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Digital image, for efficient data collection; 3. Generation of raw point cloud: Following
LiDAR, data collection, the raw point cloud is generated, forming the basis for
Orthophoto map. subsequent processing and analysis; 4. Orientation and adjustment of the

point cloud data to correct distortions; 5. Creation of an orthophoto map
and accuracy evaluation: In the final phase, increase image control
density to produce orthogonal maps and evaluate accuracy.

This methodology was applied to create orthophoto maps of the Tan Son
Nhat airport area in Ho Chi Minh City, utilizing Trimble's Inpho software
suite. The research results show that the discrepancies in X, Y coordinates
and height (h) between the model values and the measured values for the
25 checkpoints have maximum values of 0.149 m, 0.167 m and 0.169 m,
and minimum values of 0.004 m, 0.005 m, and 0.002 m, respectively. The
difference in the position coordinates and height of the orthophoto map
for the Tan Son Nhat Airport area is less than 10 cm.

With images having a resolution of 0.1 m, the coordinates and heights of
the orthophoto map have small deviations. Therefore, the orthophoto map
in this study has high accuracy, ensuring the creation of maps at a scale of
1:1000 and smaller scales in the experimental area.
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Xay dung binh d6 anh truc giao bang cong nghé LiDAR két hop
chup anh s6 tai sin bay Tan Son Nhat, thanh ph6 H6 Chi Minh

Bui Thi Hong Thdm?, Nguyén Viét Nghia2, Nguyén Trung Anh3, Trinh Thi Hoai Thu”,

1 Trwong Dai hoc Tai nguyén va

Moi trwong Ha Néi, Ha Noi, Viét Nam

2 Trwong Pai hoc M6 - Pia chdt, Ha Noi, Viét Nam
3Céng ty TNHH MTV Trdc dia bdn do, Ha Néi, Viét Nam

THONG TIN BAI BAO

TOM TAT

Qud trinh:

Nhan bai 28/02/2024

Stra xong 02/7/2024

Chip nhin diang 19/8/2024
Tir khéa:

Anh s6,

Anh truc giao,

LiDAR.

Bai bdo trinh bay vé qud trinh xdy duwng binh do dnh truc giao bdng cong
nghé LiDAR két hop véi chup dnh sé tir dir liéu LIDAR chwa dworc hiéu chinh
tin hiéu vdt ly (con goi la die liéu th). Qud trinh thuwc hién bao gom 5 buéc
chinh: Bwéc 1. Lwa chon, xdy dwng cdc diém khdng ché: Buéc 2. Thiét ké
bay quét LiDAR, thiét Idp cdc tham sé; Buéc 3. Tao point cloud gdc; Buéc
4: binh hwéng va hiéu chinh; Bwdc 5: Tdng day khong ché dnh, thanh Idp
binh dd dnh trwc giao, ddnh gid dé chinh xdc.

Qud trinh nay dwoc dp dung dé xdy dwng binh dj dnh truc giao khu vuc
sdn bay Tan Son Nhdt, thanh phd H6 Chi Minh bdng b6 phdn mém Inpho
ctia hdang Trimble. Két qud nghién cteu cho thdy dé léch vé toa d6 X, Y va do
cao (h) giira gid tri mé hinh va gid tri do dac ctia 25 diém kiém tra cé gid
tri lon nhdt lan lwot la 0,149 m, 0,167 m, 0,169 m, gid tri nhé nhdt ldn luot
la 0,004 m, 0,005 m, 0,002 m. B4 léch vi tri toa dd va do cao ciia binh do6 dnh
truwe giao khu viec sén bay Tdn Son Nhdt nhé hon 10 cm.

Véi dnh chup c6 d6 phdn gidi 0,1 m, toa dé va dé cao ctia binh d6 dnh dwoc
xdy dwng c6 do léch nhé, do dé binh do dnh trong nghién ciru nay cé do
chinh xdc cao, ddm bdo cho viéc thanh Idp bdn dé ty 1¢ 1:1000 va cdc ty Ié
nho hon tai khu virc thyc nghiém.
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1. M¢é dau

Cong nghé LiDAR (Light detection and
Ranging) di ton tai tr nhitng nidm 1960
(Mehendale va Neoge, 2020). Cong nghé nay st
dung tia laser dé do khodng cich va tao ra hinh
anh chi tiét vé dia hinh, mat dit cling nhw cac doi
twong khac trén bé mit trai dat. Pac diém cua
cdng nghé LiDAR la cho phép thu thap dir liéu
chinh x4c, chi tiét cao, khéng can truc tiép tiép xtc
vGi d6i twong can khao sat nén né dwoc ing dung
trong nhiéu linh vuc nhu:

- Giao théng, co’ s¢ ha tdng:

Céng nghé LiDAR dwoc st dung: trong thiét
ké cac dwong bay dan dung & Malaysia (Hatta
Antah vannk, 2021); trong kiém tra, gidm sat theo
doi tinh trang két ciu cda cac co s& ha ting dan
dung bao gobm cau, dudng va via he, dwong him
va ciu triuc vom, danh gia sw an toan va tinh toan
ven clia co s¢ ha ting dan dung (Kaartinen va
nnk, 2022); trong khao sat thiét ké cau Pingtang
Grand & Trung Quéc (Ding va Zhang, 2023); trong
giam sat toan bd vong doi clia duwong sit (Li,
2020); trong ho tro cAc co quan van tai trong cac
giai doan thiét ké, xay dwng va bdo tri cac dw an
giao thong (McIntosh va Rister, 2022); trong phat
trién duong cao toc, dwdorng diy truyén tai va dap
thay dién (Ganendra va Mobarakeh, 2018).

- Ddt dai, qudn Iy do thi:

Céng nghé LiDAR dwoc st dung dé: do luong
va gidm sat tai nguyén dat dai theo thoi gian thue
(Wei va Guo, 2018); thanh 1ap ban d6 dia chinh
khu virc nong thén phuc vu cho cong tac dia chinh
tai khu vuc (He va Li, 2020). Céng nghé nay két
hop véi: dir liéu anh hang khong, anh vé tinh, ban
d6... dé xay dwng mo hinh 3D khu vuc do thi, ban
d6 khong gian ba chiéu khu vuc d6 thi tai thanh
phd Bic Giang (Ding va nnk., 2014), tai khu vuc
phuong Thuong Ly, quan Hong Bang, thanh phé
Hai Phong (Dwong va nnk,, 2022); cong nghé GPS,
GIS va Al dé cung cip dir liéu nhanh chéng va
chinh xac gitp cac nha quan tri va quy hoach dwa
ra nhitng quyét dinh (Prim va nnk, 2021); anh
chup mat dat dé xay dung dir liéu khéng gian dia
ly 3D theo tiéu chuin CityGML khu vwc Ha
Long,Quang Ninh (Nguyén va nnk., 2022).

- Dia chdn, dia chdt:

Cong nghé LiDAR dworc st dung: xdy dung mo
hinh s6 d6 cao phuc vu cho viéc xac dinh dang dia
hinh, dic diém ciu tric dia mao, nghién ctru dit
gdy, dia chin tai khu vuc ria phia bc cta day nui
Qinling va vung dtt gdy Huashan Piedmont
(Wang va nnk., 2020); xy dung ban do dia hinh,
tinh todn do doc phuc vu cho thim do dia chin tai
lru vuc song Green & Wyoming (Wagaman va
Sfara, 2005); thanh 14p binh d6 anh truwc giao do
phéan gidi cao gidp nang cao viéc 1ap ké hoach dé
thu thap dia chdn va quan ly vin hanh tai hién
trwdng & phia nam Trung Qudc (Gaoming va nnk.,
2022); thanh 13p dir liéu dia hinh c6 dé phan giai
cao dé xac dinh cac dic diém cAu tric vi mo va dia
mao, phan tich hoat ddng vung dirt gdy va danh gia
thdm hoa déng dat & Tan Cwong, Trung Qudc
(Wen va nnk.,, 2022); thu thap dit liéu va xac dinh
truot 16 ddt nham x4c dinh sém cac moi nguy
hiém dia chat & khu vuc ndi cao (Wang va nnk.,
2020).

- Po dac, bdn do:

Cong nghé LiDAR dworc str dung: do dac va
thanh 14p ban d6 dia hinh c6 d6 phén giai cao dwoc
str dung da dang bao gobm quy hoach phat trién,
cong trinh ky thuat, quan ly moi trueong, quan ly
thién tai, quy hoach dé thi, thiy lgi, nghién ctru dia
chit, nghién ctu khao c6 hoc va &rng dung dia
chinh tai Nepal (Joshi va Koirala, 2020); thanh lap
mo hinh s6 dd cao khu virc thanh phé Bic Giang
(Bui va nnk., 2010); phan loai 1&p phti bé mat khu
vue d6 thi (Nguyén va Nguyén, 2022a); thanh 1ap
anh tryc giao, mé hinh 3D cta bé mat Trai dat cé
mitrc do chi tiét, sic nét va do chinh x4c cao chonha
ga san bay Lién Khwong (Nguyén va Nguyén,
2022b); thanh l4p ban d6 va phan tich dia hinh tai
Malaysia (Hassan va Syed, 2021); thanh 1dp mo
hinh sé d6 cao, ban d6 ciu truc dia mao, két xuat
toa nha, tich hop mo6 hinh toan hoc, théng s6 thue
vat trén pham vi rong va d6 chinh xac cao (Hill va
nnk., 2020).

- Nghién ctru khi quyén:

Congnghé LiDAR dworc str dung: xay dwng mo
hinh s6 dd cao hd tro cho viéc nghién ctru khi
quyén & An D6 (Purwar, 2018); quan tric 6 nhiém
khong khi tai thanh phé H6 Chi Minh (Lé, 2022).

Bén canh dd, cong nghé LiDAR con dwoc st
dung trong rit nhiéu cac céng viéc khac nhu: giam
sat cac tda nha, dé, bo séng, duwong xay dung -
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nhitng d6i twong c6 dnh hwdng rat 16m téi dong
lwc hoc dong chdy, lan truyén 1t d€ mé hinh héa li
phuc vu canh bao thién tai (Trén, 2010); giam sat
cac cudc thir nghiém phong tén Itra phuc vu cho
linh virc an ninh quéc phong (Ren va nnk., 2022);
trong quan ly van hanh dwong diy truyén tai dién
(Nguyén, 2021).

C6 thé thay cong nghé LiDAR dwoc (rng dung
trong da dang cac linh vuec. LiDAR cho phép do dac
d6 cao cta dia hinh mét cach chi tiét, nhanh chéng
va chinh x4c vi vy ban do dia hinh, co s& dir liéu,
hinh anh mo phéng dia hinh khu vuc cling c6 do
chinh xac va do tin cay cao. i kém véi cac hé
thong bay quét LiDAR la cic bd phan mém xtr ly
dir liéu. Hién nay tai Viét Nam ton tai phan mém
thwong mai va phan mém ma nguén mo dé xi ly
dit liéu LiDAR. Tuy nhién, ca hai loai phan mém
nay chi xt ly dworc di liéu sau khi da dwoc hiéu
chinh tin hiéu vat Iy ma khong xtr ly dworc dit liéu
thé tir may quét LiDAR. Bén canh d6, mac du dir
liéu LiDAR c6 méat do diém day dic chira dwng cac
thong tin vé déi twong dia Iy nhwng dwong vién
clia cac doi twong khong sic nét trong khi d6 anh
s0 lai gidi quyét dwoc vin dé nay. Chinh vi vay bai
bao nay nghién ciru dé xuat quy trinh xtr ly dir liéu
LiDAR két hop véi anh s tir dit liéu thé va ap dung
no dé thanh 14p binh do anh tryc giao khu vuc sdn
bay Tan Son Nhat, thanh phé H6 Chi Minh.

2. Phwong phap nghién ciru

Qua trinh thanh 13p binh d6 anh tryc giao
dwoc thwe hién theo cac bwéc sau:

Buwérc 1: Lwa chon, xdy dung cdc diém khéng ché.

Diém khong ché toa d6, dd cao dworc sir dung
lam diém géc phuc vu cho viéc dinh huéng bay
quét LiDAR, xay dung binh d6 anh truc giao. Cac
diém khong ché toa do, d6 cao duoc lwa chon, b
tri tai nhitng noi c6 nén dat virng chic, 6n dinh tai
khu virc thuwe nghiém, dwgc do néi véi lwdi khong
ché tric dia qudc gia d€ xac dinh toa do va do cao
trong hé toa do va do cao qudc gia.

Buwérc 2: Thiét ké bay quét LiDAR, thiét ldp cdc tham
s0.

- Viéc thiét ké bay quét LiDAR dworc tinh toan,
thiét ké trén ban do6 phu hgp vai dia hinh cia khu
vurc bay.

- Thiét ké dwong bay, hwéng bay trong khu

- Thu thép dir liéu: D liéu LiDAR goc; dir liéu
tinh todn quy dao bay quét (post-processing
solution); di¥ liéu anh chup; dit liéu do dac bai
chuén hiéu chinh; tham s6 kiém dinh hé théng bay
quét.

- Thiét 1ap cong viéc, cac tham s6.

- Tao va kiém tra d6 phu cac dai quét: Tao cac
giai quét, kiém tra d6 chong phu cia chiing dé phat
hién nhirng van dé con ton tai vé dir liéu.

Buwérc 3: Tao point cloud géc.

Qua trinh nay tao ra tap hop cac ddm may
diém gdc tir may quét bang cach doc dirliéu LiDAR
goc dwgc ma héa sau d6 dwge chuyén doi vé hé toa
do va do cao dia phuwong.

Buwérc 4: Dinh hwdng va hiéu chinh.

- Pinh hwéng twong doi tw dong: Tinh toan,
hiéu chinh tw dong khép tit ca cac dai quét co do
chong phtd nhit dinh dé x Iy dwa ra mé hinh dé
cao. Pay la cong viéc phan tich, tim ki€ém cac viing
dia vat c6 chénh cao (mat nghiéng) trong pham vi
chong pht sau d6 tw ddng diéu chinh, khép véi cac
dia vat giéng nhau trong cac dai quét va tinh toan
két qua bu trir d€ tat ca cac dai quét dwoc lién két
v&i nhau mot cach gn ding nhit.

- Pinh hwéng twong doi thi cong: Hiéu chinh
binh sai cac dai quét két hop véi dir liéu bai chuin
hiéu chinh mat dat. Tat ca cac gia tri (X,Y,H) cta
tirng dai bay/tirng point cloud dworc hiéu chinh dé
dwa vé gia tri toa do chinh xac nhat theo hé toa do
yéu cau. Viéc hiéu chinh nay dwogc chia thanh 2
céng doan:

+ Hiéu chinh m3t phang: Hiéu chinh ciac dam
mdy diém két hop dir liéu tham chiéu mat dat.
Hinh anh c6 d6 phan giai cao ctia ddm méy diém
dwoc hién thi va cac da giac hinh anh toa nha hodc
cac dai vat hinh khéi tham chiéu dwoc phi 1én d6
mot cach truc quan giup ngudi dung co thé hiéu
chinh, xé dich theo né mot cach dé dang.

+ Hiéu chinh do cao: T4t ca cac dai quét dwoc
hién thi bang hinh anh va dwoc quy dinh cAc mau
sac khac nhau dé dang cho viéc nAng ha ca dai quét
theo phwong thang dirng dé c6 dwoc sy trung khit
va pht hop nhét gitra cic dai quét.

- Pinh hwéng tuyét d6i mé hinh dé cao: Dya
vao cac tham s6 tham chiéu cta bai hiéu chinh do6
cao mat dat viéc binh sai va hiéu chinh dworc thuc
hién dé dwa ra sai s vé sw chénh léch do cao trung
binh gitra mo hinh dwgc tinh todn va cac gia tri do
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cao thuec té. S chénh 1éch trung binh nay dwoc bu
trir vao mo hinh tinh todn dé dich chuyén toan bo
cac dai quét theo hwdng thang dirng mot cach
chinh x4c nhit. Toan bd qua trinh va cac tham sé
vé do 1éch nay dwoc ghi trong file bao cao chi tiét
va cu thé giup ngwoi dung dwa ra danh gia xac
thuc nhat vé két qua xir ly dir liéu.

Buwéc 5: Tang day khéng ché dnh, thanh Idp binh do
dnh truc giao, ddnh gid d¢ chinh xdc.

- Cong nghé LiDAR sé str dung truc tiép DSM,
DEM tir dit liéu LiDAR dé ndn anh. Toan b6 tAm
anh tuyét doi sau hiéu chinh binh sai sé dwoc st
dung cho cong tac ting day. Lam han ché cong tac
do dac khong ché anh ngoai nghiép, tao tinh dong
bo gitra dit liéu LiDAR va binh d6 anh.

- Binh d6 anh truwc giao 1a mot trong san pham
cda qud trinh thuc hién néu trén. Cac san pham
khac ctia qué trinh nay gom point cloud sau hiéu
chinh, DSM/DTM, quy dao va cac tham sé dinh
hwéng tuyét doi.

Do chinh x4c cta binh d6 anh truc giao dwoc
xac dinh thong qua qua trinh so sanh toa do, do
cao duoc chiét xuit tir DSM/DTM cua cac diém
khéng ché dwoc st dung lam diém kiém tra véi
céc gia tri twong (rng do dac, cu thé nhu sau:

- Tinh d6 1éch vé toa d6 (AX, AY) va do cao
(Ah):

AXL- — Xisur _ Ximodel
AYi — Yisur _ Yimodel (1)
Ahi — hisur _ hlmodel

- Tinh d9 1éch vé mat phang (AXY):

AXY; =/ (AX)? — (AY;)? (2)

- Tinh gid tri trung binh dd 1éch vé mit phang
(AXYAV€T) va do cao (Ah4VET):

?:1 AXYL

n (3)
Apaver — ZiziAhi
n

AXyaver —

- Tinh cac gia tri hiéu chinh vé mit phang
(VXY) va do cao (Vh):
VXY; = AXYQVeT _ A,
Vh; = Ah@YeT — AR,

- Tinh sai s6 trung phwong vé mait phang
(myy) vado cao (my):

(4)

n 2 o [yn 2

Myy = ,’Zl=,11[2”] ; My = L=nl£vlh] (5)

Trong d6: X", Y°*", h{"" - toa d9, d) cao do
dac cia diém kifm tra tht
Xim"dez, Yim"dd,h}”’wdel - toa do, d6 cao trén mo
hinh cua diém kiém tra thit i.

Qua trinh xtr ly dir liéu LiDAR dwoc mo hinh
héa dwéi dang so @6 quy trinh thé hién tai Hinh 1.

Céng tic chudn bi

Y

Nhap dir lieu thd

Y

Y

Tao project

Y

Kiém tra d6 phu cc giai quét

18i

dat
¥

Dirlidu dam may diém

Y

Pinh hwéng twong ddi

dat
h 4

Dinh hrémg tuyét doi
Khong dat

dat

Y

Xuit cic két qua

Hinh 1. So dd quy trinh xit ly dir liéu LiDAR.

3. Dir liéu nghién ciru

Pham vi nghién ctru trong bai viét 1a khu vuc
sin bay Tan Son Nhit, thanh phé H6 Chi Minh
dwoc thé hién tai Hinh 1. D@ liéu dwoc str dung
phuc vu cho nghién ctru gom:

- 05 diém khong ché anh va 25 diém kiém tra
dwoc bd tri nhw so d6 Hinh 2. Toa d6 va d6 cao cta
cac diém nay dwoc thé hién tai Bang 1.

- 432 4nh cua 7 tuyén bay duoc chup tir may
chup anh Rollei AIC P45. Cac tuyén bay nay c6 do
pht ngang nam trong khodng 35+40%,
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Hinh 2. So' d6 pham vi bay quét LiDAR khu virc sdn bay Tdn Son Nht.
Bdng 1. Toa dé va do cao ctia cdc diém khdng ché'va diém kiém tra.

TT| Tén diém X (m) Y (m) h (m) |TT| Tén di€ém X (m) Y (m) h (m)
1 KCAO01 1196207,420 | 679715555 |6,523 |16 KT11 1196481,342 682376,301 | 8,269
2 KCAO02 1195478,338 | 679230,474 | 5,066 |17 KT12 1197015,106 | 682506,512 | 9,540
3 KCAO03 1195604,807 | 681528,039 |8,314 (18 KT13 1196350,495 681634,073 | 8,543
4 | KCA04 1196263,005 | 681692991 |8,872|19| KT14 1196537,935 | 682115,110 |8,671
5| KCAO05 1197089,076 | 681690,247 |9,491 (20| KT15 1196481,342 | 682376,301 | 8,276
6 KT1 1195981,462 678984,953 |5,741 |21 KT16 1197091,570 | 682827,033 |9,782
7 KT2 1195835,264 | 678956,552 | 5,735 (22 KT17 1197133,489 | 681820,648 | 9,655
8 KT3 1195535,020 | 678779,042 |4,542 (23 KT18 1197025,553 681534,307 |9,581
9 KT4 1195733,445 | 680191,368 | 7,181 |24| KT19 1196812,277 | 681056,280 | 8,992
10 KT5 1195589,018 | 680268,092 | 7,203 |25| KT20 1196219,759 | 679720,864 | 6,844
11 KT6 1195577,727 | 680399,412 | 7,071 |26 KT21 1195952,389 | 680850,557 | 7,380
12 KT7 1195705,032 680738,576 | 7,230 |27 KT22 1195848,216 | 679666,899 | 6,781
13 KT8 1195742,604 | 680831,241 | 7,397 (28| KT23 1196913,489 | 681838,264 |9,458
14 KT9 1195912,005 | 681372,700 | 7,692 29| KT24 1196925,749 | 681578,303 | 9,269
15| KT10 1195798,223 | 681378,057 | 7,630 (30| KT25 1196326,256 | 680725,673 | 8,039

dd phti doc nam trong khoang 75+80%. Anh c6 ty
1€1a 1/14900 véi do phan giai cia anh la 0,1 m.

- P4m may diém la sdn phdm cta may quét
LiDAR Harrier 56. PAm may diém c6 mat do diém
12 2,5 diém/mz2.

4. Két qua va thao luan

Qua trinh thwc hién xay dwng binh d6 anh
truc giao khu vuc sin bay Tan Son Nhéit, thanh
pho H6 Chi Minh dwoc thuc hién theo trinh tw
dwoc trinh bay tai muc 2. Trong nghién cttru nay,
bd phdn mém InPho ctia hdng Trimble dwoc st
dung dé x& ly dir liéu. B6 phdn mém nay dwoc
thiét ké dé phan tich va chuyén doi chinh xac anh

vién thdm, &nh hang khong cling nhw anh vé tinh
thanh cac ddm miy diém va mo hinh s6 bé mat
nhit quan DSM, DTM, DEM, thanh 14p binh d6 anh
bing ki thuat do anh vién thdm chinh xac, hiéu
qua va hién dai.

Quaé trinh x Iy di¥ liéu LiDAR bang bd phan
mém Inpho dwoc thuwe hién theo so @6 Hinh 1. Mot
s6 hinh anh vé két qua chinh cta qué trinh thuc
nghiém dwoc thé hién nhw sau:

- Hinh anh vé cac giai quét dwoc tao tw dong
tai Hinh 3.

- Dit liéu ddm may diém gdc tir may quét bang
cach doc dir liu LiDAR gdc dwoc tao nhw Hinh 4.

- Cac két qua ctia qud trinh dinh hwéng va
hiéu chinh nhw Hinh 5+7.
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Hinh 3. Ddi quét.

Hinh 4. D liéu ddm mdy diém sdn bay Tan Son Nhat.
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Hinh 5. Hiéu chinh mdt phdng giira cdc ddi quét.
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Hinh 6. Hiéu chinh dé cao ddi quét.
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Hinh 7. Dinh hwong tuyét doi mé

Qua trinh kiém tra, danh gia do chinh xac mo
hinh s6 d6 cao dworc thuc hién.

- Sai s0 dinh hwéng tuyét d6i mo hinh dé cao
dam may diém c6 cac gia tri cu thé nhw sau:

+ Sai s0 trung phwong dinh hwéng tuyét doi
mo hinh: +0,046m.

+ Sai s 16m nhat mumax: -0,122m.

+ Sai s6 nho nhat mpmin: 0,001 m.

- Sai s0 binh sai tang day khong ché anh dwoc

61 mé hinh do cao.
thé hién & Bang 2.

Dwa vao cac diém kiém tra, viéc danh gia do
chinh x4c sdn pham dwoc thwce hién véi cac sé liéu
duoc trinh bay tai Bang 3.

Gia tri tuyét déi do léch vé: toa dd X 16m nhit
12 0,149 m, nho nhit1a 0,004 m; toa dd Y 16n nhit
12 0,167 m, nho nhit 1a 0,004 m; mit phang 16n
nhit 13 0,174m, nho nhit 14 0,007m; dd cao 16n
nhat1a 0,169 m, nhé nhitla 0,002 m.
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Bdng 2. Sai sé tinh todn binh sai tdng day khdng ché dnh.
L Két qua tinh toan, binh sai
TT Loai sai so
' m; (m) my (m) m (m)
Sai s6 trung phwong tai cac diém kiém tra +0,043 +0,042 +0,201
Sai s6 trung phwong tai cic diém tang day +0,041 +0,033 +0,069
Sai s0 1&'n nhit tai cac diém kiém tra +0,089 +0,062 +0,217
Bdng 3. Sai s6 tai cdc diém kiém tra.

T S6 liéu tir mo hinh Do 1éch gitra mo6 hinh va do dac
X (m) Y (m) h (m) AX (m) AY (m) AXY (m) Ah (m)
1 1195981,413 678984,816 5,738 0,049 0,137 0,145 0,003
2 1195835,204 678956,594 5,832 0,060 -0,042 0,073 -0,097
3 1195534,995 678778,930 4,603 0,025 0,112 0,115 -0,061
4 1195733,433 680191,362 7,252 0,012 0,006 0,013 -0,071
5 1195588,914 680268,017 7,208 0,104 0,075 0,128 -0,005
6 1195577,600 680399,322 7,092 0,127 0,090 0,156 -0,021
7 1195704,999 680738,497 7,254 0,033 0,079 0,086 -0,024
8 1195742,587 680831,318 7,316 0,017 -0,077 0,079 0,081
9 1195912,100 681372,690 7,694 -0,095 0,010 0,096 -0,002
10 1195798,189 681378,063 7,603 0,034 -0,006 0,035 0,027
11 1196481,275 682376,345 8,377 -0,067 0,044 0,080 0,108
12 1197015,025 682506,590 9,396 -0,081 0,078 0,112 -0,144
13 1196350,644 681634,102 8,683 -0,149 -0,029 0,152 -0,140
14 1196537,983 682115,277 8,610 -0,048 -0,167 0,174 0,061
15 1196481,402 682376,398 8,259 -0,060 -0,097 0,114 0,017
16 1197091,522 682827,095 9,901 0,048 -0,062 0,078 -0,119
17 1197133,496 681820,756 9,800 -0,007 -0,108 0,108 -0,145
18 1197025,414 681534,311 9,465 0,139 -0,004 0,139 0,116
19 1196812,197 681056,326 9,161 0,080 -0,046 0,092 -0,169
20 1196219,845 679720,845 6,933 -0,086 0,019 0,088 -0,089
21 1195952,394 680850,607 7,443 -0,005 -0,050 0,050 -0,063
22 1195848,220 679666,905 6,944 -0,004 -0,006 0,007 -0,163
23 1196913,554 681838,270 9,593 -0,065 -0,006 0,065 -0,135
24 1196925,807 681578,298 9,385 -0,058 0,005 0,058 -0,116
25 1196326,196 680725,701 8,097 0,060 -0,028 0,066 -0,058

Sai s6 trung phwong vi tri mit bang va do cao
dwoc tinh theo céng thikc 3, 4, 5 6 gia tri lan lwot 5.Kétluin

13 £0,043 m va +0,085 m.

San pham vé dir liéu mé hinh s6 bé mat dwoc
thé hién tai Hinh 8, binh d6 anh truc giao dworc thé
hién tai Hinh 9.

Két qua xiy dung binh do6 anh truc giao khu
vire sn bay Tan Son Nhat, thanh phd H6 Chi Minh
dwoc thuc hién theo quy trinh gbm 5 bwdéc bao

gom:
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Hinh 8. Dir liéu mé hinh s6 bé mdt.

1. Lwa chon, xiy dung cac diém khéng ché;
2. Thiét ké bay quét LiDAR, thiét lap cac tham

3. Tao point cloud goc;

4. Pinh huwéng va hiéu chinh;

5. Tang day khong ché anh, thanh lap binh do
anh truc giao, danh gia do chinh xac.

K&t qua nghién ctru da chi ra rang, do léch vé
toa dd X, Y va do cao h giira gia tri md hinh va gia
tri do dac ciia 25 diém kiém tra c6 gia tri 1ém nhét
lan lwotla 0,149 m, 0,167 m, 0,169 m, nho nhitlan
lwotla 0,004 m, 0,005 m, 0,002 m. D6 1éch vi tri toa
d6 va do cao ciia binh d6 anh tryc giao khu vire sin
bay Tan Son Nhat nhé hon 10 cm.

Anh chup c6 dd phan giai 0,1 m, toa do va do
cao ciia binh d6 anh dwoc xay dwng c6 d6 1éch nho.
Do d6, binh @6 anh trong nghién ctru nay c6 do
chinh xac cao, ddm bao dd chinh xac cho viéc
thanh 14p ban d6 ty 1& 1:1000 va cac ty 1& nho hon
tai khu vyc thue nghiém.
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