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ABSTRACT

In this paper, design measure were proposed for the construction of terminal systems for airborne platforms, which are key
element in the Joint Tactical Data Link System (JTDLS) complete system. The Korean perfect tactical data link (JTDLS) is a
communication system to establish an independent tactical data link network and needs to develop a MIDS-LVT (Link-16)

communication terminal for datalink. Once a Ground/Navy JTDLS terminal system is established around airborne platform,
it will be possible to break away from reliance on NATO-based tactical data link joint operations and establish independent
Korean surveillance reconnaissance real-time data sharing and tactical data link operations concepts. in this paper, the

essential development elements of airborne platform mounting and operable JTDLS terminals are presented, and the concept

of system design is proposed to embody them. Further, improved system performance was analyzed by applying the concepts

of complex relative navigation system and Advanced TDMA protocol for the deployment of airborne tactical datalink networks.
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Fig. 1. Joint operation concept of Korea.
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Fig. 2. Operation concept of JTDLS basic system.
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Type Key Functions/Performance Note

. Frequency band : 962~1213MHz

B . Throughput : 115.2kbps. . NATO Tactical Data Link
. Network : TDMA Joint operation
. Anti-Jamming : 77,000 Hop/sec . Frequency unavailable
. Relative Navigation/ TSEC/ MSEC other than Joint
M‘_DS_LVT . Ground/Navy/Airborne Platform operation
(Link-16)

. Link-16 Message Processing

Legacy Radio | Frequency band : 125~399.9MHz

_ Throughput : 1~16kbps
. Network : D/TDMA

2. | | Anti-Jamming(X), TSEC(X),
- Relative Navigation(X)

. Use the voice BW of
Legacy Radio

. Requires repeated
allocation of operational
frequencies to V/UHF
voice frequency band

' MSEC
. Ground/Navy/Airborne Platform
JTDLS basic system | . Link-K Message Processing

Fig. 3. Comparison of link-16 and JTDLS basic system communication
function/performance.
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Link-16 message structure

Initial Word
\ Parity | Information Fields ‘ "’I‘;'-‘n‘;?f Sub-Label Label | F;w:'& \
74 70 13 10 7 2 0
Extension Word
Word
‘ Parity | Information Fields | F°1"E“ ,
74 70 13 10 7 2 0
Continuation Word
‘ Parity Information Fields | C°"t'::;“°" | ‘:w:": \
74 70 13 10 7 2 0
Standard Double Pulse Frame structure (3word)
| Jitter | g ‘ TR ‘ H | (0]} ‘ Propagation ‘
18:2  4x2 168:2 932
Packed-2 Single Pulse Frame structure (6word)
| Jitter | = ‘ TR ‘ H | Dy | Dz ‘ Propagation ‘
1B:x2 42 162 93x1 931
Packed-2 Double Pulse Frame structure (6word)
| g | TR | H ‘ Dy | D2 ‘ Propagation ‘
182 e 1632 932 93x2
Packed-4 Single Pulse Frame structure (12word)
| =1 ‘ TR | H | (o] ‘ Dz ‘ D3 | D4 ‘ Propagation ‘

16x2  4x2 1632 931 93x1 931 93x1

Fig. 5. Message formats and frame structure of communication.
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Fig.6. Modem frame structure of TDL terminal.

30 15 20
Pulse Puke Pulse 150 Pulse 3ms <

‘ 5 lTRl H l Data (PSK-S) 12Word l Propagation l
30 15| 20
Pulse  Puke Pulse 150 Pulse 3ms <

‘ S lTRl H l Data (PSK-S) 6Word l Propagation [
30 15 20

Pulse Pulke Pulse oLz TS

‘ S |TR|H‘ Data(PSK-S) 6Word | Propagation [
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Zms <

‘TR‘ H |Propagation‘
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Fig. 7. Frame structure by transmission rate and RTT frame structure.
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Fig. 8. TDL Terminal reflecting MIDS-LVT hardware interface design. (a)
MIDS-LVT, (b) High speed anti-jamming TDL terminal (fixed wing), (c) High
speed anti-jamming TDL terminal (rotary wing)

Table 1. ICD identification for hardware external interface interworking.

Connector Signal feature
J1 28 Vdc or 12 Vdc input
15 28Vdcor 12 Vdc input
J12 230/350 Vdc
J10/11 Antenna A,B
J9 HPA interface
J7 HOST Interface & status, control
J6 HIA/HPA control
18 HOST interface time port
J14/15 3910 data bus
J3 HOST interface 1553B
J2 HOST interface or 2 channel voice
J4 Security injection & erasure

Table 2. System design items depending on whether or not MIDS-LVT is
applied on the air platform.

Division None MIDS-LVT Use MIDS-LVT
MC-linked software none Link-K control software
Heat-resisting structure  FAN cooling Air cooling
TACAN none TACAN
Main HW interface Ethernet/video signal Ethernet/1553B
Power 28 Vdc 28Vdcor 115 Vac
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Fig. 9. Dynamic TDMA operation concept.
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DataTx
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TNS Processor
T c Nong : Platform Inform.
ixedTime | | oarse Sync (g > PPLI
Slot Setting ’| & Advanced Distance
DataTx Node S/N
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Time Slot
. NetNumber
NodeN : Node S/N
,| Coarse Sync | — | Selection
& Advanced
DataTx

Fig. 10. Improved D/TDMA protocol-based network reset system
architecture.

Table 3. Improved result of time slot reset time analysis.

I TDMA Improved
Identification (ms) D/TDMA D/TDMA Status

Power on 400 400 400  Poweron

Time slot Timeslot information

download 300 0 300 input

Coarse sync 12000 12000 12000 °cduisitioncoarse
synchronization

PPLI & node S/N 0 0 3000 Request of position

&request (PNSR) inform. node number

fine sync 6000 6000  opp ‘cquisitionfine
synchronization

Contention slot 0 3000 ?hare of t}meslot set
information

Master slot (MS) 0 6000 Master node setting

Transferring information

MS relay 0 6000 to slave node via master
node
Share of Timeslot set
Re-contention 0 3000 information for network
resetting
Re-master slot 0 6000 Master node setting for
(RMS) network resetting
Transferring information
RMS relay 0 6000 to slave node via reset
master node
PNSR & Re slot 0 0 6000 Reset of position inform.
node number
Slot set maximum Maximum slot setting time
time 18700 33400 21700 of network subscribed
Maximum slot re-
Re-Slotset 0 15000 6000 settingtime of Network
maximum time .
subscribed
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Node 3 Defined flat-form | 3. Throughput,
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. Information Data size | time slot and
Node number Shared Net
number decision
Node N

Fig. 11. Architecture of improved master setting and network timeslot
reset.
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Fig. 12. Setting time analysis of improved D/TDMA networking.
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Relative Navigation Scenario and s:wnrcran-anmr “““““““““““““““““““ ]
[ Simulation Time level Operation(as epoch) E
Relative Navigation Scenario Setting and Generator | Relative E
i Navigation !
PPLI Message 1
Scenario Initialization Relative Navigation Unit Trajectory Generator !
g Scenario Generator H
HBiCHumEST —»1 (Trajectory and TOA :
Unit initial position Y y i
Unit Trajector Mezsdrement i
gy ¥ Generation) INS }
Information !
Generator i
T S TOA Measurement INSIn Data i
i ~INS Data(Position) Relative {Pasition) i
: Data files PPLI Messag i
i TOA Measurement Relati g Signal R (N) % i
i PPLI Message 4‘/ i
E Relative Navigation Signal Receiver(0) i
i PPLI Message i
E Relative Navigation Operator E
! A 4 1
i g ) Qualit !
: PPLI Message Source Selection Leveluljrln;’ate i
E Decoding Transmit Unit l ’L E
H Position, - : H
! Quality Relative Navigation Algorithm )
E (Extended Kalman Filter) PPUI i
E T T I Receiver Unit Genera:or E
1 Navigation Position H
g INS Fitting Data Quality :
H Extrapolation H
E L i
i Data and NN 1
! Coordination N.a.vlgla(lfm N
1 Initialization ’ i
! transport N !
Fig. 13. Link-K based relative navigation simulation platform structure
Fig. 12= 7§41%l DTDMA HELA A% AIRFe &A% 23
- Initial relative
o, 2okl DTDMA 2 2§ A] A Q H&= A1 SHolA Received Training ,| Coordinates
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- oo k3 ‘_—'_ L;E EH—J_ AloTEr S 1:1]— i il Fig. 14. Algorithm architecture for initial location estimation.
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Table4. Simulation environment of relative navigation.

Type Parameter Setting
* Simulation environment of relative navigation
R, 500 m’
EKF navigation 0%,=1.8x10"
algorithm setting Q 0%,=1.0x10"
02,0%,0=1.0x10°

Measurement setting RIT time sync error 25ns

TOA measurement error 10m

* Simulation environment of relative navigation as PPLI message period in dynamic unit

Unit1 (PR 1) x=0.0,y=0.0,z=0.0 km
Unit1 (PR2) x=-58.0,y=-83.2,z=0.6 km
Unit1 (PR 3) X=-26.0, y=-244.0, = 0.7 km
Unit 1 (PR4) x=164.0,y=0.0, z= 1.5 km
Unit arrangement (Circular: center position)
Unit 5 (starting position) x=-80.0, y=-20.0,2=8.0km

Trajectory: circular (50 km radius)
velocity: 34 m/s (0.1 Mach)

Unit number 5
Time slot settin: Unit transmit period 0.1,0.3,0.5,0.7,0.9,1.0,2.0 s
s Total 1 cycle period 0.5,15,2.5,3.5,45,5.0,10.0s
EKEF setting Navigation update period T 0.1,0.3,0.5,0.7,0.9,1.0,2.0 s
x 10* Xerror as simulation time Xerror as simulation time
4 T T T T T T T T T 6000 T T T T T T
3+ 1 4000 B
2t 4 2000F 4
z £ [—
5 1 L J é U H{l "'!\-,\“ e -
5 5 | TR
> =
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Simulation time [s] Simulation time [s]

(@) (b)

Fig. 15. Simulation result of initial location estimation (RMSE). (a) EKF Relative navigation estimation result (b) Initial location estimation
algorithm application result

E =Eollie AR 27] 914 4 Bebs AASIAL A e 4> glon, Kalman filter 2R A0 914 43S
EdlolAd A5 AAlskch Atha oare]&2 Extended AFET 4 ook whEbA 27] YA 24 darE|Ee 2t =
Kalman Filter 7|§F0] 12| ARSI o™ Link-K 7|8 A 7] YAR7E 2 BG4 Y ELIA 57185 of Hel Adiglo] 7]
e AlAE S BAS S5k Fig. 133} 2ol A ELfo] 7] N2 42 AR EE PAA P des AL
vho] Link-K Al E#| o)A 335 Z8519Itt (Lee & Lee 2016). Qlom, ATy AvbdE o] 8 A7HS BET 4 Qlth
5 ZYWF ©|F Al BroadcastsA] A= BT ©HEho] 41 AlEglo]dL AlEdold SHES D85t A o4k
5 A71E 24510] 40 TOAS 45k 57] 85 o] @40] oieh AR Waelplen, AlRalold ko2 A
z27] $1A] Fo] 7hsalAH, 7] &5 & AvkhE o] H5s AE] -8 ujx], PPLI &R 27| A2 &5 B2l 2 54 54
RS 4l < AAslo] HAEES #3518t & =Rl AlEdeld &

Fig. 14= TDMA Z 2 & Zojf| A& 7}'53} Training Extended 32 A5l TOA &3 =] 2ake] 749 1010 m, A|ZHE7] @4} 10 25
Kalman (TEK) filter7} 33+ & AbtiahH ol 7] 9] 34 &3 nsZ 7}A5}93ct (Kayton & Fried 1997). T3t A4 shalu]g]ol
g& FEAEE UER Zolth 41 A5 A7) D HEHA 57 e setu|e R, 9 Qe 3 F7ll4] PPLI HA]A]
850) 71 Abefo] We} PPLI W TOAZ} AEHIERE 241 Sh F7jof o2 AlBelold ©7-2 Table 49} o] 44513tk
A5 7]uke] E7]AME/TOA/PPLIHIAR] &), AZE glo]H= (Lee & Lee 2016).
suke® 7] 93] F4& $18 TEK fierr} E2kich, ol% 7] Fig. 155 27] L= 48] Agloll me w9254 2z
Hto 2 Initial At 23 AEFR M= 27| SHEE HlolEE &Y Root Mean Square Errore] Al&d o)A ZAuto|c}. TEK FilterZ
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Fig. 16. Trace tracking simulation result of initial location estimation. (a) EKF Relative navigation estimation result (b) Initial location

estimation algorithm application result
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