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Research on target positioning and tracking method of land-based
flight test monitoring PTZ

Ma Xiaodong Gao Shuaihua Zhang Jixuan
(Chinese Flight Test Establishment,Xi'an 710089, China)

Abstract: In light of the reform of the traditional flight test mode, there is a proposal to construct the intelligent
automation capability in the “Digital empowerment flight test”. To address the need for high-definition video recording
of the target's key motion process in the near-field runway segment flight test, a target positioning and tracking method
based on the ground-based PTZ. This method calculates the relative azimuth information of the target in real time using
the GPS/Beidou differential calculation model. Based on this information, the PTZ is guided to rotate and adjust the
focal length of the high-definition camera, enabling automatic capture of the target’s field of view. Real-time detection
and recognition of the target are then carried out using the YOLOv5s object detection algorithm, which has been
improved with global attention mechanism, Dynamic head, and Wise IoU. By incorporating techniques such as median
flow, Kalman filtering, and loU threshold detection, long-term real-time tracking of the target is achieved. The
experimental results demonstrate that the proposed method achieves a mean average precision of 76.3% for all
categories, with a processing frame rate of 20 fps. This performance effectively supports the requirements of practical
flight test engineering applications.
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Fig. 1 Composition of the test system
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Fig. 2 Schematic diagram of the relative positioning parameters

of the PTZ and the target
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BT GPS 22 43 B0 #E 47 A0 X 5 A5 550 A5 180 ) 2 i
ARz E bR R AT . DU G R RE AP oAt
KRR R 2) Lln G B R L o mgas | A by R
0,X.Y,Z,; 3) UL H bR HL#E 80K 4 0 b 1Y 25 18] A2 B &R
O.X\ Y. Z, s O LLEWRHLIE B R L ol 19 48 Jb K 25 8] 4
bR . R HR G5 B G HEGHUHER boOAXT E
FR HFHE— TR BRI RS M AR T i sE

RO
e (X cosa —sina 0
n| =RR,R,|Y| = |sina cosa O} .
u \Z 0 0 1
1 0 0 [cosy 0 —siny] [X
[O cosf  sinf 0 1 0 ] [Y} (D
0 —sinB cosB] [siny 0  cosy Z




Lk F . HARCUEEZS AR T EFHR

% 20 4

Horb, Ceonyu) HRIEKBIRR T AR, (X.Y.2) N
ZR SRR OXYZ T AR a By S0 I R R 5 5
£ .

2.2 EFGPSHhEHHWHEIEME EEE

HRAE D 2 AR ICH Br i A 7R DL H AR BLEE 80K
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YOLOVS5 & Ultralytics LLC 23 &) B A T 2020 4E 75 J&
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FRAE B UK 25 [) o7 B % i 1L 3 0 22 (8] 1 33 2 0 ML AR
B[R] i B A R | 2 TR R AT 55 N BE T . 1B
— ARl BRI PR B Y, T DA ) 24 4R
5 B A 0 AE B8 e, MR B v B R O R PR R L U R AT
784 Dynamic head 51 A , I35 H AR I3 2P fE

Dynamic head W& AN 7 Fros . £+ W& $2 IR 3
BERERIZ FoRAE/ T RS — R, IR 17 Rl 6 45 5 1
FHIE F € RV O(L RRMAFIEREH , S RARFFER
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SR, To X 50 Wt AR bR 30 i B bR BT RO 56
B¢, BRI AT P mOR: I 2 ) B bR 7 HE ToU, 8 4 1% &
B (B K AT H A5 ID B8 1A (re-identification, Re-ID), {H
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Fig. 8 Process of median flow
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0 2] B bR 5 R B I IR A IO 2] A9 B Bk AT ToU
VT RE , DS 3T 1 )5 A I B bR 22 ) 04 G I56 BRI 5 B A
HFrHY Re-1D. [EBF, A% YOLOvVS A8 i 2% I K 155 5 19
KA I A R R L AT R B, A A9 H AR Re-1D
Hm MR AL 1R,

B 1 HAR Re-ID Bk
1: Inputs:

d'\T,.D={d\"" .dy",~.d,"}
2: Initialize:

D, ={d7 |d €D.d™" =0} // o, WEMEBE
3: if size(D,) > 0:
4: d,, =d'" where max(IOU(d'" T, , d'"" €D
5: 10Uy T =000 :// o100 HEE
6: return d ..,
7
8
9

else:
Go to stepl0
: else:
10: Inputs: T,
11. if IOU(T,, sT,) =000 :

12 return T,
13: else:
14. Re-1ID is fail.

B, d e W EBR, T, A+ 12 -R/RE
U R EE T A H AR, D N e+ 1 BFZEZIER YOLOvVSs K
MEN LR, T, e+ 1 W2 E R B E RS Y H AR .

o, R R 2 08 U B B R FH A P SR A Ok A A
H b5 i) A2, 454 H AR IR S 2R AR

X = [usvsssrstisvss]" (10)
P wsvss,r J00FRR BARFEIEAE R oo B AR bR | T
K TE LG a0, ¢ DR R S U8 I T 2 1 4B A AU 73 4k
HRES =,

5 XREREHH

5.1 EFGPSHENMEBREMER LIINIE

B GPS i iEE s 5 REH LR B H — &
GPS HiE T4 I, 4T B 50 46 36 F GPS sh 22019 HAx
FE A AR T R AT R X 7 AR, AR B i L an & 10 s
[i) i ) D 4 3l A0 32 BSOS 4 i S 0 A7 U o, O 5 Mo 4 SR b
AT S5 3k 1 s, MR 1 W B ml i, BT GPS
B2 50 1 B AR E AR B R T 0.2 m,
5.2 iR YOLOvSs B AR il BR B 3006 384

D TREE

(D %%

S iE FZE T CHLL R R oK, I IR A Kaggle 4241
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Fig. 10 Experimental trajectory curves
Rl ENBELERI
Table 1 Comparison of positioning solution results
o X 5 o7 45 A 2wl A w2/
HHRER/m 458 /m m

1 80.049 8 79. 860 2 0.189 6
2 148. 064 9 147.943 3 0.121 6
3 38.201 6 38.287 1 0.085 5
4 57.823 3 57.805 6 0.017 7
5 58. 285 6 58.279 5 0. 006 1
6 60. 343 2 60. 322 2 0.0210
7 63.017 2 63.105 5 0.088 3
8 66.111 5 66. 055 3 0.056 2
9 78.856 3 78.743 2 0.1131
10 79.943 2 80.030 1 0. 086 9
11 80. 824 1 80.902 1 0.078 0
12 81.541 9 81.431 2 0.110 7
13 83.655 2 83.7339 0.078 7
14 96. 436 2 96. 336 9 0.099 3
15 98.075 6 98.112 5 0.036 9
16 99.110 1 99.026 1 0.084 0
17 100. 122 5 100. 034 5 0. 088 0
18 136.403 2 136.410 5 0.007 3
19 138.748 5 138.802 1 0.053 6
20 140. 696 2 140.732 9 0.036 7
RMSE 0.073 0

B2 A R HL A I EL 5 £ (military  aircraft detection
dataset) ™ I 5 A0 P AL P AR, o4 11 183 SRAEA
BIG 43 R H]T RBLIS AL, #e MR 7 309 Lb 44 43 )il 4k
£ IR .

(2) I BE e

ARSNGB E N 2 i,

BRI S B BT A BRI T2 640 pixel X
640 pixel, W% 2 H 0. 01, AL H IR ECH 0. 000 5, 3%
ARIKECH 300 epochs, batch-size {H-N 8,8 ZS40H 0. 937,
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*2 BEHTFERERFR 2) THmh S5
Table 2 Environmental configuration (O HdE i
4 T = 1 A, R U E 4% A HE SR W 08 AR SO S A R — T2 Ak R AT
BIERS Window10 TH Tl 52 56 5 43 ) 0 TAE 45 e a0 SR M A ok . A RNk 3
CPU Intel(R) Core(TM) i7-9750H TN MRV RIS AR SC b BT R B0 09 3 i R W 3 g
GPU NVIDIA GeForce GTX 1650 P& TH AR B [ K RS B L DS SR R 4 2O 35 K T OE B R
RBE NI 8.00 GB (mean average precision,mAP), HHHRIM GAM J5 , 1 Kl
RE WA 4.00 GB WS Ha Bt B8 aE B s 22, B R T A R [ 2R
CUDA 11.6 mAP 18 1 #E F- 25 K51 Dynamic head & Wise IoU 1
U HE S Pytorchl. 7. 1+ Python3. 7 SCHE D)2 AR /NI B I S B BT A i AR R T, S AR AL
3 HRARER
Table 3 Ablation experiment
Dynamic Wise P/ R/ mAP, s/ mAP, .0/ Parameters/
YOLOv5s GAM GFLOPs
head ToU % % % % M

J — — — 65. 8 64.7 68.5 56. 2 7.0 15. 8

N N — —  71.8(16.0) 69.9(45.2) 74.8(146.3) 61.0(44.8) 9.0 17.7

N — N —  71.2(A5.4) 67.9(43.2) 71.0CH2.5) 59.3(A3.1D) 7.9 17.7

N — — Vo 69.1C43.3) 66.2(41.5) 71.0(42.5) 58.0(41.8) 7.0 16.1

J J N < 73.1(A7.3) 70.5(45.8) 76.3(47.8) 62.3(46.1) 9.8 19. 4

RS BE L RIE 22 mAP (B4R T, 3 Fledcath 5 s [/ B % m
J&i »3 FIEAGHE o5 B D S5 A AR ELHGTY | BACHE I A A ARG A B
1925 J mAP {EAH L BRI 5 AR, 35 T4 7t
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