cla thiét bi bay & thdi diém nao do.
- Van téc chuyén déng clia phuong tién.
- Goéc nghiéng doc, géc nghiéng ngang va gbc xoay clia phuong chuyén dong.

Déi véi t6 hap POS/AV (ctia hang Applanix - Canada) cho d6 chinh xac xac dinh toa do
khoéng gian cd 5-30cm; cac géc nghiéng, géc xoay, gbc léch (Tu’dng tu nhu @, w, Kk trong
do anh) véi do chinh xac cd 0.005-0.008 rad. Véi nhiing sai sé do, dé chinh xac cla diém
do tuong (ng trén mat dat cd khodng: AXY =10°.H ; trong dé H la d6 cao bay. Néu nhu
cac tri do dai va do géc clia hé théng GPS/IMU dudc sl dung dé dinh hu'dng trong chup
anh hang khéng hay hé thdng quét LiDAR, thi sai s6 d6 cling chi bang gan 0.0001 dé cao
bay chup. Vi d6 chinh xac nhu vay hé théng GPS/IMU cho phép giai quyét nhiéu bai toan
cla Trac dia va Ban dé.

Su xuét hién hé thong GPS/IMU da cu thé hoa dudc két qua quét LiDAR trong hé toa
d6 trac dia, da giup cong nghé nay trd thanh mot codng nghé do vé ban dé. Con trong chup
anh hang khong, hé théng la mét phuong tién dan du’dng bay tuyét vdi, la thiét bi ghi nhan
toa d6 tam chup anh ciing nhu cac géc dinh hudng cla ting anh don.

1. Phuong trinh cd hoc clia hé théng dao hang quan tinh INS/IMU

Quan tinh chuyén déng clia mét vat thé dugc tinh theo cac cong thitc co ban trong vat
ly:
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Ar(t) =r(t) —r(t,) :’j j a(T)drdt

Theo dinh luat th(t hai clia Niuton, phuong trinh co ban clia chuyén ddng trong trudng
trai dat, rd hon |a trong hé toa dé quan tinh c6 dang:
r:l :fi +gl

Trong doé:
+ - Vector luc clia may gia téc; f' - Luc ly tam; g' - Luc trong trudng. Phuong trinh trén

dudc thé hién trong hé toa do quan tinh v&i vi phan bac 1 c¢6 dang (Shin, 2001):

/

r D'
Vil Gt -Qal +a)' +gf
cl Ci(2 —2)
b
l 0 0
M+h
D' = 0 (—1_
N +h).cosg
0 0 -1

Ma tran quay, s dung dé chuyén déi hé toa do tir hé B - hé toa d quan tinh, vé hé L -
hé toa d6 cla LIDAR cé dang:
C/ =R (9)-R,(0)-R.(¥)
Trong dé: @ - gbc xoay; O - gbc nghiéng ; va y - gbc léch gilta cac hé toa dé B va L.
Phép bién déi ngudc lai, dudc thuc hién theo cong thiec:
G =)= =R )R (O)R ()=

[cosy —siny 0] cos® 0 sin6][1 0 0
=[siny cos Of O 1 0 ||0O cos¢ —sing|=
0 0 1|{{—sin@ 0 cosO|{0 sing cos¢ |

[cosOcosy  —cossiny +sinsin O cosy
cos¢cosy +sinsingsiny

sin¢gsiny +cos¢sin O cosy
—sin¢ cosy + cos ¢sin O siny

= | cosOsiny
cos¢cosO

—sinf sin¢cosO

Gia tri M, N - ban kinh vong kinh tuyén va vong thang ding th nhat dudc tinh theo cac

cong thuc:
a

il N (1—e” sin® @)

_ a(l—e”)
(1—e?sin” @)

1/2
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Vector vi tri diém trong hé L, dudc tinh theo d6 vi, d6 kinh va dé cao Ellipoid h:
r=[¢p A hl;

Vector van téc trong hé L, dudc tinh:

vy | [@+h) 0 0]e
o= Vi |F 0 (N+h)cosp 0 /:{
1)) 0 0 —1 h

Trong d6, cc vector vy va Vg 1a cac vector van téc thanh phan theo hudng bac va huéng
doéng. Vector trong luc trong hé toa do L, dugdc tinh theo cong thic clia EI-Sheymy, 2000:

o =100 g" g=q(I+a,sin> @+a,sin’ @) +(a, +assin* @h+agh®;
Cac hé s6 a, clia trong luc chuan:
a, (m/s%) 0.7803267715 | a, (m/s?) | -0.0000030876910891

a, (m/s’) 0.0052790414 | a, (m/s*) | 0.0000000043977311
a, (m/s”) 0.0000232718 | a, (m/s’) | 0.0000000000007211

Vector clia hé E d6i véi hé L: 0 |

Chiéu vector trong hé L:

-, sin@
Khi chuyén ddi ty 1& hé L va hé E dudc sir dung nhu la su bién thién d6 vi va do kinh:

Acos @
v N +h)
w,=| —¢ |=| —vy/(M+h)
—Asin@ =V, IgP/(N +h)

2. So dé hoat dong clia cac phan doan cua hé théng dao hang quan tinh, dugc
minh hoa dudi dang téng quat:
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- Trong lyc chudn | g

+ !
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HE _ v AN +h)
+ —~ Yoo — i —v, (M +h)
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[/ / | S— “ :
b k/_’ G, j i ! —v.tg /(N +h)
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| w,',’ ! e @, o = 0
w’ cosp
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Luu d6 qua trinh tich hdp trong hé toa dé |
3. Cac phuang trinh dac trung cho cac qua trinh hoat dong cua cac phan doan:

Bugc minh hoa nhu sau

1. Sai s6 bu trir cua bg cam: may gia t6c va con quay cho ra cac tham sé hiéu chinh
cho sai s6 clia bd cdm nhu sau:

: i

1 0 0

1+S,,
Av,=| 0 I 0 |(Av,—b A1)
1+S,, &
&
" I
| 1+S,, |

AB! =0 —b A
Trong do6:
Sgx Sgy Sgz - cdc hé s6 ty 1& clia cac truc clia may gia téc.
by va by, - d6 nghiéng clia cac truc may gia téc va con quay.
Av, ,AQ_IZ - s6 liéu ra thdé clia may gia téc va con quay
Av,,A0, - sé liéu tu bl trir clia may gia téc va con quay
A, =1,,, —1, -thdi gian gilta 2 vong tinh lién nhau
2. Thé'tich hop: ma tran chuyén ddi hé toa dé C! dudc biéu thj bng phuong trinh vi
phan:
Cp=Cp(&d, — )
Céc thanh phan géc dinh huéng clia hé toa dé may bay trong hé toa do quan tinh c6
dang:
A6) =[a6, 46, A6.]=A0)—C! @ +o')Ar
D6 16n clia gbec nghiéng téng hop: AQ —

7O+ A+
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Thé quan tinh clia chuyén déng dudc tinh cho cac thai diém k, kK + 1 nhu sau:

g, () q,(t,) ¢ sAO, “SAQ_;» YAB, q,(t,)
Q2(tk+1) . q, (tk) =15 _SAQ: ¢ SAOx SAG)' q, (l/{)
q} (tk+l) CI3 (tk) SAG)’ —SAG.\' ¢ SAO: ; q3 (tA)
Q4 (lk+l ) q4 (fk ) _SAQ,\‘ - SAQ)‘ _SAQZ ¢ CI4 ([k )
Véi cac hé s6 s va c: AO°  AB*
s=1- + +...
24 1920
AO*  AG*
Cc=— 2 +
4 192

3. M6 hinh qudn tinh DCM (Digital Canopy Model) véi cac thanh phan:

G | [0.25(Cy, =Cp,)/0.51+C,, +Cy, +C,,
4, | _| 0.25(C,, =C5)/0.51+C,, +C, +C,
| [025(C, —Cpp)/0.51+C,, +C), +C,

q, 0.5J14C,, +C,, +C,,
Ma trén ddc trung clia mé hinh quan tinh DCM, gom 9 thanh phan:
4~ —4;+4)) 2419, —4:q,) 2(919: —9,9,)
Co=| 2a4:+99) (@G-a’—a*+q))  2qq, ~4,9)
29,9, —9,9,) 29295 +9019,) (45 —4; —q; +q2)

Cac gbc dinh hudng clia chuyén dong quan tinh trong khéng gian dugc tinh theo cac
cong thiic sau day:

9:—tg*l Gy ) §D=artg2(C'32.C33)
N=-C2 | o=arg2(C,,.C,))
bay la gia tri do quan trong dé xac dinh huéng di cla tia quét trong khéng gian.O
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